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2. 1 INTRODUCTIOri 

On the basis of the broad patterns of morphological change in the 

various mollusc lineages revealed by the morphometric analyses presented in 

Part 1, four broad faunal categories were recoenised previously for the Turkana 

Basin mollusc sequence (Williamson, 1918 - see Appendix 2). These categories 

were: 

a) 'Cosmopolitan' taxCl. - geographicRlly widespread, evolutionarily conservative 

stem stocks exhibiting lon6 term morphological stasis (these forms include the 

ances tral stocks for the endemic forms arir.ing wi thin the basin). 'I'hese taxa 

occur at all levels in the lower Cenozoic deposits of the eastern r~kana Basin, 

except at the Suregei level and in the Guomde FormRtion, where they 'transform' 

into Phyletic Endemic taxa. 

b) 'Phyletic I<~ndemic' taxa - enderr.ic taxa, rlerivpd hy transfoTTnCl.tion of 

Cosmopolitan forms during the periods of morpholo~ical excursion at the ~uregei 

level ond in the Guomde Formation. 

c) 'Radiative Endemic' taxa - endemic taxa, arising by radiation of 

COSJnopoli tan forms in the Lower Member of the Koobi Fora }'orTnCl.tion. 'lbese forms 

therefore co-occur wi th their ancp.stral stocks, unlike the Phylfltic }tildemic taxa. 

d) 'Exotic' taxa - taxa whose geographic range does not normally encompass 

the Turkana Basin region, and which typically Rhow brief, sporadic occurrences 

in the 'Purkana Basin mollusc sequences, notahly in thp Lower Member of the Koobi 

Fora Formation. 

The evolutionary significance of these variouR frolnal categories is 

explored subsequently, in Part ~ of this thesis. For reasons justified 

subsequently, endemic forms at the !=luTp.gei and Guomop lp.vels, M<'I in thp. 

Lower Member of the Koobi Fora Formation, are generally regardpd a~ biospecies 

in the following faunal inventory if they are ~.emonRtrably rrtorphologically 
,-

distinct from their ancestral taxa but display comparanlp. lp.vp.l~ of phenotypic 

variance. Populations which aTe morphologically distinct fr~m th81~ ~oestral 

taxa but which display much higher levels of phenotypic variance (RA in many 

lineages at the Suregei level) are regarded as subspecies. 
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~able ?1 indicates the alJocation of th~ various mollusc taxa from thp 

Turkana Ba~in sequenc~, includine the ne~ taxa formally diaeno~ed subsequently, 

to the various faunal cateeorie~ outlined anovp.. 



'l'ABLE 2.1: . .:J.locatior. of molluRc taxa to faunal cate6'Ories. ARteriRk indicat.e~ 
p~eviouRly Q~oe~cribed taxa. 

G~\~?(~ 'CosmoTIoli t~~' 'Ph~·lf!tic 'Phyletic 'RadiAtive ' Exotic' 
taxa }-;nrlelTli c ' BndeMic' }~c'tPlTlic ' taxa 

taxa taxa taxa 
( Suregei) (Guomde) 

Valvata 
:B.(u.) 

~p. 
Rella."llya u.~icolor thor.a~ii * nurselli * Mainii * 
Pila ovata 
Gehbiella senaariensis G.( s. )eloneata * 
Cleopatra ferrueinea C. (f. ) attenuata * aneulata * 
1!elanoide!'> tuberculata sureeE'iensis * sauvagei * bicarinata; * 

carinata * 
Bulinus truncatu1'i 
Gy!'aulus costulatus 
Burnupia stuhlmanni 
Pseudobovaria mwayana leakii * maena* 
Caelatura 

(nitia) moncp.ti telekii * 
Caelatura 

( caelatura) bakeri h~hnelli * rhomboidalis * 
1w~utela nilotica ? abrupta * gottoensis * 
Aspatharia rubens 
Aspatharia subreniforrnis 

Pleiodon Sp. 
Etheria elliptica 
~orbicula consobrina distorta* 
Eupera ferruginea ? circulariR* 
Fisidium pirothi 

******************************************* 
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VIVIPARIDAE 

Bellarnya unicolor (Olivier, 1804) 

(PI.I, fig. 1). 

Viviparus unicolor var. rudolfianus Fuchs, V. E., 1939, p. 269, PI.30, 

figs. 32a-d. 

Viviparus (bellamya) unicoI or Roger, J, 1944, pp. 121-122, Pl. I, figs. 1~1. 

Bellamya unicoI or unicolor Mandahl Barth, G., 1954, pp. 21-28, fig. 4. 

Viviparus unicolor Adam, W., 1951, pp. 12-18, PI I, figs. 5-1. 

Viviparus unicolor Adam, W., 1959, pp. 1-9, Plo I, figs. 1-2. 

-

Viviparus unicolor Gautier, A., 1910, pp. A1-82, PI I, figs. 1-3; Pl. VII, 

fig. 8. 

Bellamya unicolor Gautier, A., 1916, p. 380. 

Bellamya unicolor is known from all levels in the late Cenozoic 

deposi ts of the '1'urkana Basin, except at the Suregei tuff level in the Alia 

Bay area east of Lake Turkana, and in the Guomde Formation. The Holocene 

material of this common species frequently includes individuals that are 

morphometrically identical to normal ~. unicolor, but which exhibit to varying 

degrees the development of peripheral carinas on the whorls; this carination 

effect is very much rarer in the Plio-Pleistocene material. 

The unusual derivative forms of Bellamya at the Suregei level in 

Alia Bay, and those from the Guomde, are formally designated as new species 

below. The unusual form of Bellamya known from the Lower Member of the Koobi 

Fora Formation is designated as a new subspecies of ~. unicolor below. 



EXPLlJ~ATION OF PLATE 1 

Fig. 1. Bellamy~ unicolor (X 1.2). TYpical example from fauna 19. 

Fig. 2. Bellamya thomasii sp. nov. (x 1.2). Holotype, from faa~a 120. 

Fie. 3. "Bellamya unicolor mainii subsp. nov. (x 1.2). Holotype, from fauna 27. 

Fig. 4. Pleiodon sp. A., typical form, from fauna 33. 



PI I 

2 3 
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Pila ovate (Olivier, 1804) 

Pile ovate }W1dahl Barth, G., 1954, pp. 40-41, Figs. 12a-c. 

Pila ovate Gautier, A., 1970, pp. 101-102. 

Pi~a ovata Gautier, A., 1976, p. 3AO. 

Opercula of Pila ovata are cornmon throughout the Kubi Algi and 

Koobi Fora Formations. However, the complete shell is only known from fauna 13 

and the Gal ana. Roi BedR. '!'he spec1eR haR been recorded by Gautier (1970) from 

several levels in the Plio-Pleistocene KaiAo Formation in the rliward-Albert 

Basin. 
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VALVATIDAE 

Valvata MUller, 1114. 

The very variable form of Va1vata recorded from the Lower Member of the 

Koobi Fora Formation east of Lake Turkana appears to be identical to a species 

known" hitherto only from the Holocene Kibish Formation in the Omo Valley, north 

of the present lake (Van Damme, 1918). Although clearly closely related to ~ 

known representatives of the genus from North Africa and southern Ethiopia, as 

discussed previously, it is not con specific with any of these, and i8 currently 

being formally described as a new species by Van Damme (Van Darnme, pers. corom.). 
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BITHYNIIDAE 

Gabbiella senaariensis (KHster, 1852). 

(Figure 45a) 

Gabbia (parabithynia) senaariensis Mandahl Barth, G., 1954, p. 52, fig. 2Od. 

Gabbiella senaariensis Gautier, A., 1976, p. 380. 

. 
Rather variable populations of Q. senaariensis are known from ce~tain 

levels of the Lower Member of the Koobi Fora Formation. At one extreme these 

include 'unrolled' forms in which the body whorl is not in contact with the 

remainder of the shell; at the other extreme are extremely squat, short forms. 

Van Damme (1978) has infornmlly designated the former type as a new species, 

'Q. heipi', but it is clearly in complete morphological continuity with normal 

Q. senaariensis morphology, and there is no biometric evidence for regarding it 

as a distinct form. 

However, the extreme variants of the much more variable Suregei 

level Gabbiella populations are clearly E2! referable to Q. senaariensis, and 

these are provisionally designated as a new subspecies of Q. senaariensis below. 

Diagnosis. 

Gabbiella senaariensis elongata subsp. nov. 

(Figure 42c) 

A large subspecies of Q. senaariensis distinguished by its 

greatly elongated spire, small aperture, and angular body whorl. 

Derivation of name. The subspecific name reflects the great elongation of 

this unusual form. 

Holotype. KNMI-ER 16. A complete shell. 

Locality. Fauna 12C, from between the upper and lower tuffs comprising the 

Suregei tuff complex, basal Koobi Fora Formation, area 202, east of Lake Turkana, 

north Kenya. 

Paratypes. KNMI-ER 17 and KNMI-ER 18. Complete shells fro~ the type locality. 

Description. Shell solid, very elongated, with an attenuate spire. 4! 

whorls in the adult which are separated by a pronounced suture. The body whorl 

bears a sharp angle about half way down its circumference. Sculpture of 

faint growth lines, and course but faint vertical ribbing may also be 
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developed. Ubilicus essentially close1. Rarely more than 5 rom in lp.ngth. 

Remarks. Gabbiella senRdriensis elongata is restricted to the Suregei 

tuff level in the Alia Bay area, occurring above and below the basal surface of 
Vi 

the tuff, i.e. in the uppermost Kubi Algi Formation and loermost Koobi Fora 

Formation. As indicated by the loadings on the Principle Components analysis 

of tpe Gabbiella lineage presented previously, Gabbiella senaariensis elon%ata 

differs from typical Gabbiella senaariensis chiefly in that 

a) It ha!'l lower valueR for ':.I and higher values for 'j' (renected by its more 

elongate shape) 

b) It has lower values for X1 and higher values for X?, reflecting the more 

abapical position of the X-point. 
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MELANIIDAE 

Cleopatra ferruginea (I. and H.C. Lea, 1850). 

(Plate :?, Figs. 1-6). 
Cleopatra cf. ferruginea L.R. Cox, 19?6, p. 65, Pl. VIII, figs. 5a-b. 

Cleopatra sp. indet. L.R. Cox, 19;:>6, p. 65. 

Cleopatra ferruginea Fuchs, V. E. , 1936, pp. 62-63, Pl. 1, figs. 13-14. 

Cleopatra ferruginea Adam, w. , 1951, pp. 99-100, PI. III, figs. ?3-24. 

Cleopatra Eirothi Adam W., 1951, pp. 59-6?, Pl. I, fig. 9. 

Viviparus cylindricus Adam, 'N., 1951, pp. 35-51, Pl. 3, figs. ?5-?7; PI. IV, fig., 

Viviparus cylindricus Adam, ~v., 1959, pp. 13-15. 

Cleopatra dubia Adam, ',II., 195<:;l, pp. "34-3A, PI. V, fiR. 1-3; PI. IV, fig. 1-2. 

Cleopatra dubia Gautier, A., 1970, pp 104-107, Pl. III, figs. 1-11. 

Cleopatra arambourgi arambourgi Gautier, A., 1976, p. 380. 

Gautier, and Van ))amme (1976) refer the hiehly variable CleopatrA 

species which occurs throughout the late Cenozoic deposits of the Turkana 

Basin to Roger's species Q. arambou~6i. I can see no grounds for separating 

this material, or the material from the Kaiso Formation allocated to Q. dubia, 

from the common East African form £. ferruginea. Al though highly variable, 

this material all groups round typical Q. ferruginea. 

However, the highly variable Cleopatra populations from the Suregpi 

level in the Alia Bay region are clearly divergent from normal £. ferruginea, 
sub 

and it is subflequently described as a new/specieR (Ree RubRequent justification 

for this decision in Part 4). ~e divergent form of Cleopatra from the Lower 

Member of the Koobi Fora Formation is tentatively descrihed as a new species 

below. 
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r.l~op~tra ferrugine~ attenu~ta 

(~late ?, Figs. 1-9). 

Allbsp. ;lOVe 

Diagro~is. 4 ~pdium sized subspecie~ of Cleopatr~ ferrueinea characterised 

by its elonf,'ated, enormously attenuate spire. 

Derivation of name. ~e AubApecific n~me reflect~ the unusually attenua~e 

spire of this striking subspecies. 

Holotype. }(}JlIn-B:{ 19. A completp Rhell. 

Locali ty. FA.1ma 1 ?e, froJTI between V'lP upp"?r ann. lomer tufffl cOTTrprisine the 

::;urel'.'ei tuff complex, basal Y')0r,i F0!'2 :F'rrJTI?r,ti(,lD, are!'t ~O?, PAf't of lake 

Turkana, north Kpny::t 

Pa~atypes. K~~I-sq?n - ?1. 8~~p1ete 3~ell~ f~0m th~ type locality. 

DI='Rcription. ':",ell solid, Apire "''lCtrern'''!ly attenu~te I'U"Id elongated, 7-; whorlR 

in adult, earlier whorls extremely attenuate, body "ihorl expanded. Sculpture 

of fine growth line::>, gro.qth stages clear. 'rr~mwerse carinaA RometiJTIes 

developed. Umbilicus n~rrow, largely o'hRcur",d hy npflecten inne .... li-r of aperturl? 

Aperture rounded, extending well below loV/eRt poin-f: of body whorl. 

Rernark3. 

level in the Allia B~y area, occurring ~hovp and below the rasf!1 flurface of 

the tuff, i. p. in the upperm(')~t Kl1bi Alei Formation and 1owermoRt 'Koobi }'ora 

Formation. Int@rmediate form~ morphologically t.ran~iti0n~l between Q. fer~lein~£ 

and G. f. atten11atl". are known from f;:!unR,s 10 and 11. As indicated by the 

loadincs on the PrincipIp COTllpOnl3ntR ;maIy~if1 of thp r.1~op;:!tra lineagp 

presented e~rlipr, ~. t. attenu~t~ differR froJTI normal f. fer~leineR chiefly 

in 

a) Its lower valllp.s fo'" ",'?, ','r'5, and ":tt. and lovrer values of ~'1 R..'1d 'I'?, hut 

higher values for '1'3 and '1'1'. 

b) Its correspondinely hie-her values for Z1, i.?, an~, >~3. 

c) Itl'! lower valups for 81, reflecting itA morn circular aperture. 



Diagnosis. 

Cleopatra anglAlata. R_ .• nov. 

(Figure 65t). 

A small Cleopatra Apecies characterised by its unusual 

flattened whorls, each bearing a pronounced adapertural carina, and by its 

notably elongate spite. 
. 

Derivation of name. The trivial name of this species reflects the marked 

adapertural angulation of the whorls cauRed by the marked carina. 

Holotype. KNMI-ER 22. A complete shell. 

Locality. Fauna 52, in the Lower Member of the Koobi Fora Formation, area 110, 

east of Lake Turkana, north Kenya. 

Paratypes. KNMI-ER 23-24. Complete shells from the type locality. 

DeRcription. Shell solid, spire elongated, 7! very flattened whorls in adult, 

each bearing a marked adapertural carina; a secondary sU~lral carina is also 

usually developed. Sutures pronounced. Growth stages and growth lines unclear. 

Aperture subcircular. Umbilicus essentially closed by deflected inner lip of 

aperture. Aperture extends well below lowest pOint on body whorl. Rarely more 

than 10 mm in length. 

Remarks. Cleopatra angulata is restricted to the upper part of the Lower 

Member of the Koobi Fora Formation. As indicated by the loadings on the Principle 

Components analysis of the GleopRtra lineage presented previouflly, it differs 

from the presumed anceRtral form £. fer~16inpa chiefly in that 

a) It has much lower values for W2, 113, and W4, and higher values for rr?, T3, 

and 'N. 

h) It has lower values for X1 and higher values for X?, reflectinp, the more 

abapical position of the X-point. 

c) It has lower values for R1 and S2, reflecting its more circular generating 

curve, hence aperture. 

d) It has lower values for C1 and C2, also reflecting itR more circular aperture. 
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EXPLANATION OF PLATE 2 

Fig. 1. - Fig. 6. Typical range of variation displayed by Clp.opatra 

ferruginea (I. and H. C. Lea) in late C~nozoic deposit~ of the 'furkana 

Basin. All material x2; all material from fauna 2~B. 

Fig. 7. Cleonatra ferru6inea attenuata Sllbsp. nov. Holotype, (x?). From 

fauna 1?C. 

Fig. 8 - Fig. 9. Paratypes (x2) of Q. (r.) attenuata, from the type locality. 
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EXPLANA'fION 01<' PLATE 3 

Fig. 1. Melanoides tuberculata (x2). Typical form, fauna 65. 

Fig. 2. Transitional form between M. tuberculata and M. bicarinata sp. nov. 

e x2), fauna ?8. 

Fig. 3. Advanced tr~~sitional form between M. tuberculata and m. bicarinata. 

(x2), fauna 33. 

Fig. 4. Melanoides bicarinata . sp. nov., (x2), Holotype from fauna 52. 

Fig. 5. - Fig. 6. Paratypes of M. carinata, sp. nov. (x2), from the type 

locali ty. 

Fig. 7. ~. carinata sp. nov. (x2) • Holotype, fauna 52. 

Fig. 8 - Fig. 9. Representatives of the ~. bicarinata - M. carinata 

transitional complex, (x2), fauna 52. 

Fig. 10. Melanoides suregeiensis sp. nov. (x2). Holotype, from fauna 120. 
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PLANORBIDAE 

Gyraulu~ cos tul at us (Krauss, 1848) 

Planorbis ab:z:sslnicus Neuville, H. , and Anthony, R. , 1906 p. 67. 

Planorbis abyssinicus Neuville, H. , and 4nthony, R. , 1906a, pp. 283-284. 

G:z:raulus costulatus costulatus Mandahl Barth, G., 1954, pp. 86-87, Fig:. 
-

Gyraulus costulatus occurs sparingly throughout the Koobi Fora 

Formation. ~e record from fauna 21 repre~entR the earliest record for the 

genuA in Africa. 

B'llin'lS t'["Unc~tu!'! (A.udouin, 18?7). 

Physa tschadiensis Neuville H., and Anthony, ~., 1906, p. 67. 

Ph:z:sa tsc~adiensis Neuville, H., ~d Anthony, R., 1906a, pp. 28~-?85. 

I~idora tschadi~nsis Ro~er, J., 1911, pp. 1?9-130, Pl.I, Fi~s. 18-20. 

Bulinus truncat'ls subsp. Van Damme and Gautier, 197?, p. 28. 

Bulinus truncatus cf. sericinus Gautier, A., 1976, p. 380. 

39a. 

Bulinus truncatuq occurs sparingly throughout the Kubi Algi 

and Koobi Fora Formations. The record from the Suregei level (fauna 12a) 

is the earliest record for thp eenus in Africa. 



242f 

Burnupia stuhlmanni (Von Marten~, 1897). 

Material of Burnupia stuhlmanni iA known sparingly from several levels 

in the Koobi Fora Formation and from the section at Cas a Waterhole. The 

record from Casa is the earliest known for the genus, which is otherwise only 
-

known from Holocene and recent faunaA. The species appears to be known at 

present from Lake Victoria, the Victoria Nile, and possibly from Lake Edward. 

(Mandahl Barth, 1954). 
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BIVALVIA 

UNIONIDAE 

Pseudobovaria mwayana (Fuchs, 1936) 

(Figure 96c) 

Unio (Grandidiera) mwayanus Fuchs, V.E., 1936, p. 102, Pl.III, fig. 13-15. 

Pseudobovaria mwayana Adam, W., 1957, pp. 12?-125, Pl. VII, fig. 1-2. 

Pseudobovaria fuchsi Adam, W., 1957, pp. 125-126, Pl. VII, fig. 3. 

Pseudobovaria mwayana Adam, W., 1959, pp. 54-55, Pl. VI, fig. 7. 

Pseudobovaria fuchs! Adam, W., 1959, pp. 55-57, Pl. VI, fig. 8-10; Pl. VII, fig. 1-

Pseudobovaria ?tuberculata Adam Vi 1957 P 127 PI VII fig 4 ,., ,. , . , .. 
Pseudobovaria ?tuberculata Adam, W., 1959, p. 57. 

Pseudobovaria mwayana Gautier, A., 1970, p. 113, Pl. III, fig. 22a-b; Pl. IV, 

fig. 1-8. 

Pseudobovaria cf.tuberculata Gautier, A., 1970, p.116, Pl. IV, fig. 11. 

Van Damme (1978) has informally referred Pseudobovaria material from 

the Omo Valley sequence (Mursi, Usno, and Shungura Formations), Kanapoi, the 

Lothagam Formation, and material formerly collected from east of Lake '~rkana to 

a new species, Pseudobovaria parva • He also refers the material collected by 

Fuchs from the Casa W.R. sequence, originally referred to E. mwayana, to this new 

species. I am unable to agree that this material, the common form of Pseudobovaria 

in the late Cenozoic of the Turkana Basin, is in any way distinct from the form 

Pseudobovaria mwayana, originally described from the Kaiso Formation. 

Van Damme has also recognised three subspecies of his putative 

new species: a distinctive, large, inflated form (Pseudobovaria parva usnoensis) 

from the Usno Formation, a small elongated form (E. ~. kanapoiensis) from Kanapoi 

and the Casa W.H. sequence, and a form with two distinct nodular carinas that 

occurs throughout the late Cenozoic of the Turkana Basin (E. ~. ornata). 

All three forms are known to occur, occluded and in life position, with similarly 

preserved ~. mwayana (= 1:. parva) , and so cannot be regarded as subspeciefl by 

definition (Mayr, 1970). 

The form referred to by Van Demme (1978) as E. ~. usnoensis, referred to 

pending formal re-diagnosis by this author ~q Pseudobovaria Sp. nov. A, is clearly 
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a distire t species which also occurs east of the lake in faunas 7 and 14 in t.'le 

Kubi Algi/Koobi Fora sequence as well as in the Warata Formation. The unusual, 

very elongated form referred to by Van Damme as E. ~. kanapoiensis, here termed 

Pseudobovaria Sp. nov. B pending formal re-diagnosis by Van Damme, is also clearly 

a distinct species. In addition to the record of this form from Kanapoi, it h~ 

also been recognised in Fuchs' original material from the Casa W.H. sequence,:and 

elsewhere east of the lake is known from faunas 3, 5, and 6 from the Kubi Algi/ 

Koobi Fora sequence and from the Vlarata Formation. Neither of these forms were 

incorporated in the biometric analysis of Pseudobovaria presented previously, 

due to poor preservation; in addition, ~q discussed elsewhere, both forms are 

considered to pre-date the evolutionary events with which this work is primarily 

concerned. 

The form described by Van Damme (1978) as ~. ~. ornata is clearly a 

variant of the highly variable form E,. mwayana; the deeree to which the carinaR 

are developed varies continously in most populations of ~. mwayana, from major 

development to complete absence. Heavily carinated forms separated by Van Damme 

as a distinct subspecies are indistinguishable in all other shell and dental 

characters from smooth shells lacking any carination. P. ?tuberculata (Adam, 1957) 

is clearly an identical variant of l. mwayana from the Kaiso Formation; Gautier 

(1970) has previously discussed the possibility that~. ?tuberculata is indeed 

simply a morphological variant of ~. mwayana. Nodular carinas are not developed in 

any of the other Pseudobovaria species known from the late Cenozoic of East Africa, 

and in particular are not seen in the two new species described below, which are 

derived from ~. mwayana. 

PseudobovarAa mwayana is the commonest bivalve in mollusc faunas from 

the late Cenozoic of the 'tUrkana Bas in. 
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Pseudobovar!a leak!! Ap. nov. 
(Figure 99C). 

Medium sized Pseudobovaria species distinguished by ver,y anterior 

beaks, ovate shape, unusually solid hinge plate and the antero-posterior orientation 

of the large pseudocardinal in the right valve. 

Derivation of name. The species Is named for Mr. R. E. F. Leakey, leader and : 

originator of the ~qt Rudolf Research Project (subsequently renamed the Koobi FOra 

Research Project), in recognition o~ his unstinting help and encouragement during 

my investigation of the mollusc faunas detailed in this report. 

Holotype. KNMI-ER 100. Complete and associated right and left valves from a Single 

individual. 

Locali ty. Fauna 12D, from between the upper and lower tuff A comprising the Suregei 

tuff complex in area 202, basal Koobi Fora Formation, eaAt of Lake Turkana, north Kenya. 

Paratypes. KNMI-ER 101-- KNMI-ER 110. Five right and five left valvef'l from the 

type locality. 

Description. Shell solid, equivalve; inequilateral. Beaks solid and at the anterior 

point of the shell, directed forwards and slightly inwards; shell broadly oval in 

outline and rarely more than 25mm in leneth. Ligament slightly inset and reaching 

half to two· thirds of the way to the posterior border. Lunule absent due to anterior 

position of beaks; escutcheon not developed. Sculpture of fine concentric growth lines, 

growth stages clear. Hinge plate unusually solid; right valve with one conspicous, 

usually dissected pseudocardinal oriented in a broadly anterior-posterior direction. 

Left valve with two relatively lamelliform pseudocardinals. One lateral lamella in 

right valve, two in left. Anterior adductor muscle scar small but ver,y deep; posterior 

muscle scar larger but shallow and indistinct. Pallial line clear, joining adductor 

muscle scars posterio-ventrally. Margin smooth. 

Remarks Populations morphologically transitional between Pseudobovaria leaki! 

and E. mwayana are known from faunas 8 and 9 in the uppermos t Kubi Algi Formation • 
. 

~. leak!! is restricted to the uppermost Kubi Algi Formation and lowermost Koobi Fora 

Formation. The principle differences between E.. mwayana and~. leakii, reflected in 

the loadings for the Principle Components analysis of Pseudobova~ia presented 

previously, are the more ovate shape of E. leAki!, indicated by the lower values for 



24b 

LW; the higher translatiln rate (T); the much more anterior position of the beaks, 

indicated by lower values for U; and the relatively smaller projection areas of the 

right hand pseudocardinal and the anterior adductor muscle scar. 

Pseudobovaria ma~a sp. nov. 

(Figure 104b). 

Diagnosis. Very large Pseudobovaria species distinguished by its large size, 

rounded shape, development of a lunule, and large, distinctive, antero-ventrally 

oriented pseudocardinal in right valve. 

Derivation of name. The trivial name reflects the fact that this is the largest form 

of Pseudobovaria hitherto described. 

Holotype. KNMI-ER 111. Complete and associated right and left valve~ from a single 

individual. 

