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PERCOMORPHI
 

Fam, CENTROPOMIDAE.
 

Lates sp, 

Only three bOlW::i, il ciludal vcrlebru [j'Olll a fish Ut, 72 cm standarù [eugth 
anù Cl fragment of dentury, Logethel' \\'ith a pectoral spin' ( Lo front a small 
fish), c:an 1)e refel'I'ed lo lhis gCJlllS..\lLhllllgh Lhe idellliLy of lhe l'in-spitle 
rnighl. iJe called La douilL, Lhel'e can b(l no confusion l'egal'c1illg the verlebra 
und denlar.\'. 

The vedclJllI illl 1 fin-:'pin' are lteayiJy nlirtC'mlized and diffel' InaI'kerlly 
[rom olher ::pecill1en' in this dCJlosiL; lhey \Vere, Lhus, [H'obnbly derived 
l'rom ear1icr slrnLa. The denLary, on the oLher hand, is poor1y rnineralized 
und ils sLaLe of pres l'vaLion is slridlv comparable \Vith the ol.her specimens 
[rom this site. 

1<'<1111. C1CHLIDAE. 

Tilapia sp. 

\.'e r le h l'a e. - Sevan anL rior pl'ecaudal verLebrae, Six of Lhese are 
derived [rom a fish, or fi hes alJUtlL 115 <':lTl slnndarù Jength, and Lhe scventh 
tram a slighLly lm'ger inùi\'icloal. 

Fin-spine', 

DOl'sal filt. -l''ifleen s[JiJl,", aH fl'onl fishe uf a size cOIllpan.l.ble 
\Vith those from which Lhe vel'lcb,'ac were deriveû. 'l'wo of Lhe spin are 
lighter in <.:olour and le, - 11l1ncrillized Lhill1 the others. 

Anal -"ine. Olll), 

Peclorul spine. - One ,-peciruclI, <.:oll1[Jlete ext:8pL for ils most distal 
e tl'enu ly. 

(il Pm'asphenoid (111iddle secLion). 
(ii) Fragment of bilsioccipitll.L 
(iii) Two ilrLiclllar, (l'rom ùiffel'CllL g-I'llI'l'ilj. 

(iv) Two halves of :oft fin-ril,Vs. 
( r) Tw 1v vcrLebnw. 
(VI) On Yj1111'al elellleni. 
(vii) , ixieen unitlen Li fiable fi'êlgrllenL. 
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DISCUSSION A~D SILvllvIARY. 

Befor'e considering Lh(' pvidcnœ flll'llisherl by [he fO:isils descrilJcd in Ihis 
pa,per, some allellLioll ll1usL Ile givün Lo Lhe fallnal uffinilies or Lhe fishes 
inhaiJiling present-clay L;tke Edward. 

V'Vhen aLLempLing lo discover this l'eJaLionship, Lhe cichlid êUld :wl1-cichlid 
elell1enls should be eX:lInined sèllaraLely, Of Lhe I.wenLy-four non-cidllid 
species recorcled, only thr8C ar8 ülldclltic tll Lake Edwurd. Sevel1 species 
have êl relatively reslricLed geogl'iljlhieal distrihution wiLhin the ilrea 
surrouncting' Lhe lake, aILhough Lhl'l:~e of lhesc species also OCCLU in Lake Kivu, 
and Lhe l'ange ur one uf 1hese exLellds lu Lake Tanganyika. One fipeties 
olhenvisc only oceurs in LêL1i.es Kivu illld VicLol'ia, a[)other is kllOWli only 
l'rom LêLk(' Vidol'itL, a third oceurs ill Lali.l's Vici,ol'ia ami ~Yilsa; <Incl final!y, 
!llel'(~ is Olle sJlP..cies which, aparL l'rOll) iLs h(~inD l'(;col'dect in Lake Ed,vUl'd, 
is I\nowll only fl'Olll the sln~allls ur ivlollni 1(ilill1auj'Ll'U. 

The l'enmining ten sjlecies may he considenod as NiJ()Lil~, wilh SCHlle 
speeies wide]y ciistributed in 1';asL ;\fric;l. IL is inLeresLing to nole thiLL five 
of Ihe Len Ni1ulic speci(:,s du nul UCl'UI' in L;lke \'jcioria. A poinL or urobnble 
signifi(~al1cc is lhal lht: Lhree 8llc!el1tic sJleeies iWeI lhe six sjlecies \Vilh 
l'Pstl'idecl disLribulion are ail srnall cYJll'illiùs and c,Y'!ll'inodunls, Whet'eiLS lhe 
\i!oLie specios are moslly Jarge fishcs. 

The Cich1ùlrœ show dual al'filliL,y. TJw TiùqiÙl slleeies ilt:e NiJolic but 
Ihe i/1'Ii!Oc!ITOllli,. al'e (',Ieurly reJuLed Lo species endcrnic Lo Lake Vicloria; 
Lhl'ee l/uplot!I'l'(}/l/is .-;pecies and Otle illUI10Lypic gCl1US are COl1lfIlOn lo boLh 
lakes. !Dald deJ'ived fnllYl POLI., j939: POLI. alld DA.\L\S,t9:39: TREW,\nS, 
19:1:1). 

P('l'haps 1he lflosl uubLlnding fcaLul,} or Ihe Lake I~chvard ichLhyofiluna 
15 IIH illJsellCü or scv'ra] fUlllilics which al' 1 wid,esl!!'eadiu easLcl'l1 nml 
II'0pieai Arrica; Ihe fJoli/plcTidfl(!, Cllll'/'ucidflU, CÙlwril1ù/ac, Sl:!till)l;ùl(le, 

.1Ior!lo('ùlrœ , ,li {/lfl7i/l'Tll7'idll", <:f'/ltl'o!lOlI/ùlll(~ and illas!lll:c/ilbc/irllll' at'e ail 
\\'ilhoul l'eprpsellLaLives. FUl'lhpt'Ill(We, th t'.ullll'ared wilh Lake" Alhert alld 
\'i('[urin, Ihcl'c arc reWel' genet'il l'el' fa!llily ill Lake Edvv;!I·cl. ln certain 
1'(,spl:'cl,.; Lhis absence uf ulhenvise widel} dislribulerJ f:llllilicc:, is parillJeled 
ill I/ake Vicloria, althuugh hCi'l' ollly 1he [JIJI:tl/l!rrùllll', <:Ü!l.al'ù,ùùœ, 
.\Jo('11J!Cru1'ù/llc ilnt! ('f'/I/roj)(i,i1idau iJ1'0 absont. 

