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Lake level fluctuations and speciation

in rock-dwelling cichlid fish in
Lake Tanganyika, East Africa
LukcLs Ri,iben Erik Verheyen, Christiart Snrntbauer and A.rel iVlel,er

14.1 lntroduction

The East African Lakes Tanganl,ika. Nlaia',vi. and Victoria each harbour hundreds oi
endemic invertebrate and l'ertebrate species. The endemic cichlid tlsh faunas of the Eest

Afiican Lekes are biologicaily astonishingiy diverse and each of the lakes contains its

distinct species tlock of cichlid irshes. These species tlocks are viewed as the most

spectacular exampie amons iiving vertebrates tbr evolutionary phenomena termed

ldaptive radiation, and explosive speciation (Fryer and Iles 1973: Futuyma 1986:

Couiter 1991: ivlartens et {tl. 199-t) and provide ample opporrunit-u" of the stud1, of the

evolr,itionarv mechanisms that might be responsibie tbr the tbrmation of these species

flocks (Fr1,er and Iles 197!.Ini-erences about the ecological and evolutionarv processes

responsible tbr the origin of these species t-locks will oniv be possibie rvhen ther' ;rre

based upon explicit phylogenetic irl,potheses oi the studied species linked do palhwa','s

of morphologicai and ecological diversification (Avise 1994). To determine the r€irttre
importance of intrinsic characteristics versus extnnsic factors tbr the intralacustdne

evolution of these faunas mav offer infbimation about the processes that resulted in the

clir,ersif-ication and speciation in these species t'locks.

14.2 The Tanganyikan cichlid species flock

Probably due to its greater age and its probable polyphyletic origin. the Tanganyikan

cichiid species tlock is morpiiologically'' and behavrourally more diverse than the llocks

of Lakes Vlalawi and Victoria (Fryer and Iles i972) even if-in terms ol numbet's-ir
harbours the lowest number of endemic cichlid species (more than 170) (but see Snoeks

er rtl. 1994). With its estimated age of 9 to l2 miilion years (Ma), Lake Tanganyrka is

considerablr, older than Lakes Vlalawi and Victoria (Cohen er uL. 1993'). Most species

are theretbre probabiy on average older and hence more geneticaily distinct. This rnakes

the Lrtiiization of DNA seqlrences tbr molecLrlar phvlogenetic rvork more f-easible than
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itt lltc votrttgt:t spccics llocks rrl l.akcs N{:rlirrvi arrrl Victoril (lllc1'1'1 ,,1 rrl. l()()0: l\'lcvcr
It)t).lrr). Qttt:stiotts lthtttt{ lltc c','olutiotr ol cichlid fishcs ciur hc irtltlrcsst.rl s,ilh rrlrlccrrlar'
phylogcrrclic lccltttit;ttcs u'hiclt irvoitl lhc polcrrlial pitlirlls cirusctl hy pirrallc:l crolrrtion
ol sitttilar lturrpltologics. itt tltc rt'conslruclion ol tlrc cvoltrtiorlrrv lclirliorrships rrrrrorrg
tlrcsc lislrcs (c.8. IVlcf't'r' tl trl. lt)t)ll', Slrrrrrrhirrrcr lurtl [\lt.yt.r l9{)r, l()().1- l(lcirr r,l rrl.
f 99.1; Kocltcr'(l ul. l\)t).\t NloLrrr;ilrrl K0rrrlicltl l()().1; Stuilrrhlrrrct d (tl.lt)t).1: SiiltlrIrlrrr
rt rrl. l1)()51.

'lhc grcitl ttllti{)Iil)'ol llte spccics ol'lirrrgrrrryikir cicltlirls lrrtr corrlitrt:tl to tlr(' 
',.',.;,trrrcky hahil:tts rvhich alc rliscorrlirruously tlistrilrutcrl (llrich:rrrl lt)l.l()). N.lost cicltlids

Itavc rcslticlc<l gcograpltic tlisllilruliorrs rvilhirr tbcir rcspcclivc litkcs irrr<l orrl1,:r vcly
stn:tll tttttttltcr ol spccics iuc li)ulr(l llrkc r.r'itlc (l:r'yer arrtl llcs 1972: llliclrlrnl lt)ll9:
Srttrcks cl (tl. lt)()il', Kolttlit cl a/. 1996). lv{olcctrlar slu<lics irrclicllc tlrirl 11)ck-(lwclling
cicltlitl spccics irr l,;rkcs I\'lrtlitrri urul l:rngrttrvika:rrc rrsrurlly slr()n!ly srrlxlir,irlt.tl irr
gctlclicillly tlislirrgtrishirblc poltulatiolts (c.g. Strrrrnbirucl untl Mc1,e r l(.)91: lJplvc;s <,1 rrl.
l99.ll N4ollttt lntl Korrrlickl l9t).5). 1'hcir tvpically hieh hlbitrrt sl,ccilicitv. sitc li(lclity.
arl(l l(tw cttpitcity lirr tlispcrsal arc ull cxJrcclccl to lcrlucc gcnc l'low hctuccrr populirtiorrs
arrtl hc ltl lcitst glartirrll-v rc'slronsihlc lirl tlrc c'xlcllsivc itrlralircuslriltc irllopirlric
ril)cci:tli()tt irt cichlitl lishcs.'lltc higlr spcciatiorr ralcs in rock-tlrvcllirrg cichlitls lrc
hclicvctl lo hc lltt' tcstrll ol irrlnrllcrrstlirrc spcciirti()n cirrrsccl bv lxrllr intlilrsic (c.g.

slcttol()l)\'. sttxttitl sclcclion) ltt<l cxllirrsic llclors such as vicirrianl biogcoglaPhicul

l)r1)ccss(-s llrirl lc.stricl gerrc llou, hctwcclr (rrrictrr)lllollirllic ylrltullrliorrs (Strrlrrrhirucr
arrrl [Vlcyct' 1992: lVlcycr' l()9-]rr; llibbirrk 191)4: Slrrlrrrhatrcr ?t dl. l9()7i scc ('h:rptcr 7).

14.3 Lake basin subdivision and allopatric speciation

Inlritlltcuslritrc rllopirlric sJrcciirlirrrr irrvrrlvirrg splliul isolirtiorr, cilhcr hv basirr srrb-

rlivisiorr ot itrlt;rlitcuslritrc rrricxxrllopullic scgrcguliorr, hirs bccrr irrvokctl lo bc {hc llust
inrlx)rtirnttttotlcol'spcciitliorrirrcichlitl slrccicsli<rks(IJlrxrksI95()lltrll I95 I:liihhink
l9l{(rl ('ottllcl l9()l: Mcycl l99.lr). Ycl tlrc occurrcnce ol sorrrc locall.y lcstliclctl sistcr'
laxit coultl irlso ittrlicitlc synrl):rtric sPcci:rtiort. :rs suggcslctl lirr two srrlirll ciclrlitl spccics
llocks crttlcnric lo cralct lakcs itr (-unrcroorr (Schlicwcrr tt al. l()94\.