Locality. Fauna 92, in the Guomde Formation, from immediately below a tuff thought 

to be a lateral equivalent of the Guomde top tuff, north-west of the Kokoi uplift, 

east of Lake Turkana, north Kenya. 

Paratypes. KNMI-ER 112-- KNMI-ER 120. Five right and five left valves from the type 

locality. 

Description. Shell solid, equivalve; inequilateral. Beaks solid and in front of the 

mid-line; directed inwards and slightly forwards; shell broadly rhomboidal or sub-

circular in outline. Rarely more than 4mm in length. Ligament inset and reaching 

almost half-way to the posterior border. Lunule short, deep, and usually impressed. 

Escutcheon well developed. Sculpture of fine concentric growth lines; growth stages 

clear. Hinge plate solid; right valve with a conspicous and distinctive pseudocardinal 

oriented in an antero-ventral position. Left valve with two similarly oriented 

pseudocardinals, the most ventral very reduced or absent, the dorsal one lamelliform. 

One lateral lamella in right valve, two in left. Anterior and posterior adductor 

muscle scars sub-equal in size; anterior scar deeply impressed, but posterior scar also 

distinct. Pallial line clear, joining adductor muscle scars postero-ventrally. 

Margin smooth. 

Remarks. Pseudobovaria magna is restricted to the Guomde Formation. The chief 
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differences between~. magna and f. mwayana, apart from size, are refleoted in the 

loadings on the Prinoiple Components analysis for Pseudobovaria presented previously. 

In particular, the more rounded shape and lower translation rate of t. magna is 

reflected in its lower value~ for LW, KK, and T. The more posterior position of the 

beaks in ~his species, compared to the ancestral ~. mwayana, is reflected in its 

higher v~ues for U. 

-- --......, 
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Caelatura (nitia) monceti (Bourguignat, 188~). 

(Figure 107a). 
!!n.!.2. (grandidiera) monceti Bourguignat, J. R., 1883 • 

.!!!!.!.2. lourdeli Bourguignat, J. R., 1887. 

l!!!!2. lourdeli Smith, E., 1892. 

~ (grandidieria) chefneuxi Neuville, H., and Anthony, R., 1906, p. 67. 

~ (grandidieria) chefneuxi Neuville, H., and Anthony, R., 1906a, pp. 28,-288, 

Fig. 1. 

~ (grandidiera) chefneuxi yare smithi Germain, L., 1906. 

Grandidieria chefneuxi Simpson, 1914, p. 1061. 

ParreYRia chefneuxi Roger, J., 1944, pp. 1~7-1~8, Pl. 1. 

Parreysia chefneuxi yare arambourgi Roger, J., 1944, P 1~8, Pl. 1. 

Caelatura (nitia) monceti Mandahl Barth, G., 1954, pp. 137-138, Fig. 72. 

Caelatura (nitia) chefneuxi Gautier, 1976, p. ~80. 

I concur with Mandahl Barth (1954) in regarding the material from the 

Turkana Basin, described by previous authors as a distinct Apecies Q. (~.) 

chefneuxi, as inseparable from Q.. (!l.) monceti. '!.'he latter species is known 

from 'Lake Kyoga and Lake Victoria. 
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Caelatura {nitia) telekii sp. nov. 
(Figure 106a). 

Diagnosis. Medium sized elongate-oval Caelatura species with distinctive arched 

dorsal margin; single lateral lamella in left valve, two lateral lamellae in right. 

Derivation of name. This species is named for Count Samuel Teleki von Tzek, 

the firs t european discoverer of Lake Turkana l named by him Lake Rudolf). 

Holotype. KNMI-ER 121 and KNMI-ER 122. Unassociated right and left valves. -

Locality. Fauna 9, immediately below the b~qe of the Suregei tuff complex, and 

therefore in the uppermost Kubi Algi Formation, in area 202, e~c;t of Lake 'L'llrkana, 

north Kenya. 

Paratypes. KNMI-ER 123 - KNM-ER 126. Two right and two left valves from the 

type locality. 

Description. Shell solid, equivalve; inequilateral. Beaks a short distance from 

the anterior margin, and directed forwards and inwards. Shell irregularly elongate-

oval in outline, with a distinctive arching of the dorsal margin; rarely 

more than 35 mm in length. Ligament slightly inset and reaching two thirds the way 

to the posterior margin. No lunule or escutcheon. Sculpture of fine concentric 

growth lines; growth stages clear. Hinge plate thin, right valve with one small 

pseudocardinal, left valve with two small pseudocardinals. '['wo lateral lamellae in 

right valve, one in left. Anterior adductor muscle scar somewhat smaller than 

posterior scar, and more deeply impressed. Pallial line faint, joining adductor 

scars postero-ventrally. 

Remarks. £. l~.) telekii is restricted to the uppermost Kubi Algi Formation and 

lowermost Koobi Fora Formation, in the neighbourhood of the Suregei tuff level in 

the Alia Bay and Koobi Fora spit areas. '£he species is unusual in that it has 

two lateral lamellae in the right valve and ~ in the left, the reverse of the 

situation in all other described Caelatura species. The principle differences 

between £. (~.)telekii and Q. (n.) monceti are reflected in the loadings for the 
-

Principle Components analysis of the Caelatura monceti presented previously; in 

particular, £. In.) telekii is less elongate than Q. monceti (indicated by lower 

values for LW) and the angle between the coiling axis and the two pseudocardinals 

in the left valve is higher, (higher values for AT). 'rhis latter feature is due to th 
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pronounced arching of the dorsal margin seen in C. (n.) telekii. 'l'he latter species - -
also differs significantly from Q.(~.) monceti in a number of other features not 

explored in the biometric analYRis. In particular, Q. (~.) telekli dlsplayR the 

unique feature for a Caelatura Rpecies of a single lateral lamella in the left 

valve and two in the right. ~. (~.) telekii is generally more inflated than 

£. (~.) monceti, and never shows the umbonal chevron patterns frequently displayed 

by the latter species. 
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Caelatura (caelatul!J bakeri (H. Adams, 1866) 

Unio bakeri H. Ad~q, 1866. 

Caelatura (grandidieria) rothschildi Neuville, H., and Anthony, R., 1906, p. 67. 

Caelatura (grandidieria) rothschildi Neuville, H., and Anthony, R., 1906a, pp. 286-

281, PI.- 2. 

Caelatura (caelatura) bakeri Mandahl Barth, G., 1954, pp. 121-128, Fiff. 62._ 

Caelatura rothschildi rothschildi Gautier, A., 1976, p. 380. 

In the original description of Q. (E.) rothschildi, Neuville and Anthony 

state that it may be distinguished from £. bakeri by its 'slightly more abbreviated 

outline' and the fact that it has a greater development of surface rugosity. The 

first statement is quite ludicrous to anyone even marginally aquainted with the 

highly variable nature of most freshwater bivalves. The second statement is also 

valueless; many individuals from the Holocene deposits from which Q. l~.) 

rothschild! was originally described do not show any surface rugosity but are 

indistinguishable from the figured type specimen of the latter species in all 

other details. In addition, the majority of African Caelatura species yield 

individuals with a greater or lesser development of surface rugosity. In fact, 

material formerly allocated to Q.. (K.) rothschildi is inseparable from 

~. (£..) bakeri. 

£. (£.) bakeri is the commonest Caelatura species in the late Cenozoic 

of the Turkana Basin. 'rhe species was tentatively reported from Plio-Pleistocene 

deposits of the Kaiso Formation in the Edward-Albert basin by Gautier (1910), and 

is at present known from Lake Albert, and possibly from the Athi River (Mandahl 

Barth, 1954). 
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Caelatura (caelatura) hohneli sp. nov. 

Diagnosis. Medium sized, ovate C~elatura species characterised by an unusually 

solid and thickened hinge plate and teeth, and an unusual arching of the dorsal 

margin. 

Derivation of name. The species is named for Lt. Ludwig von H8hnel, deput,y-to 

Teleki on-the expedition that discovered lake Turkana, and the first man to make 

geological observationR in the 'fUrkana Basin. 

Holotype. KNMI-ER 127 and KNMI-ER 128. Complete, unassociated right and left 

valves. 

Locality. Fauna 10, immediately below the base of the Suregei tuff complex, in 

the uppermost Kubi Algi Formation, in area 202, east of Lake Turkana, north Kenya. 

Paratypes. KNMI-ER 129 - KNMI-ER 130. Right and left valves from the type locality. 

Description. Shell solid, equivalve; inequilateral. Beaks a short distance from 

the anterior margin, and directed forwardR. Shell broadly oval in outline, with 

a marked arching of the dorsal margin; rarely more than 50 mm in length. Ligament 

inset, and reaching two thirds of the way to the dorsal margin. No lunule or 

escutcheon. Sculpture of fine concentric growth lines, growth stages clear. Hinge 

plate characteristically solid and thickened, right valve with one large pseudocardina] 

left valve with two. One lateral lamella in right valve, two in left. Adductor 

muscle scars subequal in size; anterior deeply impressed. Pallial line prominent, 

joining adductor scar~ postero-ventrally, margin smooth. 

Remarks. 'rhere are some indications that the massive thickening of the hinge plate 

in this species, which is partic~arly evident immediately below the umbo, may have 

served for the emplacement of an internal ligament; this thickening frequently 

bears a faint, slightly rugose depression. This species differs from ancestral 

E. (~.) bakeri chiefly in the general shell outline, the marked arching of the 

dorsal margin, and the maRsively thickened hinge plate. 'lbe species is restricted 

to the neighbourhood of the ~uregei tuff horizon in the Alia Bay area east of Lake 

Turkana, and is only known from the uppermost Kubi Algi Formation and lowermost 

Koobi Fora Formation, immediately above and below the baRe of the Suregei tuff. 
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Caelatura (caelatura) rho~boidalis sp. nov. 

Diagnosis. Very large, rhomboidal Caelatura species characterised by great 

inflation and distinctive angular down-turning of the anterior and posterior 

ends of the hinge line. 

Derivation of name. 

of this species. 

The trivial name reflects the striking rhomboidal o~t1ine 

Holotype. KNMI-ER 131 and KNMI-ER 132. Complete, unassociated right and 

left valves. 

Locality. Fauna 43, from the Lower Member of the Koobi Fora Formation, area 

123, east of Lake 'Purkana, north Kenya. 

Paratypes. KNMI-ER 133 and KNMI-ER 134. Right and left valve~ from the type 

locality. 

Description. Shell solid, equivalve; inequilateral. Beak~ in front of the 

midline, directed inwards. Shell strikingly rhomboidal in outline, and extremely 

inflated; rarely more than 75 mm in length. Ligament inset and rarely reaching 

more than four fifths the way to the posterior margin. No lunule or escutcheon. 

Sculpture of course concentric growth lines, growth stages clear. Hinge plate 

solid and showing a distinctive down-turn at the anterior and po~terior ends. 

Right valve with one large pseudocardinal, only one pseudocardinal in left valve. 

Two lateral lamellae in left valve, one in right. In both valves the lateral 

lamellae are only prominent in the posterior third of the hinge plate. Posterior 

adductor muscle scar much larger than anterior; anterior scar deeply inset. 

Pallial line clear, joining adductor scars postero-ventrally, margin smooth. 

The umbones are massively developed in this species, and frequently bear faint 

chevron patterns at their tips. 

Remarks. Q. ~£.) rhomboidalis is restricted to the upper half of the 

Lower Member of the Koobi Fora Formation. This species differs from the ancestral 

form Q. (£.) bakeri chiefly in its marked rhomboidal shape, its great inflation, 

its prominent umbones, and the distinctive terminal down-turn of the hinge-line. 
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MUTELIDAE 

Mutela nilotica (Cailliaud, 1823). 
(Figure 113a) 

Unio nilotica lCailliaud, 1823) 

Mutela ?nilotica Adam, W., 1957, pp. 132-133, Pl. VIII, fig. 5. 

Mutela emini Roger, 1944, p. 141, Pl. 1, Fig. 56. 

Mutela (mutelina) rostrata Roger, 1944, p. 142, Pl. 1, Fig. 57. 

Mutela nilotica Mandahl Barth, G., 1954, pp. 140-141. 

Mutela ?nilotica Gautier, A., 1970, p. 122, Pl. IV, Fig. 14. 

Mutela nilotica iA the cornmoneRt large bivalve in late Cenozoic deposits 

of the 'Purkana Basin. The species is currently known from the Nile, from other 

areas in Egypt, from the Sudan, and pOAsibly from late Cenozoic deposits of the 

Kaiso Formation (Gautier, 1970). 
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Mutela gottoensis sp. nov. 

(Figure 113b). 

Diagnol'lis. A large, extremely elongated Mutp.la RpecieR characteriRed by a greatly 

expanded posterior 'wing' and a marked anterior projection of the dorRal margin. 

Derivation of name. 'rhis specieR is named for I.tiRS A. P. Gotto, without whoRe 

unswerving support and encouragement thiR project could not have been completed. 

Holotype. KNMI-ER 146. Complete and aRsociated right and left valves from a single 

individual. 

Locality. Fauna 30B, in the Lower Member of the Koobi Fora Formation, area 123, 

east of Lake 'furkana, north Kenya. 

Paratypes. KNMI-}~ 147 - KNMI-ER 150. '['wo right and two left valves frol'll the 

type locality. 

Description. ~hell brittle, equivalve; .inequilateral. Beaks low and a short 

distance from the anterior margin, directed inwards. Rhell elongated and broadly 

rectangular in outline; rarely more than 200 mm in length. Ligament inRet and 

reaching four fifths of the way to the pORterior border. No lunule or escutcheon. 

Sculpture of fine concentric growth lines, growth stages clear. Hinge plate very 

narrow and may be slightly denticulate. Greatly expanded 'wing' formed by posterior 

dorsal margin of Ahell; in front of beaks the dorsal margin extend!'! in a marked 

anterior projection. Adductor muscle scars subequal in Rize and poorly defined; 

pallial line faint. Margin smooth. 'ibere is a marked posterior gape. 

Remarks. '['his striking species is only known from two localities, fauna ~9 and 

the closely associated faunas 30A, 30B, 30C, and 31C, in the Lower Member of the 

Koobi Fora Formation. The principle difference between~. eottoensls and !. nl10tica 

is the greatly expanded posterior 'wing' and anterior projection of the dorsal margin 

Been in M. gottoen.qis; this form is also much more el"ongated than M. nilotica, - -
as reflected in the loadings on the Principle ComponentR analysis of the Mutela 

lineage presented previously (high values for LW in!. gottoensis). Other major 

differences between!. gottoensls and ancestral ~. nilotic~ include the more 

anterior position of the beaks in the former species (higher values of U), the greater 

values for translation rate ('r), reflecting its more elongate shape, and the fact 



256 

that the distance between the posterior pedal retractor and the umbo is greater 

relative to the distance between the umbo and the posterior protractor in M. gottoensi! 

(i.e. it has smaller values for PSC). This latter observation suggests that the 

attenuate shape of M. gottoensis W~q primarily obtained by elongation of the 

posterior- part of the shell. A similar interpretation results from the observation 
. 

that the ~alues for MSC are also smaller in this species. High values for PAM in 

!. gottoensis also reflect its great elongation. H. gottoensis is also much less 

inflated than !. nilotica. 

Mutela abrupta sp. nov. (Figure 114a). 

Diagnosis. A medium sized Mutela species characteriAed by its unusually large 

umbones, inflated cross-section, and short, broad outline (the length to width 

ratio is rarely more than about two, compared to 2.5 - 3 for !. nilotica). 

Derivation of name. The trivial name of thiA species reflects its short, broad 

outline. 

Holotype. KNMI-ER 151. Complete and associated right and left valves from a 

single individual. 

Locality. Fauna 92, in the Guomde Formation, from immediately below a tuff 

thought to be the Guomde top tuff, north-weRt of the Kokoi uplift, east of Lake 

Turkana, north Kenya. 

Paratype. KNMI-ER 152. A right valve from the type locality. 

Description. Shell solid, equivalve; inequilateral. Eeaks massive and in front 

of the midline, directed inwards. Shell inflated, broadly oval in outline, and 

rarely more than 90 mm long. Ligament inset and reaching three quarter~ of the way 

to the posterior margin. No lunule or escutcheon. Sculpture of fine concentric 

growth lines and faint radial striae;;growth stages clear. Hinge plate narrow 

and may be faintly denticulate. No posterior 'wing' to shell. Adductor muscle 

Bears subequal in size; pallial line faint. Margin smooth. Posterior gape very. 

small. 

Remarks. M. abrupta is restricted to the Guomde Formation. 'lhe principle 

differences between !. abrupts and ancestral M. nilotica are reflected in the 

loadings on the Principle Components analysis of the Mutela lineage presented 

oq 

ii 

~ 
I 
I 
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previously. In particular, !. abrupta has low values tor LW and PAM, rerlecting 

the tact that it is much less elongate than !. nilotica; its abbreviated outline 

is also rerlected in its low values tor T. Its high values tor U rerlect the 

rather posterior position ot the umbo compared to M. nilotica, and its hieb values 

tor MSC and PSC rerlect the same teature. 
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~atharia (spathopsis) arcuta (Caillaud, 1823) 

This specie~ is known Aparingly from several levels in the Koobi Fora 

Forma.tion; Van Damme (1978) recordA it from the upper part of the Shungura 

Formation in the Omo Valley Requence north of Lake r~kana (Member L). 

The species is widely distributed at present in East Africa. 

Aspatharia subreniformiA (Sowerby, 1867) 

This species is known sparingly from several levels in the Koobi Fora 

Formation; Van Damme (1978) records it from the Mursi Formation in the Omo 

Valley sequence north of Lake Turkana, and from the Kanapoi sequence to the 

south of the lake. At present, the specips is known from Lake 'ranganyika 

and Lake Malawi. 

I 
~ , 
; 
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Pleiodon 2£.!. 

(Plate 1, figure 4). 

The distinctive large species of Pleiodon known from various levels and 

sites in the late Cenozoic of the 'rurkana Basin is clearly not assignable to 

any previously described fossil (Van Damme, 1978) or recent (Pain and Woodward, 

1964)-species. Van Damme (perse corom.) originally discovered this form in tne 

Omo valley sequence north of Lake Turkana, and is currently engaged in its 

formal diagnosis. The species is at present only known from late Cenozoic 

depos! ts of the 'LUrkana Basin. 
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Etheria elliptica Lamarck, '807. 

Aetheria cailliaudi Neuville, H. , and Anthony, R. , 1906, p. 67. 

Aetheria cailliaudi Neuville, H. , and Anthony, R. , 1906a, pp. 289-291. 

Aetheria elliptica Roger, J., 1944, pp. 143-144, Pl. II. 

-Etheria elliptica Mandahl Barth, G. , 1954, pp. 156-157, fig. 84. 

Etheria elliptica Adam, w. , 1957, pp. 137-140, Pl. VI, fig. 8. 

Etheria elliptica Adam, w. , 1959, pp. 67-69. 

Etheria elliptica Gautier, A., 1970, pp. 134-136, Pl. VIII, figs. 5-7. 

Etheria elliptica Gautier, A., 1976, p. 380. 

This species is widely diAtributed at present throughout much of 

Africa and occurs throughout the late Cenozoic deposits of the Turkana Basin. 
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CORBICULIDAE 

Corbicula consobrina (Cailliaud, 1827). 
(Figure 122a). 

Corbicula consobrina Cailliaud, 1827. 

Corbicula fluminalis Anthony, R., and Neuville, H., 1906, p. 67. 

Corbicula pusilla Anthony, R., and Neuville, H., 1906, p. 67. 

Corbicula fluminal!! Neuville, H., and Anthony, R., 1906a, pp. 291-292. 

Corbicula pusilla Neuville, H., and Anthony, R., 1906a, pp. 293-295. 

Corbicula fluminalis Roger, J., 1944, p. 131, Pl. I, figs. 28-34. 

Corbicula radiata Roger, J., 1944, p. 132~133, Pl. I, figs. 35-40. 

Corbicula fluminalis consobrina Mandahl Barth, 1954, p. 159. 

Corbicula consobrina Adam, W., 1957, pp. 140-145, Pl. VI, fig 10; Pl. VII, figs. 7-' 

Corbicula consobrina Adam, W., 1959, pp. 69-70, Pl. VIII, fig. 6. 

Corbicula consobrina Gautier, A., 1970, p. 137, Pl. VII, figs. 9-12. 

Corbicula consobrina Gautier, A., 1976, p. 380. 

Q. consobrina is currently widely distributed in e~qt Africa, and 

is common in later Cenozoic deposits in the Turkana and Edward-Albert basins. The 

genus appears to be a late Cenozoic immigrant to Africa from }~asia (Gautier, 

1976). An aberrant species derived from Q. consobrina, which is present in the 

uppermost Kubi Algi Formation and lowermost Koobi Fora Formation, is described 

below. 

i 

I 
,I 
• 
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!~rbicula distorta sp. nov. 

(Figure 120a). 

Diagnosis. Medium sized Corbicula species characterised by unusu~ dorso-

ventral elongation and marked posterior torsion of the umbones and hinge plate. 

Derivation of name. The trivial name reflects the marked posterior torsion or 

twisting of the dorsal part of the shell in this unusual species. 

Holotype. KNMI-ER 166. Complete and associated right and left valves from 

a single individual. 

Locality. Fauna 12D, from between the upper and lower tuffs comprising the 

Suregei tuff complex in area 202, basal Koobi Fora Formation, east of Lake Turkana, 

north Kenya. 

Paratypes. KNMI-ER 167 - KNMI-ER 176. Five right and five left valves from 

the type locality. 

Description. Shell solid, equivalve; inequilateral. Beaks solid and behind 

the midline, directed backwards and inward~; shell broadly oval in outline, 

elongated in a dorso-ventral direction. Rarely more than 16 mm in length. 

Ligament slightly inset and reaching half way to the posterior border. Marked 

lunule present, but no escutcheon. Sculpture of course, equally spaced growth 

lines; growth stages clear. Hinge plate solid and expanded beneath the beaks into 

a substantial platform bearing the pseudocardinals. Three intermeshing pseudocardin: 

teeth in each valve, radiating from beneath the beaks. Two very long anterior 

lateral lamellae in left valve, and two very long posterior lateral lamellae. 

One very long anterior, and one posterior, lateral lamella in right. Lateral 

lamellae bear distinct striations in both valves. Adductor muscle scars and 

pallial line well-marked; posterior adductor scar larger in most cases than 

anterior. Margin smooth. 

Remarks. £. distorta is known only from the neighbourhood of the Suregei 

tuff horizon in the Alia Bay area; it is restricted to the uppermost Kubi Aigi 

Formation and the lowermost Koobi Fora Formation, occurring just above and below 

the base of the Suregei tuff complex. As indicated by the loadings on the Principlf 

Components analysis of the Corbicula lineage presented previously, C. distorta 
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SPH4EIHIlJAE 

Pisidium (afropisidium) pirothi (Jickel, 1881) 

Pisidium pirothi Van Damme, D., and Gautier, A., 1972, p.29. 

Pisidium £irothi Gautier, A., 1976, p. 380. 

Pisidium pirothi iR sparingly present throughout the Lower Member of 

the Koobi Fora Formation and is also known from the Galana Boi Beds. 
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Eupera ferruginea Krauss, 1848. 

(Figure 128a). 

Eupera ferruginea Krauss, L. , 1848. 

Pisum parasiticum Parreyss, J., in Deshayes, L. , 

LimoBina.parasitica Parreyss, J., and Jickel, C. 

Eupera paraRitica Parreyss, J., and Germain, L. , 

Byssanodonta par~qitica Roger, J., 1944, p. 134. 

Eupera ferruginea Gautier, A., 1976, p. 380. 

185'3, Vol. II, p. 

F., 1874, p. 293. 

p. 584. 

Eupera ferruginea ~illiamson,~. G., 1918, p. 520, Fig. 32:3. 

280. 

Eupera ferruginea is widely distributed at present in east Africa and 

occurs throughout late Cenozoic deposits of the Turkana RaRin. It gives rise to 

a new species, described below, in the Lower Member of the Koobi Fora Formation. 

In addition, a single fragmentary specimen of r~pera from Fauna 12A in the basal 

Koobi Fora Formation does not seem to be referable to known }~lpera species, and 

may represent an endemic derivate of .§. ferruginea. 'rhis form is solidly bunt, 

has large beaks, and a rather short anterior lateral lamella. However, the specimen 

is too fragmentary for reliable diagnosis. 

1 

i 
I 
j 

j 
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Eupera circularis sp. nov. 

(Figure 129 a). 

Diagnosis. A large, inflated Eupera species distinguished chiefly by its 

strikingly circular outline and the pronounced angle at the posterior and anterior 

ends of the hinge line. 

Der~vation of name. The trivial name reflects the unusual circular outline 

of this species. 

Holotype. KNM-ER 163. Right valve. 

Locality. Fauna 50, from the Lower Member of the Koobi Fora Formation, area 

123, east of Lake Turkana, north Kenya. 

Paratypes. KNMI-ER 164 and Km~I-ER 165. Right and left valves from fauna 

47, Lower Member of the Koobi Fora Formation, east of Lake Turkana, north Kenya. 

Description. Shell fragile, equivalve; almost equilateral. Beaks small, 

slightly in front of the midline, directed inwards and forwards. Shell circular 

in outline, somewhat inflated; rarely more than 10 mm in length. Ligament inset 

and reaching less than a third of the way to the posterior border. No lunule or 

escutcheon. Sculpture of faint, finely spaced growth lines; growth stages not 

evident. Hinge plate thin; there is a distinct angle in the shell outline 

immediately anterior and posterior to the ends of the hinge plate. A small 

paeudocardinal is present directly under the umbones in both right and left 

valves. Right valve haR two anterior and two posterior lateral lamellae; left 

valve has a single anterior and a single posterior lateral lamella. Adductor 

muscle scars and pallial line unclear. Margin smooth. 

Remarks. !. circularis is restricted to the upper half of the Lower Member 

of the Koobi Fora Formation. The species differs from the ancestral form 

E. ferruginea chiefly in its more circular outline (reflected by its lower value 
... 

for LW, indicated by the loadings on the Principle Components analysis of the 

Eupera lineage presented previously). The more posterior position of the be~s 

in li. circularis (lower values for U) is also noticeable, as is the lower trans

lation rate in this form (lower values for T), again a reflection of its more 

circular outline. The marked angle in the shell outline immediately anterior 

and posterior to the ends of the hinge line is also not seen in!. ferruginea. 