OI:; IJEI!\Z"EL/!\ ('1955) has aptly descl'ilH'd lhl' c.olllellljlOl'ill'Y fallrw of 
I.;lkc Edwat:ci us ... ulle filulle pauvr'(J, Lt'ul1qu(>e, depoLlt'vue de bUll nOJllbre(l 

d'~'léll1cnf:.; qU';'1l s'aLLencll'i~il' il .v Il'ouve!'. ». 

Daia 5Llllllllat'iscd in 'J'able 1 :sh(J\V :lllli dlli'ilig Ille Ploisloc'eLH', gl',uluctl 
r11'1llg'cs Look plaep in al leilst lhe gl'llerj(' {'UlISI il ul iun or Lhe fish-f<1.Ullil of 
111l' l'~rll\'al'd b<lsio. IL is 'ilso obviOlI:' llwl unlil ivli1kaJiilll Little:; (I~pi-
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PIl'islocene) lhe faullit \\·lt:-: rnurc l\1,ll'kedly 1\'ilntic lhan al present and lhal 
l'p.l'l'Cselllali\"es uf llliill,y of lhe abst'lltee fill1lilies iUIl! "encra \\'er8 lhen li\'iIlF 
in lhe Ed"Vill'd l.H1sin, '1'\\-'0 of lhese generil, J,ules and, '!/71odollfi", occlll'I'ed 
in L,ake !Edwill'ci .I::i 1'e 'enll.v ilS Ihe blr1,\' Huloccne, III fm:l, \\'hen cUll'idcred 
al lhe species le\'l;~I, lhe ktlüwn lal.e l'Iei::ilol"etlc fishes of Lilk(~I~clwill'd arc 
'utUpul'ullle \Vith Ihuse uf l.hp pl'esctll fauna of Lake .\Illel'!. 

.\lIhough sorne IYJlicilll,) ~iloli'~ JÏshes :-:ucll ilS IItJtlrucyoJi ( 'lutT(/(:ùlllc) , 

:lul'!J.clwq/llllis tliid (:/((1'0/('." (nllyridl!f') \vere aJillill'l~nlly Iusl IlefOl'e lhe ilL! 
01' Ihe l'IeislocBne, lhe l'auna l'el.uillecl il::; IlIOl'e eOlllfllele ,\iloLi(: facies unl.il 
Lht; l:lo;,e of I.he Ganlllliall periucl. .\ pus.'ihlc explillluliull fUI' \tllé Iu;,s Ilf 
:wvel'aJ Nilulic genera alld :-ipeeies whieh uceurl'ed il! lhal linLP, will Ile 
dis 'uss ct laL 'l', 

Genera. 1'e'~uvel'ed fJ'OlIl f\.ai '0 d0pO:-:iloi ill Ihe ";(l\\'ill'd IJIl,;in (~ile,; ] ln \' 
und Sile VIII a) are simila" 10 I.hose fl'ollt lhe l\aiSfJ IJccb of Lake !\lbel'I 
('\V,\YLA\1l l'l, al" ·19:!O). Tllis similurily i:-i 1l0l. surfll'isillg :-:iul'e IlIc Iwu lakl's 
were lhen pl'ollllldy t:onl.inuous or al leasl. in hroull t:onlaeL (m: HET\L,t~Ll:'\, 

071, cil.; MORTEI~"I!\, 5, 19a1)), Jn aU ]!l'olJabilily lhe fishes pre' 'erYtu iu !Iwsl' 
depo~il.~ slloulll Le looke<l lIpon a:- nWIlI\) l'S of ail areh;Lit:, pan-,\fl'il'illl 
i(;hlhyofal.lllii \\Illich ]lupulalrrl .\l'l'ieall ri"el''; herol'e Ihe fOl'1llal.iun 'lf Ihé: 
Rift lakes, They \\-olild correspuud 10 « lite genel'al i1IIl'ienL fauna of Tl'u]I­
it:al .\fril:a " wllidl \\'am 111\(;'[(1\ Ilosl.ululu(l <lS having « beeri wid.csjJl'l'a<l 
ovel' I.he conlincnL in [he eatly part of Lhe Terliar,y Cll0dl. .. " (V\'OHT}[Ii'\GTO\ 

and Iùc:\RDo, 1936). Thal the ,[ffinilie- uf lllis fallna arC' wilh Lhe present 
t\'i1ulic group uf ïishes shoilld nuL Ile miS('Ollstl'lled 10 illlpl,\' [haL Ihe Nilotic 
fauna IleT sc i nlore allc.ient lhiln lh03e of the otlle1' major' rivl'r s.Y'teJ1I~. 

\Vhcll c-onljlal'ing lll(l fi:-:hc:-i nf the Ndt!, CUllgo ,wu 'NïgCl', olle is illlprC's'ied 
by the lül'ge IlLlll1lJel' ( f g,.:'ncl'il eDn1Il1on 10 lh(! lhl'cc; ';'y'3l'~lllS, 'l'hi.; evide'ler, 
det'ived froUl present dislribulions, e,!1l onl,V be inlerpretcri iiS illdicaling 
earlic)' ['ouliieL IJclwel:1l ll1(! Val'iOllS syslcm~. \V()HTIII~GTO\ (1\;·Hi!l) !lu,;llIliltCtl 
tet1tjJOl'iiJ'Y l:oll.lJeclions !Je[wct'Il lh(~ ~il(), (:Ollg'O and \v('sLel'll ri\'el':-i iI('l'OS:; 
a la1'gcly inuntlalcd Suclan plail; uUl'ing ill! 'il 1'1)', huI. lIIL:ipf.:t:ificd, PlllViilJ. 
l=!owt.:vel', V\:\YLA\P' eviduwc (19~~1) illdi<:al.cs lIll even cilrlipl' cOlllal.'! 
IJeL\\'ee!l the rive!'s uf easlel'Il Arrica aod lhe Longo. lu ]JI'e-J1il'l linll'c 
(? lVIiocene) Ugllnc!;1 \Vas uraillcd by il IlUllilJc1' of wesLwilnl flowiog river,; 
\vhich llltimalcly eml I.ied iuto the Cong'o lt \voulcllloL be ltlll'eaSollil/)!C 
1.0 suppose lhal these J'i\'eroi were populütecl IJ,\' l'ishes helollgillg Lo il gTOllI' 

whieh ilia.\' 1)(' cOl1sidued ai'ehait: and, h'ODI it:.; moderll dislrillltiull. of 
an essentiaJly )Jilolic- _ongoull lype (,;ec illJOVO), Thcl'e is palaeonlolugil'ili 
evjdcne(~ ltu:1l, dll1'illg lhe ~vl iocC'ne, al lea 1 1\vo typiealJ,\' i\ilolit: gt':llel'!. 