(icologicll cvitlcrrcc irrtlictlcs thll pcli<xls ol' alirlity that pclsislctl lol scvcral
lltottsiuttls ol ycitts havc ciruscrl tltltttittic drops irt 1ar11g1 lsvgl-111'uyl to (l(X) rrr-lha(
split l.akc'lirrrgurrviku itrlo llttcc scl)ilralc lakcs apploxirrralcly 2(X)(X)0 ycitrs lgo
( l'icrcclirr ittttl Monrlcgucl 199 I). So lirr, orrly a li)w stu(lies suppor'{ thc h,ypothcsis that
lakc-wirlc phylogcogruphic: lxrllcnls an(l possihly thc proccss ol spccinliorr irr lacusllirre
ciclrlitls atc olicn irssociirlctl rvillr such uhiolic, hisloric:rl cverrts ns lirkc lcr,cl lhr('lu:rlions
((irt:crru'rrrrtl l9(r4: Orvcn t't ll. 199(l', ,Slurrrrhuucr arrd Nlcyu l992l llrrssitcr lt)t)-51

Slttrnrlrirttcr at trl. 191)Jl lirr gcokrgical tlala lor thc tinring rrl-sPcci:rliorr scc ('haplcr'8.

A rcccnl slu(ly ol llrc larrganyikirrr rock-tlu,clling cichlid gcrrus 7i'o1rlrrrn slrorvctl that

lhc iufr(nrnl ol gcttclic rlilf'crcrrliit(iorr iurrrxrg trcighlrt.rrrirryTTitrytltctts populalions carr he

cillrcr corrsirlclalllc ol r;uitc srrrall, rlcpcrrtling oll lhc sarrrplirrg krcirlilics irr thc lirkc
(Slunrl)irucr irntl Mcycr 1t1t121.'l'hc irrlrirlacuslrirrc rrritochorrthial l)NA (nrtl)NA)
rlislrilrrrlirrrr ol hrrplolypcs ol"lirtltltcu.s, ploviclcs sorne cvidcnc:c lhat nraior lakc lcvcl

I akr: level flrrcttrations arrd specialiorr in rock-dwellinq cictrlicl fislr e7.l

llttclttitliotts ltttty ltltvc pluyctl l tlotttitrlrrt rolc irr rlctcrnrirrirrg lxrlrulirlior) gcnclic slr1c,
Itttc lttrtl ;xrssibl-v spcciitlion itt rock-rlr.vclling ciclrlids ol l-akc'lirnglrryikl (Strrrrlh:urcr
Ittltl Nlcl'111 1992). llorvervcr. bi<tlogicul chlllclelistics oI specrics. such as thcir.caplt.ity
lrt tlispct st'. lo tlc li'lrtl hlcc<li ttg arrtl lcciling lcr r ilru ics, lhc sizc ol' lhci1 [rsltls. :rptl 6t1c1
lilc lristott'tlt:tlitclctislits tttitl':tlso irrlhrt'rrcc llrc gcrrctic poprrlirtiorr slruclutc. rrrrtl llrus
lx'ol itrt;torlulrcc lirr tlclcrrrrilrirrg rrrotlcs ol spt:cilrtiorr (l;r-ycr:rrrrl llcs l()71: l\,lcycl
tt rtl. lll(l(tl.

14.4 Testing evolutionary trypotheses on eretmodine cichlids

Itt ottlcl lo littlltcr lcsl thc tclirlivc irnport:rrrcc ol biolic:rrrtl:rbiotic l:rt.tors rrxrrt:
ctttttpltralivc phylogctlgrlJrhic (lNlil are rct;trilcrl. llcrc, rvc irrvcstigirtr. lhc vlriali6rr irr
llrc Irrll)NA conlrol rcgiorr ol cichli<ls ol thc tribc l..rctrrrstlini (lroll lr)s(r) tl;ig. 14. Il.
'l-lris trilrc ctrtttpriscs lirtrr spccics. assigttccl to lhrcc gcrrcra: /irr,/rrlrnlrr.r t'tultt.stir'trr.s
[]trttlcrtgct' 1398. Sptrllttiltr.s at.ltltttnltn I]oulengcr 1900, Spathodu.t tyd,.li(ü llll 195()
iut{"lirttlirrrritrxht,r ir.uu'trt I'oll 1950. As a urrirlue lealurc irrrroltg Iakc cicfulirls, t[c
crcltttotlittcs ltitvc a retluccrl slvirrrhllckler that lllor.r's {hcrn lo livq i11 1l1g ul)l)cl'tlrost
lillorttl zottc irr gravcl iutcl trrky shorcs in thc stngc zorrc ol l-akc'lirngllryikl.'l'lrc
lirrtitctl tlispcrsrrl lliility o{'lltcsc cichlirls plobirbly causccl lo lhc lirrrnrrtiorr ol'scvcral
itllo;talric colottr tttotphs ol lltcsc tttorplrokrgictrlly vtry sirrrilar lirxrr (Korrirrgs 1988:
IJliclrtlr<l l()139).'l'lle sltlrpc ol lhe tttitntlibulal tcellr is lhc nlosl irrrporl:rrrl larorrorrric
cltitritclcr lirr thc lrlctlrlrtlini arr<l rcl'lccts ec<llogy irrrd I'cctling hchirviour ol eaclr
slrccics. 'l'lrc tcclh r,tl' l:rrlnunlu.s atc spirtulit slrapccl rvith l slcnrlcr ncck rcgiorr. tlrose ol'
Sltrtllt,nltr.s irrc cylintllicltlly slrlpetl. ittrtl llrosc <tl-Thngtnittxltr.r irlc slcrr<lcr arrtl ;xrirrlctl.'l'llcsc clillirrcrtccs in tft:trlitl tttorltltokrgy (c,g. lrlso thc lxrsitiorr ol'thc rnoulh arrtl lhc
tttotpltolttgl' ol'tlte tlctttal atcatlc) are causlrlly linkcrl to llophic tlill'clcrrccs. lilr cxarrr;rlc
Thrt,qtrtrt'ittxlttt is irlr ittvctlcbrllc 'l)ickcr' 

'uvhcrcirs llrvltnrnlrrs arrtl ,S7ral,frrrrlr.s rrrairrlt'
scrlpc alglt oll' rrrcks ( \'arrriroka cl rr1. 1 9t36; Yarrraoka 1 987 ).