H , 



PART 3 

MOLLUSCAN BIOSTRATIGRAPHIC ANALYSI~ 



265 

3.1 INTRODUCTION 

Despite more than a decade of intensive investigation of a series of 

late Cenozoic deposits occurring around the Turkana Basin, c:xmsiderable 

uncertainty still surrounds detailed correlation between several of these 

geographically disparate sites. The principle controversy surrounds probable ~ 

correlations between the two most palaeoanthropologica1ly important sections 

in the basin, the Omo Valley sequemes north of present Lake Turkana in southern 

Ethiopia (the Mursi, Usno ani Shungura Formations), and the sequences lying to 

the east of the lake in northern Kenya (the Kubi Algi and Koobi Fora Formations) 

(see Fig. 3.1). In addition, the view has also recently been canvassed that 

important errors have been made in lithostratigraphic correlation within the 

sequences east of Llk e Turkana (White and Harris, 1977). 

Correlations within the various areas of sedimentary exposure arOUIld 

the Turkana Basin has primarily been effected using standard lithostratigraphic 

methods; such correlations within the main Omo sequences appear relatively 

unambivalent due to the continuous nature of the exposure and the lack of major 

faulting. By contrast, lithostratigraphic correlations proposed within the area 

of exposure east of the lake are generally less secure, due to large a:eas of 

blsh cover which intervene between areas of exposure, and the presence of 

considerable faulting. In addition, the fact that the sequeme east of Lake 

Turkana is relatively thin ccmpared to that in the Omo Valley, whilst apparently 

representlya similar span of tjme {see Fig. 3.2), means that mis-correlation 

between s~cific areas of outcrop is not only more likely, blt will also have 

a more drastic effect on interpretation of the chronology and depositional 

histor,y of the sediments. These problems presumeably account for the apparent 

mis-match between lithostratigraphic ani vertebrate-based correlations noted by 

White and Harris for the areas east of the lake. 

Correlations between various areas of sediment around the Turkana 

Basin has, in the absence of intervening exposure, perforce been based on 

geophysical methods (including tuff radiometry and mineralogy, and geanagnetic 
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Figure 3.1: Principal known exposures of late Cenozoic 

(Plio-Pleistocene) sediments in the Turkana Basin area. 

North Kenya. 
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FIGURE 3.1 

I >t 
( &MURSI 

\... Q) 

\ 
( 
) 

I 
L- J 

( 

I 
( 

\ 
\ 
I 
~ 
\ 

\ 

\ 

I 
./ 

( 
I 

I 
I 

/ 

F:~:I Plio-Pleistocene 
sediment!'! 

~ Present limits to 
Turkana :Basin 

Okm 100km 
I , 

-
~ 

> 

0 

e 

( 
) 

o USNO ~ 
\ 

\ , 
) 

( 
I 

~AC.TA 
. '. ') 

( 
) 

( 
I 
~ 

{ 
\ 
\ 

\ 

\ 

\ 

I 



267a 

Caption to Fie. 3.?: Provisional ordering of principal late Ceno7.oic deposits ~f 

the TUrkana Basin by geophysical methods (geomagnetic 

polarity reversal and tuff radiometry). Polarity reversal 

column shown to left. '['he cons tituent memberl'! of the Shun6'llre 

sequence have tuffs at their basel'l; radiometry of these tuffs 

shows generally good agreement with dates suggested by the 

geomagnetic sequence from these sediments (Brown and Rhuey, 

1976). Individual turfs and radiometric dates for these are 

shown for the Kubi Algi and Koobi Fora Formations; however, 

the age of the XES is currently uncertain. Ar39/Ar40 , 

conventional K/Ar, and fission track age determinations give 

ages for this tuff ranging from 2.6 Myr to 1.6 Myr (Fi tch 

and Miller, 1976; Fitch, 1976; Curtis et al., 1975; Hurford 

et al., 1976). Geomagnetic polarity data from the vicinity 

of this tuff do not resolve the issue due to uncertainty 

about the magnitude of the 'Post-KBS erosion surface' 

(Brock and Isaac, 1976). However, vertebrate data favours a 

younger age for this tuff (Cooke and Ma61io, 197?; \IIhi te and 

Harris, 1977; Harris and \Vhite, 1979). Black horizons in 

the Mursi, Lothagam, Ekora and Kanapoi Rections are radiomet

rically dated basalts (Brown and Shuey, 1976; Behrensmeyer, 

1916). Total maximum thickness of the Shungura Formation 

is 850m (De Heinzelin et al., 1976). 'rotal maximum thickness 

of the late Cenozoic Kubi Algi, Koobi Fora and Guomde 

Formations east of Lake 'rurkana is about 350 m (Findlater, 

1978). 
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FIGURE 3.2 
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reve:'sal studies), and on comparison of fossil vertebrate asseublages {Cooke 

and Maglio, 1972; Behrensmeyer, 1978; White and Harris, 1977; Brown et al., 1978; 

Cerling et al., 1979). Attempts have dlso been made to generally order the 

sequences around the basin on the basis of successive major palaeoenvironmental 

changes {e.g. Brown et al., 1978); within a local depositional basin the broad 

-
succession of major transgressions and regressions would~ priori seem likely' 

to be detectable in all overlapping lithostratigraphic sequences. Unfortunately, 

these various lines of approach have not provided an unequivocal correlation of 

sites around the basin; a persistent problem in correlations proposed between 

the Omo Valley sequences and those to the east of the lake has been the lack 

of agreement between correlations based on geopQysical methods and those based 

an vertebrate palaeontology {e. g. Bishop, 1976). An additional and probably 

related problem has been the lack of ccngruence between the proposed tectonic 

and palaeoenvironmental history for the areas east of the lake {Vondra and Bowen, 

1976; Vondra and Bowen, 1978) and that proposed for the Omo Valley sections a 

mere 50km away {de Heinzelin et al., 1976). 

I. major potential scurce of correlational data has hitherto been 

little used in analysis of the Turkana Basin problem: lacustrine Mollusca. 

Lacustrine mollusc faunas are known from many late Cenozoic deposits around the 

Turkana Basin, particularly from the Omo sequences and from the areas east of 

the lake. Van Damme and Gautier (1972) and Gautier (1976) have proposed an 

inf'orrnal invertebrate biostratigraphic scheme for the Omo Valley sequences, but 

hitherto lack of knowledge of the m.lch richer invertebrate asse.n.blages from the 

area east of the lake has precluded the erection of any basin-wide biostratigraphic 

scheme based on Mollusca. The purpose of this subsection is to attempt to define 

a molluscan biostratigraphic system for the late Cenozoic of the Turkana Basin, 

and then use such a scheme to examine possible correlations both within and 

between certain areas of exposure. 

Lacustrine Mollusca in rift settings offer a number of advanta~s over 

vertebrates for biostratigraphic work. Where they are found, Mollusca usually 
unambivalent 

occur in large numbers and / stratigraphic ccntexts, whereas vertebrates 



are comparative.y rare and frequently collected as isolated surface 'float', 

often of ambivalent stratigraphic provenance. More importantly, rift lakes are 

known to be major sites of umlsually rapid and profrund evolutionary change in 

freshwater biota, due to a number of biological factors {e.g. Brooks, 1950; 
. 

),{ayr, 1969), whereas unusually rapid evolution is not expected in terrestrial. 

vertebrate faunas from the area of rift valleys. Consequently, in such settings, 

molluscan sequencesare likely to offer more time-significant evo1utionar,y events 

per unit time than vertebrates, and hence a finer-grained and less ambivalent 

biostratigraphic framework. For example, it is notable that in the Kaiso 
vertebrate 

sequence of the Edward-Albert Rift, only two major/faunal assemblages c:.ould be 

recognised in the Plio-Pleistocene (Cooke and Coryndon, 1965), whereas over the 

same interval the freshwater Mollusca formed the basis for seven distinct 

concurrent range zones (Gautier, 1967; 1970). 

The following methodology has been adopted in erecting a molluscan 

biostratigraphy for the late Cenozoic of the Turkana Basin: 

1) Designation of a molluscan biostratigraphic type-section in the areas of 

exposure to the east of the lake (primarily in the Kubi Algi, Koobi Fora and 

Guomde Formations). 

2) Formal diagnosis of 10 concurrent range zones in the type-section. 

3) Assignation of various mollusc faunas known from areas east of the lake, but 

off the type-section to one or other of the various proposed biozones. 

4) Use of the latter faunas to fix, more or less precisely, the positions of 

the chief lithostratigraphic marker horizons for the sequence (chiefly tuffs) 

in the proposed biostratigraphic scheme. At this point it became obvious that 
between 

several serious miscorrelations had been made / disparate areas of exposure 

east of Lake Turkana. 

5) Re-ordering of several of the main tuffs in the light of the biostratigraphic 

scheme as exemplified in the type-section. 

6) Correlation of the re-ordered sequence east of the lake with the other areas 

of exposure around the basin on the basis of the molluscan biostratigraphy. 

The evolutionary events documented by the molluscan sequences from 

east of Lake Turkana are briefly detailed herein, but a fuller biometric 
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analysis of these sequence', and discussion of their general evolutionary 

implications, is given in Parts 1 and 4. The chief points to emerge fran 

the biostratigraphic treatment presented here are: 

a) That tl~re are a number of significa::t mis-correlations of important litho

strtigr~phic marker horizons (tuffs) between various areas of exposure east ot 

the lake, in both the Kubi Algi and Koobi Fora Formations. 

b) Re-ordering of several of the marker tuffs in the light of the molluscan 

biostratigraphic type-section removes most of the problems iq correlation 

between the Omo Valley sequences and those east of the lake, and also brings 

the palaeographic history of tre two areas into cO'lgruence. 

c) Re-ordering of several of the main marker tuffs in the Kubi Algi and the 

Koobi Fora Formations is in agreement with several suggestions made previously 

on the basis of suid evidence; the rather general correlations proposed between 

the Kubi Algi and Koobi Fora sections, following re-ordering of certain of their 

key tuffs, and the Omo Valley sequences, are also in good agreement with certain 

correlations proposed previously on the basis of vertebrate evidence. 
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~.2 MOLIDSCAN BIOSTRATIGRAPHIC TYPE-f-ECTION 

The molluscan biostratigraphic scheme for the late Cenozoic sediments 

east of Lake Turkana is based on a 'molluscan type-section' which is cCllsidered 

to indicate the correct superpositional relationships of the various propose4 

concurrent range zones, and which is usee to order faunal sequences fran ot~r 

areas; the various concurrent rangezones are defined on faunas in this type-

section. Due to the nature of the exposures east of Lake Turkana, where the 

molluscan type-section is taken, this type-section is of necessity composite, 

and composed of four geographically separated sections {see Fig. ~.~). The 

overall validity of the molluscan biostratigraphic scheme presupposes that 

these four sections have been correctly ordered in time. The four subsections 

making up the molluscan type-section, and the biozones defined in each, are 

indicated in Table 3.1. 

The four subsections indicated in Table 3.1 are ordered in time in 

the sequence 1-4 on the basis of the following assumptions: 

1) That the Casa W.H. sequence (Fuchs, 1939) pre-dates the Hasuroa tuff (Findlater, 

1976), i. e. that the Casa sequence either correlates with sane portion of the 

lower part of the Kubi Algi Formation (Bowen and Vondra, 1973) or pre-dates 

this formation, ~ that the poorly-preserved but important fauna (fauna 1) 

below the Hasuma tuff in area 2(» is indeed a transitional zone 1 - zone 2 fauna 

(see subsequent discussion). 

2) That the Sur~gei tuff correlate in area 203 (203/TIII) is equivalent to 

the Suregei tuff correlate in area 102 (102/TII). 

:5) That the Goumde Formation post-dates all parts of the Upper Meni>er of the 

Koobi Fora Formation. 

The stratigraphic intervals occupied by the ten main proposed molluscan 

biozones in the molluscan biostratigraphic type-section, am the relationships 

of the zones to prominent lithostratigraphic units in this section, are 

indicated in Fig. 3.4. 

, I 

'I 
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Figure 3.3: r·iain 'collecting areas' designated for the 

late Cenozoic deposits east of Lru{e Turka~a. The four 

subsections making up the molluscan biostratigraphie 

type-section are located at Casa ~aterhole. in area 203, 

in area 102, and in area 5. 

I' 
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Fi~ure 3.4: Stratigraphic intervals occu~ied by ~~e ~c~ 

proposed molluscan biozones in the ;-:"olluscar. Gios~~~t t:i. -~2,~i ___ ic 

type-section, and the relationship o~ these zones cc 

prominent lithostratigraphic units in this section. 

The syste~ of numbering of local tu~fs within 7iven ccllec~in~ 

areas adopted in this and subsequent fi,,:urcs Clnci te~:t i:.; 

that proposed by Harris (1978); tuffs are si:71ply nur.oercd 

from the base of local sections without reference to 

previously proposed lithostratigraphic correlations, 

e. g. '102/TI' refers to the 10';/ermost tui':' i~ the lac Cll sec ~ion 

in collecting area 102. 
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TABLE 3.1: Distribution of r.1011uscan :)iostrati--:r3.:Jhic 

Type Sections. 

AREA 

CASA i'JATERHOLE 

203 

102 

3 

SECTIon = roze::=: 

Pre- or 10\': 
Kubi Algi 

From Hasuma Tuff correlate 
(203/TII) to above 
Suregei ~uff correl~~e 
(203/TIII) 

From below the Surerrei 
Tuff correlate (lC2j~II) to 
just below the Okote ~uf~ 
(102/TVII) 

From base of Guomde 
Formation to Guomde 
top tuff. 

1 

3,5,G, 

r-y ~, c ,- ,0, .) 

l~ 
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~.~ MOLWSCAN BIOZONES: DEFINITION (Su)erscripts - see subsequer.t notes~ 

The molluscan biozones for the late Cenozoic of the Turkana Basin 

are defined by unique combinations of a series of faunal criteria adumbrated 

below~ The majority of these criteria are based on a series of unique evolu~ionar.y 
. 

eventa, or immigration events, and are clearly time-significant. In additi~, 

certain criteria of a basically palaeoecological nature are also used in the 

scheme (those marked with an asterisk below). On the basis of what is known 

of modern lake faunas it seems that these events, for exa.nple episodes of 

extreme dwarfing of fauna, are also likely to be time-significant over a 

single lake basin. 

1) CRITEF.IA FOR ZONAL DF.FIl\TITIONS 
1 

a) Most common Cosmopolitan taxa present. 
2 

b) Corbicula, normally a comnon faunal component, absent. 

c) Molluscan faunas show no dwarfing effects: 

d) Archaic~ elements present. 

• e) The normally common faunal components Bellamya and Mutela absent. 

f) Pronounced dwarfing of all faunal components * 

g) The presence of a distinct and unique set of Phyletic Endemic7 species 

('Suregei Level Endemics,)7 derived fram Cosmopolitan taxa, or of 

populations demonstrably transitional between such Phyletic Enderr~c 

species and their Cosmopolitan antecedents. 

h) No Cosmopolitan species present. 

i)The genus Corbicula present (as a Phyletic Endemic derivative species). 

j) The genus Corbicula present tas the Cosmopolitan species Q. consobrina). 

k) Early form of Radiative Endemic9 derivative of Melanoides tuberculata 

present tform with three sculptural ridges predominatinglO). 

k') Early form of Radiative Endemic derivative of M. tuberculata present" 

(form with two sculptural ridges predaminatinglO). 

1) The Exoticll elements l'leiodnn ana; or Valvata present. 

m) The presence of Raaative Endemic derivatives of BellasYa unicolor and/or 
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Jrtutela nilotica. 

n) The presence of the Radiative Endemic derivative of Cleopatra ferruginea. 

0) The late form of Radiative Endemic derivative. of Melanoides tubercu1~ta 

present (form with a single sculptural ridge). 10 

p) Presence of Radiative Endemic derivative of Caelatur~ bakeri and/or 

Eupera ferruginea. 

q) Bellamya unicolor, normally a very cornmon faunal component, notably rare 

* or absent. 

r) Dwarfing of Cleopatra and/or Bellamya; other faunal components, notably 

* Pseudobovaria, Corbicula RIld Caelatura are also normally dwarfed. 

s) '£he presence of a distinct and unique set of Phyletic Endemic species 

('Guomde Level Endemics' )15 derived from Cosmopolitan tax~. 

CRIT11RIA FOR EACH ZONE 

zmlli CRI'rERIA 

1 a/b/c*/d 

? a/b/e*/f* 

3 c*/g/h/i 

4 a/c*/ j 

5 a/c*/j/k 

6 a/c*/j/k/l/m 

7 a/c*/j/k'/lin 

8 a/c*/j/k'/l/n/o/p 

9 a/ j/q*/r* 

10 b/c*/h/s 
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3.4 EVOLUTIONARY IMPLI04TIONS OF PROPOSED K>LLtffiCAN BIOZONFS 

'!'he evolutionary events and implications of the faunal sequence composing 

the molluscan bios tratigraphic type-section are dealt with at length elsewhere(Part , 

However, a brief summary will be given here. 

-The earliest late Cenozoic faunas in the basin are those reported by 

Van Damme t 1978) from members 1 and 2 of the Lothagam Formation from the south 

of Lake Turkana. These generalised faunas, consisting solely of common Cosmo-

politan forms, pre-date the earliest zone 1 faunas seen in the molluBcan 

biostratigraphic type-section in the deposits east of Lake Turkana. The Archaic 

element which distinguishes zone 1 faunal assemblages from the 'rurkana ~asin 

is not known in the late Miocene faunas from the Lothagam Formation, and this 

encourages the view that the two unusual representatives of the genus Pseudobovaria, 

which chiefly constitute this Archaic element, may represent an early and limited 

endemic radiation of this genus. 

Pleiodon is a sparse but significant component of zone 1 faunas from 

the Omo Valley sequences, but is absent from zone 1 faunas further south, at 

Kanapoi, in the Warata Formation, and from the deposits east of the lake, except 

for the isolated occurrence of the genus in the putative zone 1 fauna from area 117 

(fauna 26). Similar patchiness is seen in the Holocene distribution of the genus 

Valvata, also an Exotic faunal component, in beds at the Omo and east of the lake. 

The genus is present in the Omo Valley in deposits of the Kibish Formation that 

must be of the same age as much of the Galana Boi sediments eaRt of the lake, but 

these latter d~posits are completely devoid of Valvata. 

Zone 2 mollusc faunas are extremely dwarfed, and the taxa ~ellamya 

and Mutela are absent. '!'hese zone 2 faunas clearly indicate a major rise of 

alkalinity concomitant on the Hasuma level regression that was presume ably 

responsible for the local extinction of Pleiodon and the Archaic elements of 

zone 1 faunas. Other Cosmopolitan faunal components would exist elsewhere, in 

the neighbourhood of the basin, but if the two Archaic representatives of 

~seudobovaria were indeed local endemics, their extinction would be final, and 

extinction of Pleiodon within the basin might not be followed by immediate 

\. 



280 

immigration. 'fhe genus ~leiodon i£ exotic to the eastern rift lAppendix 2) and 

the genus would be unlikely to occur in areas neighbouring the basin. 

The major speciation event reflected by the lzone 3) Phyletic Bndemics 

at the ~uregei level in the molluscan type-section is interpreted ~q documenting 

allopatric speciation of Cosmopolitan stocks, in a geographic isolate that ~y 

have encompassed all or much of the basin. Geographical iBolation of lake faun~q 

would be a logical continuation of the baSically regressive regime documented 

by zone 2 faunas at the Hasuma level. 

Above the Suregei in the type-section there is an abrupt return to 

normal Cosmopolitan faunas. Competitive elimination of zone 3 ~hyletic ~ndemics 

by zone 4 Cosmopolitan stocks, following opening of the basin to immigration 

by the suregei level transgression, is indicated. However, as indicated subsequentl~ 

recognition that several units allocated previously to the Suregei in the 

northern part of the basin actually pre-date the type tuff indicates that the 

type-~uregei transgression was probably less significant than previously thought. 

The post-Suregei sediments in the type-section dO, nonetheless, reCOrd 

a shift to deeper water conditions in that fine-grair..ed pro-delta Fediments 

dominate the IJower lIember of the Koobi Fora Formation in mORt areas (Vondra 

and Bowen, 1976; 1978). '!be response of the zone I: COf'.ITIopoli t:>.I. faunM Waf~ f'I 

major adaptive radiation of the type seen in many modern deep rift lakes 

(e.g. Brooks, 1950). Zones 5 to 8 document the gradual accumulation of both 

Radiative Endemic derivatives of Cosmopolitan taxa, as these latter undergo 

adaptive radiation, and also of Exotic forms, in the deep Lower Member lake. 

A major regression and increase in alkalinity is documented, a 

short distance below the KBS tuff, by sedimentological evidence (Vondra and 

Bowen, 1976) and geochemical studies (Cerling, 1978); o~gen isotope analysis 

indicateo a shift to hotter, drier climate at this time (Abell et al., 1979). 

~nis regression is reflected by a major extinction of all the Radiative Endemic 

and Exotic elements of zone 8. 'rhe subsequent zone 9 faunas consist solely of 

stunted Cosmopolitan stocks; Bellamya, an alkaline-sensitive form (Van Damme, 

1978) is absent, and zone 9 faunas apparently document continuing fairly hien 
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alkalinities throughout the Upper Member 0' the Koobi Fora Formation. 

The zone 10 Phyletic Endemics of the Guomde Formation are interpreted 

as documenting allopatric speciation of Cosmopolitan stocks, in a geographic 

isolate that may have encomp~~Bed all or much of the basin. Again, geographical 

isolation of lake faunas would be a logical continuation of the basically: 

regressive phase documented by the Upper Member zone 9 faunas. Holocene 

faunas from the Galana Boi Beds record a much later sub-recent transgression 

of the lake. 
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3.5 MOLLUSCAN BIOZONE'): ALLOCATION OF FAUNAS 

The relative stratigraphic positions of the various numbered faunas 

from the exposures east of Lake 'l'urkana are indicated in Fig. 3.5; geographic 

provenance of these faunas is indicated in Figs. 3.3-3.8. ~ratigraphic 

. 
provenance of faunas from other late Cenozoic sections in the Turkana Basin is 

indicated in Fig. 3.11. 'l'axonomic lis ts for faunas recorded from the sections 

east of Lake Turkana (Casa W.R. sequence, Warata Formation, Kubi Alei Formation, 

Kubi Fora Formation, and Goumde Formation) are given in Fig. 3.5a. Detailed 

faunal lists for other late Cenozoic sections in the 'rurkana Ba .. ~in are given 

by Van Damme (1978). Allocation of faunas from the Cenozoic deposits of Lake 

'lilrkana to the various proposed biozones is indicated in 'rable 3.2. 
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Caption to Fie. 3.5: Generalised chronostratigraphy of late Cenozoic d~posits east 

of Lake Turkana, and stratigraphic distributions of mollusc 

faQ~as within the currently accepted lithostratigraphic 

framework and in terms of current tuff identifications in the 

various local sections. Data in columns A-C from Findlater, 

1976; Fitch and Miller,1976; Brock and Isaac, 1976; Hillhouse 

et al., 1977; Vondra and Bowen, 1976. onepossible interpret

ation of the geomagnetic polarity sequence observed in these 

deposits is shown (Column A); uncertainty arises primarily 

due to ambiguity in radiometric dating of the KBS turf l Column 

c) - see discussion in text. l~umbered Bub-sections on gene~ 

alised stratigraphie section (Column ~) refer to numbered 

sections showing stratigraphic order of mollusc faunas (Column 

D); metre scale refers to latter sections. Stratigraphic 

ordering of mollusc fauna...~ in Column D iR determined by the 

distance of their upper surfaces above or below the bases of 

certain tuff units (Suregei, KBS, Koobi Fora, Chari, Guomde 

top tuff) a~ measured in the various local sections. The 

precise position of faunas 'X' and '1' within the Lower 

Member is unclear due to the difficulty of accurately measuring 

their stratigraphic distances to the local base of the KBS 

correlate. Faunas AB, CD, EF, and HI are pos! tioned but are 

not numbered as other faunas in the sequence a...q they were 

not referred to in the biometric work for which the numbering 

scheme was originally conceived. The position of fauna ?6 

is the lowest possible; it could occur up to 10m above its 

tabulated position (see discussion in text). As already 

indicated, correct stratigraphic ordering of the various 

molluscan fauna...q is completely dependent on correct correlation 

of the various local sections. Faunas are nnmbered in ascending 

stratigraphic order. 't'he suffix A, B, etc. denotes faunas 
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considered to definitely come from the same stratigraphie 

unit in neighbouring areas; earlier letters in the alphabet 

denote more southerly exposures of the unit. The suffices L 

and U denote samples from the basal and upper thirds, repectively, 

of a given faunal unit. 
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TABLE 3.2 - See pocket at back. 
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Caption to Pig. 3.5a: Taxonomic presence/absence diagram for the major molluscan . 
taxa in various faunas from the late Cenozoic deposits from 

the area east of Lake '!.'urkana t~l:arata Formation, OaEla v.'.H. 

sequence, Kubi Algi Formation, Koobi Fora Formation, and Guomde 

Formation). Faun~~ from the Latter three units are numbered 

or identified aEl in Figs. ~.5-3.8. Zonal attribution of faunas 

indicated to left of diagram thus: 

x - fauna diagnostic of zone x 

tx) - fauna non-diagnostic but closely bracKete~ by zone x 

faunas 

x/y - fauna non-diagnostic but closely underlain by zone x 

faunas and closely overlain by zone y faunas 

xTy - fauna considered transitional between zone x and zone y 

+ - fauna occurs in molluscan bioEltratigraphic type-section. 

Illustrations of the principle Molluscan taxa are given at 

the top of the diagram; illu~trations are keyed into taxon 

list by numbers. 'l'hese illustrations are arranged so that 

. parental Cosmopolitan species are in the same level a.q their 

endemic derivative taxa. Faunal categories defined in text; 

further discussion given in the text. rntries for Gabbiella 

which bear an apostrophe thus: x', are populations which 

includp the open-coiled morph tillustration ~b) erroneously 

described by Van Damme (1978) a.s a new Bpecie~ Q. heipi. 

IlluRtrations 36 !, and B Rhow, rel'lpectively, the:? and 3 

sculptural-ridged forn of early Radiative Endemic ~,elanoides 

tuberculata; however, due to the presence of intermediate~ 

between these form~, they are not separated in the taxon 

listings. 

l~ote that illustrations are ~ to the sane scale. 
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FIGURE 3.5a - See pocket at back. 
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Figure 3.6: Geographic distribution of ~ollusc faunas ~rom 

the Kubi Algi Formation and the lowermost lower r''!er.lber 

of the Koobi Fora Formation, i.e. ~aunas sho~m in Fig. 