LaIes and Polllilleru \Vere pl'e:-üllt in l1le are,l !lOW oCl:upiecl by Lilke Vic­

Loria (GJŒJ::iI:\YOOD, 1951 (1), Lêlck or oLner fisli-hcill'ing \Iioccnc depù il~ in 
East Af1'icêL ntakes iL illlJ1()s~'ihJe to delelïllillc whelhel' lhese 1i:-ihcs gaillee! 
aecess ta the lake as Cl resuH of its havillg' din:'('[ CIlnlael wilh Ihe' :\iile, al', 
wheLhcl' lliey \Vere repre:-enlative,; of the al'l:!tail: faumt. 

'l'Ill' eill'! ie, 
ilgl', DE IIEJ.\1 

Ihe .\fol/usea 
I\ilnyalsi~ile 

IH'I';od nf n~liI 

Illlel'p/llViH[ "~ . 

'l'Il(' only 0 

ur m: Il r·:1.\7.l::f.L 

ili'(' pla('('d ill 
liIlle or thr.il 
u7J. til,). 'J'hi, 
djrr~'I' ft'Olll IhJ 

Titus, fhc f 
of Ihr fil'sl (IC 
the f(L~j 1 :'vfIlU 
cO/t(:0l1LI'a[jo[, ul 
Tho int:/'eilsed J 
iJ /lSfllldolllHt'iue 

\' "onTIIL\GTm 

bil,'pc1 011 [ho e 
. twh ilJ'id!!y d' 

{hal, \\' >nTll1, Cil 
i1vililill;ll', ilSel'ih 
lïshes, Bul, as 
('il Il Ilu Jong!'!' h( 
l'ièil/'ly l!lal 'Ir'!. 
sLilI pO)1uJllh il J 

il!Jscnl.el' PPlIPl'oi. 

TltL~I'C' an' 1\\'( 

1ion Won/cl IISSUI 
ill! '1'/lluvilJ1, bul, 
PllIV/îli, Lilkes . 

hYJJol hC'sis iliso 
l'hlViill ;(rid pet'ùl 
Lake ":rlward, 'l 
ba 'in \VilS i lIsuffi, 

1h is I.heOl'Y hltS, 0 

\\'11 .. lloL adversel.\' 

/l'J'om [he' dnta 
"ullsidereci [he nil 
'II/'/lor' fo/' l!lc' (" 
"ill'l;(,I', fisil-fos;;il:, 
1.. 'how .dll1os1 c­

l''', "'e~('n [erl [he ln 

i 



NATIONAAL ALI:II::BT PAB" 

The t!iil'[iesL r-ish-fossils in Lh8 1';d\\ëU'd ilasin are frum depusils uf Kais ­
age. DE th~T~Zr:Ll.\1 slIlJdi\'ide,.; thl~se dcposils illLu fuul' sCl'ies III Lhe iJasis of 
Lh' .\'Iollusea jll'L'scnl. 1"lJllo\\'lilg' his L.:lassifi(,i1Lion, the ji,.;hes fuund al 
1(,lIlyal"i \~jles [ and 11) iU'O l'l'Olll S('!l'ies l, \Vhich \VilS laid dOWll in a 
llel'ioC! of J'clnlivp al'idily, leu[ali"t'ly ('ol'l'elaled wilh \Vi\YLM\u'S « Kap:er'an 
lulel'plu\·j,Ll ". 

The onl,v olhcl' lish-IH~ilïing Kaisu deposil' whieh Cill! I)e l'erej'f~d lu Olle 
of DE j-IEINZELIN'S su1J-tlivision,.; al'c lhose fl'OJIl Sile~ IV, V <Ind a. 'l'hast> 
ill'l' jJluL:(;d ill ,.;uries nI whidl pl'sl-(lal(' lhe !(a.~I.Jl'ilfl illll'l'pluvial: al [he 
tilllO of th(~ir deposilion the cJilllalG \vas t'elalively hUlliid (DE 1iEIi\ZELTl\", 
0/1. (·it.). Thi;; ussemblage cOlllains lypieillly Nilulic generu and does nol 
difiel' ft'Olli Ihe ,senerie l:omplex IIreserved al \(illlyabi (I(aiso Serie;; 1). 

'l'hus, lhe fish-fossils ]Jl'ovide li!Lle evidence on the l'ffccl iltlcl illlensily 
of Ihe l'i)'st (Kagel'an-KiU1lilsiiLn) inlel'jJluviilJ arid perÎlJri. Il i:i (ileilr l'rom 
lhe fossil JVloJlusca, l1owever, !J1iIl LlIC'\'C WilS a gradUil1 inn8iLse in Ihe 
('onccntl'nlioI' of clissolvcrl saJls durillg the P l'iod ]Jl'i l' 10 Ihei l' In'c"enralioll. 
The incr(~ased satinil,)' hac! lIle efl'eel of IIroducing a gilstl'IJjllH\ fau!îil. wilh 
il llsruc!olilill'ine facies (nI' HF.Ii\ZELlN, (1). r-it.; F'L:clTs, t9:~(i; SSi\Dell\.\l", 19·'t.m. 

\VonTllIl\'GTOi\ (t9:~~; lo::n) nud Vi',\yu'iJ) (19;:llt) (whase olliniolls \ven' 
!Jasee! on [hose of \VOR'l'llI\GTO:V:), considel'ed Lhe fil'sl inlel'pluvial la he of 
such ill'iclil,v ,L:; 10 nlmusl CGl1lllll:'lcly dry oLIl lbe Jake. Tl is 10 Ihis perlod 
IhRl Vi OR.TI1INGTO\, (1932: 19:37), llsi ng Ihe pa [ueoIllo[ogicill dalil Ihen 
ilvailalJle, nscl'ihrc1 Ihe major chang(~ iD lhe ilffiniLies of lhe L.ake l~d\Varrl 

l'ishes, Hul, as Illenlloned a!Jo"c (p, (ii), such an early diLI.e fuI' lhis evelll 
('ilTl no longer bu 1~J)lcd'lincd. EvidenCè fl'om Series III J(a.iso fossi! shoyvs 
cleilrly [hat ilHül' lhe Kngenw-Killl1il'iian interpluvial Lake Edward was 
slill porlulaled by fi:-hcs of li NllnLi,: type, including Illany of Lhe present-day 
ubsenlec genüru. 