Popttlations sludied and gene sequenced

A lolal ol'4-1 specirtrcns lkrrrr 32 locirlilics wcre sturlicd (lirr the irrrportlrrrtc ol suclr
lirrc-grairrctl sarrrpling scc ('huptcl'.5;.'lhe:y ,,vcte collcctc<l durirrg tu,o cxglctlitions irr
It)t)l :rrrd 1992 illorrg {lte llurtttrrliittt atrcl'lirttzaniun coustlinc ol l-akc'lirrrgrrnyika (l:ig.
14.2). z\ll voucltct'spcc'ilttctts havc bc'clt clcposilcld irr thc Aljicir Nltrscrrnr ilt'lervurcn
(llclgiurr). 'l'hc spccirrrcrrs lvcrc itlcrrtilictl h:rsctl orr ll)ll ( l()ll6). Ikxvcvcr'. it is clcar
liottr ottt sturly lhal tlrc tirxorrorrrv rrriglrt rrcctl to bc rrrorlillc(l (lliibcr ct (tl. ii
ptcparaliott)- Allogclltct J-l(r hrrsc prrirs f bpl ol thc rnl corrtKrl rcgiorr uclc tlctcrrrrirrctl
(scc Vcrltcyett ct rrl. 1996) (lrl\'1lll.. accession nurntrcrs arc X90.591 X90(11.5). lJasctl on
a pllylogctrctic nltalysis ol-tltcsc ditlrr rvc cxirrnirrerl (hc cvoluliorr:rly hislory ol tlrcsc
llsltt:s urrtl iltlcnll)lc(l lo cvaluirlc llrc irrrporlirncc ol nrirjol lirkc lcvcl llrrclrnrtiorrs orr thc
itttlitlacttstrittc speciatiott plllclns. Orrly orrc 2 bp irrsclliorr/tlclclion cvcrrl u,as linrrcl.
A lo(al ol 8I posilions (24%,) corr{airr r,alialiorr. [:r,err arnorrg thc rrrost divcrgctl Iirrcirgcs
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within thc ljletntodirti (rarlsitions tlrrtnrtntbcr trartsvcrsions, itulicllirrg lhat tlrrrrsilirrns
still crrrrtairr plrylogcnetic inlirlurllion (l)eSllle et ul. l96Jl. ri

Age estimates for the Eretmodini
'l ltc rtt;rxirttrrrrt collcclcrl (liirttrnir l(lli0) sr-'tlrrcrtt:L: tlivcr'gcrtr:es uitlrirr tltc Ijrctrrrotlirti
u,ero corrrlxrrctl rvilh llrose tlxrt hiul trecn lirtrrrtl rvitlrirr o{lrel l.lrkc'liurg:uryika ciclrlitls
(r'ccllculatctl lirl tlrc publisiretl scclucrrces): llre l.lctotlini, thc l.irrrrpr.olo;tini, irrrtl thc
genus '/)rr7;/it,l.r (StLrrrttbitrtcl iul(l I\lcycr' 191)2, 191).1; Stutrrtbarrcl t,l o/. l!)9-1). 'l'lrc

eitlctrlirtetl tlivergettccs rrro bitsctl ort itll srtbslilrtliorts lrrttl irlso orr lrillr:ivcrsiolls ()nly
(givcrr irr l)iue nthcses): [.rnrpr-ologini, )).](n, I I l.{l'i4,); l:ctorlirri, l5.1()i, (l .11)i,);

l--ake level lluctuations and speciation in rock-dwellirtg cichlid ttsh
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lrig. l-1.2 MirP ol l-irkc'l'ilrrgirnyikl showiug all {hc localities atxl satttllle sites Ittetltiottetl irt tltc

text. i.rrkc'l-irlgirrryika is abotrt (r50 krrr in lcrtgtlr arttl tttitxitttitlly 8() lttt u'itle

[.]r.ctilrotlirri, l2.5Ql, (5.29/t,); 'l).ttplk'tts, l6.lc)4, (4.1%,). Asstttltittg it colttpatablc Latc ol

prtrlCcrrlirl tlivct-gcncC ittllot)g fhesc lirlCageS, lltc tttAxintttttt rtbscrvctl collccle(l So(ltlCncc

iliver.gcpcc within thr-ec o{lrcr'lirngarryikln ciclrlid lincitgcs intlicittcs tliill tho

ljrctrpgtlili lrr.c lpproxinrarcly 0.5 to 0.ti tinrcs as oltl as llto l,arttlltologitti lttttl tltc

licttxlirri, iltrtl irltllt0xirililtcly fhe si[)ro agc us tlte gentts '!itt1ilrt'ttt (Stttttttb:tttct itlttl

N,leycr l()()2; Slttltttll;trtct rt ttl. l\)t)'/).

Phylogeny of the Eretmodini

'l\vo rrrirjor nrt linerrges witlrin llris tlibc (A ulttl l] irt lrigs. l'1.-l ill)(l I'1.'i) wcrc

itlcutilictl. l.irrcirge A col)lilills tlt[cc clatlcs Al A.] wlrcrclts littcitgc lJ eotttititts lirttl'

\\\\
Kamakondez\ \\Ll1)\('r

h= \r- .--.-vlr-ffi"I ;il"*
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clitrlcs lil l]-1.'lhc cvolutionaty rclulionsltips rvillrirr tlre lirctrrtrrtlirri arc corroborllctl
b1, lrolh parsirrtorty (Swollirltl 1993) arrtl ncighbour'-.joirring (Saitotr lnd Nci l!)87)
phylogenctic n)cllr()(ls, arttl rnosl blarrclrcs tlclirrirrg tlrc nraiolcliules iuc srrpllol'lctl witlr
lrigh btxrtstrap conlirlerrcc (liclscustcin l1)i35) (Figs. l-1.3 anrl 121..1). l)illclcnccs
[rclwectt lltr: piusitrrotty atul tltc rtcigltbour-.joiniug nrctlrtxl wcrs ollly ohsclvctl witlrirr
cllde ll (Figs. l-1..i ln(l l.l.jl). Irt tlre plrsinxrrry trcos subclirtlc Ill is sistcrgrrxrp lu
Il2+ll-l+l]-1, whetcus in thc nciglrbour'-joinirrg tlcc ll4 is sislcrgloup to lll+ll2+lll.
I krtvevcL, tlru t'clutive positiorts ol lltc {irrrr.clarlcs withirr thc []-lirrcirgc llc not srrppt>rtetl

by high lxxrlslr:rp values (liig. 14.3).
'l'hc curre tt( gcneric classillcation wilhiu tlre llrctnxrtlini is in partial conl'lict with thc

r)rtf)NA plrykrgcny obtainccl aucl nlry bc iu ncctl ol'r-evision (F-igs. 14.3 antl 1.1..1).