3.5, Column D, Section 2. 
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Figure 3.7: Geographic distribut~on of ~ollusc faunas from 

the Lower :·lernber and lowermost Upper :·~ember of the Koobi Fora 

Formation. i.e. faunas shO\m in Fig. 3.5. Colu~n D, Section 3. 
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Fi~ure 3.8: Geographic distribution of mollusc faunas from 

the Upper !,lember of the Koobi Fora Formation, and from the 

Guomde Formation, i.e. faunas sho,'ffi in Fig. 3.5, Column D, 

Sections 4, 5, and 6. 
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'PROBLEM FAUNA.<) , 

A small number of faunas from the Omo sequences and from east of l.ake 

Turkana do not fit any of the proposed zonal criteria and will be dealt with here. 

1) Fauna 1 from 4m below the Hasuma correlate in area 204 (204/TIV) consiBts~ 

largely of stunted Cosmopolitan forms, but a series of poorly preserved internal 

moulds apparently indicates the presence of the Archaic element Pseudobovaria 

'kanpoienRis'. 'fuis fauna therefore displ~s a mixture of features characteristic 

of zone 1 and zone 2. Fauna 1 is only 7m below a good zone 2 fauna tfauna 2), 

if the correlation of the Hasuma between areas 203 and 204 is secure, and must 

overlie zone 1 faunas from the Casa sequence by an unknown interval. Accordingly, 

fauna 1 is regarded as a tran~itional zone 1 - zone 2 fauna. 

2) Faunas from Member B10 of the Rhungura Formation contains a number of undwarfed 

Cosmopolitan forms, and the Exotic element Pleiodon, but no Archaic elements. 

As indicated previously, Pleiodon is known sparingly from a number of good zone 

1 faunas including Archaic elements in the Omo sequence, but is not recorded 

from such faunas east of the lake. '!'he B10 fauna apparently represents a very 

late zone 1 fauna; at this stage the earlier Archaic elements had presumeably 

been already eliminated by the regressive phase recorded in Members A and lower 

B of the ~hungura Formation. '!"he B10 fauna is therefore informally termed a 

'zone 1a' fauna. 

3) Fauna 26 from the deposits east of Lake Turkana lies 2m below the base of a 

prominent sand unit considered to lie within 5m of the base of the Tulu Bor 

correlate in area 117 (117/'rIII). This fauna is therefore very close in strati

graphic terms to the zone 1 faunas in the base of 117/TIII. Un dwarfed Cosmopoli

tan elements and the ~Jcotic element Pleiodon are present, but Archaic elements 

are absent. This fauna is therefore regarded as a late zone 1 fauna t 'zone 1s') 

like that from Member B10 of the Rhungura Formation. ~is allocation implie~ that 

117/~III lieR very high in zone 1. 

4) Faunas from Member 1 of the Shungura Formation consist of undwarfed Cosmopoli

tan elements and a new taxon of the Exotic element Pleiodon tdescribed by Van 
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Damme, 1978, as Pleiodon browni). These faunas have no analogue in the sequences 

east of Lake Turkana, and on the basis of available geophysical dates for Member 

L (Brown and Shuey, 1976), no section of Member L age is known from the areas east 

of Lake Turkana. These Member L faun~~ post-date zone 9 faun~~ from lower in 
-

the Shungura, and on the basis of geophysical dates available seem likely to· 
-

pre-date the Guomde Formation faunas (zone 10). Accordingly, the faunas from the 

Member L are informally referred to here as 'zone 9a' assemblages 
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NOTES ON SEc'rIOl'.' 3.3 AND 3.5 

* 1) The term 'Cosmopolitan' is used in the sense of Williamson (1978) to designate 

geographically widespread, evolutionarily conservative, long-ranging mollusc 

specie!,!. 

2) Corbicula is currently widespread throughout Africa, and is known as an 

extremely eurytopic taxon. However, the genus is apparently a very recent Eurasian 

immigrant to Africa (Gautier, 1976). The earliest records of Corbicula in Africa arE 

a) From the Chiwondo Beds of Malawi lGautier, 1970); on the basis of vertebrate 

faunas, Harris and White (1979) regard the Chiwondo sequence as ranging from 

Kanapoi to Shungura Member C age, i.e. between 4 my. and 2.4 my. 

b) From 'Association X' of the molluscan sequence in the Kaiso Formation of the 

Edward Albert Rift. 'Phese faunas are generally considered to be of early Pleisto-

cene age. 

c) From the Turkana Basin itself. On the basis of correlations proposed subsequently 

between the Omo Valley sequneces and the sections east of Lake 'rurkana, using 

Mollusca, and on the basis of previously proposed correlations based on verte-

brates, the earliest Corbicula known from the Turkana Basin (from zone 3) seem 

likely to be of broadly late Member C (Shungura Formation) age (c. 2.4 my.). 

Corbicula has a very mobile planktotrophic larval stage (Van Damme, 

1978) which has allowed the genus to colonise most of southern North America 

since 1930 (Van Damme, 1978). 'fue genus probably also spread rapidly through Africa 

"in the early Pleistocene, and this 'Corbicula datum' may prove to be a useful 

biostratigraphic marker throughout the continent. 

3) The term 'Archaic elements' is used to designate three taxa which are prominent 

in early faunas from the Turkana Basin (zone 1) but absent subsequently. 'rhe 

three taxa are: 

a) Caelatura aegyptiaca, still extant in the Nile Basin. 

b) An unusual, elongate form of Pseudobovaria, regarded initially by Van Damme 

(1978) as a subspecies of ~. parva but which should be regarded as a distinct 

species (described as ~. 'kanapoiensis' in this account). 

._-.., 

;i 
I ~ 

:1 
;1 

I 
I ' 
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c) An exceptionally large a'ld inflated Pseudobovaria, described as a subspecies 

(usnoensis) of ~. parva, which should also be regarded as a new species (referred 

to as E. 'usnoensis'in this account). 

It is not known whether the two 'Archaic' elements of Pseudobovaria 

represent an episode of intrabasinal radiation of E. parva, or whether they 

represent the last occurrence of formerly widespread species. -

4) The Warata Formation is no more than 3m thick at the most and must represent 

a restricted period of time (Watkins and Williamson, 1979). 'rhe molluscan faunas 

are poorly preserved in general, and the large number of 'probable' zone 1 faunas 

reflects this poor preservation. 'fue formation as a whole is regarded as of zone 

1 age. 

5) The taxa Bellamya and Mutela are characteristic elements of large, fresh 

African lakes, and they are unusually sensitive to increases in Alkalinity (Van 

Damme, 1978). 'fueir absence in zone 2 presurneably relates to the Significant 

regression at this level and the concomitant increase in alkalinity apparently 

indicated by stunting of the remaining faunal components. 

6) Stunting is a common response of freshwater Mollusca to increase in alkalinity. 

7) The term 'Phyletic Endemic' is used in the sense of Williamson (1978 - see 

Appendix 2) to designate the new species, rapidly derived from Cosmopolitan 

taxa by a process of allopatric speciation, that are known from the level of the 

southern Suregei in the deposits east of Lake Turkana, and also from the Guomde 

Formation in this area. 

8) Although these' probable , zone 4 faunas lack Corbicula, they are relatively 

poorly preserved and have few small bivalves; the absence of Corbicula is 

therefore considered to be due to ecological and preservational factors, and is 

not thought to be time-significant. 

9) The term 'Radiative Endemic' is used in the sense of Williamson (1978 - see 

Appendix 2) to designate taxa arising by intra-basinal adaptive radiation of

Cosmopolitan stocks. 

10) One a~pect of the gradual Lower Member radiation of the parthenogenic 
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stock Melanoides tuberculata is a gradual reduction of horizontal sculptural 

ridges in the derived forms. Early derived £orms have three sculptural ridges 

above the X-point, rather than the four or five of normal parental!. tuberculata. 

More advanced forms reduce this number to two and then one. 
. 

11) Fauna 25 is poorly preserved and consists of a series of limonitic castSl 
. 

While not possessing all the features required for allocation to zone 5, it is 

closely bracketed by definite zone 5 faunas. 

12) These 'probable' zone 8 faunas are poorly preserved and do not possess all 

the features required for allocation to zone 8. However, they are all closely 

bracketed by good zone 8 faunas. 

13) These • probable , zone 9 faunas lack Corbicula and so do not fulfill all the 

criteria for allocation to zone 9. However, they are generally poorly preserved 

and none contain large small-bivalve components. The absence of Corbicula is 

therefore attributed to preservational and ecological factors and is hence not 

considered time-significant. 

14) The Phyletic j~demic species of Bellamya from the Guomde is relatively small 

but this may be a characteristic of the new species rather than having implic

ations of relatively high salinity. No other faunal components show stunting 

effects. However, Cerling (1978) suggests relatively high salinities for the 

Guomde lake on the basis of geochemical determinations. 

15) Phyletic Endemic species (see note 7) are known from the Guomde Formation 

as well as from the level of the southern Suregei. 



3.6 CORRELATION OF ~ECTIONS EA.C)T OF LAKE TURKANA' 

Vondra and Bowen (1973) originally proposed the formal lithostratigraphic 

scheme which has largely been used since in correlation between geographically 

dispar~te areas of exposure east of Lake 'Purkana (see Fig. 3.8b). The scheme was 

based ~n the apparent recognition of a series of seven distinctive lithostrati-

graphic horizons throughout the area, most of which were secondarily waterlain 

tuffs. Because of the probable mechanism of emplacement of these horizons, their 

bases were conRidered to be essentially isochronous. 'fhe principle set of tuffaceous 

marker horizons on which the scheme was based were therefore thought to constitute 

a set of laterally extensive, mappable isochronous horizons which could be used 

to provide good chronostratigraphic and lithostratigraphic correlation between 

isolated areas of exposure east of the lake (Findlater, 1976; 1978b). 'fhese 

tuffaceous horizons not only provided the basis for lithostratigraphic correlation, 

but also provided the framework for palaeoenvironmental analysis of the late 

Cenozoic history of the areas east of the lake tVondra and Bowen, 1976; Vondra 

and Bowen, 1978; Findlater, 1978). Several exposures of the principal marker 

tuff horizons were also radiometrically dated (e.g. Fitch and Miller, 1976; 1978); 

the principal tuffs therefore also provided an absolute chronological framework, 

in some sense, for the late Cenozoic deposits east of the lake. 

Harris and White (1979), have recently suggested that evidence from 

fossil suids in these deposits indicates that several significant mis-correlations 

may exist between certain of the areas of exposure east of the lake. In addition, 

a growing uncertainty about the validity of many of the correlations previously 

proposed between tuff markers in various areas of exposure has arisen from the 

recognition that there are a considerably graeter number of tuffs in many local 

sections than was originally envisaged when the lithostratigraphic scheme was 

formulated. Also, lateral variation in field aspect of many of the chief tu~f 

horizons renders many lateral correlations between them suspect. The 

expectation that geographically disparate sections could be reliably correlated 

following recognition and matching of a limited number of ubiquitous tuff 
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Caption to Figure 2.8b: Generalised stratigraphic sect\on for the late 

Cenozoic deposits of the Turkana Basin (after Findlater, 1978). Seven principle 

tuff horizons define the stratigraphy. 'rhese tuffs are considered to be 

laterally extensive and their bases isochronous. In theory, mapping the 

ba~al surfaces of these tuffs around the area of exposure should therefo~ 

provide for rigorous chronostratigraphic correlation between the various_local 

section~. 
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horizons appears in retroupect to have been somewhat simplistic. 

The lithostratigraphic correlations previously proposed between the 

various local sections were examined using the molluscan biostratigraphic scheme 

as follows. Subsequent to definition of the various proposed concurrent range 
-

zones within the molluscan type-section, mollusc faunas in other areas, off ~he 
-

type-section, were allocated to the various biozones. 'fhe positions of the various 

tuff horizonR in different areas, many of which had previously been referred to 

one or other of the seven main marker tuffs, could then be fixed more or less 

precisely within the molluscan biostratigraphic scheme on the basiA of zonally 

attributable faunas lying above and below them in local sections. In this way, 

the correct superpositional relationships of the various tuff horizons in different 

areas could be ascertained. The positions, or possible range of position within 

the molluscan biostratigraphic scheme, of various important lithostratigraphic 

units from different areas, are summarised in Fie. 3.9. The probable superpositional 

relationships of the various lithostratigraphic units is summarised in Fig. 3.10. 

GUO~IDE FORMATION 

All section regarded as beloneing to the Guomde Formation in areas 3 

and 5 yields zone 10 material (faunas 87, 88, 90, and 91), including the 

type-section. In addition, a narrow wedge of sediment to the south of the main 

Guomde outcrop, between the north-west face of the Kokoi uplift and the coast 

of the lake, south of the Tulu Bor Lager, also yields zone 10 material and must 

be of Guomde age. ']his latter section is overlain unconformably by Galana Boi 

beds, but is capped in most places by a prominent tuff which is presumed to be 

equivalent of the capping tuff in the Guomde ~pe-section. 

UPPl!!R }.flt"!MBER, KOOBI FORA FORJIiATION 

All known faunas from the section regarded as Upper Member are allocatabl( 

to zone 9. 

Chari tuff, Karari tuff and Okote tuff. No useful mollusc faunas are known in 
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close proximity to either the type e:~osures or presumed lateral correlates of 

these tuffs. 

Koobi Fora tuff. The type exposure of this tuff in area 101 has a zone 9 fauna 

a few cm above its base (fauna HI) and the upper surface of the tuff under lies 

another zone 9 fauna (fauna. 84) by some 9m. The un! t regarded as the Koobi Fd'ra . 
tuff in area 102 lies some 21m above zone 9 faunas (fauna 80). The unit regar~ed as 

the Koobi Fora tuff in area 103 has a series of zone 9 faunas within its base (faunaf 

81, 82, and 83). Lithostratigraphic correlation of the Koobi Fora tuff between 

areas 101, 102, and 103 is therefore compatible with available mollusc evidence. 

The Koobi Fora tuff appears to lie within the middle part of zone 9. 

Lower/Middle tuff complex. 'rhe type exposure of this tuff in area 8 lies some 

19.5m above zone 9 faunas (fauna 85). "one 9 faunas are also known from the tuff 

complex itself (fauna 86), in a sedimentary intercalation between the lower and 

middle components. The tuff appears to lie in the middle part of zone 9. 

KBS tuff. The type exposure of the KBS in the area 105 overlies zone 9 faunas 

(fauna. EF) by about 3m; a second zone 9 fauna lies about 2m below this (fauna 62). 

In area 102, the unit regarded a...c; the KEf; (·Upper KBS' of 102 - 10?/'NI) lies 12.5m 

above the extinction event constituting the zone 8/zone 9 boundary (which occurs 

between faunas 59 and 60 in this section). The KB8 correlate in area 102 is 

itself bracketed by zone 9 faunas (fauna 60 and 68). In area 123 the projected 

level of the KBS lies 13.5m above the zone 8/zone 9 boundary (which occurs between 

faunas 56 and 58 in this section). In areas 102 and 123 the KBS correlate or its 

projected level therefore demonstrably lies within the lower part of zone 9. 

In area 104, the unit regarded as the KBS (104/'I'll) a1Ao lies in the vicinity of 

the zone 8/zone 9 extinction event; it overlies zone 8 faunas (fauna 6~) by ?5m 

and underlies zone 9 fauna.<; (fauna 67) by 11m. '!'he uni to regarded as the KBS in 

area 103 (103/,1'll) lies 1m above zone 9 faunas (fauna 65), and underlies further 

zone 9 fauna...c; in this section. In area 106 the unit regarded as the KBS (106/TII) 

overlies zone 9 faunas (fauna 63) by 3m. In area 116 the unit regarded as the 

KBS overlies zone 9 faunas (fauna GH) by 1.7m. In area 115 the unit regarded as 

the KBS (115/T!) underlies zone 9 fauna...q (fauna. Z) associated with the post-KBS 

erosion surface. In area 10 the unit regarded as the KBS (10/TI) immediately 
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underlies zone 9 faunas (fauna 66). In area 121 the postulated local KBS level 

lies about 20m abve zone 4 faunas (fauna Y), but the sequence here appears to 

be condensed (Pers. Comm. I. Findlater). In area 15, the unit regarded as the 

KBS tuff (15!TIV) lies some 12m above a probable zone 4 fauna (fauna 61). 

On the basis of the observations above, summarised in Fieure 3.9, 

available mollusc evidence seems compatible with the hypothesis that the tuffs 

and levels identified in areas 105, 106, 102, 103, 104, 15, 115, 116, 123, 

and 129 as the KBS are the same or of similar age, and that this unit, if it is 

one unit, lies low down in zone 9. 

Lowrn MEMBER OF THE KOOBI FORA FORMATION AND KUBI ALGI FORMA't'ION 

Faunas known from sections regarded as of Kubi Algi and Lower Member 

age are allocateable to zones 1 through 9. 

Tulu Bor tuff The type 'ru!u Bor tuff in area-129 underlies zone 4 faunas (fauna 

Y) by about 11m, and apparently overlies zone 1 faunas in area 129W (west of 

area 129) by some 44m; however, the stratigraphic section between the Tulu Bor 

and these zone 1 faunas (fauna 14) is largely obscured in this area. In area 15, 

the unit regarded as the 'Pulu Bor (15/TIII) lies some 18m below a probable zone 4 

fauna (fauna 61). In area 116 the Tulu Bar correlate (116!TII) underlies zone 

5 faunas (fauna 28) by 8m. In area 104, the unit regarded as the Tulu Bor ( 104!TI) 

overlies zone 4 faunas (fauna 17) by 3.5m and underlies further zone 4 faunas 

(fauna 18) by 1.4m and 3.5m (fauna 19). Zone 5 faunas (fauna 20) overlie the 

presumed Tulu Bar correlate in area 104 by some 5.5m; the Tulu Bor correlate in 

this area therefore lies high in zone 4. In area 100, zone 4 faun~q (fauna 16) 

underlie the presumed Tulu Bar equivalent (100!'rII) by at least 28m. 

In area 102, the unit regarded as the 'l'ulu Bor (102!TIV) lies wi thin 

zone 8, between faunas 42 and 48, but this tuff clearly lies very low down in 

zone 8; the zone 7/zone 8 boundary, between faunas 37 and 36, is only 2m below 

the basal surface of the tuff. In area 123, the unit regarded as the Tulu Bor 

(123!TII) also lies low down in zone 8, between faunas 48 and 50. In area 110, 

the unit regarded as the Tulu Bor (110!TII) also lies low in zone 8, it seems; 

this unit overlies zone 6 faunas (fauna 35) by 8m and immediately underli~s 
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zone 8 faunas (fauna 52). 

In the southern part of area 117 thp. unit regarded as the Tulu Bor 

(117/TI!I) is immediately underlain by zone 1 faunas (fauna AB) which are 

included in the base of the tuff. An additional fauna from the vicinity of 

the Tulu Bor correlate in area 117, fauna 26, must also be a late zone 1 fauna. 

(zone- '1a' - see previous discussion). This latter fauna cannot be tied into 

the local Tulu Bor horizon, but appears to lie between 7m below and 3m above 

this level (pers. comm. I. Findlater). 

On the basis of available evidence from the mollusca, it seems 

inescapeable that horizons currently regarded as the 'rulu Bor actually represent 

at least three distinct levels (see Figure 3.9). 

a) The postulated Tulu Bor correlates in areas 102, 123, and 110 

(102/,rrv, 123/TII, and 110/TII) lie near the base of zone 8. 

b) The Tulu Bor correlate postulated in area 117 (117/T!II) lies 

at the very latest on the zone 1/zone 2 boundary (zone 1 faunas are included 

in the base of this tuff). However, depending on the exact position of fauna 

26, this tuff could in fact be entirely bracketed within zone 1. 

c) The postulated Tulu Bor level in area 104 (104/~I) demonstrably 

lies high in zone 4. The unit regarded as the Tulu Bor in area 116 (116/TII) lies 

a short distance below zone 5 faunas and could easily be a lateral correlate 

of the 104 horizon. The ~pe Tulu Bor in area 129, and the presumed Tulu Bor 

correlate in area 15, are only loosely bracketed by zone 1 and zone 4 faunas, 

and so could be lateral correlates of either b) or c) above (see Figure 3.9). 

Suregei tuff The type sections for the Kubi Algi and Koobi Fora Formations, 

in the Alia Bay area and near Koobi Fora spit respectively, lie in the southern 

area of outcrop east of the lake. 'rhe base of the Suregei tuff forms the boundary 

between these two units, and the ~pe section for the tuff must therefore lie 

in one or other of these areas. In all the southern areas the unit regarded as 

the Suregei is duplex, and normal lacustrine sediments, with molluRca in life 

position, occur between the two constituent tuffs. In the Alia Bay area, in area 

202, the Suregei tuff complex (202/TIV) is immediately underlain by zone 3 faunas 
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(faunas 8 and 10). Zone 3 faunas are also known from the s~dimen hry inter

calation within the tuff complex in area 202 (fauna 12). Elsewhere in the Alia 

Bay region, the Suregei correlate in area 203 (203/~II) also has zone 3 faunas 

in the sedimentary intercalation within the tuff complex. Zone 2 faunas (fauna 2) 

are-known some 16m below 20 2/TIV , and zone 4 faunas occur 2m above the up~er 

surface of 203/TIII (fauna 13). In the Koobi Fora area, good zone 3 faun~ 

(fauna 9) immediately underlie the b~qe of the unit regarded as the Suregei 

tuff in area 102 (102/TII). It is clear from these observations that the type 

Suregei in the Alia Bay - Koobi Fora area lies in zone 3. 

In the northern areas of exposure east of the lake, mollusc faunas 

are known in association with units regarded as the Suregei tuff in areas 15 and 

129W (west of area 129). The unit regarded as the Suregei in area 15 (15/TI) 

is underlain from 16m below its base to about 1m below its base by zone 1 faunas 

(faunas 3, 4, 5, 6, and 7). In area 129W the unit regarded as the Suregei 

(129 TI) underlies zone 1 faunas (fauna 14) by 8m. Assuming the apparently firm 

short-distance correlation of the Suregei between areas 15 and 129W to be 

correct, the northern exposures of the Suregei correlate are firmly bracketed 

within zone 1. 

The unavoidable conclusion from the molluscan biostratigraphic 

evidence is that those horizons currently regarded as the Suregei actually 

represent at least two distinct horizons (see Figure 3.9): 

a) The type exposures of the Suregei in the southern areas of 

the basin (202/TIV, 203/TIII, and 102/TII) lie in zone 3. 

b) The horizons regarded as the Suregei in the northern areas of 

the basin (15/'rI and 129W/TI) lie within zone 1 and must pre-date the type 

Suregei by a considerable interval. 

Hasuma tuff The Hasuma tuff correlate in area 203 (203/TII) is about 3m below 

a zone 2 fauna (fauna 2). The Hasuma correlate in area ?O4 (204/TIV) is 4m 

above a poorly preserved fauna lf8UDa 1) which nonetheless does seem to be a 

transitional zone 1/zone 2 assemblage (see previous discussion). The Hasuma 

tuff correlate in these areas therefore lies within zone 2, probably close to 
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the zone 1/zone 2 boundary. No mollusc faunas are known in the vicinity of 

the type exposure of the Hasuma in area 202. 

AI1ia tuff No mollusc faunas are known at present from the proximity of the 

Allia tuff or its presumed lateral correlates. 
-

The Casa Waterho1e sequence lFuchs, 1939), yields zone 1 faun~q (fauna w) 
-

this section is somewhat south of the Alia Bay exposures, but seems likely to lie 

lower in the Kubi Algi than the Hasuma level, or to pre-date the Kubi Algi entirely 

lIe Findlater, pers. comm.). 

'rhe positions, or possible range of positions, of the various tuff 

units within the molluscan biostratigraphic scheme. are indicated in Figure 3.9. 

The probable 'best-fit' positions of these horizons within the biostratigraphic 

scheme, and hence theur inferred superpositiona1 relationships, are indicated in 

Figure 3.10. 
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Fip:ure 3.9: The positions, or possible range of' positions, 

of marker tuff horizons from various local sections in the 

area east of' Lake Turlcana, \'11 thin the proposed molluscan 

biostratigraphie scheme. 
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Figure 3.10: The probable 'best-fit' positions of marker 

tuff horizons i1ithin the ~olluscan biostratigraphic 

scheme, and hence their inferred superpositional relationships. 
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FIGURE 3.10 
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3.7 G~~AL OORll£LNl'ICN OF LATE CEN07.0IC SEC'rrm~S m THE 'I'1JRXANA ]H~m 

A number of poorly - preserved, generalised, Cosmopolitan - only 

faunas lacking the 'Archaic' element are known from low in the Lothaearn 

Formation tVan Darnme, 1978). Subsequent late Cenozoic sedimentary se~uenceR from 

the Turkana Basin all yield zone 1 faunas ~see Fieure 3.11). However, faunas 

allocated to molluscan biozones subsequent to zone 1 are reRtricted to the Urno 

Valley sequences and to the exposures east of Lake 'rurkana. This observation is 

expected from geophysical dates available for these various sequences tsee 

Figure 3.2). t:.olluACan faunas from the Umo Valley sequences are unfortunately 

very widely spaced in stratigraphic terms tsee Figure ,.11). Although the majority 

of the Omo Valley sequence mollusc faun~q can be readily allocated to the 

biozones present in the molluscan biostratigraphic type section, as indicated 

previously, correlations between the sections east of Lake Turkana and the Urno 

Valley sequence are of neccesRity rather generalised tFigure ,.11). 

However, the rather generalised correlations permitted on the basis 

of mollusc faunas between these two areas are clearly in good agreement with 

those previously proposed on the basis of vertebrate evidence; (Cooke and ~~glio, 

1971; :Vhite and Harris, 1977; Harris and \'i'hite, 1979). 

'l'he possible range of pos! tions of the main tuff horizons now 

recognised in the sequences east of the lake vis-a-vis the variouA units of the 

Shungura Formation in the Omo Valley sequence are indicated in Table ,.3 . 

• 
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Caption to Figure 3.11: Generalised correlations between various late Cenozoic 

sites in the Turkana Easin (see map, Figure 3.1, for eeographic location of 

these various sections). General depositional reeime at different points in 

the various sections is also indicated. The section east of Lake Turkana 

(Kubi Algi and Koobi Fora Formations) is re-ordered on the basis of the 

molluscan biostratigraphy (see Figure 3.10); approximate ~lative thicknesses 

of the molluscan biozones, as Reen in the type section, is indicated. 