Thl~l't' ilre LWO possible cxplan'ILion 1'Ul' Ihis phenoll1enon. CIlle f'xplana­
lion would assume l'hal Ihe Kagerun fi:-,h-filuna wu" deslroyed rluring Ihe 
illlerl'luvial, but, wilh Ihe ;nel'eased rainfilll of Ihe eeonci (KarnasiulI) 
Pluvial, LéLkes l~d\Varrl and Albert \Vere unce ngain connecled; (his 
hypolhesis also aSSlJll:leS that Lake Albert was liLL1e afj'eded b,v lhe inlcr· 
pluvial ariel period ilntl lhaL fishes [roln the Itlke \.Voule! be ahle lo l'ec:olonize 
Lake EcJWill'lL 'l'hl' second explanution USSUllH'. thaL ilridityin lhe Edward 
hasin wilsinsufficienl la c!eslro'y I.he Kilg-eran jish-fauna, whieh l'el'. isleel: 
Ihis theory has, of ourse, the neœssm',v c()},l'clale Ihul' Ihe lllajul'ily of fishes 
\\'iIS nol ,ldvcl'sely affeded h,\" [he inci'easeél sulinily of the \viller (sel" ahove). 

F!'om the data available it i~ rJifficnlL [0 c!ecirle \vhich h,vpulhesis ('an IIp 
,'ul1sidl:'l'ecl the more rensonalJle, JnIl, n~celll 1'8senJ'ch Seelll.S 1,0 pl'lwide less 

'llpport. for lhe ('Oflcep' nf ilJl illlen~e1,v al'lcl inlC'l'Iiluvial. "\5 l1lenlioned 
":1 1'1 il'i', fish-ro:-,~il;; l'mm <.:erl"in Llke Eclwill'l! hai:-;()-Ill)(i::; Wl~l'e inlei'jll'l:Lecl 
\.. ~hlJW "llllosl COlflllle1i: desiccillion of lite lakl'I)(-'call~e Ihey ul'i1ill'enUy 
1~IJI('~eilled Ihe !ilsl recol'd of eerlHin \iilolic "f1ec:i().' ill the Eclwil\'(! bilsin. 
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This VJOW is no Jonger renübJe in ib original j'orm; fUl'thel'lllol'e, on 
DE }-!EI'iZELIN'S daLing these fistIe:; were J'l'am post-inlerpluvial cleposits. 
In Lake Alb('rL, VVAYLA\1l (W~G) eonsidel'ecl Lhut Ihe Kuiso LJnne-lJerls \Vel'C 
indieative of a )Jcl'iod of intense a:ridity during which lhe lak(~ allllosl cirier! 
up. FL'om theil' assol:ialed rnollusean fllUnil, howevcl', hoth Lhese site" 
shoulcl Iw equateà wiLh DE HEE\ZELIN'S Series lU und IV (post-I~agel'an 

inlerpluvinl) when, in tlle Edwilrd baslTl, Lhe elimale \Vas hlllnid. 
SüLOMON (lmm) does noL agrec \Vith V\',\YI.AI\D',· eliuliltie dcduclion,' h'om 

lhe l,rd e Alberl Kaiso-heds, On Lhé ('onlrary, he eonsidcl's their fel'ru­
ginou , . andy, fossiliforoliS horizons lo be indicaLive of either Cl ... slighLly 
more opeu waler couditions .. » (Ihan Ihe pl'ecceding clay" \vhidl \ve)'(~ laid 
down undel' swarnp condition.') 01' Cl of HIOIT con)pld(~ rl(~siecalion Lhan 
postulaled by ,\VAYLA\D». SOI.OMON fn\'ours [he intcrpret.al,ion of more 
OIJCu-wiltel' (jundiLiolls. lIis rcasuns f~l' Ihis <Ire LtliLI. Ihe fossils eOlllprise 
mainly fishes, e.t'oeoelilcs and hippo]X1tailli, ami !hal olher nlanilTlaliall 
l'etlliliIJ.:i al'e ilevel' fuund ilS clInlpleLe "kelc!ons, whieh would ho Lhe ea 'e if 
lhe animaL; hall died aJ'OUl}(j g'radwdly dilllinisiling waLer-pools, as 
suggeslccl hy \VAYLAi\D. hlsLead, the fllil1lll111dilin l'Orniliri" are round us 

indi'.'idllill hou cs ajJllal'()nLly washcd inlo posilion. SOLo\']O\'S eondusior: 
is of Înleresl sinee il paraJlcls DE HEIN/~ELrN'S Opll1irm LhaL the dilll1Lte uuring 
the Jater Kaiso perion \Vas relativel,y hunrid. 

There nmwin, Lhen, ollly Lhe KanYiltsi deposil.s (Kiliso Seril's 1) as 
eviclence for il p81'ioc! of aricliL,\'. :\guin, lhc fislle" provide jjlLle sid.isfacloJ'Y 
inforlllatiun J'egilrnjll'~' Lhe intensiLy illlU cffeds of Lhis dry phase. Oll1.y 
one g-elllJS, lIyd1'Ocyoll, dues nol reaJlp811" in ckposiLs younger I.han Llw I.hil'd 
I<aiso leve!. 'l'he ilssuciated gaslt'opod l\'lullusea, on lhe uLlwl' band, SOClll 

Lo indiclLk 11n inCl'CliSe or change in Ihl' saliniLy of lhe waler, in l'e:poIIS(: 

to whidl (,herc evolved il nLltltllCl' of sJlinous and cal'inale "pecies (nE 111::1\'ZI::­

LI1\', op. cit.; Vecns, 1(36). Vlost of Lhese spceies do nol uecur in laler 
Kaiso lJeels. Theil' virLual disnppoanlnce has Ileen lal,el1 10 indicale Ihill 
they were destroyecl by LIll' Jakl~ elrying up (PUCHS, 1)]1. cit.; 13nool\s, 19;)0). 
YeL, an aiLenl1llive i1ne! opposile explunalioli seen,: feilsilJle. If il is aCl:epled 
lhal Lh') spi nous and earinaLe facies was a I.·espollsr' lu illel'llased saliniLy, 
is il nol lJOssillle lhal lh(~ morphologiciLl Lype lflight he ehuuged when lhe 
wale!' was freshened dUl'ing subsequenl pol'iods of illcl'ensedl'1linfal1 '! Dl', 
altcrnatively, the species rna.y have bcen unahln 1,0 adllpl themselves 10 Lhe 
JWW Cl ft'eshwalel' » l:ondiLions and wel'O desll'oyed, IloL by ai'idily, bul Ily 
increllsed humidily. 