Clatlcs Al arttl l].1 botlr conlairt r-ntl)NA lraplotypcs lirrnr spccinrcrrs ol'all thlcc gencla.
'fltc taxouontic antl phykrgcnctic irnplications antl llre evolution ol rlcrrlitional clillclcnces
ivitltin tlte ljlctnrorlini tvill bc rliscusscd elsewlrclc (Riibcr ct rrl. iu preparltir>n).

Sequence divergence and relative age estimates for the
eretmodine radialions

Scvcn gctrclically distinct cladss rvitlrin two rnujol cretrn(xlinc lincages wclc itlenlilletl
(Figs. l-1.3:rntl l-1..1).'llrc cstinratctl gcnctiu (livcrgcnccs withirr thc tlrt'cc clirtlcs lhrlr
linctgc A at'c stttlll attrl sitttilat'(itvelugcs aboul 1.37.), suggcslirlg tltat citcll ol llrcsc
tatliatitltls ot'igittitletl lclatively rcccnlly urrtl siniultlneously irr u 'sccontliuy latliatiorr'
(Fig. ll..lt. 'l'lte lvcritgc cot'tct:letl st:(lucncc rlivcrgcrrccs bclwcerr the clltlcs rvitlrirr
lirrcage A arc also latltcl sirnilar-(altout J.l% kt 3.-l%,1 antl llso irrdicltc tltil( tllc A-
clatlcs ittc itlxrttt tll'lltc siuttc age anrl rrright havr: lliscn irr it 'llrinlrly latliatiorr' ol'thc
A-lirtcirge.'l'lrc r:slitttirlctl gcrlctic divorgr:rrccs willrirr clatles lhrnr lirrcagc B arc,
Irowcver,lriglrcr-arul urore variulllc(rncansrangclirrnr l.-17, tt.\.2(h,) (lrig. l.l..l;lritrtutg
tllilt ll)()se clittlcs ittc ol'tlillcr-crrt cvolrrlionlly ages lnrl rliglrt rurt hirvc t'irtliitlctl witlrirr
ils short it lirltc sl)itn as lhe cla<Jc within lhc A-lirrcagc.'l-hc consitlclirbly highcr.lvcr.rgs
ctrrrcctetl sc(ltlencc tlivergcttcc (4.5a1, L<> 7.7%,) observed betwceu the Il-cladcs intlica{c
llrirl tlrc ll-lirrcirgc is corrsitlcr-irbly oltler tlran thc A litrcagc.

lntralacustrine distribution of mtDNA clades
'l'lrc llucc clittlcs (Al-AJ) show a rurn-ovclllpping phykrgeogr-:rPlric lxrltct.rr llong tltc
cilstcnr slt()to ol l.irkc'llrrrganyika (lrig. 14.-5ir; liu. ltrolhe r cxarrrltlc ol cxtcrrsivS within-
islittttl geogritpltic vittiirliort scc ('ltitplcr 5). ('lutlc Al is rvirlcly (li\ttihulc(l trrrtl,rirrrgcs
liottl llttnttttli t() lllr': lr()r'lllellt crlgc ol tlrc I\4rrhirli urorrrrtirirr irlca.'llrc tlistlilluiion ol'
clltlc,'\2 is tcsttictctl to tltc lvlllurli lruruulirin irlca in tlrc ccnltitl l)iut ol (lrc llkc. Cliulc
r\.1 ritrlgr:s llrttr lltc sottlltcrn ctlgc ol llrc Alrtlrali lrorrrrlairr irrctr lo (iirprc Mpirnllwc.

'l'ltc lirrrl clitrlcs rvitltitt llrc ll.lirtclgc ulso slrow lcstliclerl :uttl ruln,ovcLlirpping gco-
glirlrlrie tlisllilrutiorrs (l;ig. I'l.5ll). (lllrlu lll orrly corrlirins spccirncrrs ol .\. tr.y,1l1ys11!1111

itlttl titttgcs lirltt l}rtrtlttrli lo rlorlh ol thc N4lllgaulzi rivcr-rlulta. ('lirtlc ll2, rvfticlr
ctrttsis(sexclttsivclyol l'.irstuttt',isrurlylilrrr<l soullt()l tlle N4alugallzi tivcltlelll. I[c
sttttlltcttltttrrsl titttgc ol llre tlisllibrrlion ol'tlris clirrlc is lltc soutltcll ctlgc ol llrc N,lllrlrli
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l,'ig. l{.J Neighhrul joinilg trec (.Srit(}u arul Ne i ll)tJ7) ol the lxe tnx)(liri ohluiru:rl usirtg lvll:(iA
(vclsirrrr l.()1, Kunlor rl ul. lt)r)3).'l'n4tltcus r/rrlrri,r'r wirs tlccllletl (xtlgroul) birscrl ttport it

phyhrgcrretic rrrr:rlysis ol tlrc rnljol rrrxrllrblxxlirtg lrrreitgcs ol l.irkc'llrrrgattyika (.Slttlubattet ltttl
N,lcyer l()()l). (;cilctic (lislrnccs wclc coIrectc(l lirl rrtrrlliPlc srtbslilillioIs (Kirnrrr.r l9tl0). (;il1) siles

;rrxl rrrissirrg irrlor nrirtiorr (irrsurliorrs arrrl tlclctitlts ot. irttlels) att igtxrrctl irt tlisllttec crtitttilli(xr; lltc
optiorr 'pairrvrsc tlcletiorr' wirs rrsctl lo ll)irlysc se(lucnecs tlra{ eortiliu strclt sites. lJ(xrtslral) vlluos
arc givcrr orr tlrosc brartulrcs tlrill wcrc olrlaitturl i\ > 5ll'/" ol thc l(XX) tcplicaliotts. llratteltcs arc

rlrawrr lo scirlc, with llrc bal rclltcscrttilrg l)cr ccrl tlivergcrtec. llru spceics tritrttc: at0 givcn

irccorrlirrg l() llrc clrrre rll laxotrorrrie irssignntcnts: Iic = lin'lnuilrrv r'vutt,.\'tidu.t,'l'i = litttgturitulus
lr:rrr rr', Se = Spulltoilu: <'t \'!lrntlur, Su = Slntltulu.; tturlitt i. l.ocality rtatttes attd ttutttltets atc
givcn irr grirrerrllrcscs. Iie (.1())lf irrtlicalcs a nrolpltologicirly dislilcl l','n'utttltr.r littttt l:c (4()). (lladc