Individual mollusc faunas from other sections are indicated, with the zonal 

attributions of these faunas. 



312 

key FIGURE 3. 11 

Vertical Scale: 1mrn = 5m 

--- Firm geophysical correlation 

- - - - - Generalised correlation line 
based on mollu~can faunas 

~~ Lacustrine sedimentation dominant 

)~. Transitional (Littoral, deltaic) sedimentation 
~ domina.'1 t 

3 Fluvial deposition dominant 

SHUNOURA fm 

9 

9 
9 

?-----
• 

...... . --- ...... 

WARATA fm 

H 
KANAPO/fm 

...... ...... 

OUOMDffm 

100l 

~BIALgll 
, KOOBI FORA fw 

I .. ~ 

9 
lo_r/m\d~lIe 

kb • .. 
78 tu\" bor e3) 

e 
5 

tulu bo, C2_ 
4 

.",e,el (2_ 

ha."ma 
tulu bor ell 

CASA 

1.............-p 33 



- - ."" 

313 

TABLE 3.3.. Probable positions of the main tuffaceous 

marker beds of the Koobi Fora/Kubi Algi Formations within 

the Shungura sequence north of the Lake. 

EAST OF LAKE TURKANA 

CHARI/KARARI TUFFS 

L01VER/HIDDLE TUFFS 

KOOBI FORA TUFF 

KBS TUFF 

TULU BOR TUFF '3' 

TULU BOR TUFF '2' 

SUREGEI TUFF '2' 

HASUMA TUFF 

TULU BOR TUFF III 

SUREGEI TUFF 11·'. 

) 

) 

SHUNGURA FOar,rATION 

) •••••••••••••••• Younger than G20 
) 

) 

•••••••••••••••• rUd-late r.tember G 

•••••••••••••••• ?Hid-late ~Iember G 

••••• • • • • •••• • • • . Uppermost r'Iember C -
LO\'lermost r·lember G 

•••••••••••••••• Uppermost Member B -
l-iember C 

•••••••••••••••• Basal Member 2 - Hember 
B10 

• ••••••••••••••• Member B10 or older 
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Generalised pattern of lacustrine transgre~sion and 

re~ession of the late C~nozoic LRke 'rurkana 

reGulting from revisions to litho~tratigraphic 

interpretation re~ui~ed by biostratigraphic 

analysis (compare Figure 10). 
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FIGURE 2.12 
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~.8 ~ mAL IMPLICATIONS OF PROPOSED MOLLUSCAN BIOSTRATIGRAPHIC SCHEME 

a) Implications for eeophysical dating of sections east of Lake Turkana 

The good agreement between vertebrate faunas, geomagnetic polarity 

sequence and tuff radiometry in the Omo Valley sequence is not renected in ~he 

deposits east of the lake. 'ruff dates in the latter sequence show a wide ac~tter 

of ages, due to metasomatic overprinting (Isaac, 1976), and increasing uncertainty 

has arisen about the validity of many of the observed geomagnetic polarity 

determinations (Leakey, 1978, Cox, Pers. Comm.). 

Assuming that the geophysical dating sequence is broadly correct, 

several of the published geophysical dates for the sections east of Lake ~rkana 

(see Fig. 3.2) are clearly at variance with the generalised molluscan correlations 

proposed· between these two sequences. In particular, molluscan correlations 

concur with published vertebrate evidence in supporting the younger advocated 

dates for the KBS tuff. The published date for the Hasume tuff would also appear 

to be too old; this tuff waR dated at 3.9 Myr, but on the evidence from the 

mo11uscR cannot be older than Member B10 or 11, BuggeRting a maximum date around 

2.6 - 2.7 Myr. (Brown and Shuey, 1976). the published dates for the ~u Bor 

horizon in area 116 were in fact determined on a unit a short stratigraphic 

interval below the horizon normally regarded as the Tulu Bor in area 116 (i.e. 

on 116/T!). no mollusc data is available for this horizon, but the suggestion 

has been made on the basis of suid evidence that this date, of 3.2 Myr, is in fact 

rather too old in terms of the Orno sequences. 116/'!'II lies just below zone 5 

faunas, and presumeably post-dates late Member C, whereas a date of 3.2 Myr. for 

116/TI wouldimply an early zone 1 age for this latter horizon despite its strati

graphic propinquity to known zone 5 faunas. 

b) Implications for palaeogeographic development of the late Cenozoic Turkana Basin 

A serious difficulty in the interpretation of the late Cenozoic 

history of the Turkana Basin has hitherto been the mis-match between the 

palaeogeographic history recorded in the Omo Valley sequences and that 
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interpreted from J'he deposits east of the lake, despite the fact that these' 

areas are only 50 km apart. 

In the area eaRt of Lake Turkana, it was ~onsidered that a progressive 

northwards transgression took place throughout the Kubi Algi Formation, with a 

brief hiatus at the Hasuma level; this transgression culminated in a major lake . 
high-stand at the Suregei level (Vondra and Bowen, 1976; 1978; Findlater, 1918). 

The lake remained at a high level throuhout much of the Lower Member, with a 

brief regression subsequent to the Tulu Bor level (F1ndlater, 1978) until a return 

to more regressive conditions just below the XES level; these broadly regressive 

conditions persisted throuhout the Upper Member of the Koobi Fora Formation. '£he 

Guomde represents a later, short-lived lacustrine transgression. 

By :oontrast, the Omo Valley sequences appar~ntly record at least 

intermittent lacustrine conditions throughout the earlier Plio-Pleistocene, with 

a major regressive phase in the Basal Member of the Shungura Formation which 

continued essentially uninterupted until mid-G, when a comparatively brief lacus-

trine interval is recorded, terminated by a major regressive phase in uppermost 

Member G. (De Heinzelin et el, 1976; Brown et al., 1978). A gradual lower Plio-

Pleistocene transgression culminating in a major lake high-stand, indicated for 

the Kubi Algi Formation, is not seen. 

However, it is now recognised that units hitherto allocated to the 

Suregei tuff in fact represent two different distinct horizons. It is also 

clear from the mollusc evidence that the northern exposures of the 'Ruregei tuff' in 

fact pre-date the type ~uregei of Alia Bay, as do certain of the northern exposures 

of the 'Tulu Bor'. (See fig. 3.10). This implies considerable Kubi Algi age 

lacustrine sedimentation throughout the eastern part of the 'rurkana Basin froM 

the earliest Plio-Pleistocene, and does not support the 'idea of a major trans-

gression at the level of the type Suregei. In other words, re-ordering the deposits 

east of Lake rrurkana on the basis of Mollusca suggests extensive early Plio--

Pleistocene lacustrine sedimentation in both this area and in the Omo Valley. 

The major regressive interval from Shungura Member A to mid-Member G would be 



reflected by the regressive il terval at ~~d above the Hasuma level east of the 

lake. Geographical isolation of lake faunas evidenced east of the lake at the 

type Suregei level presumeably reflects a late stage. of this regressive regime. 

Subsequent lake transgression and major adaptive radiation of mollusc stocks 

during "the Lower Member of the Koobi Fora Formation is presumeably a reflectton . 
of the substantial mid-G transgression recorded at the Omo, while subsequent~ 

molluscan extinctions recorded east of the lake in the uppermost Lower Member, 

with return to more regressive conditions, would be reflected in the change to 

more regressive circumstances recorded in upper member G. (Hee Fig. ~.11). 

'rhe demonstration that units hitherto allocated to the TUlu Bor in 

fact represent at least three horizons of widely differing age also makes the 

current recognition of a single 'Post-Tulu Bor erosion surface' around the eastern 

part of the basin questionable. 

Subsequent minor transgressions of the lake are recorded in Member L 

at the S hun gura , in the Guomde Formation, east of the lake, and in "the latest 

Plio-Pleistocene/Holocene lake high-stands recorded by the Kibish and Galana 

Boi Beds. 
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c) Implications for evolutionary analysiR of mollusc faunas. 

The biostratigraphic analysis presented here has, fortunately, little 

effect on the superpositional relationships of the various molluRc faunas 

empl~yed in the morphological analysis presented previously in Part 1. However, 

it 6~ould be noted that the biostratigraphic analysis suggests the allocation 

of faunas 3-7 to zone 1, and implies that they therefore substantially, 

rather than slightly, pre-date the 7.one 3 episode of profound morphological 

change at the type Suregei level. Fauna 1~ is also suggested to pre-date this 

period of morphological change, as it is also alloc~ted to 7.on~ 1, ~hp.reaR 

in terms of conventional lithostratigraphic correl8tion in thp area, it 

should in fact post-date the zonp 3 faunas. 

The m~in implic~tion of th~ biostratiBTaphic analysis for the 

evolutionary study of the mollusc faunas is the revision to the palaeogeographic 

development of the basin that re~ults (qee Fi~lre 3.1~). In particular, as 

indicated previously, recognition that 'lnits hitherto regarded as the ~uregei 

tuff in fact represent at least two different hori7.ons indicates that the 

episode of profound morphological change doc,unented hy the aherrant ~one 3 

faunas at the type Suregei level took place at a time of lake regression 

rather than major transgTession. r~is conclusion is strengthpned by mammalian 

correlations sugF,esting equivalence of the type ~uregei with Member C of the 

Shungura Formation in the Omo Valley sequence (per~. corom. J. Harris). 

Members C through basal G in the ~hungura are known to document a consistently 

regressive period of lake history (deHein7.elin et al., 1976). 
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PART 4 

GENERAL DISCUSSION AND CONCLUSIONS 



4.1 IN'rRODUC'l'ION 

The contemporary organic world is clearly divided into a series 

of more or less discrete genetic and morphologic entities. The current 'orthodox 

view is that such 'species' can best be defined in terms of the 'biological 

species concept'; according to Mayr (1963) biological 8pecie~ are 'groups 
-

of actually or potentially interbreeding populations that are reproductively 

isolated from other such groups'. ~e biological species concept has proved 

to be of great value, despite the recurrent difficulty that althoueh species 

are defined in termR of their reproductive attributes, they are in practise 

usually recognised by their morphology (Sokal and Grovello, 1970). Reproductive 

isolation and consequent genotypic differences between specieg are rather 

generally reflected in phenotypic discontinuities between them, but this 

is of course not invariably the c~~e. 

Although there is rather general agreement as to the definition 

of biospecies, and agreemp.nt that such biospecies are connected in a series 

of ancestor-descendant relationships, a persistent area of debate h~ been 

the precise mechanism by which one blospecies gives rise to another. In the 

sense that biospecies are regarded by most workers as the fundamental units 

into which organis diversity is divided, the process by which one is derived 

from another - speciation - must be regarded as the fundamental evolutionary 

process. A wide variety of models for the speciation process are currently 

available. Certain of these models are primarily concerned with ~echanisms 

for evolutionary change within a single biospecies lineage; others with the 

ways in which a Single lineage may 'split' to give one or more new blospecies 

lineages (i.e. anagenesis and cladogenesis, respectively, of gimpson, 1944)). 

All these models, however, seek to explain the nature of the events 

surrounding the transformation of one biospecies into another. 

Except in cases of instantaneous speciation through polyploidy, 

speciation is too slow a process to be observed directly. ~e events 

Burrounding this process have therefore had to be reconstructed largely by 

inference. Current models for the speciation process are therefore chiefly 
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founded on two main lines of evidence. Firstly, evidence of the modern 

geographic distributions of incipient and recent species have been used to 

reconstruct possible pathways of speciation. Secondly, manipulation of 

laboratory populations has been used to investigate probable mechanisms for 

th~ speciation process. '£he problem h~q been that the ~irst line of evid~ce 

is ~urely circumstantial, and the second approach tells much ahout the _ 

possibilities of genetic manipulation of closed lahoratory populations, but 

may not accurately mirror evolutionary process in nature. '~e ambivalence 

inherent in both these lines of evidence has led to a plethora of putative 

models for the speciation process. However, an additional And important 

source of evidence for the nature of epeciation mechanisns'has hitherto 

been comparatively neglected. Speciation events must be documented in the 

fossil record, but this record has been little exploited from the point of 

view of testing neontologieal models for speciation mechanisms. '~is is 

probably in part because of constantly reiterated statements as to the intrinsic 

incompleteness of the fossil record; such statements have doubtless 

discouraeed palaeontologists from contributing to evolutionary debate (Eldredge 

and Gould, 1972). 

Our only direct access to the nature of lone-term historical processes 

in the organic world is the fossil record. In the sense that speciation, the 

fundamental evolutionary process, is a historical process, the fossil record 

must stand as the ultimate arbiter of evolutionary th@ory. Properly used, the 

fossil record has a critical role to play in the falsi£ication of speciation 

models generated on the basis of neontological data. ~sification of given 

models for the speciation process using specific local faunal successions 

is precticable because such nodels inevitably make implicit or explicit 

predictions about the succession of events durine speciation; in the sense 

that biospecies generally represent phenotypic as well as genotypic 

discontinuities, this amounts to nakine predictions about probable patterns 

of morphological cht~ge within species lineages in the fossil record. 

Figure 4.1 is an attempt to summarise in general terms the predictions made by 
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cUlrently available models for the speciation pr~cess, as to probable patterns 

of morphological change with time, and the geographical distribution of 

ancestral and derived species, during speciation. These various models will 

now be briefly described, (section 4.2), and then an attempt will be made to 

'falsify' them for the Turkana Basin mollusc sequence (section 4.3), by . 

comparing patterns of morphological change observed in that sequence with. 

patterns of morphological change predicted by the various models. 

4.2 REVIEW OF PRINCIPAL MODELS CURRD'ITLY AVAILABLJc~ FOR '!'HE HP.EnIA'l'ION PROCElS 

1. Founder Effect Allopatric SpeCiation theory (Mayr, 1963). 

This model for the speciation process is based on the assumption thai 

biospecies in nature are not normally amenable to significant evolutionary 

change, due to normalising gene flow and the inbuilt homeostatic effects of 

genetic systems (genetic homeostasis ~enRU Mayr, 1963). Adaptation to local 

conditions at specific sites in the species range is resisted by the inertia of 

genetic homeostasis, and is in any case nullified by constant introduction of 

genotypes from elsewhere in the range, where conditions may differ; such 

introductions constantly 'reset the evolutionary clock' as far as the local 

population is concerned. New biospecies arise only within small, geographically 

and genetically isolated populations commonly situated at the periphery of the 

species range. 

The importance of such 'isolates' as sites of speciation is that 

a) their genetic isolation permits them to adapt to local conditions 

without this adaptation being constantly prevented by the influx of unsuitable 

genotypes from elsewhere in the range; 

b) such isolates often lie on the species range periphery, are likely 

to be under strong environmental stress, and consequently experience strong 

pressures for evolutionary change; 

c) these isolate populations are frequently comparatively small, 

perhaps founded by very few individuals, and are thought likely for a number 

of reasons to therefore be mor~ tractable to the evolutionary pressures they 
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Caption to Figurt. 4.1: Boxes A-K; Schematic representation of· current models for 

the speciation process. Large circles represent geographicaJ 

range of parent taxon. S~all circles repreRent demes or 

isolates. Vertical bars, to which 'time' and 'morphology' 

axes refer, indicate patterns of morphological change with 

time that are predicted to occur in the shaded part~ of 

the relevant geographical range diagrams. Small arrows on 

the geographical range diagrams indicate migration of newly 

evolved forms from the demes or isolates where they arise. 

Larger horizontal arrows at the base of certain vertical 

bars indicate the local appearance of immigrant forms. 

A1/A~: Founder Effect 4110patric Speciation theory. 

B1/B2: ~ympatric ~peciation (various models). 

£: !Speciation' by allopolyploidy in thelytokous taxa. 

~: 'Speciation' by autopolyploidy and 'speciation' by 

mutation, both in thelytokous taxa. 

E: Stasipatric speciation. 

F: Classical allopatric speciation ('Dumb-bell' model). 

Q: Area Effect ~peciation. 

H: Parapatric and Clinal speciation. 

1: Speciation by disruptive selection. 

J: Speciation by mass-selection mechanisms. 

li: Speciation by Shifting Balance Process Model. 

Boxes 1-3; Alternative patterns of morphological change on 

introduction of newly-evolved derivative taxon into 

ancestral species range. 

1: Introgression. 

1: Co-existence with character displacement. 

2: Competitive elimination of ancestral or derived taxon. 
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experience than are the l~rge, interbreeding populations occupying the ~ain 

body of the species range. 

This evolutionary tractability of peripheral isolates is thought to 

be primarily due to the fact that their small size encourages a series of 

genetic changes which, together with the strong selection pressures they 

experience, and their genetic isolation, act to break down genetic homeost~tic 

mechanisms. Break-down of genetic homeostatic mechanisms will lead to disturbances 

in developmental canalisation, and consequent mobilisation of large amounts 

of phenotypic variability (Levin, 1970). Under the influence of the relatively 

strong selection pressures experienced within the isolate, and following the 

break-down of genetic homeostasis, a period of rapid evolutionary change will 

ensue in the now genotypically and phenotypically labile isolate population. 

A new optimum genotype and phenotype appropriate to local conditions within the 

isolate will soon be reached; following the reconstitution of new sets of genetic 

homeostatic mechaniSms, the modified popUlation may then be partly or entirely 

reproductively isolated from its ancestral species, i.e. be at least incipiently 

a new biospecies. 'rhis process of break-down of homeostatic systems, rapid 

evolutionary change, and subsequent reconstitution of novel homeostatic systems 

and patterns of developmental canalisation, has been termed by Mayr the 

'genetic revolution'. Althoueh this speciation model commands wide support from 

neontologists, the process described above has never in fact been Been in 

monern faunas or the fossil record; the quote from Lenin - made, of course, in 

a very different context - given at the beginning of this thesis, is therefore 

apposite. The principle processes that have been advocated aA primary 

contributors to break-down of genetic homeostasis, mobilisation of phenotypic 

variability, and consequent evolutionary change within peripheral isolates, 

are tabulated in Table t1.1. 

The ultimate fate of a newly evolved form within a peripheral i~olate 

is ~garded as being determined by a number of factors. It may invade the 

ancestral species range, but if not fully reproducti, ely isolated from the 

ancestral species, introgression may follow. If fully reproductively isolated 

from the ancestral species, the new biospecies may eliminate or co-exist with 
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Caption to Table 4.1: Mechanisms ~reviou9ly propoRed for break-down 

of genetic homeostasis in populations within 

geographical isolates. Mechanisms marked by an asterisk 

will only operate in lineages having genetic recombinatio 
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the ancestral taxon, depending on the extent to which the evolutionary events 

within the isolate have involved a shift to a new niche in the derivative form. 

Co-existence of ancestral and derived species over the ancestral range may 

require a period of character displacement in one or the other species following 

introduction of the derived form ~o the ancestral range (Mayr, 1963). 

There is a major difference of opinion among adherents of the ~lopatri( 

model for speciation as to when, precisely, reproductive isolation is attained 

in the derivative taxon. Those who believe in the '~trict' allopRtric model 

regard reproductive isolation as being attained a~ an inevitable by-product of 

the the genetic revolution in the peripheral isolate. Barriers to breeding 

with the ancestral species are therefore regarded as being essentially complete 

before derived and ancestral taxa meet (Paterson, 1978). Others envisage the 

greater part of the barriers to reproduction as heing perfected Rfter the 

derived and ancestral taxa first encounter each other (AyalR at al., 1974). 

This process of 'speciation by reinforcement' supposes that although major genetic 

changes occur within the isolate, effective reproductive harriers are only erected 

when the daughter species reinvades the ancestral species range; inter-population 

crosses between the genetically distinct but not reproductively isolated 'species' 

are considered to be competitively inferior, and natural selection is expected to 

act to discourage such crosses, presumeably hy favouring alleles which promote 

intra rather than inter-population matings in the two forms. 

Although Founder Effect Allopatric Speciation theory predicts that 

new species and evolutionary novelties are nomally produced in peripheral isolat€ 

this is not at all the same thing as stating that peripheral isolates normally 

produce new specie~. In general, it is considered that the most usual course of 

events is for the derived forms within isolates, even if they have attained 

reproductive isolation from their parental forms, to be competitively eliminated 

by the unal tered ances tral. species once communic9.tion between the isolate -

and the rest of the ancestral species range is re-estRblished; successful 

speciation is ~robably a statistical rarity compared to the number of isol~tes 

actually existence at anyone time (Mayr, 1963). 

The general pattern of morphological change through time predicted 
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to occur within peripheral isolates is indicated in Figu~e 4.1, box A1. 

Note the increase in phenotypic variance during the derivation of novel forms 

within the isolate that is predicted by this model (at point 'x', box A1). 

Patterns of morphological change predicted to occur outside the isolate are 

summarised in box A2, Figure 4.1, and and alternate possible patterns of ~orph-
. 

ological change when the derived and ancestral species first meet are summarised 

in Figure 4.1, boxes 1 (introgression), 2 (coexistence ~ith character 

displacement in either ancestral or derived taxa), and 3 (co~petitive eliminatior 

of one or the other taxon). 

2. Syrnpatric speciation (various models). 

Unlike allopatric speciation, sympatric speciation envisages primary 

interruption of gene flow during speciation as due to ecological rather than 

geographical factors. Although most models of sympatric speciation 

imply a rapid process of species formation (Mayr, 1963), they envisage new 

biospecies as arising within the range of the ancestral taxon, in fact as 

arising within the dispersal area of the offspring of a single deme. A number 

of mechanisms, all basically ecological, have been suggested as responsible 

for the primary blockage of gene flow between parental and derived forms, 

including homogamy, pre-adaptation, and niche selection. r~e relative fraction 

of the total ancestral range over which the sympatric derivation of a novel 

species might occur is thought to vary with the type of dispersal mechanism 

in the organism involved (White, 1978). However, it seems generally to be the 

case that only a small fraction of the ancestral range is normally involved 

(Mayr, 1970). 'rhe pattern of morphological change apparently predicted by 

the various models for sympatric speciation as occurring at the site of 

'derivation of a new taxon is summarised in Figure ~.1, box B1. The expected 

pattern of morphological change as a derivative form spreads throughout the 

range of the ancestral taxon is summarised in Fieure ~.1 boxes B2, and 1-3. 
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3. Allopolyploidy 

This unequivocally established speciation mechanism involves the 

instantaneous combination of the chromosome: sets of two previously distinct 

species. The predicted pattern of morphological change is ~q indicated in 

Figure 4.1, box C. As in the case of the subAequent mechanism, allopolypl~idy is 

apparently restricted to permanently thelytokous taxa. 

4. Autopolyploidy 

This unequivocally establi~hed speciation mechanism involves 

participation of more than two haploid chromosomes in the formation of the 

zygote. It should lead to the pattern of morphological change indicated in 

Figure 4.1 box D. 

5. 'SpeCiation' by mutation 

'Speciation' by gene mutation is a mechanism also limited to permanen

tly thelytokous taxa (Mayr, 1963). Several major groups, including Bdelloids, 

appear to have utilised this mechanism extensively (Stanley, 1975). In such 

groups, it is thought that major morphological diverAification is attained by 

repeated mutation within given clones, and subsequent elimination of 

morphologically intermediate clones. The basic pattern of morphological change 

predicted, perhaps repeated many times, is as in Figure 4.1 box D. 

6. Stasipatric speciation (White, 1978). 

White has proposed this mechanism of chromosomal speciation, in 

which a chromosomal mutation arises at a single point in the ancestral 

species range, and then spreads out on an advancing front, forming a narrow 

belt of polymorphism as it does so. A possible pattern of morphological change 

to be expected from this mechanism is indicated in Figure 4.1 box B, but many 

such chromosomal alterations are known to have little significant effect on 

external phenotype. 

7. Classical Allopatric Speciation 

This is the classical 'Dumb-bell' model of allopatric speciation 



(Mayr, 1963). Geographical interruption of a previously continous speci9s 

range is envisioned as leading to a ~teady and progressive divergence of 

the two large populations on either side of the resulting genetic discontinuity. 

This process should lead to the pattern of morphological change indicated in 

Figure 4.1 box F. 

8. Area Effect speciation (Cain and Currey, 1963a, b). 

This model envisages genetic differentiation of certain local demes 

proceeding to the point where otherwise adaptive gene-co~plexes in given 

demes give rise to inferior hybrids with genotypes from neighbouring demes. 

This incompatibility in turn provides a basis for further differentiation, 

and ultimately speciation. The spatial distribution patterns of certain colour 

-banding morphs of Cepaea, which have been attributed to the operation of 

area effects, are known to have remained little-altered since the Neolithic in 

some areas of southern Britain (Cain and Currey, 1963b). This model for 

speciation therefore seems to imply a rather gradual change in anyone area, 

and would result in a gradual pattern of morphological divergence as the 

various demes progressively became distinct (Fieure 4.1 box G). 

9. Clinal or Parapatric speciation (Murray, 1972). 

'rhis model has many similarities to area effect speciation, 

(White, 1978). It envisages the possibility that local differentiation within 

a cline might overcome the cohesive force of gene flow by migration to such an 

extent that the cline undergoes fragmentation into two or more distinct species. 

This model clearly envisages the gradual morphological divergence of the large 

populations on either side of the resulting genetic discontinuity (Fig. 4.1 box H 

10. Speciation by disruptive selection (Thoday, 1955). 

This model is b~sic~lly q speci~l caRe of sympqtric 

speciation; most versions seem to envision a gradual morphologic~ splitting 

of a species over all or most of its rAnge, due to the action of a strongly 

disruptive selection regime (Figure 4.1 box I). 
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11. Mass Selection (Sewall Wright, 1918). 

This process is envisioned as operating in one of two ways. Gradual 

change of condition~ over all or a large part of ~ species range may lead 

to a gradual transformation of the species by normal selective mechRnis~. 

Alternately, conditions may be static, but species may gradually undergo 

transformation as new and fitter genotypes ariAe by recombination and mutation, 

and the species gradually adapts more closely to ambient conditions. In both 

c~qes, the grat.ual transformation of given species is envisioned as proceeding to 

the point where a new taxon must he recoenised (Figure 4.1 hox J). 

1? Shifting ~A1ance Process Model (~ewal1 wrieht, 191R). 

~is model envisages evolutionary change within species 

lineages as consisting of a three stage process: 

1. in demes of small effective size, the stochastic effects of 

sampling drift in genp. frequencies may lead to the crossing of 

a shallow 'saddle' in the surface of selp.ctive values. 'rhe set of 

equilibrium fre~uencies will thp.n come under the control of a 

separate interaction system; 

2. this interaction system becomes firmly established in the deme by 

local, small-scale mass selection; 

3. the new interaction system spreads to neighbo'lring demes by 

selective diffusion (inter-deme selection). 