On ih(' evidence availilble, il only 3eem3 !)ossible Lu say lhal dUl'illg IIIC 
Kugcran-KallllLsian inLel'pluvial the lake undenvenf. <In inerease, or chilnge, 
in salinity eausecl by ii periocl of relative aridiLy. AI. present lhe IIllensity 
of this ariel pel'iocl cannut. he accuralel.y delennined. 

Fishes fronl the lVliddle Pleisloecne (Kamasian period, sel/SU latol are 
very ]Joorly represenLed l>y sJlt~cjmel1s from one deposiL al KaLnnda amonl 
(Siles VI and V11) in Ihe upper Semliki. Valley. DE HEINZELIN places Lhese 
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deposi ls in lhe SeInl iki-Series of the M idclle Pleislocene. rl'he fish -fossils 
requil'l~ ELUe comment, excopt ta note U1<Ü the genus /JrlTlms rnakes its 
fil'st. appearance. 'l'here élre Loo few fossils from (hese beds lo give any 
mcliciltion of faunal lelntionship, but l.wo typicatly Nilotk genera, yno­
(/onlis and C[rl1'Oles, were [lrobably presen L­

'l'he Middle Pleislocene waS lUI imporlanL periucl in lhe l'vuluLioll of Lhe 
fish-fauna of Lake Edward. Ali evideDee poinls lowimls Lhis period as 
the lillle wh en the lake probal.Jly l't'ceivcd it.s rniljor influx or fishos From 
Lnke Victoria. The result of lhi" invasion is mosL cleady seen in the 
Lake Ed wilrd species [lock of l.he cichlid gerLUS HaplochTomis. 'l'he 
lfapLochTmnis species of La ke iEdwa ['cl and Victoria al'(~ mOr,: closely relaled 
La oneanother lhan 1.0 any olhe!' llaplochTmni,\' flock 111 Afrien. 'l'here can 
be no doubt (hat the two l'locks W l'e derived hom [he sarne anceslnd 
species group, which hac! probably reached an advanced stage of adapLative 
c!ivergenlle when t,he l'locks \Vere sepcLralecl. Not only are lhe rnajorily of 
spellies vel',)' similal', buL Lhl'ee spelljes of Ilaplocltl'unâs and OIW l'elaled 
1ll0noLypill gerlUs OCCUi' in bolll Lake Jt.dvvrnc! ancl Lake Victoria. 

Another imporLiLIlL evolulionül'Y facLm associalec1 wiLh Lhe \'liddle 
l'lei locene \vas lhe Joss of direct conLacL belween Lake:; r':dwarc! and ALbert 
(DE ItEl~ZELIi\", up. r:il., and in lill.). From lhis lime ooward::: Lilke ~:dward 

must be considered ilS il rliscreie faunal unLL. 
Arguing from evic!encc supplied by fishes pl'esei'ved in the J~;pi-Plcisto­

cene, lshan 0-0 becls, it i -. apparen l Lhal lhe postulalcd cli matie oSl~illations 

uf Lhl~ Upper Pleislocene had few long-Lerm effecLs on the I1lLlwe, or, 
affinities oI Ule fish-fauna. This evidence de l'ives f"()Jl! the still LYJiically 
NiJolic facies uf Lhe Epi-Pleislocene iUle! eveTl oarly Ilulocene fishes, which 
could well he descl'ihed as a segmcnl of the modern Lake !\Ibert fauna.. 
This reJntionship belwoen the Epi-Pleistocene l'auna of Lake Ed\vanJ and 
[haL of modern Lake AlberL includes nol only the gellem Laies and Syno­
don/is, but also extends lu Lhe species level in thcsc and olher genera ( ee 
Table l and pages 29-51l). 

The conclusiOlt that llIera \VilS conLinuily of faunal lype in Lrlke 8clwarrl 
is, howevel', depenclalt t 1.1 pon 't he assu ni l'lion [hat l:on tacl beLwcen Lhis 1itke 
and Lake l\lberL was 105l and not re-established a.fler the Middle Pleistocene. 
If [Iris Cilll be uccepled, and lhel'e is liLL1e cvidenee Lo the conlr'ary, Lhen the 
typieally Nilotic rnid-PIl-'isl.o('elH:' -fishes must have pel'sislee! in lhe ]';d\vanl 
basin despile postulalecl exlrerrws of c1imal.e (see \VWL,\i\"D, 1934, nnd 
\VoH.TIIr\'GTOi\", 19:37). IL seetlls rnost improbable LhnL L([I{~S, il species \Vith 
low tolerance t,o deox~rgellitLed walers (l'lSH, 1956) could have slll'viveri if 
the Jake was l'educee! lo swamp condiLions. 

FurLhennore, if il can be accepled that lhe major ilwasion of fishe5 l'l'am 
Lake Vicloria took place du ring the Middle Pleislocr:Dc, lhen the cxLant 
Hfl!ilochl'omis would indicate LhaL the lilke dic! not suffer severe desiccnLion 
durillg the (Jpp'l' PI(~islœcne. 
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DE HEINZELIN (Op. cil.), summal'izing dala relaling· Lo climalic eh.wfTK' 
cleteclable in Pleistocene c!eposils of the Lake Erl\.varr:1 basin, finrls 110 lraces 
of t.he postulatcct thl'ee infra-pluvial maxima cluring (he Gumbli.m, ImL only 
[or' aIl important weI, phlre cOl'l'espondin"· lo Lhe G'UIl.blian sensu lolo. He 
doe', however, fin cl inclicalions of il probable urie! phase priol' to the 
iVlaknlian pluvial. The fishes upparcnlly sllrvived this dry phtLse. If, at 
this tiOle, the lal<8 basic. had aehievee! its present fOl"ll1, the deeper part 
may weIl have provicled a refuge for lTlany spe ies. 