(lüsii1ilirtiuils (scc tcAt) irrc bascrl orr rreigltlrttrrr'.joirtirtr artrl Pittsiilurrty attirlyscs.
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Tropheus duboisi

llig. 14.4 'l'he sctltrcnces u,elc anal),sotl lry rtteans ol tltc Pitrsintorty rttclltotl trsing l',\tll'(velsion
J.l.l; Swollirltl lu9l). (irnlirlcrtcc estillrirtds wclc oblairtctl usirtg lltc l)(x)lstrill) nrellr(xl
(lrclscnslcin 198-5). Stricl consensus lrce constfuctcd lirrn 275 ct;u:rlly p:rrsirttoli(xrs trccs (trcc
lrrr;tlr Ul l()li :lcl)s, ( ()rsislciley in(lex (( l ) {).61. reserrletl errrrsistcrtr'; io,lcr t li(-) {).5 }. I l, rrlistir'
seueh rvitlr rantlorrr atklition ol tlxl (10 relllicirtiorrs). llootstlaP (1.'lscrr{lcrrr l{)ll5) r,;rlrrcs arc
givcn orr llrosc lrranclrcs tlral werc oblrirreil irr >5O9. ol lltc rcplications (lrcuristic sc;rrclr, sirttplc
irtlilition ol tirxa, l(X) [rrxltsllirp lcplications).'lltc slurwtt b(,r,lslrll)pc(l llttsirrrorry lr'cc\,its ttot
eonstruulc(l rrsing irll spcciltcrrs in otrt tla{l scl. Scvclitl ol lhc ttsctl O-ltJs arc leplcserrletl lly lr

c()Dsunsus c(nrlrol tcgi()n sc(l[cllccs 0l eotls;reilic e.telrttrxlirtcs lltal sltorv itltrtlicirl cylocltntrttc [l
sc(luenec5 (:nrlllors'rrrrprtblisltctl rlrrtit).'l'lrc s;rceics rtirrtcs aru givurt acurnling lo llrc clrrclrl
llr\()n()llricirssi!tllncnts: llc=l.tt'!ttuxlustrrlrrllirlrrr, li='liut.\trttittxlrn i;rrirrrr',Se =Slttlntltr.t
(t ytlnt^hut. Srrt -.\)rrtlrrrlrr.r llrlrllr'r: I -ocality rtirrttcs itrttl nrrttltcr'.s ;rrc gir,ctt irt lrraclcls. lrc (-l{))/l
irrtlicirlcs ir nrrllltologicaly rlistinct lirctnuxlnv thiln lje (-tO). ('littlc dcsigrtitlit)ns (scu ttxl] irc

basetl on nciglrllorrr..joirrirrg irrtl llrrrsirrtirry irrralyscs.
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Irig. l{.5 MaPs ol l-akc'l'iurganyika slxlwirrg (hc nrtl)NA rlistrihttlitxt (}l thc sttl(lic(l lirctrlxrtli0i.
'llie syrrrhpls irrlicltr: gcncrically rlistinct lirrcagcs basctl ulxnl lllc plryIrgcrretic artalyscs (scc l'igs.

l4.2 rrrrtl 14..1). (a) ltltl.alacltslrinc tlistIillrrlion ol rrrtl)NA lrül)lolyl)cs beltlltgittg to lirlcagcs Al, A2,

arrd A,l. t5) lntftl.tc1slr'i1e distribution ol urtl)NA hapkrtypcs that lrcklrg ttt lirtcagcs ß1, l]2' l]3'

arrrl Il-1. l iirclt 11rp sl rorvs tllc tll eo scl)iu ltc pirlcol;rkcs lltal lirllorv lltc lrt cscrtl 6(X) rtt rlellll c(nll(\ll.

'l1e llkc Icvcl tlioppetl by trlnurst (r(X) trr llirrn its cttttcttt lcvcl i'lclcclitr irrttl N'lorllegtlcl l9()l)

l.tralities rvlrcrc trvo iilcuticitl syrnlxrls (sce lrigs. l'l.l irrrtl lJ.-)1:qlltlr'(eg lttality l) (l;igs'

l.l.l. l-1.5a).tre tuuiiltl to i|l(licitte tllirt irrlivirluals rvitlt rlillclcrrt t(x)llr l]l(xl)llololly alttl ltcttcc

rliller.crrt gcrrcIic trssigrIrrerrt ltirVc bccrt trtllcclctl ittttl sctlttctlcetl.

rl9.1rrrrtairr rrrea. Ap1;t[cL clatlc (l]3'; coutitiuirlg S. cr.\'llrrtulort is liltrntl at'otttttl tlte

Kurclrl lliry antl in '[entbrvc on tlre trpptrsitc wcslcrtl slttlrc lirle. (.]latle l]4 is lttot-

lrltglirgicrrlly hctcrogencoLrs iru<l colrtlins irttlivirltritls classiljetl ß Sl)dllt()ilut, lirtlrntult';,

it11..l lirtr.qturit.rtrlrr.r. lts rlistlibution laugcs lirrrtt sotttlt ol Olr;t Mpitttb"vc lo tltc Killili

lslrrlrls, tltc soutlteru entl ol thc sirnrplirtg at'ca atttl Katttitkotttlc oll lllc wcslslll sltore ol'

tlrc llke (lrig. l'1.5b).
Sltcuirrrcns tlrlt bckrug lo tltc lw() rlI()st iuclusivc phylogcrrclic lirtclgcs, litrcagcs A

11tl l], live sylrllntlicully uloug ncar-ly tltr- wlrolu lcrrgllt ol tlte tcgiotts crtllcclctl. lt

sccrrrs uorllt ltOirtlirrg olll lhill rvlrcle tlte rttcntlrcts ol lll(j tw() littcitgcs c(]-oectll'llley

o
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o
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gctter:rll1'ltitvc tliliclcrtt ttxrllt slrtpes atrttl hcncc tlillcrent trophic ccokrgics irrrtl 1r.c itlsu
idcrrtilictl its bclttrtging ttt dillcrent gcttela,'l'lre geographic tlisllibutions ol crrclr clltle(cg.Alarttl lll'clc')l)ctwccttlltctw. liucilgesarcsirrril;u'(lrigs. l-1.-51 anrl l.l.5b).