This model clearly implies a rather gradual, but not neccessari1y constantly 

unidirectional, change in morphology at anyone locality (Figure 4.1 box K). 

However, taking the species range as a whole, the shifting balance process model 

clearly implies a long-term gradual transformatio~ of the species, and a 

pattern of morphological change similar to that predicted by mass selection 
-

(Figure 4.1 box J). This process of gradual morphological change presumeably 

continues until a new taxon must be recognised. 

The brief list given above indicates that a considerable diversity 

of models for the speciation process has been proposed on the basis of 



currently availabl~ neontological data. The two evolutionary paradigms _ 

Punctuated Equilibria and Phyletic Gradualism - proposed by Eldredge and Gould 

on the b~~is of palaeontological data, were detailed in the introduction to 

this thesis. Certain of the proposed neontological models for thP. speciation 

process are entirely compatible with one or the other of these parRdigms, but 

certain of these models have aspects compatible with both. 

As discussed previously, the Punctuated Equilib~ia paradigm for 

evolutionary change predicts that such change is concentrated in small sub

populations of a species, and that within such small populations evollltionary 

change will be very rapid. Founder Effect allopatric speciation theory, 

sympatric speciation, autpolyploidy, allopolyploidy, , speciation' by mutation, 

and stasipatric speciation, are all compatible with this aspect of the 

Punctuated Equilibria paradigm, i~ +'h~t they all envi~agp. ~ienificant evolutionary 

innovation occurring rapidly in small populations (one or a few individuals), 

while the majority of the species population will not be involved in major 

evolutionary change. The Punctuated Equilibria paradigm also predicts that 

apart from these brief evolutionary punctuations in small sub-populations, 

species lineages should be fundamentally static in morpholoey through time. 

Founder Effect allopatric speciation theory, sympatric speciation, autopolyploidy, 

allopolyploidy, 'speciation' by mutation, and st~qipatric speciation, are all 

compatible with this prediction, but long-term morphological stasis in species 

lineages is an intrinsic and fundamental aspect of only one of these models, 

Founder Effect allopatric speciation theory. These observations suggest why 

Eldredge and Gould, although recoenising that several models for the spp.ciation 

process could producp. the Punctuated B~uilibrium pattern of evolutionary change, 

nonetheless attributed the near universality - as they belip.ve - of this pattern 

of change in the fossil record primarily to the operation of Founder Effect 

allopatric speciation. ~be latter model currently commands wide support from 

neontologists. 

Phyletic Gradualism envisages evolutionary changp. as occurring 

gradually, and involving the simultaneous transformation of large numbers of the 
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evolving species lineage over all or a very large part of its range. Although 

the pattern of origination of major evolution~ry novelties predicted by 

sympatric speciation, st~qipatric speciation, and speciation by polyploidy and 

mutation, is clearly punctuational in nature, there is nothing intrinsic to 

these mechanisms which neccessarily precludes long-term gradualistic 
... 

transformation of specie~ lineages. Significant evolutionary change coul~ 

concievably occur in in several of the~e models within species lineages, by 

the operation of one of the gradualistic mechanisms prposed earlier (e.g. 

mass selection), as well a by the various essentially punctuation~ mechanisms 

that these models primarily advocate. 

On the other hand, in terms of prediction as to ratp. of 

evolutionary change, and size of population involved in such change, 

classical allopatric speciation theory, parapatric/clinal speCiation, 

speciation by disruptive selection, mass selection, and shifting balance 

process model are all entirely compatible with the Phyletic Gradualist 

paradigm. No aspect of these models seems compatible with the Punctuated 

Eql1ilibria paradigm. Area effect speCiation, although proposing that significant 

evolutionary innovation takes place within small sub-populations of a species, 

nonetheless clearly predicts a gradual is tic evolutionary transformation of 

such populations; this model is therefore compatible with aspects of both 

the Punctuated Equilibria and Phyletic Graduali~t paradigms. In addition, 

although the successive steps in evolutionary transformation of thelytokous 

taxa during 'speciation' by mutation are clearly punctuation~l, Gould and 

Eldredge (1977) have indicated how a succession of such steps, combined with 

the spread of successive mutant forms around the species range, could result 

in an A.pparently gradualistic pattern of change in such forms. 
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O~cil19ti~s ~ut essentially 
st~tic ~~~pholneY 

~udnp.n ~~pp'qrR~Cp. of ncvp.l 
mor,hology 3 

O~cillating but e~sp.ntially 
~tatic morpholosy 

~udden ap~ear~cp. of nov~l 
morp'l-lology 2 

Oscillating b'lt p."Isentially 
static morp~ology 

Major morphologicql excursion 
to novp.l moruhology 1 
~ccomp~n1ed by major increase 
tnen decrMse in phenoty'Dic 
vari~nce 

O~cillatbg 'hut 
eRsentially 
static mo~holoGY 

FIGURE 4.2: Generalised pattern of morphological change seen 

in long-ranging mollusc species lineages from the late Cenozoic 
deposits of the Turkana Basin. 

-- , 
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CRntion to Fieurp A.~: Summary of general pattern~ of mn~holoeic~l change sep.n 

in the thirteen major mollusc specieR lineages from the late Cenozoic deposits 

of the eastern rrurkana Ba~in. Generalised Rection on left ~~ in Fieure 1. 

Ruled horizontal 1ine5 across field of diagram indicate basal ~urfaces of 

~ureeei and KBs tuff horizons, and limits of the Koobi Fora Fo~ation, Guomde 

Formation, and Galana Boi BedR. Dotted lines on species phylogenies indicate 

major morp~oloeical hiatus due to incompleteness of r.ecord. 

All lineages preRent at the Huregei level show rapid and major 

morphological excursions. In the case of the well-documented lineages Bellamya, 

Melanoides, Pseudobovaria and Caelatura (caelatur.a), this excursion is documented 

by rise, then fall, in phenotypic variance. In the case of the well-documented 

lineages Cleopatra and Gabbiella, this morphological excursion is accompanied 

by a rise in phenotypic variance, but no subsequent fall. The remaining lineages 

at the Suregei level are too poorly represented for the details of their 

respective morphological excllrsions to be documented. 

Several lineages in the Lower Member of the Koobi Fora Formation 

undergo adaptive radiation, with the appearance of novel morphologies at various 

levels which accompany their ancestral forms for variable periods of time. 

In the case of Cleopatra, Caelatura (caelatura), Mutela, and ~lppra, these novel 

morphologies appear suddenly and coexist unchanged for variable periods of time 

with their ancestral species lineages. In the c~~e of BellamyR, a novel form 

appears suddenly, but rapidly grades back into thp ancestral morphology. In the 

case of Melanoides, a very diverse and gradational serie~ of increaSingly 

aberrar.t forms appears progressively during the Lower Member, but intermediate 

forms also tend to drop out over thiR interval, so the pattern is eRRentially 

one of gradual morphological bifurcation. All the n~'el formR ariRing in the 

l.ower Member disappear at Rome point before the end of the uppermost Lower 

Member. Lineages which do not develop novel forms durine this interval arp. 

frequently reprp.sented by nopulations showing relatively high levels of 
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8artion to ~i~lrp L.? (conto.): 

phenotypic variance (reprp.~ented by horizontal wavy line~ on diagram). 

~nis feature is particularly noticeable in the lineages Pseudobovaria, Valvata, 

ane: f}",'hbiella. 

All lineages occurring in the Guomde Formation are represented by 

aberrant forms: the situation is therefore comparable to that at the Suregei 

level, but M the Guomde is unconformity-bounded, the derivation of these 

aborrant forms from their ancestral lineage~ is not documented. 

With the exception of the threp. epiRodeR of morphological excursion 

detailed above, all specieR lineages show 'oscillatory' but fundamentally 

static morphology overall. 
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4.3 PATTERNS OF MORPHOLOGICAL CHANGE Dr THE 'l'URKANA BASIN KlLLUSC Sm~CF!3 

The patterns of morphological change that have been demonstrated 

to occur in a taxonomically and biologically heterogenous serieR of ~ollusc 

species lineages from the late Cenozoic of the 'furkana Basin are summarised 

in Figures 4.2 and 4.3. As indicated in Figure 4.3, Rome lineages show all: 

the features of morphological change indicated in Figure 4.2, whereas somei 

due to rarity, absence, or incomplete documentation at certain levels, do not 

show the whole picture. However, the following generalisations on available data 

seem justified • 

.!. All lineages show long-term stasis in morphology. Although some 

'oscillation' about modal morphology is exhibited, no lineage 

exhibits any continou~, directional, morphological trend during 

the late Cenozoic. 

~. Morphological novelties within the otherwise static molluscan 

species lineages arise either by 1) rapid transformation of the 

normally static ancestral species lineageR (at the gllregei and Guomde 

levels) or 2) enter the record suddenly, and then co-exist unaltered 

with their ancestral taxa for variable periods (in the Lower Member 

of the Koobi Fora Formation). The two exceptions to the last general-

isation - Bellamya and Melanoidp.s - will be discussed Rubsequently. 

Qi,All morphological novelties arising in the Turkana sequence are 

completely unknown from ~ywhere other than the 'Purkana B~Rin. The 

stable species lineages that give rise to these novelties are 

generally of wide geographic distribution within Africa or in the 

tropics as a' whole. 'fue evolutionary novel tieR arising in the Turkana 

sequence are therefore demonstrably derived from relatively small 

sub-populations of their ancestral species lineages. 

The pattern of long-term morphological stasis, punctuated by rapid evolutionary 

innovation in small sub-populations, that is seen in all molluscan species 

lineages from the Turkana sequence, conforms precisely to the Punctuated 

Equilibrium paradigm of evolutionary change, but is quite incompatible with any 



Phyl~tic Gradualist interpretation. 

As indicated in section 4.2, several of the available neontological 

models for the speciation process are at least potentially reconcilable with 

the Punctuated Equilibrium paradigm for evolutionary change, although only 

one-of these, Founder Effect allopatric speciation theory, neccessarily ;esults 

in the Punctuated Equilibria pattern of evolution. The three episodes of ~ajor 

morphological change recorded in the mollusc lineages from the late Cenozoic of 

the eastern Turkana Basin will now be exrunined in turn, in an attempt to 

falsify the variou~ currently available speciation model~ for this sequence. 

A. EVents at the Suregei level. 

As indicated previously, novel morphologies a~i~e simultaneously 

in all documented lineages at the Suregei tuff level (uppermost Kubi Algi 

Formation and lowermost Koobi 'Fora Formation). 't'hese novel morphs are all 

entirely endemic to the Turkana Basin. From the previous discussion, it will be 

clear that of available models for the speciation process, only Founder Effect 

allopatric speciation theory predicts the following combination of observations 

made at this level: 

a) Derivation of evolutionary novelties from otherwise morphologically stable 

ancestral stOCKS. 

b) Derivation of evolutionary novelties by the rapid trAnsformation, over a 

brief stratigraphic interval, of their ancestral lineages. 

c) Derivation of evolutionary novel ties from small Flub-populations of the 

ancestral species, over a relatively small area of the ancestral species 

range. 

d) Derivation of evolutionary novelties by transformation of ancestral stocks 

via a period of increased phenotypic variAnce. 

e) Derivation of evolutionary novelties simultaneously in all lineages. 

Point ~ above is implicit in Founder Effect allopatric 

speciation theory because the primary extrinsic trigger for evolutionary change 

wi thin the geographical isolate 'is considered to be its genetic isolation 

(Mayr, 1963). Effective genetic isolation of populations of a particular lineage 
1 -
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wi thin ~he iso"..ate implies effective genetic isolation of aJ I other 

accompanying lineages possessed of similar dispersal abilities, and hence 

simultaneous evolutionary change. All the lineages considered in this work are 

aquatic taxa of presurneably similar vagility, and a barrier to gene flow in 

on~ is likely to be a barrier to gene flow in all. 

~. ~~ents in the Guomde Formation 

As indicated previously. all species lineages from the 'rurkana Basin 

sequence that occur in the Guomde Formation are repre~ented there by completely 

novel morphs endemic to the Basin. rrran~i tiona! forms between the normal 

ancestral morphologies and these aberrant forms are unknown, ~q the Guomde 

Formation is unconformity-bounded. However. from the previous discussion it 

will be clear that only Founder Effect allopatric speciation theory predicts 

the following combination of observation~ made at this level: 

a) Derivation of evolutionary novelties from otherwise morphologically stable 

ancestral stocks. 

b) Derivation of evolutionary novelties by transformation of ancestral lineages 

('normal' forms of the various ancestral lineages are unknown from the 

Guomde). 

c) Dp.rivation of evolutionary novel tieR from Rrnall Bub-populations of the 

ancestral species over a relatively small a~ea of the ancestral species 

range. 

d) Derivation of evolutionary novelties simultaneously in all lineaees. 

e) Morpholoeical sta~iA in evolutionary novelties following their origination 

from the ancestral stocks (no morphological trends are detectable during the 

Guomde in the aberrant representatives of the various species lineages 

preRent ). 

On the interpretation offered here. the Turkana Ba~in functioned as a 

geographical isolate at the ~ureeei level and in Guomde times. The patterns of 

morphological change seen in the various lineageR, at these levels, would 

correspond to that indicated in Figure 4~1 box A1. However, due to the fact 
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that the Guomde has a major unconformity at its base, documented events L~ 

this formation only reflect the latest ~hase of this pattern of morphological 

change. On this interpretation, major evolutionary change within the Suregei 

level and Guomde isolates would be triggered by the major regresRions documented 

in the mid and upper Kubi Algi Formation, and in pre-Guomde times. '!be 

'conventional' picture of palaeogeographic dvelopment of thp. late Cenozoic Turkana 

Basin in fact recognises a major lacustrine transgression at the Suregei level 

(sp.e Figure 10). The concept of a major Ruregei l~vel transgression originally 

stemmed from the apparently very wide distribution of this ~Lff level around the 

ea~tern 'l.'urkana BMin. However, "the biostratigraphic analysis presented in part 3 

of this thesis indicates that horizons originally attributed to the guregei 

in fact include ~ uni ts of widely differing age!'!. '['he revi~ions to the early 

palaeogeographic history of the b~~in that this and other biostratigraphic 

observations require, summarised in Figure 3.1?, indicate that the ~ Suregei, 

which has yielded the aberrant faunas from the Suregei level, was in fact 

deposited during a significantly regressive phase of the lake. 'fue major late 

Kubi Algi and pre-Guomde regressions would inevitably result in a significant 

reduction in size of molluscan populations wi thin the '1'urkana Basin; as indicated 

previously, such population 'bottlp.necks' are an important pre-requisite for 

evolutionary change in Founder Effect allopatric speciation theory. In addition, 

a climatic basis for such regressions, suggested by the high alkalinities 

and dwarfed faunas of mid-Kubi Algi and pre-Guomde times, would have the importart 

effect of 'shrinking' the regional hydrographiC net. For aquatic orea-nisms thiA 

would have the inevitable effect o£ reducing effective gene flow into the basin. 

'!'he Suregei lp.vel and Guomde Formation epiAodes of significant 

evolutionary change are terminated by the transgre!'!sive maxima recorded 

immediately above the Suregei level and in post Guomde times (see Figure 3.12). 

These transgressions presumeably permitted re-immigration of lIDchanged ancestral 

stocks back into the baSin, and the competitive elimination by these forms of 

their erstwhile isolated derivative taxa. Competitive elimination of derived by 

ancestral taxa is considered to be a common course of ~'ents following 

re-establishment of communication between peripheral isolates and the remainder 



of the ancestral species range (Mayr, 1963). 

C. Events in the Lower Member of the Koobi Fora Formation 

As indicated previously, following the re-establiahment in the basin of 

normal representatives of the various ancestral species lineages in the lowermost 
gonochorist 

Lowe: Member of the Koobi Fora Formation, novel morphs arise from several/. 

lineages during a period of adaptive radiation. In the case of Cleopatra, 

Caelatura (caelatura), Mutela, and Eupera, novel morphR derived from these 

lineages appear suddenly at various levels in the Lower Member, and co-exist for 

variable periods of time with their ancestral species lineages (see Fieure 4.3). 

Intermediates between these new forms and their ancestral stocks are unknown. 

In the case of Bellamya, a novel and distinct derivative morph enters the 

record suddenly, but rapidly merges with the ancestral morphology. This pattern of 

morphological change, as indicated by the multivariate analysis of this lineage, 

is perplexing, but of available explanation~ for it, introgresRion would appear 

to be the most plau~ible, as discuRsed subRequently. 

All the novel forms arising in the Lower Member appear to be 

endemic to the 'rurkana Basin. From the discuRsion in section 4.2 it should be 

clear that only a) Founder Effect allopatric speciation theory and h) sympatric 

speciation models, are compatible with the following combination of observations 

made on the Lower Member radiation of gonochoristic taxa, 

a) Derivation of evolutionary novelties from otherwise morphologically stable 

ancestral lineages. 

b) Derivation of evolutionary novelties from small Bub-populations of the 

ancestral species (all novel morphs from the Lower Member are endemic to 

the Turkana Bas in. 

c) Morphological stasis in evolutionary novelties followin~ their derivation 

from the ancestral lineages (no morpholoBical trends are apparent in the 

novel lineages arising during the Lower Member, except for the putative 

introgression of the novel morph of Bellamya). 
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Patterns of morphological change in the per,umently thelytokous lineage 

Melanoides during the Lower Member represent a striking contrast to those 

seen in the gonochoristic lineages. In Melanoides, there is a striking 

and obvious increase in phenotypic variance during the Lower Member, with the 

grad~al and successive appearance of increasingly extreme novel morpho1ogi~s. 

The pattern of morphological change in Me1anoides over this period, as revealed 

by the Principle Components analysis of this lineage, corresponds closely to 

that predicted by the 'speciation' by mutation model. A succession of mutations 

produces a strikingly diverse and increasingly aberrant series of clones 

(mutation is of course the only available mechanism, other than polyploidy, 

for evolutionary change in permanently thelytokous taxa). However, towards 

the top of the Lower Mpmber, there is a clear indication that intermediate 

clones between the 'standard' ~ncestrRl ~. tuoer.mllata morphology and the 

most extreme morphology originating during the Lower Member (the form described 

as M. carinata in part? of this thesis), are becoming increasingly rare. 

The distribution of morphology in Melanoides during the upper part of the Lower 

Member becomes increasingly bimodal on the Principle Components plots as these 

intermediate clones drop out. 'rhis is precisely in accord with the 'speciation' 

by mutation model of radiation in permanently thelytokous taxa that has been 

invoked to explain the diverse clone arrays seen in Ruch groups as Bdelloids 

and chaetonotoidean Gastrotrichs (Mayr, 1963). Although this pattern of 

morphological change in Melanoides could concievably be due to a very large 
; 

successive number of repeated polyploidy events, this seems very unlikely. 

Jacob (1958) has demonstrated that Although one race of modern M. tubercu1ata 

appears to have arisen as an roltoa11opolyploid, it is phenotypically 

indistinguishable from the co-occuring diploid race. As indicated by the 

Principle Components analysis of the Me1anoides lineage presented earlier in 

Part 1, and by Plate III, the novel Melanoides morphs arising during the Lower 

Member are strikingly phenotypically different from the ancestral form 

~. tuberculata. 

The fact that transitional forms between ancestral species lineages 

and derivative morphs in the Lower Member are only known for the permanently 
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thelytokous form Melanoides, but are not known in th~ gonoc!oristic lineages, 

strongly suggests by implication that spatial isolation and interruption of 

gene flow is a neccessary pre-requisite for the evolution of novel forms in the 

latter group. In addition, the apparent case of introgression between the 

novel form of Bellamya and its ancestral lineage i~ not a possibility that 

could arise were such a novel form sympatrically derived in the first pla~e. 

This combination of observations suggests that the novel forms arising from 

gonochoristic lineages in the Lower Member do so by a process of FOltnder Effect 

allopatric speciation rather than by sympatric speciation mechanisms. 

Presumeably, under the apparently stable conditions documented by Lower 

Member deposits, isolation of certain populations of gonochoristic 

lineages could occur as a by-product of 'patchy' distributions across the lake 

floor. With long-term stability of lacustrine conditions, these could remain 

isolated long enough for speciation to occur. ~is mechanism has been invoked 

by Hubendick (1960) to account for the major intra-lacustrine radiation 

of the Ancylidae of Lake Ohrid. Of course, this isolation of sub-populations 

is not a pre-requisite for the origination of novel forms in a permanently 

thelytokous form such as Melanoides; novel ~orphs could arise in this taxon by 

a process of progressively extreme mutations in a series of sympatric clones. 

On this interpretation, the pattern of morphological change recorded in the 
most 

Lower Member in/gonochoristic lineages would correspond to those predicted 

by Founder Effect allopatric speciation theory to occur outside peripheral 

isolates (Figure 4.1 box A2). Patterns of change in the gonochoristic lineage 

Bellamya in the Lower Member would correspond to that in Figure 4.1 box 1 

however. Patterns of change in Melanoides over this interval would correspond 

to the predictions of 'speciation' by mutation, a repeated series of 

morphological punctuations of the type indicated in Figure 4.1 box D. 

The reasons underlying a major intra-lacustrine radiation such 

as that documented in the Lower Member are examined in more detail in the 

next section; it should be noted, however, that such radiations are rather 

common in Cenozoic rift lake environments, but the sequence of mollusc faunas 

from the late Cenozoic of the ~rkana Basin provides the first adequate 



344 

palaeontological documentation of this phonomenon. 

4.4 GEN}JRAL OBSr~VATIO~S ON MOLLUSC EVOLUTION IN RIFT LAKES 

Major intra-lacustrine radiations, similar to that seen in the 

Lo~er Member of the Koobi Fora Formation, have been reported from several 

Cenozoic and Recent rift lake baSins. All lakes exhibiting major intra-l~custrin 

radiations are thought to be of considerable antiquity, Rnd to have persisted 

for periods long enough for otherwise wideRpread taxa to have undereone 

adaptive radiation~ within them, thereby prodllcing a Ret of endemic derivatives 

appropriat~ to the particular constellation of niches Rnd environments they 

offer. Ey contrast, the majority of lacustrine systems are \bought to be far 

too tranSitory for such adaptive radiation~ to have taken place (IIubendick, 

195?; Russel Hunter, 1964). Ruch an interpretation stresses the lone life-times 

of such lakes as an important factor in the production of major endemic radiatic 

radiations, anc is consequpntly supportpd by thp onservation that such ancient 

lakes are frequently the last havens of tax~, now regarded as relict groups, 

which are known to have undergone major ranee-restriction ir. the later 

Cenozoic, e.g. the persistence of Neothauma in Lake ~anganyika (Fuchs, 1936) 

and of pyrgula. in Lake Ohrid (Stankovic, 1960). 

It is noteworthy that all or most major intra-lacustrine radiation: 

occur in basins which lie near lithospheric plate bounnaries.(see Figure 4.4). 

The lone term persistence of such lacustrine systems, and the consequent 

development of major intra-lacustrine radiations within them, is probably a 

reflection of the fact that they tend to be RRsociated with the major intra

continental graben systems characteristically developed in the vicinity of 

plate boundaries. ~uch Braben syste~~ characteristically show high rates 

of subsidence, and this presumeably permits the persistence of relatively 

stable lacustrine conditions for lone periods. 'raxa within such lakes tberp.fo~e 

have 'time to adapt' to the particular set of conditions within them. 

Several authors have sugeested, primarily on the ba~iA of 

the geographical distributions of endemic taxa within such rift lakes, that 



these endemic forms primarily arise by a process of Founder Effect 

allopatric speciation.(e.g. BrooKs, 1950; Hubendick, 1952). However, others 

have suggested that such endemic species-flocks are primarily produced by 

sympatric speciation mechanisms (e.g. Kozhov, 1963). T.he evidence from the 
fossil 

-Lower Member of the Koobi Fora Formation, the first major/evidence ro~ 

-the origin of an intra-lacustrine radiation, strongly suggest that, ip 

gonochoristic taxa at least, such radiations arise primarily by Founder 

Effect allopatric speciation mechanisms. 'fwo principle mechanisms have 

been proposed for. intra-lacustrine isolation and consequent allopatric 

speciation of populations of lineages undereoing adaptive radiation, in rift 

lake basins. Such isolation may arise as aby-product of the 'patchy' 

distribution of certain species, due to substrate or other discontinuities 

across the lake floor, certain popUlations may become isolated and, with 

long term stability of lacustrine conditions, remain isolated for long 

enough for speciation to occur. 'rhis mechanism was invoked by Hubendick, in 

his account of the major intra-lacustrine radiation of the Ancylidae of 

Lake Ohrid.(Hubendick, 1960). Alternatively, the mechanism of basin 

subdivision by regression has been invoked by certain authors. In this ~ode] 

a major regression leads to the geographical subdivision of a single lake 

into a series of isolated water bodies. Populations of a given lineage 

isolated in these various sub-lakes then diverge by allopatric speciation. 

Subsequp.nt transgression lUlits these water bonies, and results in the 

intermingling of the formerly isolated and now divergent populations 

of a given lineage, giving the impression of an adaptive radiation within 

a single lake basin. 'Phis process has been invoked to explain several major 

intra-lacustrine radiations (Brooks, 1950), for example, the origin of the 

various endemic sub-species of Bellarnya in Lake Victoria (Mandahl-Barth, 

1954). 

'rhe lack of evidence for m~jor regression and baqin subdivision 

in the Lowe~ Member of the Koobi Fora Formation suggests that the former 

mechanism - isolation by spatial discontinuities of distribution without 
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physic~J basin subdivision - is the more probable, for the Lower Member 

sequence, as indicated previously. 

'rhe interpretation offered above, and investigated in more 

detail in Appendix 2, suggests that the major adaptive radiation recorded 

in-a diverse series of species lineages in the Lower Member, is a reflec~ion 

of-the long term stability of lacustrine conditions apparently recorded ~n 

the large thicknesses of 'laminated siltstone facies'(shelf and prodelta) 

of this part of the succession (Vondra and Bowen, 1978). It has been postulated 

that it is the combination of lone term lake stability and availability of 

niches that is the primary pre-requisite for major intra-lacustrine radiation. 