Becullse there lU'') so few Middle Pleislocene fish-fossils, it is im]Jo"slble 
ta asses.s the significaneo of speeics \vhich, although present in Kaiso 'Ind 
Epi-PI i.locene deI osils, are not reeorded fJ'om the i Iltervening :M iddle 
Pl islocenc beds. Two genel'U, P1'otoptenls and Raqrus, which occured in 
Kaiso cieposi!s arc nOL represeIlted amongst the mid-Pleistocene fI1itlel'ial. 
P'fotopteT1.IS is recorcled fl'om Epi-Pleislocene boe!s, hut Bagrus does nor 
l'eappear nntil i.t becomes the predominanl ïish-fos il of lhe lutest cleposib 
of Z.POST-EM., which are typically MesoliLhi' and of Holoœnc age. 

The Epi-Pleistocene fishes are espec.;iuJly weH-prese!'ved and in Irlosl 
genel'U il is possible to icJenLify the species present. 

Bath species of large ClaTias (C. lazcTa nncl C. utOssm/buicus) lÜ present 
inhabiLin[:;' LiLke Ed ward are represenled as fossi ls. Also, a ïew skull 
fragments have been LeIlLaLively jdenllhed i s HclembTanclms, a c1ari.id 
gemIs, once thought Ln he absent froili Ihe iEdwul'! bitSlll, but recently 
diseovel'ecl in the lake (BULOT, 195G). 

Two RaTbus species, Barbus cf. JJ. !J !Jfmi Il nel Bfl11ms cf. B. altianalis 
ar8 l'ecol'ded. Allhough only BOf/mI' altinnl1!is SlHviver! until the ])l'esenl­
dity, the grealer number of speciLcally idenLifiabre fossits is neal'el' the 
NiJotic H. bynrâ (see p. L12). 

In il preliminary list of the Ishango fishes (publisher.l in DE HEl:'>JZELIN, 

1956) two spet;ies of S:r;Itodonl'is, S. ni[JTita Ilnd S. sc/wU, \Vere glven. 
[t'urther sludy of lhe fossi1s showed, hOWeY8r, that the specimens previously 
idenLified us S. ui!71'Üa ~houlcl be refelTed ta .. frontosus. 

Specimens of Lates from the N.F.PH. Ishango deposiLs are ]Jl'ovisionally 
referee! 1.0 L. nilotù:1J.s since no eleal'-eut diffm'ences are rnanifest in the 
skclelnns of the variollS speeie:; 01' sllb-specie3 in lhe extant L.nilotitus 
complex. 

Nc) spet;ifie idlmLity can !Jo given 10 the Tilapin l'emü.ins, Whldl are 
peculiar in Ihat Lhe majority o[ specimens is of the first anal pteryg·iof1hore; 
olhe!' skelelal parts arc less weil reprl'sented, espeeially' ln eompul'is)!1 with 
other species. No irnrnec!iate eXjllanaliofj can be Ill'oyjdecl fol' Ihis biased 
,;anl[Jlu of Tilapia. 

'l'he lshango fishes do not j'ield any informalion on Lhe ecological condi­
liulJS oiJiaining ,ü lhe lime of Iheir I)J'csurvation. Furthennore, sillee the 
N.I~.PJL (f.i:lli-Pleislocen ) e1eposil. is [lrohably il ub-itquati' l i1.chen-Illiddoll 
amI Ih,' Z. posrr-EM. (flolocene) deposit. li subaerial kil.chen-rnidclen, lhe 
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llssemillage of spü(;ies Ilia' be udifi(;lal; lhaL is, eilher l'ejJrcsentalive or 
speci.es which wen~ cüught IJY man, Or, of spoeies whieh \Vere alll'E1clecl to 
the ilre;t IlY domesLic refuse Lhl'oWfl inLo t.he waler. 

llefol'e considel'ing [ho crilienl phase dming whieh lhe Edward Jïsh-filUllil 
undel'wenL a!LenlLioos leading lü ils pl'esenl lrul1(;,Lled l1ncl impoverisbed 
fOl'm, il is necessury 10 examine lhe fisbes )Jreserveù in lh mu. t l'eeenl 
depüsit (Site X), which is MesoliLhic und of 1I0lo(;elle age. Unf i'LurwLely, 
loust (Jf lhese spw:imens (;an only lJe idenl i lied as far as the geuLls. Bul, 
arnor,gsL the geueriJ presel'vecl ilre Lates and S'Y'Ilodonlis, Lwo Ndolie genem 
whi(;h have sinee bocome extincL in Lhe urea. The olhel' generil OCClU' in 
presenl-clay Lake Edwilrcl. The LaIes specilllens are more heilvil;')' minel'­
alizod lhan are lhe othel' spscilllens from U1i' Li posil and Illay lhe1'efor8 
be derived from an em'Iier (r-:pi-Pleislocene?) deposil. The, ?/lwdrJ7lti$ 

1'ern:tins, on the oLhel' hand, are on1y 1igh11y minelc.t1izerl iU1cl COI lpal'e 
closely with lhe other fi5h remains from the l1oJoeene lJeds. IL is therefore 
diffieuH to interpre~ the significance of Lhe speoirnc:ns. Two exp1anations 
seem possible: fi1'sL, a fel\' populaLions of Synorlonfis survivecl lh (witical 
phas~ but were unable lo maintain thcmse1ves, possibly Lhrough changee! 
eeologiea1 condilions affeeling bl'eeeling habits, 01', seeondly, the fossil !Jones 
'Nere derived from fishes caughL below the Serllliki fal1s and IJl'Oughl. bae!, 
to the seLltement at l.shango. Neither expIa nation is enlüely siLtisfacl.oJ"Y 
ilnd lhe quesLion of Cheir provenance should renwin open. 

Thus, fl'om the fossil fi5hes alone il is ilTl)1ossible 10 cliLle the (~hanges 

whieh look place in Ihe fundarnenl.al re]alionshills uf lhe fish-fauna of 
Lake Edward. Other eviclence of envi1'ol11llenlill changes oceUlTing in Epi­
Pleisloceno and early 1--1010ceoo Limes (DE HEINZELI!\, 1955) suggesl.s, however, 
thal 018 ichthyofaunal hialus could have been conternporaneous. 