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

r\lkrpiltric spccialitrtt, citlrer tltrouglt gcogllphic isolation ol aplrr-o1.r-iatc habilill lyl)c
rvillrirr tltc sillllc willrl brxly, scertts lo llu lltc nr{)sr inrp()rlurrl rrtorlc ol irrlrirlirerrslrirrc
spucillion lirr lacustlinc ctchlirls (r-eviewecl by N4cycr. 19931;; but scc Schliewcrr cl rri.
199'l).'l'hc ilgc eslinriltes lirr vatious cntlcrnic'liurganyikan lincagcs inclrrrlilg t6e
ljlellll()dilli stlggcst tlrit! tlrrring thc geological histoly ol'tlrc l1kc, wlrcrr tlrc uctrurl r.ilt
lirt-lttitlion occttrtctl, ciclrlitls rirpitlly lillctl tlrc lvaillblc niclrcs rrvcr the cltirc lukc (c.g.
[-ic.r arrrl ()ssc 1975; r'cvicrveil iu c.Lrl(cr. 199 l;(--ohcn ct ttl. l()r)J; Mcycr 19931;
Snrrcks rl ul. 19911. Wltctt ttrttch nt()rc r-eccnl (in the l)lcistoccnc; clirlatic clrarrgcs
rcsttltctl irt lrrvcrctl tvatct lcvcls, thc singlc Llkc'lirngarryika basin bcciplc srrlltlivitlerl
iltttl thrco llitlcolakes lirr p|oballly nraily tlrousantls ol ycar-s (Sclrolz antl ll(rscndalrl
l9tJtl; 'l'icrcclin antl Monrlegucr l99l ). 'lhcsc lakc lcvcl l'luctuations cllcctivcly isol;rtctl
l.roptlliltiorts ol ciclrlitls, irrclutling clctnrorlirrcs, irrto northcrn, ccrrtnrl, antl sorrlherrr
basirl PoPttlaliorrs (lrigs. lJ.2 lrrtl 14.-5). ll hus becn suggcstc(l thlt uot only basirr
subtliVisiott [rLrt also tttittor lluctttations in llkc lcvcl probrrbly inllucncctl t6e cv6lrrtio'
ol'the lirtorul cichlid liruna (Flycr anrl Ilcs 1972; (iulrcr l99l). Sarrdy bc.clrcs,r
csttlaties lhot seplll'ilte tttcky shtlres arc strpposctl [o act as ell'cclive 5a1,icr.s to gcrc
llow, ther-chy inl'ltlcncing the distribution ol'gcnetic var-i:rlion antl proSlbly spccirlr.rr
iD lltesc lishcs (Corrltel Iggl). ln particular, stcnotopic arrtl plrikrplrr-ic sp".i"s lir" thc
ct'cttttotlitte cichlitls tllilt scer'lr to be a<laPtcrl lo living in shallow g,i u"l rn.i rocky sh'.es
corrld ltave bcctt isolatctl by sntall continu()us ch,rrrgrs in lakc lcvcls. 'l'his rcisults irr
Pltysical cltangcs ol'tlisttttct hlbillls, such as locky sh,rres, that ilrc lliltcl)ily rlisrr.il'rtetl
akrrtg tlte c()ilsllille. I'his lilc-histor-y chirractcrislic tics tl)csc lislrcs stlrrigly t, lleirItlrbitltl altd rvottlti sceltt to tttitkc rlresc ciclrlrtls pirtticrrlar.ly scrrsitivc t.i l'kc lcvel
lltrctttitlitrtts rvhich rvill llicct thc availability ol'hlliitlt antl tlrcrclly lacilitlrc .,r.irrlri5it
gcrte llow hy cleatirrg ()l'(lcstroyil)g locky lrirbitar. ll'thcsu pcr-icxli ol'isolution cxistotl
Iottg ettottglt, gcrtetic tlillc[cttces bctrvccrr 1xr;lul:rliorrs ilrc likely lo i|r.isc lly rh.ili arrtl
thtls lllily ()l'lllily llol tcsttlt in lhc lirrrttatiorr ol'rrcrv spccics, tlePcnrlilrg 0n rvltetlrcr.thc
tlcg.cc rl tlille'e'tiatirn is erougrr t. arise as'rcp*rtructiu" üurri",t"(r"" c)lruptcr 7).lklrvcvct', as sltowtt cat'licr, ott thc lrusis ol irrtrallcuslr-irre spccius tlistr-illrti()rrs .l'a
tttttttlrcr rrl'l-trrrr;ll.lrgirri (Sturr.ks t,t,tl. lgr,l: Krrlrtll c,/ rrl. l9()6r crcn tlr.,lrrrg. ilfl,i"r.r,,rirleltl (liig. l{-l) ditl n(}t sceru to l)c it stricl l)iu.r-ief lirr.sorne tlxit (l;iis. l+.j,, frf;
Itotvct'ct, lhcsc pllcllo{ypic (lirlir lirl lirrrrP|ol()girrc ciclrlitls ilcc(l lo be rrrirtclretl rVillr
lirlrr[e gcrrclic tl;rt:r ( Ve r.lreye n t:t ul. in lrrcpalillioil).
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14.6 Phylogeographic patterns in Tanganyikan
rock-dwelling cichlids

'l hc cvolulioulry hislory ol thc lirclnxltlini is slr-ongly cortncclc(l to tltc gcokrgicll

ltistory ol l.lkc'langanyika. -l'lre tlata Plesoutctl lrcfc clcirr-ly lriglrliglrt tlrc cllccts ol lirkc

lcvel fluctuations on lhc plcsent tlistributiou ol gcnclic vlliation in thesc cichlid lishes.

lnrlecrl, lhc distribulion ol reccnt ljletrruxlini rntl)NA clatles rtralcltus tpritc ckrscly thc

rrow inrrntllrterl shorelines ol tlrc thrce irrtcrrlittaut l,lke'lartglnyiku palcolirkes (Figs.

14.5r, b).'fhc within-lake tlistlibution ol'all clatlcs, bul irr llallicul:tr lhosc rtl'clarlcs Al,
A2, arul A-J, is rcstrictctl to the n()llhol'll, central, ol soutlrern irtlelntitlertt lako hasins

rvlrich cxistctl artxxrt 200(XX) to 75 (XX) ycars lgo (Scltolz:tntl ltoscntlitltl l9ttti). Also
lho occult.ence ol gcncticllly dislinct clltlcs llral slrow resllictctl tlistlilxrtiorurl l)irltcnls
anrl, lirlthcrntole, thc plcsencc ol'closcly rclatcrl pr4rttlatiorts ott bollt sites ol thc lakc
(e.g..\ltutlulus lhrrtr Iocalitics 123-261 irntl 'l'errrbwc, lnrl littcagc [] lirrrtt itlotttttl lltc
Kiltili lslantls uurl Kaurakoutlc) suggcsts (lrat nuriol wltcl level lluclualiurts in l.lkc
'lirngiuryika hiul pr-orrouncerl ellccts on thc speciation lrttl lltc rlislrilrutiort ol'lltc cicltlitl
liuura lionr lrcky litttlr-al ltabitats.