With regard to the question of the availability of nicheR, it is interestin~ to 

note that populations of lineages that do E2! produce distinct endemic 

derivatives during the Lower Member (e.e. Pseudobovaria, Gabbiella, Valvata) 

frequently show relatively high levels of phenotypic variance over this 

interval. This could sugeest relaxation of selection pressures consequent 

on the availability of new niches for which, by chance, Buitable distinct 

forms did not arise in these lineages (the high element of chance in successful 

allopatric speciation has lone been recognised). 
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Figure 4.4: Global distribution of major Tertiary endemic 

lacustrine mollusc faunas. Plate boundaries after Dewey (1972). 

r·lain basins in which a Significant endemic component to frshwater 

mollusc faunas is known include 1) Baikal (Kozhov, 1963), 

2) Koso Gol (Kozhov, 1963), 3) Zaisan Depression, 4) Eastern 

Tien-Shan, 5) Aral-Turgay (3-5 inclusive - pers. cornrn. N.V. 

Tolstikova), 6) Lakes of r·lalili River System (Celebes) (Kruimel, 

1918), 7) Titicaca (Bavay, 1906), 8) Turkana (this paper), 9) 

9) Edward-Albert Basin (Gautier, 1970), 10) Tanganyika (Yonge, 

1938), 11) 1·1weru (P1lsbry and Bequaert. 1927), 12) Malawi 

(Crowley et al., 1964), 13) 'Erq el Ahmar (Tchernov, 1975a), 

14) Ohrid-Prespa (Stankovic, 1960). 

Development of a significant endemic component by 

adaptive radiation appears to be associated \,Iith major intra

continental graben formation in the neighbourhood of lithospheric 

plate junctions. a) Uncertain plate boundary b) Subduction =one 

c) Ridge axis d) zone of extension within continents e) Transform 

junction. 

Solid points indicate extant faunas; open points 

indicate extinct endemic components. 
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4.5 G}~~~AL DISCUSRION 

In Rection 4.3 it was demonstrated that the patterns of morphological 

change exhibited by a heterogenous series of molluscan speci~s lineages 

from the late Cenozoic of the eastern Turkana Basin appeared compatible 
-

only with the Punctuated Equilibria paradigm for evolutionary chAnge, and 

in general, within that paradigm, with Founder Effect allopatric speciation 

theory. It was suggested that the marked morphological excursions recorded 

in all lineages present at the Suregei level, and again in the Guo~de 

Formation, documented speciation events within geographical isolates, 

following marked periods of lake regression. It w~q also suggested that the 

adaptive radiation of certain gonochoristic lineages in the I,ower Member of thf 

Koobi Pora Porm~tion recorded events events ontsidp geographical isolates; 

The sudden ap~earance of new forms derived from Ruch lineages was conRidered 

to document migration from the intra-basinal isolates in which th~y initially 

arose. R~diation during the Lower Member of the permanently thelytokous 

lineage Melanoides was considered to be case of 'speciation' by mutation, 

i.e. repeated mutation within a clone array followed by 'selection out' 

of certain intermediate clones. 

The patterns of mo~phologlcal change within molluscan lineages 

at the Suregei and Guomde levels certainly appear at first sight to 

conform closely to the predictions made by Founder 8ffect allopatric 

speciation theory for events within geographical isolates. At the Suregei 

level, rapid change in ~orphology occurs simultaneously in all lineages 

and iA accompanied by initial increase and subse~uent decrease in 

phenotypic variance in most lineages. Initial increase in phenotypic variance 

clearly reflects disruption of patterns of individllal ontogenetic 

development characteristic of the ancestral species. 'rhis ph~qe of 

disruption of developmental canalisation, and resulting high phenotypic 

variance, is followed by reconstitution of consistent patterns of 

individual ontogenetic development differing from those in the anceRtral 

species. A decline in phenotypic variance to levels previously characterlsti~ 
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of ~,e ancestral species accompanies this latter phase. Disruption followed by 

reconstitution of developmental pathways, during this period of rapid 

morphological tran~formation, apparently reflects disruption and subsequent 

reconstitution of homeostatic mechanisms within the evolving lineage (Mayr, 

1963; Levin, 1970). 'Phis basic pattern of change is exhibited, in whole nr 

in part, by all well-documented lineages at the ~uregei level, irrespec~ive 

of their autecology or reproductive strategy. However, as indicated previously, 

some lineages do not show this complete pattern of change, presumeably due to 

insufficient time; in these lineage~, levels of phenotypic variance do not, or 

do not fully, return to levels characteristic of their ancestral species 

lineages. Moreover, in the Guomde Formation, this period of rapid 

morphological transformation is not documented as the unit is unconformity

bounded; however, all lineages in the Guomde are represented by aberrant 

derivatives as at the uppermost Suregei levels, and the situation is clearly 

comparable to the better-documented Suregei events. 

Unfortunately, one major consideration stands in thp. way of 

regarding these events as entirely compatible with the predictions of 

Founder Effect allopatric speciation theory: the pattern of morphological 

change described above, within the Ruregei level and Guomde isolates, 

that is exhibited by gonochoristic lineages, is fundamentally the same as that 

exhibited simultaneously by the permanently thelytokouB lineage Melanoides. 

Both types of lineage exhibit a 'genetic revolution' - bursts of incre~qe in 

phenotypic variance as~ociated with major morphological transformation. 

As will be clear from the discussion in section 4.2, the mechanisms 

advocated by conventional Founder Effect allopatric speciation theory to be 

of primary significance in triggering evolutionary change within geographical 

isolates are generally dependent on mendelian recombination. 'rhe major 

extrinsic trigger for evolutionary change within geographical isolates is 

considered to be interruption of gene flow into the isolate, bllt gene flow 

only occurs in gonochoristic ta~a. Similarly, the majority of mechanisms 

postulated as of significance in break-down of genetic homeostasis, and 

mobilisation of phenotypic variability, the neccessary pre-requisite for 
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evolutionary char,ge in the isolate populations, are similarly ~ependent on 

genetic recombination and will only operate in gonochoristic lineages (see 

Table 4.1). As 'fable 4.1 indicates, the only mechanisms currently available 

for disruption of genetic homeostasis, and mobilisation of phenotypic variabili~ 

in -e.meiotic, permanently thelytokous taxa such as Melanoides, which lack ~ 

recombination, is gene mutation. The similarity in evolutionary mode and~tempo 

in both permanently thelytokouA and gonochoristic lineages at the Ruregei 

level - and in the Guomde - strongly suggests by implication that gene 

mutation may be of primary significance in disrupting genetic homeost~qis within 

geographical isolates. Gene mutation is thought to lead to major changes in 

the system of selective values among genes already present in the species 

genotype (Fisher, 1930; Sewall Wright, 1949), and consequent disturbance 

of epistatic interactions between genes. Similarity in evolutionary mode 

and tempo in both permanently thelytokous and gonochoristic lineages at the 

Suregei and Guomde level~ strongly suggests that gene mutation ie the 

primary mechanis~ for break-down of genetic homeostasis in isolates; it 

strongly suggests that mechanisms reliant on genetic recombination for their 

effect in reducing genetic homeostasis - such as genetic drift, loss of 

genetic variability due to inbreeding, and interruption of gene flow - are at 

beAt of relatively trivial significance. 

Similar problems arise when considering the conventional 

explanations for long term morphological stasis outside geographical isolates 

offered by Founder Effect allopatric speciation theory. Three mechanisms 

are conventionally considered as of major importance in maintaining long-term 

morphological stasis within species lineages, and phenotypic coherence 

across species ranges: equalising gene flow, normalising selection and 

genetic homeostasis. The permanently thelytokous clone array Melanoides 

tuberculata constituteA an excellent single refutation of both equalising 

gene flow and normalising slection as significant mechanisms for the 

maintainance of phenotypic coherence and morphological stasis. As indicated 

in Part 1, modern M. tuberculatFl. inhabits iUl amazingly wide range of habitats, 
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o from saline pools at ~2 C i;, Algeria to fresh montane streams in Borneo, 

a wide selective regime. In addition, there is of course no gene flow in this 

permanently thelytokous taxon. !. tuberculata nonetheless constitutes a good 

phenotypic 'species', and shows little significant phenotypic variation throughou· 

its-range. In addition, the record of events from the Turkana sequences c~early 

indicates that overall, M. tuberculata mainatains morphological stasis 

throughout the late Cenozoic. In this connection it is worth noting that 

recent assessments of the significance of gene flow (e.g. }~rlich and Raven, 1969 

have in any case discounted the mechanism as of significance in maintainance 

of long-range phenotypiC coherence in gonochoristic biospecies.{see also Mayr, 

1963). As Eldredge and r~uld (1972) suggest, it would seem that genetic 

homeostasis is the only currently available mechanism for the maintainance of 

phenotypic coherence in most taxa, and particularly in thelytokous clone arrays 

such as M. tuberculata. 

Another significant difficulty in explaining event~ at the 5uregei level 

in term~ of conventional Founder Effect allopatric speciation theory is that 

there is little evidence for the strong selection pressures often cited as 

. chief contributors to evolutionary change within geographical isolates. 

During the period of profound evolutionary change at the Suregei level, 

Cerling's (1978) data suggests a fresh lake with no peculiarities in water 

chemistry. All the most common species lineages are present at the Ruregei 

level, and are present in approximately the same relative abundances aR in 

other parts of the section; strong selection pressures would surely have led 

to changes in the absolute composition, or at least the relative composition, 

of the mollusc faunas. In addition, although it is recognised that mobilisation 

of phenotypic variability due to break-down of genetic homeostasis may be 

directly cauAed by strong selection pressures and selection for phenodev1ants 

(Levin, 1970), Table 4.1 indicates that all the mechaniAms invoked to explain thj 

effect are reliant for their operation on genetic recombination, and will not 

operate in a permanently thelytokous lineage ~uch as M€lanoideR, which 

nonetheless undergoes profound evolutionary change at the Suregel level. 
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It is important to note just hew proftund are the evolutionary changes 

at the Suregei level, even in the absence of evidence for strong selection pressures 

The various Principle Components analyses presented in Part 1 certainly indicate 

the magnitude of evolutionary change at this level, but one particularly striking 

case should be mentioned. The derivative Suregei level form of Cae1atura (nitia) . 
monceti, described in Part 2 as CAe1Atura (ni tiEl.) te1ekH ap. nov., exhibits: a 

'reversal' of the posterior part of the hinge line that sets it apart from all 

other memberR of its superfamily, the Unionacea. Instead of having two posterior 

laterals in the left valve and one in the rieht, the normal situation in the 

superfamily Unionacea and the situation in the ancestral form Q. (£.) monceti, 

Q. (£.) te1ekii has one posterior lateral in the left valve and two in the 

right ! A superfamily-level characteriRtic has been violated here during only 

one speciation event. 

'ro summarise, although pa.tterns of evolutionary mode and tempo 

in the 'rurkana Basin mollusc sequence are at first sight compatible with the 

prp-dictions of Founder Effect al10patric speciation theory, the recognition that 

similar patterns of morphological change are seen in both gonochoristic and 

the1ytokous species lineages suggests that the majority of mechanisms postulated 

by Founder Effect allopatric speCiation theory for both evolutionary change and 

morphological stasis are of little significance. Morphological stability through 

time appears to be largely a result of genetiC homeostasis rather than equalising 

gene flow or normalising selection. Breakdown of this homeostasis during 

speciation within geographical isolates appears to be largely initiated by gene 

mutation rathe~ than by mechanisms which are reliant for their operation on 

genetic recombination. In addition, evidence from the ~uregei level isolate in 

the Turkana Basin sequence Eluggests that strong selection -pressureR Are not a 

neccessary pre-requisite for profound evolutionary change within geographical 

isolates. The view of the evolutionary process to emerge from study of the Turkana 

Basin mollusc sequence. which h~q provided the first direct documentation of 

the speciation process - is clearly very different from conventional Founder 

Effect allopatric speciation theory. In particular, the significance of mendelian 

recombination in general evolutionary process is strongly de-emphasised. 
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~be similarities in evolutionary mode and tempo in both gonochoristic and 

permanently thelytokoU5 lineages, the principle obstacle to interpretation 

of evolutionary events in the Turkana Basin mollusc sequence in terms of 

conventional Founder Effect allopatric speciation theory, are of considerable 

interest in view of the fact that most explanations of the relative rari~ 

o~permanent thelytoky have stressed the presumed evolutionary advantages , -

of gonochorism and genetic recombination. Within the conventional 'gradualist' 

paradigm, it has long been considered that recombination served to accelerate 

evolution within gonochoristic lineages by provIding a steady supply of new 

recombinant genotypes and by allowing the rapid spread of novel beneficial 

mutations throughout a population (Crow and Kimura, 1965). ~elytokous 

lineages, lacking recombination, should evolve more slowly. However, these 

arguments for the presumed evolutionary superiority of gonochorism within the 

gradualist paradigm have been questioned by certain authors (e.g. Maynard S~ith. 

196B). Within the '~lnctuational' paradigm, it has been suggested that genetic 

recombination is important in that it permit~ higher rates of diversification 

in gonochoristic lineages, which tendA to offset extinction in eonochoristic 

clades. Lacking recombination, thelytokous lineages are supposed to 

diversify less effectively and rapidly via allopatric speciation events, 

and the1ytokous clones are therefore supposed to become extinct relatively 

easily (Stanley, 1975). The Turkana mollusc sequence offers the fir~t detailed 

fossil record of evolutionary patterns in a known higher metazoan thelytoke, 

but clearly indicates that in terms of evolutionary tempo,and degree and 

rates of diversification, perm~ently thelytokous taxa are not at an 

evolutionary 'disadvantage' vis-a-vis gonochoristic lineages. 

The analysis presented here, and the recognition that 

conventional Founder Effect allopatric speciation theory is inadequate to 

explain the observed patterns of evolutionary mode and tempo in the 'rurkana 

Basin mollusc sequence, clearly leads to some difficult further questions. 

If mechanisms reliant for their operation on genetic recombination are not 

significant in the speciation process, what is the role of geographic - and 

hence genetic - isolation in this process ? Is simple gene mutation 
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powerful enough a process on its own to break down genetic 'omeost~qis and caus( 

the profound mobilisation of phenotypic variabilitl seen in the Suregei level 

populations? In an attempt to resolve these and other questions, and to 

supply the alternative theory to Founder Effect allopatric speciation theory 

that I feel the Turkana Basin mollusc sequence demands, section 4.6 Beek~ to 

set out an alternative and novel mechanism for the speciation process. ~ 

4.6 MUTATION-DISRUPTION THEORY; A NEW MODEL FOR THE SPECIATION PROCESS 

As indicated above, of the available mechanisms for break-down 

of genetic homeostasis and consequent evolutionary change tabulated in 

Table 4.1, the only one which is operative for both gonochoristic and 

permanently thelytokous lineages is gene mutation. Once genetic homeostasis 

is broken down, and the various species lineage~ within the isolate enter 

a genotypically and phenotypically lahilp. state, natural selection will act 

to produce appropraite shifts in genotype and phenotype, and a move to 

new modal morphologies optimal for conditions within the isolate; however, 

the principle problem presented by the 'rurkana mollusc sequence h~q been to 

identify an effective mechanism for break-down in genetic homeostasis that 

will operate on both gonochoristic and thelytokous lineages. Only the 

identification of such a mechanism will resolve the enigma of the similarity 

in evolutionary mode and tempo documented in these two classes of lineage. 

Incorporation of novel mutant alleles into a species genotype 

is known to be a mechanism for de-stabilisation of genetic homeostatic 

systems (Sewall Wright, 1949). Incorporation of a succession of locally 

favourable novel mutations within a geographical isolate could concievably 

initiate break-down in genetic homeostasis. However, mutation rate itself 

is under genetic control to some extent. Recent work has stressed the 

significance in this regard of mutator-suppressor gene complexes (~ompson 

and Woodruff, 1978). Such mutator-suppressor complexes are themselves thoueht tc 

be parts of co-adapted gene complexes; co-adaptation of genes is thought 

to be the principle factor in the maintainance of genetic homeostasis (Mayr, 
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1963), and hence of phenotypic coherence (morphological stability in s~~ce and 

time). Incorporation of novel, locally favourable mutations within an isolated 

population could therefore initiate a process of break-down in genetic 

homeostasis which would rapidly escalate as mutator-suppressor syste~q, in 

common with other co-adapted genetic systems contributing to genetic 

homeostaSiS, became progressively disrupted. This in turn would lead to a"massive 

increase in mutation rate (perhaps in the order of a ten-fold increase (Thompson 

and Woodruff, 1978)), and further disruption of genetic homeostasis and 

mutator-suppreRRor system..~. In this way, ~ene-un:(tation would I feed on i tself ' , 

and the ensuing escalation of mutation rate and break-down of genetic 

homeostaRiR could rapidly result in MaYT'R genetic revolution. Phenotypic 

variability would vastly increase, partly becauRe of the large number of 

phenodeviantR resulting from the greatly increased mutation rate, and partly 

becauRe the diRruption of genetic homeostaRis and reduction in developmental 

canaliRation would allow phenotypiC expression of 'nOrMal' underlying 

genetic variability normally masked in a properly canalised developmental 

system. An evolutionarily labile population would result, on which selection 

pressures peculiar to the iRolate could act to produce a rapid shift to a 

novel and locally optimal genotype and phenotype. 

'I'he majority of conventional explanations for the relative rarity 

of thelytoky in metazoa devolve around the concept that genetic recombination 

in gonochoristic lineages allows them to mobilise greater amountR of 

genetic variability than thelytokous forms. 'Che greater intrinsic genetic 

variability of gonochoristic lineageR is considered to confer great 

evolutionary advantages, in that, with 'more to work with', natural selection 

can produce greater rates of evolutionary change and diversity in such lineageR 

than in permanently thelytokous taxa. The problem with this explanation is 

that it rather overlooks the point that natural selection acts on phenotypes, 

not directly Ion genotypes. The events documented at the ~uregei level 

indicate that the amount of phenotypiC variability mobilised during the 

genetic revolution within a geographical isolate, by gonochoristic lineages, 
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is very much greater than the amount normally mobilised in SllCh lineages 

by recombination. Within conventional Founder Effect allopatric speciat~on 

theory, it is this mobilisation of phenotypic variability that is, of course, 

the primary reason for major evolutionary shifts in isolated populations. 

Moreover, the Suregei level faunas also indicate that permanantly thelytokous . 
forms can mobilise quite comparable amounts of phenotypic variability; this 

observation has already led to the suggestion that gene mutation i~ the 

primary mechanism for disruption of genetic homeostasis. If both thelytokous 

and gonochoristic lineages can in fact mobilise comparable amountR 

of pheno~pic variability within geographical iRolate~, overall patter~q of 

evolutionary mode and tempo should be comparable in both types of lineage, 

irrespective of their intrinsic genetic variability. 
of the importance of 

De-emphasis /mechanisms reliant on recombination for triggerine 

genetic revolution within isolates, advocated above, also implies that 

interruption of gene flow is of little significance in Apeciation. 'rhis 

suggestion is in line with recent estimates that gene flow across most 

species ranges is a slow and trivial phonomenon under most circumstances 

(Ehrlich and Raven, 1969). It is also in line with the profound evolutionary 

changes witnessed in the thelytoke MelAnoides within the Turkana B~qin sequence 

isolates; this form lacks gene flow normally, so its cessation can hardly 

be a trigger for evolutionary change. However, it iR undeniably the caRe 

that in most extant species, biogeographic s~ldieR have repeatedly indicated 

that most incipient derivative species ~ geographically - and genetically

isolated from the main part of the ancestral speCies range (MAyr, 1963). 

In addition, in the Turkana Basin sequence, there is a good relationship 

between major lacustrine regression (and probable geographical and genetic 

isolation of populations within the lake) and periods of major morphological 

change at the Suregei level and in the Guomde. Moreover, there is also 

clearly a relationship between subse~uent transgressive maxima and the return 

of normal ancestral stocks back into the basin, with consequent elimination 

of the endemic derivative forms. This in itself suggests that isolation of 
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the basin 'as required for it to act a~ a site of active evolutionary change. 

Although cessation of gene flow into an isolate may not per ~ 

be a direct causal agent for the triggering of the genetic revolution, such a 

cessation may paradoxically allow this revolution to proceed. '~e direct 

adaptive utility of genetic homeostatic systems is well documented, and i~ 

therefore seems likely that populations undergoing the genetic revolution; which 

temporarily lack such systems, will be extremely vulnerable to competition from 

their ancestral stockR. Genp.tic isolation of geographical isolates may therefore 

be important in that it provides for a protected system in which fundamental 

genetic architecture can be disassembled and rebuilt without the risk of 

physical competition from the unaltered, integrated, ancestral genetic system; 

on this view, 'genetic isolation' is important not because it prevents the 

constant introduction of normal ancestral genotype into the isolate, thereby 

frustrating adaptation to local conditions, but because inrlivirluals of the 

ancestral species, their homeostatic syste~q intact and therefore competitively 

superior, are denied acceHS to the isolate. 'rbey therefore cannot out-compete 

their potential derivative species, while the latter are undergoing genetic 

revolution, temporarily lack homeostatic systems, and are competitively 

vulnerable. 

The '~ltation-nisruptio~' theory propose~ here is ~n attempt to 

integrate these various lines of evidence in a model for the speciation 

process that will operate equally effectively in both gonochoristic and 

thelytokous lineages. I am aware that, in semantic terms, 'speciation' is not 

possible in p~rmanently thelytokous forms. I wish simply to propose a model that 

will account for the profolmd evolutionary change~ seen at certain levels in the 

'turkana ~a~in sequence; the~e evolutionary plm~tuations clearly amount to 

speCiation events,-in the generally accepted meaning of the word, in the 

gonochoristic lineages, but take place at the same time as equally profound 

evolutionary changes in the thelytokous lineage which, in terms of the 

conventional biospecies definition, cannot speciate. The similarity in 

patterns of morphological change in both gonochoristic and thelytokous 

lineages in the Turkana Basin isolatps indicates that a fundamentally similar 
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process is operating in both types of lineage. The fact that in semantic terms 

one would not strictly be correct in referring to this process 9$ speciation in 

the thelytokous lineage~ due to the currently accepted definition of biospecies, 

indicates that this definition is misleading, as discussed subsequently. 

Mutation-disruption theory. 

It is considered that the general phenotypic coherence of most 8~ecies 

over large areas of their range implies that at few points in the range are 

they optimally adapted. 'rhus although, in Fieure 4.5, the adaptive peak 'n' is 

the controlling peak for the majori~ of the range S of species A (Figure 4.5 (1)), 

peak'~' is the controlling peak for the outlying area T. In area R the species 

phenotype is centred, appropriately, on peak ~ (Fieure 4.5 (2)). However, in area 

T the phenotype of specieR A is also centred on peak ~ despite the fact that 

a phenotype/genotype centred on peak ~ would be more adaptive, as peak ~ is 

higher than peak ~ in area T. Under normal ci:t'cl1m .. ~tR.1lCeA, genetic homeostasis 

prevents the appropriate move to peak ~ in area T, i.e. prevents the adaptive 

shift from phenotype A to phenotype B in this area. Under normal circum~tances, 

the species population in area T has levels of genetic homeost~qis, levels of 

mutation rate, levels of phenotypic variance, and phenotype, typical of species A 

(Figure 4.5 (3) and Figure 4.6 segment 3). Now, following geographical isolation 

of area T from the majority of the species range ~ (Figure 4.5 (4)), novel and 

locally adaptive mutations are progressively incorporated into the population of 

species A occupying the now isolated area T. ~~is incorporation of locally 

favourable mutations is accomplished by standard Darwinian natural selection, 

and has two etfects; genetic homeostasis is reduced, ~q described previously, 

and mutation rate simultaneously rises due to disruption of co-adapted mutator 

systems with general decline in genetic homeostasis. Concomitantly, there is 

a major mobilisation of phenotypic variabilit,y (Figure 4.5 (4) and 4.6 segment 4), 

and a simultaneous move towards the locally adaptive phenot,ype B as peak 0 1s 

occupied. At point 'X, in Figure 4.6, peak ~ has been substantially conquered; 

furt.ler moves towards phenotype Bare q\ccompanied by selection for incre~qed 

gen~tic homeostasis and a corresponding reduction in mutation rate and 
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Figure 4.5: Relationship bett'reen phenotype, adaptive peak, 

and occupied area during speciation by the r:utation

Disruption model. lA, 2A, etc. - adaptive peaks £ and 0 

and (stipple) areas of peaks occupied. lB, 2B, etc. - area 

of species range to which adaptive peaks diagrams lA, 2A etc. 

refer, indicated by stipple. Explanation in text. 
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phenotypic variance. Eventually, peak ~ is occupied by a new species, species 

B. As a byproduct of the genetic revolution experienced by the population, now 

species B, occupying area T, it is reproductively isolated from species A. 

At this point, area T is occupied by a population which has levels of 

genetic homeostasis, levels of mutation rate, and levels of phenot.ypic variance 
. 

comparable to those of ancestral species A, but has phenotype (and genoty~) 

B, and is reproductively isolated from ancestral species A.(Fieure 4.5 (5) and 

Fieure 4.6 segment 5). 'fhe 'gaps' in the lamina in Pieure 4.6 delimit the normal 

range of genetic homeostasis, mutRtion rate, and phenot.ypic variance, and 

phenotype in species A and B. The transition from species A to B in area T, 

as described above and in Pieures 4.5 and 4.6, can only be accomplished if area 

T is geographically isolated from the majority of the range of species A, area 

s. This is because the transitional populations indicated by segment 4 in Figure 

4.6 are considered, given their lack of genetic homeostasif'l 8l'ld very variable 

phenotype, to be competitively inferior to 8l'lcestral stocks of species A 

still occupying area S during the period of transition. 

It will be noted that this 'Mutation-Disruption' model wotks 

equally well for both gonochoristic and thelytokous lineages, and speciation 

by this model would proceed equally f~~t in both types of lineage. 

As Eldredge and Gould (1972) point out, the idea that 'the coherence 

of a species ••••••• is not maintained by interaction among its me~bers (gene 

flow), but emerges as an historical consequence of the specips' origin as a 

peripherally isolated population that aquired its own powerful homeof'ltatic 

system' is a serious challenge to the conventional view of species realit.y that 

sees them as primarily interbreeding genetic units. The evidence from the 

Turkana Basin mollusc sequence, and the model for the speciation process 

presented above, is entirely compatible with Eldredge and Gould's view of 

species realit.y. There is a strong implication that the real significance of 

the species as the fundamental evolutionary and ecological unit stems from the 

mutual possession by its conRtituent members of a common and unique Ret of 

genetic homeos~atic mechanisms inherited from the time of origin of the 



species within a geographical isolate. On this view of species reality, the 

current 'biological' definition of the species - that it is a naturally 

interbreeding population reproductively iRolated from other such populations -

may simply record a common side-effect of shared genetic architecture in 

gonochoristic species. 