Sin(;('. Ihe pi'esent affinil,ies of Lake Edward fishe arc bath Nilotic and 
Vidorian, Lhere are two irnporLant quesLions relaling to thjs hiatus: fiJ"st, 
what onvil'Ol1mental factors can be implicaLed; and secondly, why clin 
certain Nilotic species survive whilst others wet'e killed off? 

A probable answel' to the first. quost.ion i5 provicled ily DE HEIJ\ZELIN'S 

opinion that voleanicity, couplecl with changes in the chemicill composition 
of the water, I,'as lhe J!léljOI' faclot' inl"lllenciJlg faunül changes. Indeed, il. 
socrns [hat dUl'ing ihis Ill"riod of inlense and local volcani aetivity 
(DE HEI;"iZELIN, 1955), Lal,e bdwunl could have llndergone hydrolog-iCid 
changes Ieacling to condilions compi1mble wilh those of presenl-day 
Lake Kivu. Thal is, Lhe !owel' wator-sLnüa would beCOl1lH heavily Chill"g d 
wit.h cl isso!ved Laxic subst.ances (hydrogen-sulphide, CH t'bon ie acid and 
ammoniacal salts) und \vould he azooic at aIl times. Because Lake Edward 
is rellüively shallow and occupies a basin of (Efferent, shape Lo that. of Kivu, 
CVE'1l the surface witters coulel be polluted during intcrvLùs of watel'-mixing 
and overlllrn. Presenl-da.y Lake Ed\vilt'd diffc!'s [rorn Kivu where no 
overlut'n and mixillg of surfaee and bot!orn watel'S occurs. 
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That Lake Edward did not l'emain in a Kivu-Iike <.:anciilioll wus fJl'obubly 
due lo threc' major fèlClors : a different suiJ-aqualic top gl'êlphy; the 
exislenœ of lurge affluenL stl'eurns flowing into the lake lhrough country 
distant from the cenlres of volcanic activily, and t.hirdly, hydl'ogl'aphical 
cunditions aUowing fol' pcrioclic rnixing of the "]Ji- and hypotimnia, lhel'eby 
prevcmting the formation of il pennanellt, den~e lowel' layer. 

If such poslulated condilions or foul ,vélier dld obtuill, even fol' a 
relalivel.y short periocl, il is nol surprising Lhat man species surfer'ed loeal 
exlinctiOTL lt i-, in fueL, rat.her more difficult. to undersLand how so mnny 
species ul'vivcd. Pl'csumably fol' these specics sUJ'vivalwas Lhe J'csulL 
eith8r of lheil' tenl)JoruJ'ily eolol1izing affluent J'ivers and the ill'cas adjoining 
l'IvoY' mouLhs (Wh81'0 sullle freshüning of the "vaLel' might 1J0 expedecl), or, 

f Lbe inhel'enl abiliLy of Lhe sjJecies Lo Loterate the hydl'ological cOl1rhtions 
thell existing. r\ possible faclor influ ncing the dccline and ultimaLe 
exlinction of Lhese ,;pceics mighL be Iho Joss of suilable ureeding grollIlds 
lhrüuglI changes in Lhe ec:ology of Lhe lilko. Considcl'alior, of ihis aDel oLher 
ecolugical conditions affeeLing late Pleistocello and early l1olo("en' fishes 
Jeucls directly lo Ihe seeond question posed abuve. 

Speculation is hampered by the lad: of fUlldmnenlal infol'l1Ialion on the 
physiolugicuJ requirements and brcecling habits of many of the species 
concerned. Some data ûré available on the l'espiralor'Y chanlcleristics of 
L([I(',~ WISB, 190G). TIH'se .11ggcst lhal lhe Spl' ies is intolerani of reduc'd 
oxyg'en und ilJ(;l'eased curhon dioxide tensions. H is thereforereasonil.ble 
to jnfel' LhaL IJreeding \\'aulel bc unsuccessful (if it oc:culTed aL allj under 
such l:onditions. fiegretLably, 10Lhing is known ubouL the physiology of 
mc:m])ol's of the Clul1'acidae and SchiLbediar:, 01' of the nlil.jol'ity of Cichlidae 
iUld CYjJ1'i'llidac. In Lal<e Edward the lallel' farnily prov'ides lUI inLriguing 
puzzle. 1'wo speeies of Barlms coexisted in L,l1<e Eclwanl dming lhe upper 
PleUoC8lIe. One species closely l'es8mb] ecl the Nilo Lic il. bynni, the other 
resernbJed B. altianalis, a species occLll'ring in Lakes IEdward, Vietol'iu and 
Ki vu. Only /J. (/ltùmali~ sllrvived the criliral IEpi-Pleistocene and arly 
Holocene periods. 

Indirect Bvid 'nC8 on the physiologic:aL adapLabiliiy and Lolel'[lllCe of these 
various families can be clcrivcd fl'oUI Lake Kivu. The fish-faunll of this 
lak is evcn pOOl'81' lhan lhaL of Lake Edward, ffOrn \\"hich source it. \Vas 
del"ived (pou., 1939), ])l'oblliJly al sorne Li1110 artel' the invasion of l~clwllrct by 
cerlain Victoria spceic.. The POiOlt of parlieulal' signific<lllee is Lhat an 
Ihe ûbsentee famllir.s of Lake E~dwal'd are al. f) absenL fmrn Lake Kivu. Silice 
volcilnicily played an imporlant parI. in the evolulion of bolh 11lkes 
(Lake Kivu wa fOl'mcd dming the midclle, 01', late Pleistocene bol' t.he 
l\tffumbil'o volcanic chain dèlmming the valley of a river fluwing inlo 
Lake Edwélrd) the conclusion scerns inescapable thut l'epresentulivcs of these 
fami!ies wel'€' unable La sl11'mount the ecological and hydrolugical conditions 
associated wilh volcanieit.y. The more exlreme hydrologicul conditions of 
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Lake Kivu may also account for the absence of Bag'ridac ëwd Murmyrùlfle 
from the lake. 1L is difficult lo cxplain the absence of Lepidos'ircnidfle, 
Cypn"nodontidae and Anabantidae on the <rrounds of adverse ecological 
conditions sin ',C in oLher lake:; rdl lhree fnrnilies lülerale deox" enntcd und 
slagllant waler. Bul hore agnin, f:tdor~ connected with breeeIing may h,lve 
11eon ulliI1lately respol1sible fol' the Jocal extinclion of lhose fumilics, 

ln condusion, lho faunal affinilies of Lu.l<e I~dwnrd llîusllJe rewnsidel'ed, 
pnrlicularly in view uf I.he rocent classificatiorl pl'oposed hy \VORTIIII'iGTOI'i 