Sinrilar-t() whill wits obsclvctl lirl thc gcrrus'lit4thtrrs (Strrrrtrb;rucl arxl lvleycl 1992),

but in corrlrlst with liutlings irt Silror'llorrrl.r (N4eycr' (l (tl. l()()6\, (,tlr sc(lttortcc

tlivclgcnce tllla irrtlicatc that ul least tw() cr)llsccutivc lrerirxls ol'r'ltpirl rlivcrsilicalion
trccurrctl in tlte evolutionlry lristoly ol'lilctuttttlini clatles (liig. 1..1.-]). 'l'ltis secttts itl
palticrrlar to be tlrc cusc lirr tlre A-liucagc (liig. l-1. 3), wlrelels lltc;rgcs ol tlre ll-clirdcs
sct:nl t() be valicd and rlc irt genclul oklcr. llcncc ll-lirrcitgu clctrntttlittc cichlitls nrly
have originatctl sonrewhat earlier and (hrc to (lillclcll( cuuscs tlrarr tlrc nterttbers ttl tlrc

A nrtl)NA e lctuxrdirtc lincagc. Jusl rs irt 'littltltcrr.s poprrlatiorts (Stulrrtbiutcr antl Mcycr
1992), thc Eretnxxlirti poPulations occutr-iug ovcr'.s()l))e sllctcltcs ol tlrc'l'irngluyika
coastlinc ilppeilr to hc ell'cctively isolitlctl ll'our cach 0lhcr, cvcn il tlrcy ilr'c scParillc(l l)y
only a lew kilonretles (lrigs. 14.3..14.5). llorvcvcr, olrc nltl)NA lincugu ol"l)nphcus
was lorrrul lakc-widc (Sturrubarrcl lnrl Mcycr' 1992). lrr conlrlsl lo llris orrc linclgc ol'
'l\rt1tlrctr.s, irll tlre gencticully distinct lirctrno(lini lirtelgcs sccnl lo lrave l rcsltictctl
rlistrilrution akrrrg tlte nrcky littorll c():tstlinc ol l.akc 'l'iurgirnyiku (l;ig. 14..5). Our
phylogcograplric analysis lcvcals only two clscs in wlrich trvo alloglirtlic populllions
slrirrc arr itlcnticll lritlllotypc ('liutlitutitrxtus li'orrr hrculities {(} antl 45; Sluttluxlu:s lront
localities 2-3 lnd 26). Sirrcu tlresc localitics arc only irllout 20 krrr apalt, tlrc arnourrt ol'
gcne lkrw ol' nrll)NA hirplotypcs night bc lorv cvcn ilnroug gc()gritphicllly ncar
populirtions. Since ouly a lcw intlivirhrirls pcr krcality lravc bceu analyscd so lirr, wc rkl
lrot kuovv il tllcsc two poptrlalions alc llxctl lill tlrcso lr)tl)NA lrapkrtyes.

14.7 Morphology based taxonomy versus mtDNA phylogeny
of the eretmodines

I\4olplrology basctl titxonottry plitccs thc lirctrnrxlirri irr thcir'rcspuclivc gctrclir rrririnly
ou tlte hrrsis ol tlrcit'tlertlitl leltttlcs (l)oll l9ij6).'l'he rrrajol rnl[)NA clirrlcs cotrtirirr
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tltoslly tltotllltoltlgicirlly ltotttogerteoLrs gnrrrps. Oul llltl)NA llhyltrgeny is i1 paltill
conllicl with lhe ctrrrcnt gerrcric classillcation ol'tlre ljrctrrroclirri. For cxanll)lc lincilgc
A is ttrairtly conslillrte(l ol s;rcciuretts rvhich nxrr?lrokrgicllly corrcsporrrl to li. (..yuu).\liüus
its tfelittctl by lbll ( 198(r). llowevcr, clatlc Al llso conlains '!'. irsuttrt' (l.rrrrr loculitics
I rrntl l\lirragol itttd.\. tnurlieri (llubintli lnrl another'krcaliry in 13ur-ultli). ln atldirion,
ttnptrblishctl ,5. nmrliari sc(ltleltccs (Slulnrbauer unpublishctl lcsults) werc alss placetl
withiü tlte A I clirtle . Clatlc ll4 coutains thc tlrrce gcncrl, as rhcy alc currently rlclined.
'l'ttttluttit'olrts irsutttc 

^re 
lirrrntl in severitl ol the nrtDNA clatlcs.'l'ht:sc Tirttgrrttitolu,t

cirn bc ilillclr:tttiatctl on tlrc bitsis ol'rturrphologicll l'eaturcs. 'litnEiutti<ttLhr.s populatiqrrs
Iound irr iVlirlitgo itnd locality I rcscnrble llre llshes lionr thc type localiry (tivira, nor.th
Zirire) trrttf cittt bc tlislingttislrctl l.nrrtr thc litrtttutitotlrr.r IropLrlirtious lilurrtl stlutlt tll tltc
N'lalitgaritzi clclla by tltc llrescncc ol-a dalk spot iu lhti soli-r-aycrl par-t ol'the tkrr.sal lil
atrtl lry tltcir c()l()tll'pallcrtl. Also tltc occur't'crttrc ol two rlislirrct Iirctruolus (,.\,(,nos!i(.1us
tlttl)NA lr.rPlotypcs tlrat belong to cllrlcs Al.-A-l unrl tl{ af Ircality.l0 is srrlr;xl.led
lly Itlolpltologicitl cltat'actcts (lliiber st rrl. in prepllalion). Sirrcc thc type Ircirlity gl'
li t'.\'tttrttvtittrr's is Kiltyitrtrkolo (=MllulurrSu) ill lhc soutltcnt ctlgc ol thc lake irr Zurrrhi:r,
lhc Erttttnxlu:; sPccinrens lirrnr l<rcali(ics 9, 14, lnd 40 rrray l.cl)rcscul llrc gcnuilc
It'kltlto(lu:j (\t(t'to.tli( lt!s. 'l'lre isolatcrl occr.l'l'cnce o1'sorrlheltt ge rruirte Ii. t..l'trttrt.;ticltt,y ttl
Ioclrlity J() wlriclr is scpitr.rlc(l by tttorc tlrirrr 2(X) krrr lirrnr thc olhcl nrcrnbcrs ol'clatlc
ll'.[ rrray lcl)lcsclll it rctlllanl pogrtrlalion ol a ;lrcviorrsly ntorc rvidcsprcirtl clatlc,
lllhorrglr l llilnslocarior) by tlre arlrralirrru trutlc clnntrr be r-rrletl oLrl.

()tlt tlitlit stlggest lhl{ tho species oliginllly trssignctl lo tllroc tlillcr.crrt gerrcr.u
rcPrcscllt scvcLal ttttlrc gcrtelicrllly antl nxlrplrologically distinct lincagcs. Silcc scver.al
Scllcticillly tlistirlet linclges ate lilttrll rvitlrin cach ol'tlrc stutlictl gcner-a, llrc corrclusiorr
lhat ,\ltulltodu't ,nttl'littLtutritttrlrr.r ulc <lcrivcd nurno;tlryle tic lincugcs willr dlr,rrrprlr.r as
tltcit itrtccstlal si:'ler litlc:rgc (l,icnr 1979;, ncctls to bc rc-cxanrinctl.'l'hcrclil.c it is orrr.
ilttcrttitrrt t() sltldy ollter ttxrlcctrlitr ruirlkels as well its rrtor'pltokrgicitl clrar.aclcrs t9
cstablish a Pllylogcnetically blscd gcrtclic classil'icaliorr ol the [:jretruotlini. Otrr.r.csults
itlso srrggcst thilt thc slrapc ol' lltc oral jlw lccrh, u,hich is thc nlrin rrurr.pllrlggical
lcittrtte ttsed loI tltc prcscttt chssiliclliorr ol'thc llretrrtotlirri, uruy fu higlrly virriaSlc,
lrontt4rlasioLts, ittttl llttts nol it tcliirble chllaclcl lirr tuxorrorrric l)url)oscs.'l'lrc.sc ilillcr.crrccs
itt thc tlctttal ttlotPltology (r'.3. posilirrrt ol'lhc nroulll lntl tlrc urorplrology 9l t6e tlcllll
itrc:ttlc) ol thesc lisltcs and thcir-r'clutivt: gut lcngth ;rrc rclaterl to <lillcrcrrccs irr lccrlilg
lrchaviotr'(Yanraoka I9ti5, Mti7; ylntirokl tt ul. l()g61.

Itt tttttst loclrlitics wllcl'c two spccius ol lhc lilelrurxlini occurrctl irr syrrrllirlr.), lltcse
wcr-e assigrtctl lo ()llc ol tltc two nlost l)irs:rl brlnches rvithin thc Erclrrlrtlirri. Syrrrpltr.ic
lltxa also scctttctl lo tlillcr rttorlltoklgicllly arrtl lrcncc ccokrgicully, p6ilti1g t. tlre
llrrssibility lllitl ccoltlgical tlivctsilica{ion nray bc irrrporlaut lirr.thc cl,,cxirt"rf.c pl tw,,
crctlll(xlillc litte;rges. llr llre rniriority ol lhc cirses llrirl rvu cxirrrrirrerl, llrosc slrccies pirir:
cttttsislctl ttl ttttc sPtcics rvitlr ir ty;licitl llrt'trtuiltry.likc tlt:ntitiorr rvlrcrc:rs lhc scuorrtl
litxott is trsrrirlly cltirtirclelizctl by ;t littt!tutit.utltr.,s- ot. .\ilrttlltttlu.y_like tlcrrlitiorr. .l,ltc

ltllylogerrctic itrltl geogtlpltic tlistributiou ol tllcsc rlcnlirl clrirnrctcristics rrri;llrr inrlicirlc
lllill c()lt)l)e lili()lt (tticltc l)lrlilioning lhnluglr conll)ctilion in,oitl;urcc ,lur.ilf pcr.irxls pl'
Itlrv lilkc statrtls) ltlr lixxl llctrvccu rncnr[rcls ol'llre ljrclnrtxlini rrrly lr:rvc bccn ;r clrrsc lirr
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tlre rnrrltiplc oceul-rcltct: ol'sirnilirl tnrphic spccializ-irtiuns (lliitlcl r:t o/. in grtcllutitliott;

lirl otlrer cxanrplcs ol'parullcl cv()lution scc (.ltlptcr l0).
lvltl)NA llhyltrgcilics do n()l ncccss:llily lcllecl tlrc lruc sllccics plrylogerly: lix'

exarnlllc linctgc sorting antl llrc letcrrtiort ol lncesllal l)olynlorl)hislls cittt tcsulI irt tltc
occul'r'{jllce ol rnitochon(lliirl poly- ancl pitrirphyly bctwectt biological spccics (Mot'ittr

anrl Korrrlicltl 1993, 1995). Altlrouglr llris n:lsonirtg tuay bc valitl lirl tltr: cxltcrtrely

young nlbutril cichlitls lirlrn I-uke Mallwi, it is ttot ir likcly exl)litllitlioll lor lhc

flrettno(lini sincc they ale considerably oltler tltitn tlrc Ltkc Mitlawi arttl [.lkc Victoliu
cichlirls (Meyer ct ul. 1990; tVlcyer 199-l/r). Anolhcr cxplilnllion lirr tlte ocsut-tcttcc ol'

nltl)NA ;rolynxlrplrisnrs arcross slrecics bountl:rrics is itttt-oglcssivc lrybridization alicr
secontllLy colrtitct (c.g. l)uwling rtnd 1)oMirrais 1993). l)arentalrcitte lrattot'tts atttl

rnating systolns dillel bctwccn Sputluttlut nutrlicri arrtl thc rcprcssnlirlivcs ol'tltc lw0
()lhor gctler'.t. llowcvcr', no l'clcvalrt inlirnttltion is lvitilahle ()n thc l)rcc(lillg biology ol'

Sputluxlus ett,tltnnlon (Kurviturrrrl tl ul. l()bi) ittttl tltct'c ittc tto sltttlius tllilt itllow tts

to tclirto tlrc possillility ol intloglcssivc ltyllritlizatior). 'li) tcst this ltygxrtlresis it will
bc trcccssirry to irrvcsligirtc lrtrclcar rrralkcls irntl corrrlrrel lllccrlirtg cxpclitncttls willt
En,tttrolrts, ,\1xilluxlus, utttl 'liutl1tuti<'orlrrs lirln tlrc dillclcrrt clatlcs cltalactetizctl by

distirrct nrtl)NA sc(lucncos (lil'cxarrtlrles ol lllcctlirrg exl)crirllcnts set: ('llaptcr l0).

14.8 Summary

Gcogrilphic piltlcnrs tll-gcnetic vilrialiorr rtvcill a lriglr rlcg|cc ol wilhitt-lakc ctttlentisttt

iilllong gcilclicirlly wcll-scpilirtcd lilrcagcs wlriclr are rlisttilrrttetl itlortg ittlctretl sltotc

lincs ol tlrr'ce histolicirlly intenrrittent llke birsins. 'l lrcsc Iircls lravc intpoltitrrl irnplicir-
(ions lir| titxon()illis(s, untl lirtrrr-c lrrxoDonric rvolk slt0trkl :rcc()unl lirl tlrur. 'l'hc

lllrykrgcoglirphic l)atlelll ol crclrrxxlirrc cichlitls suggcsts tltat crclrttrxlirtc cicltlitls trc
ptxrr rlispelscls, anrl thirt nlriol irutl nrinor llke lcvcl l'luctLratiorrs havu bccn irttpottunt

in slrupirrg thc rtluptivc ratlialiorr antl speciatiort in tltesu llsltcs.'l'hc rnilocltttttth-iitlly
tlelinctl clatlcs arc in conllict witlr thc cuilcr)t lirxoil()ilry ()l tlris gurup ul spceics.
-l'irxouonry ncetls lo llc levisetl in tlre light ol itppllcntly cxlerrsivc con\/crg,cnt cvolutiort

in lloplric tttot llltology.
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