(195/1), Dula from Lhe extcn-ive fossil colleclions l'eviewed above shü\.v 
cloal'ly LhaL l'm'a considerable pcriod Ihe fish-fauna of Lake .\lberL \Vus 
broadly wrnpara1.Jle wilh lhat of Lake ;\Ibert. The conespondence je; noL 
exacl, l>ecause certain Al bertine genel'a ëlPPHrenLly never pOj1tilaled lhl;' 
Bdwanl IJasin. The evoluLion of Lhe preson l 8dward fauna has lJeen 
hroughl abouL by t\\"o JJl'iJl(~ipal filelors : first, LIll' cffeets of exll'p;l!p 
enVil'Ollmenlal cOlldil,ioflS which furlher reduc ri [he number of Albel'line 
sfleeie., and. ecunrlly, [he invasion of Lake Edward hy certain sJlceie' of 
Iïshes l'rom Lake Victoria. Allhough lhe resulls of lhis invasion are 
impressive, lhey arc virlually restl'icted to one gerlUs, lIfl]Jfot!t1'OIIâs, al!d 
mu;:1 noL he alJowed lo o!J:;l.:ure the hisl.orienl l>nckgrnund. Lake Edw;H'd 
ltau i' ;..Jil()lic fish rauna througlloLll LI\(' Pleisloeene perioù, anel the fnullil 
is still nssenlially f','ilolir de-pile ils l1'uncaled Hnù impovcri 'hed spe<:ie" list. 

This conclusion i nol in ilceol'eIalice wilh \VORTJ1L'\GTOi\"S clu"sifieation, 
in v.:hich be nIlies Lhe Victoria and !';dwarcJ faurml types as dislü~cL 1'1'001 

the Nilotic. Howover, the paJaeontologicaJ evidence, as weil as lhe 
l'elaiionship:s of Lhe l'rosent-clay fi he;; (ex 'epUng !frl]Jloch1'o'//âs) , boLh 
cl1lphasise lhe Nilotie affinilies or Lake Edward. 

'l'hCl'e remnins one othel' much del.mled poin:, 0 which Ihe fo:;:;ils lhl'O\v 
sonl(' lighl. This r()]jcerns the lhesis lhaL cC'rlain predülory fishes, PUl'­
tiCU[dl'!Y {.If/es anù l/ydmcyo'll, have had Hl! inhihiling effeeL on speeinlion 
and adaJllivl' Iildiülion ill1l()!Jgst the srnallel' ei<.Jl1ids in lakes whcl'e Lhese 
speeics OCCLU' logether (vide \VOllTJJT\GTO\, 1940; éllso \'fAYlt, 1932, fol' 
cl'ilieisrn). 

\VOlffllli'iGTO\':; idea were UflpiLl'enlly supporled 1Jy the adapt.ively 
nllln il'adiale l/rl7Jlor:hrol1l,is spccies flocks of Ltkes Edwürd ,ll1eI Vielol'ia, 
lake in which Laies had nol been present fol' some considerable time 
(VVODTHJI'iGTO:\', 19/10, and 1954). 1Iow[;ve1', il is now kuown thal Lrtlp.s 

illhahiled lhe Lilke Edwnrd hasin until a<; recelltly as the carly lIolocene. 
This is lol'l1 implies that lhe ancestral J[rtplocluomis "'pr. 'ies, or, srna1J 
spccies flock, coexislecl \Vilh !.rt/C,\ bec above, p. 71). Yel, l.his species flock, 
alLhough Sl11iLllel' lhëlO lhut of Lake Victoria, is one cited by WORTH1\GTOi\ 

ëI' ail exarnple ur specialion unl'etarded by the illrluence of large predillol'Y 
species. 

At. fil'sl sight this obsen;al.ion seems lo LeI 1 agilinst \VORTH1\CiTO:\'" 

f\rnel'ill vie\\'s on Ibe ovcrall relarding influence of LaIes on adaplive 
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speciü.tion. However, \VORTHl\GTü:"/'S conclusions were based on the 
assurnptïoo that Loles "vould elirnioute tho~Q fonns whic:b [Ja~sed lhl'Ollgh 
slages of imperfecl adaplation in lhe course of evolulion, <Iocl pUl'lic:ulllrly 
Lhose species aLlcUlJlliilg 1.0 colooize ne,,,, uclaptiv8 niches. .\s the 
Lake Eùwarcl J/aplochrom-is flod: was uppiu'clIlIy del'iveù From an ull'eady 
lI1u1tirüdiaLe grou!, in L,ake Victoria, tnaoy invading species would be 
pt'Ospeclivel,y adapted 10 pilrticular niches and TIlighL lhel'efol'e he less 
affecled by lhe presellce of Lales. 

J1eceot field sLudies un sorne of !.he .\frican ~pecies flocks (FRYEH i~od 

ILES, 1955; GBEE.WOOD, llllpublishecl) :;:henv l.hat VVOHTlIJ!\'GTüN llIHlel'(-)sti­
maled the erfect Ihal other predal.01''y specie (fol' example, Cl(/1'ia~, Ua,r;rus 
und BaT/Jius) cuulcl have harl. 011 l.hc~ developrn nl of cichlid spccies flocks. 
Since these olher predalors are ussocial.ed with Ihe flocl-:s who, e IllulLipliciLy 
of spccies \-vas uttl'ilJuled to the absence of Lalcs, il is unlikely lltaL pr'cùalioD 
riid bave such fUI'-re(\c:hillg inhillilory effec;Ls [lSVV()ltTl.l1i\;GTOI'i posLulnLed. 
Likewise, lhe del'llulLll'ul.ed ül;currcnce of Lalcs in Lhe laie Pleistocene Lake 
Edward, und ils pl'csurned coexisLence \ViLh a ùcveloping I1fl7J/or:h.roll?i 
species Hock, helps 10 place lhe evoluliOllury 'ignificance (lI' Lalrs in il lruer 
perspecLive. Ln/es CUII only be cOllsiciel'ed as olle uf llle mali." rll\ i,'oll­
mental faclor' which I1lo1ildrr! the l'clnat'kal>le specie flock of Lake Edward, 
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