4.7 CCWLUSIONS 

1. Evolutionary mode and tempo in a hioloeically and tR.xonomically 

heterogenous assemblage of molluRc lineages from late Cenozoic depoRitR 

- of the Turkana BaRin, north Kenya, waR studied by multiVAriate morph~metric 

analysiR of the thirteen major specieR lineages. At firRt Rieht, ob~rved 

patterns of morphological change conform well to thp predictions of 

the Punctuated l<~qullibria paradigm for evolutioM.ry change, anrt. conventional 

Founder Effect allopatric sppciation thpory. I.ong terTII mOT"phologi~al 

stasiR in all specieR lineageR is punctuated hy r8:pid epiRoctes of profound 

evolutionary change. However, similarity in pattprns of morphological 

change iR observed in hoth F,onochoriRtic and perTII~nently thelytokous 

lineages within putativp geographical iRolatp~ at the ~uregei tuff level 

and in the Guomde Formation. In particular, thp permanently thelytokouR 

lineage MplFlnoidpR undergoes a 'gem·tic r€'volution' at these levels 

simultaneouRly with gonochoriRtic lineager,; both types of lineage 

exhibit major increase, and subReqllent rlecreaRe, in phenotypic vflriance, 

associated with striking morphological change. Mobilisation of phenotypic 

variability during speciation within geographical isolates, due to hreak

down in genetic homeoAtasis, is predicted by Founder r~fect allopatric 

speciation theory but haR not hitherto been observpd. Himilarity in 

evolutionary mode and tempo in both gonochoristic and permanently 

thelytokous lineages in the Suregei level and Guomde iRolateR implieR that 

mechanisms r~liant for their oppration on gene tie recorr:bir1f1tion arp C'f 

little ~ignificance in the speciation·proceRs. Conventional Founder Effect 

theory streRses the importAnce of such mecrH:mism~ in the speCiation procesR, 

so the~e observations are profoundly at variance with the prediction~ of 

convFmtional J<'ounder }t.;rfect allopatric flpeciation theory. Ancorningly, a npw 

model for the specifltion process - the 'Mutation-]liflruption model' - is 

proposed. This model de-emphaq.ses the inportancp of mechanisms reliant 

for their operation on genetic recombination in the speciation process, 
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but stress~s the th~ role of gene mutation in break-down of genetic homp.ostasis, 

mobilisa+'ion of phenotypic variability, and consequent evolutionary change 

within geoeraphical isolates. It is suggested that incorporation of locally 

favourable mutations ~ithin isolated populations may initiate disruption of 

the co-adapted gene systems that forn the basis of genetic homeostaRis, ~d that 

the resultant break-down in genetic homeostasis rapidly escalates as co-~dapted 

mutator-suppressor systems are also disrupted, leading to a major increase in 

mutation rate. This rise in mutation rate reAul ts in further diflruption of 

mutator suppressor systems, and rapid triggering of the 'genetic revolution', 

mobilisation of phenotypic variability, and rapia evolutionary change within 

the isolate popUlation. ~hi~ model would work equRlly effectively for both 

gonochoristic and permanently thelytokous lineages, ann implies that the role 

of geographic isolation in speciation is that it provides for th~ protection 

of vulnerable populations undergoing the genetic revolution from competition 

with their ancestral stocks, rather th?~ hlockRge of gene flow per ~. 

A marked period of adaptive radiation in the various mollusc lineages is 

observed in the Lower Member of the Koohi Fora Formation, bllt apart from this 

@pisode of evolutionary activity, C".nc1 the m?,jor episodes of simnl tMeous 

morphological transformation of all lineages at the Suregei and Guomde levels, 

all lineages exhibit mOTphological stasis throughout the late Ceno7.oic in the 

eas tern 'l'urkana Bas in. 

? Biostratieraphic analysis of mollusc assemhlages from the importMt late 

Cenozoic hominid-bearing deposits of the e~~tern ~urkana ~asin allows 

generalised correlation with other late Ceno7.oic sites in the area. This 

analysi~ alRo indicates a ~erieR of importRnt litho~tratigrAphic ~i~-

correlation!'; wi thin thE" eaRtern '!.'urkMa ~aRin ~,rea. Fortunately, these 

miscorrelations are generally in areas of littlp. importancp to the evolutionary 

analysis of the mollusc as~emblaees summarised above. 

3. Biometric analysis of gastropod lineages from the 'l\l.rkfU'la liaRin sequ~mce, 

reported in Appendix 1, indicates important interrelationshipR between the main 

Raup parameters for conispiral shells. A major 'constnlctional' component to 

shell morphology iR demonstrated in these forms. 
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APPENDIX 1 

GEOME'rRIC ANALYSIS OF '!'HE SHELL IN CONISPIRAL G.A..<';TROPODS 



Abstract Accurate determination of geometric parameters descriptive 

of the basic morphology of a series of 'conispiral' gastropod shells 

(~hose in which the generating curve is effectively in contact with the_ 

coiling axis) indicates that such shells occupy only a small part of ~ 

the total geometric range potentially available to spirally coiled 

organisms, and reveals the manner in which this restricted geometric 

space is partitioned "between the various major gastropod groups. 

Analysis of the major morphological parameters of the coni spiral shell 

within the geometric framework proposed by Raup indicates morphological 

features, and trends within these features, which are clearly functional 

and adaptive. Roever, this analysis also reveals important inter

relationships between the morphological parameters which apparently 

reflect a major constructional component to shell morphology. 

Such constructional aspects to morphology are not of themselves 

adaptive, but are geometric by-products of the interactions of other 

directly adaptive features of the shell, or derive from the interactions 

of these features with the historico-phylogenetic factors of patterns of 

shell growth and method of construction. Such constructional features 

are geometric inevitabilities, given the fundamental geometric properties 

and method of construction of the shell; they constitute the main 

controls on the range of naturally occurring values of the main shell 

parameters, and are major components of ontogenetic and phylogenetic 

trends within these parameters. Constructional factors set major 

limitations on the range of morphology possible in coni spiral gastropods, 

and are an important factor in morphological change during ontogeny and 

phylogeny. Recognition of the important constructional as well as 

functional components to gastropod shell morphology is imperative to 

its meaningful interpretation; attempts to explain morphologic trends 

during ontogeny or phylogeny purely from the point of view of their 

potential functional or adaptive significance will inevitably mislead. 

1. 



INTRODUCTION 

The majority of known gastropod taxa have spirally coiled, 

polygyre shells and are holocleid (fully retractable into the shell). 

Of these, most share a fundamentally similar gross shell morphology, 

'conispiral' in the broadest sense of the term, with successive whorls 

overlapoing to a greater or lesser extent and with the generating curve 

effectivelv in contact with the coiling axis. Insofar as conisoira1 

gastropods are the most abundant representatives of their c1ass l which 

is itself the lareest grouping within the mollusca, the second most 

taxonomically diverse metazoan phylum, the conispiral shell may be 

claimed as one of the most successful of known exoskeletal olans. 

However, there apoears to date to have been no overall comoarative 

consideration of its geometric properties. 

In its general outlines, the progressive growth and development 

of the con ispira1 shell anpears to be relatively invariant awang 

gastropods. As the shell grows from the original protoconch, the 

generating curve sweeps around and along the coiling axis, the mantle 

progressively laying down the shell at the generating curve in a more 

or less tightly spirally coiled, gradually expanding tube. 

Modification of the shell subsequent to its deposition at the 

generating curve takes one of two main forms: secondary deposition of 

shell material as septa or on the inner surfaces of earlier whorls, 

perhaps as a partial solution to area/volume problems encountered during 

growth (Andrews, 1974; Yochelson, 1971), or partial or total resorption 

of internal shell walls and/or previously deposited sculptural elements 

(Fischer, 1881, Morton, 1955, Carriker, 1972). The" general geometry of 

shell coiling has been extensively discussed by various authors; in the 

2. 

latest and most comprehensive of these contributions, Raup has indicated how the 



3. 

fundamental morphology of the coiled shel~ may be expressed in terms of 

only four parameters (Raup, 1961, 1962, 1963, 1966; Raup and Michelson, 

1965). These basic parameters are W, whorl expansion rate, the rate of 

increase in size in the generating curve; T, translation rate, the rate 

at which the centre of the generating curve moves away from the coiling • 

axis compared to the rate at which it moves down this axis; S, shape of 

generating curve, equivalent to the whorl cross-section in the plane of 

the coiling axis, and D, a measure of the distance of the generating 

curve from the coiling axis. 

In the broadly conispiral shells discussed in the present paper, 

the parameter D is zero or effectively so, and the shells generally lie 

on or very close to the D=O, w>o, T>O, face of the three-dimensional 

block illustrating the (computer generated) spectrum of coiled-shell 

forms derived by Raup (1966: Fig.4) (see Fig.l). 

Ellis (1926) has described the gastropod shell as a 'conical tube, 

spirally coiled for mechanical convenience'. The mechanical strength of 

such a structure is greatly increased by mutual contact between successive 

whorls, as indicated by Raup (1966); Yochelson (1971), Rex and Boss (1976), 

and Vermeij (1977) have pointed out the comparative rarity of forms lacking 

this contact between whorls. The interpretation of mutual whorl contact 

as a device for increasing shell strength is supported by consideration of 

the autecology of those forms lacking this contact; most are either 

sessile or attached forms, e.g. Vermetids (Morton, 1965), Siliquariids 

(Gould, 1966a), Vermiculariids (Gould, 1969), the Palaeozoic Vermetid 

analogues (Burchette and Riding, 1977), or are forms.characteristic of 

extremely low-energy water conditions, e.g. the endemic Valvatids of lakes 

Baikal, (Kozov, 1964), Ohrid (Stankovic, 1960) and (Pleistocene) Rudolf 

(Williamson, in prepn.). In neither group of forms is shell strength 

likely to be at a premium. It seems intuitively likely that the 

considerable geometric constraints imposed on the majority of conispiral 
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g~stropod shells, even where limited remodelling is po~sible, by the 

necessity of maintaining contact between successively added whorls, will 

inevitably lead to major interrelationships between the main shell 

p~rameters, for simple geometric reasons. Such interrelationships 

wquld reflect an important constructional component to shell morphology: 

The purpose of this paper is therefore two-fold. In the first 

place it is a preliminary examination of the extent and nature of 

utilisation of the D=O face of Raup's block by coni spiral gastropods, 

in the way that Raup has already examined utilisation of the T=O face 

of this block by Ammonoids (Raup, 1967). In the second place, it is an 

investigation of the potential constructional component of coni spiral 

shell morphology: recognition of such a component would be an important 

aid in the interpretation of changing shell morphology during ontogeny 

and phylogeny. 

MEASUREMENT OF GEOMETRIC PARAMETERS 

Raup's original analysis of shell form was based on a consideration 

of the coiled shell in a system of cylindrical co-ordinates, but he 

indicates the way in which the main shell parameters may be measured 

directly on actual material; W, T, and D may be determined by simple 

ratios (Raup, 1966), while he suggetts that the complex 'parameter'S 

may be recorded by an outline sketch. In practise, the above parameters 

are very difficult to measure or record. The main problem is that Raup's 

initial analysis was based on theoretical shell morphologies that had 

circular generating curves and that did not exhibit ontogenetic allometry. 

Many gastropods have generating curves that at least approach circularity 

but ontogenetic allometry in all main shell parameters appears to be the 

rule in gastropods. 

Many studies of gastropod shell morphometry employ approximations 

to Raup's parameters which are measuTed over the whole shell (e.g. the 

measure of T employed by Kohn and Riggs (1975); the measure of Wemployed 

by D'Arcy Thompson (1942) and Vermeij (1971). These measures are only 



5. 

valid estimations of Raup's parameters, as defined, in the absenc£ of 

ontogenetic allometry. All parameters measured Oft . all gastropods 

studied in this paper were allometric; previous studies of individual 

taxa have similarly demonstrated allometry in all shell parameters (e.g. 

Gould, 1968). This ontogenetic allometry greatly complicates measureme~t 

of the parameter W, and the recording of S. It might seem possible to 

take this allometry into account by calculating the parameters Wand T 

between successive generating curves at fixed angular intervals down the 

coiling axis, and recording S at these same intervals. However, problems 

still arise in the estimation of W, which Raup indicates may be derived 

from measurements of one linear dimension on any two growth stages of the 

generating curve, provided that the angular distance between them is known. 

Unfortunately, ontogenetic allometry of generating curve shape means that 

estimation of W in this way may be misleading; in a form in which whorl 

height increases more rapidly than whorl width during ontogeny, whorl 

expansion rates calculated from successive values of one or the other 

whorl dimension will be very different, and neither will be genuinely 

representative of the real rate of increase in size of the generating 

curve. 

In order to reduce the problems in measurement of W introduced 

by ontogenetic allometry of generating curve shape, I have therefore 

calculated W in this paper by the formula: 

W = ;(Area of generating curve at in radians)/n 

I(Area of generating curve at (i-2)n radians)/n 

This expression is equivalent to the ratio of the square roots of the areas 

of successive generating curves, and is effectively comparing the radii of 

two circles having the same areas as the two successive generating curves. 

The meaningfulness with which this expression actually reflects whorl 

expansion rates sensu Raup will clearly decline with marked departure from 

circularity of generating curve shape, but this disadvantage is outweigh~d 
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by the fact that the eX?ression allows a measure of comparison of whorl 

expansion rates through ontogeny without reference to any specific, potentially 

allometric, dimension of the generating curve. In addition, this proposed 

meflsure of W can be realistically compared with Raup's model (for circular 

generating curves it gives the same value as Raup's parameter W). 

Ontogenetic allometry of generating curve shape does not of itself 

complicate determination of the parameter T; throughout this paper Twas 

determined for generating curve pairs at 2n radian intervals by the formula 

suggested by Raup, i.e. as the ratio of the distance between the generating 

curve centres parallel to the coiling axis and the difference between their 
(Fig 2) 

perpendicular distances from that axis, i.e. T = Y ~ Generating 
R2-Rl 

curve centres were identified electronically as detailed subsequently. 

The parameter '8' is in practise something very difficult to 

quantify comprehensively. The most noticeable aspect of generating curve 

allometry is a tendency for the generating curves to become increasingly 

non-circular during ontogeny, frequently elongating in a direction sub-

perpendicular or subparallel to the coiling axis. A measure of 8 reflecting 

this departure from circularity is furnished by the quantity 

C = «Perimeter of Generating Curve/2n)2n 
Area of Generating Curve 

For a circular generating curve this expression gives values of unity; 

departure from circularity gives values greater than unity. 

The direction of elongation of generating curve may be crudely 

indicated by the quantity 

H = (Height of Generating Curve parallel to coiling axis) 
(width of Generating Curve perpendicular to coiling axis) 

(see Fig. 2a). For a circular generating curve the value of this expression 

will be unity; elongation of the curve parallel to the coiling axis will 

give values greater than unity, relative widening of the curve will give 

values less than unity. 
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Raup makes the critical d{stinction between the 'geometric' and 

'biological' generating curves, which in most gastropods are rather 

different entities. The former is described by the parameter S, and is the 

geometric figure formed by that whorl cross-section which lies in the plane 

of the coiling axis. The biological generating curve is the geometric 

figure formed by the accreting edge of the shell, which in most cases lies 

in a plane which is at an angle to the coiling axis. In terms of 'completed' 

shell morphology, and the relationships between whorls, it is the geometric 

curve that is of importance, but the angle between the two types of 

generating curves is also of interest, and this angle 'E' (Vermeij, 1971) 

was accordingly measured in this study. In measuring an approximation 

to this angle, use was made of the fact that, due to discontinuous growth, 

former positions of the aperture (the outline of which effectively constitutes 

the biological generating curve) are usually preserved down the shell as a 

series of 'growth lines'. In fact, the biological generating curve rarely 

lies within a single plane, but is usually curved. A measure of E is 

afforded by measurement of the angle between the coiling axis and the tangent 

to that portion of the biological generating curve exposed on the most 

abaxial surface of the last whorl (see Fig. 2b). 

Certain derivations of the measurements detailed above were also 

calculated, as discussed subsequently. 

METHODS 

The main morphologic parameters were determined at 2n radian 

intervals down the coiling axis for a range of 'conispiral' representatives 

of common gastropod families. The material all had·W > 0, T > 0, and D - 0 

or effectively so. Choice of material was governed exclusively by 

availability, but 1 believe a fairly comprehensive range of conispiral 

gastropod morphology was represented. The basic measurements were taken 

as follows. The shells were sawn or ground in half so that the plane of 
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cutting precisely bisected the columella; fragile mate ial was set in 

glass-fibre resin prior to sectioning. The plane of bisection was etched 

in 1.75% HCl and then stained using a mixture of Alizarin red-S (0.5 g) 

and potassium ferrocyanide (2.5 g) made up to 500 cm 3 in 0.2% HCl. This 

staining, which colours ferroan calcite a hue composed of blue and red 

(Lindholm and Finkelman, 1971), greatly facilitates identification of the 

generating curve boundaries in the bisected shell. Cellulose acetate 

peels (Katz and Friedman, 1965; Davies and Till, 1968), were then taken 

~ 

of this stained plane, and the peels mounted between glass squares. These 

squares were then projected onto a System-2 D-Mac digitising table controlled 

by a DEC PDP8 computer, running under software devised by I.J. Metcalfe of 

the Bristol Computing Centre. Using the Bristol programs 'APC' and 'SCANS' 

the area, perimeter, height and width of successive generating curves in 

each shell were determined, and by a process of area summation, the cartesian 

co-ordinates of the centroid (first moment of area) of these same generating 

curves were also recorded. From this basic data the parameters previously 

detailed were calculated. 

Setting each shell up on the table in a co-ordinate system 

involves making a subjective decision as to the position of the coiling axis. 

If shells from the 'real' world conformed precisely to Raup's model, there 

would be no problem, as the coiling axis would simply be the principal plane 

of symmetry of the shell. However, in real conispiral shells the coiling 

axis is often not a perfectly straight plane of symmetry, but zig-zags 

slightly about contigous generating curves. This admittedly slight effect 

is most noticeable in forms with high rates of whorl expansion. In the 

type of shell under discussion, from the D • 0 face of Raup's block, a given 

generating curve is in contact with four others (the curves preceding it ~t 

angular distances of 2n and n radians, and succeeding it at nand 2n radians). 

For simple packing reasons, the junction between a series of sub-circular 

generating curves in mutual contact cannot be a perfectly straight line, 
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though in most cases this junction (the coiling axis) will closely 

approximate linearity. In cases in which W is large the departure from 

linearity of the coiling axis is somewhat more marked, and in these cases 

the coiljng axis was by convention taken to be equivalent to the adaxial 

tangent of either the right or left hand vertical series of generating 

curves on the plane of bisection; such a notional coiling axis will of 

course impinge slightly on the generating curves ~ radians before those 

measured, but the only innacuracy resulting will be a very slight artificial 

lowering of translation rate. 

With these conventions, most of the material was measured at 

least twice, with apparently consistent results. The parameter E was 

determined as previously described, from camera-lucida sketches of the shell 

outlin~ and abaxial growth-line profiles on the last whorl. 

OBSERVATIONS 

In this preliminary study, a simple, essentially bivariate approach 

was adopted. 

Filling of the D = 0 plane by Conispiral Gastropods 

Fig. 3 is a bivariate plot, corresponding to the D - 0 face of 

Raup's block, of almost all the WIT values recorded for successive generating 

curve pairs in the studied material. It is clear that the observed WIT values 

for the measured gastropods fall into a rather narrow sector of the WIT field 

on the D = 0 plane. The curve indicated as a solid line on Fig. 3 is the 

function T = 2;W ; WIT values satisfying this expression allow contact 
W-l 

between successive whorls of an idealised gastropod with a perfectly circular 

generating curve (Raup, 1966); this function is asymptotic to the values 

T = 0 and W = 1. In general, the observed WIT values follow this function 

rather closely, the major deviation being the rather large number of points 

lying above and below the function in the low-T part of the field. 

However, a generally significant inverse relationship between Wand T is 

indicated by a negative partial correlation coefficient (r) for these 
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quantities which is significant at the 0.001 percent level (Table 1). 

The parameters Wand T are the prime controls on the gross 

external morphology of the conispiral gastropod shell. Shells with high-W 

and low-T combinations tend to be low-spired trochiform types; with lower-W 

and low-T they tend to be heliciform, and with low-Wand high-T they tend. 

to be high-spired terebriform or turriculate in shape. 

The main control on the actual utilisation of the WIT field by the 

gastropods studied appears to be the avoidance of areas of the field in 

which the WIT values lead to major whorl coalescence or separation. WIT 

values lying above the function T = 21W will lead to whorl separation in a 
W-I 

form with a circular generating curve; WIT values from below this function 

will result in whorl coalescence. Separation of the whorls is presumably 

undesirable as it leads to weakening of the shell, as discussed previously. 

All the material represented on Fig. 3 does in fact have overlap or contact 

between the whorls; forms whose WIT values lie above the function T - 21W 
w=r 

have generating curves somewhat elongated sub-parallel to the coiling axis, 

this elongation ensuring contact between the whorls. However, most of the 

studied gastropods have generating curves whose external shape at least 

approximates circularity, and the general absence of WIT values from much 

above the function T = 2/W may be attributable to avoidance of areas of 
w::r 

the WIT field where whorl separation becomes unavoidable without recourse 

to an excessively elongate and attenuate generating curve. Such a 

generating curve would clearly be maladaptive; quite apart from the limiting 

case of a generating curve so attenuate that it consisted solely of shell 

wall and had no aperture, it is clear that excessively attenuate generating 

curves are generally incompatible with the basic gastropod bauplan and 

system of growth by terminal increments. This is because, in most 

gastropods, an extremely slit-like shell generating curve will not provide 

adequate enclosed volume for the growing soft-parts; a similar argument has 

been invoked to explain the general absence of ammonoid shells with whorl 

expansion rates consistently less than or equal to unity (Raup, 1967). In 
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addition, extreme attenuation of generating curve-hence aperture-may be 

incompatible with the fact that in ho1oc1eid gastropods all physiological 

requirements must pass to the viscera through the aperture, and through 

it ~re extended the sensory and locomotor apparatus. Also, very attenuate 

gen~rating curves appear to be prohibited in dibranchiate gastropods due 

to difficulties in separating inha1ent and exhalent water currents 

(Lins ley, 1977). 

The general absence of gastropods from areas of the W/T field 

lying much above the function T = 2/iW, due to the inevitability of whorl 
W-1 

separation in forms from this region having functional generating curves and 

apertures, is entirely analogous to the situation recorded by Raup in his 

analysis of the T = 0 face of the W/T/D block; the morphometric field 

encompassing known ammonoids was approximately bounded to one side by the 

function W = l/D, which on this face of the block forms a surface analogous 

to the function T = 2;W- on the conispira1 face, separating forms with 
W-1 

circular generating curves and contact between whorls from theoretical, 

but non-existent and presumably non-viable forms lacking such contact 

(Raup, 1967). 

Very attenuate generating curves do of course occur in certain 

gastropods, but appear to be limited to certain advanced mesogastropods and 

neogastropods which have single gills and which provide additional room 

for the growing soft-parts by resorbtion of the internal shell walls 

(Vermeij, 1977; Fischer, 1881; Morton, 1955). The extremely slit-like 

generating curve and aperture permitted by the ability to resorb the internal 

she11-wa11s, and by possession of a single gill, appears to be an anti-

predator device serving to limit entry to the shell interior. Resorbtion 

and a slit-like generating curve apparently developed together as a response 

to increased shell-predation during and since the Mesozoic (Vermeij, 1977). 

Movement away from the function T - 2iW in such forms would lead to even 
w=r 

greater attenuation of the generating curve; although such shells naturally 

provide a poor ontogenetic record, they therefore still appear to lie 
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relatively close to the function T = 2~ as discussed subsequently. 
W-f 

Pronounced coalescence of whorls is as undesirable as separation; 

even moderate coalescence may require radical reorganisation of the lay-out 

of the soft-parts within the partially occluded whorl, while in more extreme 

cases major occlusion of a subsequent whorl would leave inadequate room for 

the growing soft-parts, and would result in a highly compressed generating 

curve, hence aperture, attenuate in a direction sub-perpendicular to the 

coiling axis, the probably disadvantage of which geometry were discussed 

above. The avoidance of major whorl coalescence appears to be the major 

factor responsible for the general absence of recorded WIT values from 

much below the function T = 2~ • 
W-T 

Taken together, avoidance of both separation and excessive coalescence 

of whorls, without recourse to excessively attenuate or compressed generating 

curve shape, appears to largely explain the apparent 'under-utilisation' of 

the potential WIT field by conispiral gastropods, and the rather close 

correspondence of recorded WIT values with the function T - 2~ • 
W-T 

However, 

it still remains to explain the overall shape of the WIT field exploited by 

gastropods, particularly its widening in the low-T region, where WIT values 

frequently diverge widely from agreement with the function T • 2iW • 
W-T 

Investigation of this problem requires a parameter which expresses the 

relative degree of whorl coalescence or separation; one possible measure 

of this is the parameter Z, such that 

In this expression, rl and r2 are the radii of two successive circular 

generating curves and Y is the distance parallel to the coiling axis between 

the centres of these curves. This function therefore compares the distance 
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between the centres of twe generating curves with the sum of their radii, 

such curves being circular and having a common tangent (the coiling axis). 

When Z = 1, the generating curves are just in mutual contact; as described 

subsequently, Z may be expressed in terms of T and W, and the form of the 

function Z = 1 is identical to the function T • 2;W • 
W-T 

If Z < 1, the 

generating curves are not in mutual contact, while if Z > 1. the curves are 

coalescent. Clearly, with departure from circularity of 'generating curves, 

Z will become an increasingly poor measure of relative whorl coalescence or 

separation, but most of the studied generating curves approximate circularity 

closely enough for Z to be a useful relative measure. 

The function Z may be cal:u1ated from known values of Wand T as 

follows. Given that rl = 1, r2 = W; T = y by definition (see Fig. 2). 
r2-r l 

It follows that y2 = (T(r2-rl»2 = (T(W-1»2 and Z = (1 + W) 

Fig. 4 is a contour plot for the values of the function Z over the 

lower-T part of the D = 0 face of Raup's block; the values of Z were 

calculated at 0.25 intervals of T and W. Contouring was performed, using 

the Genstat 'contour' facility, by cubic interpolation between the calculated 

values (Nelder et a1., 1975). Lines a and b join the maximum/minimum 

recorded WIT values of the studied shells. 

The lower the value of Z below 1, the more separated are the 

successive generating curves relative to their radii, and the weaker is 

the shell. Similarly, the greater the value of Z above 1, the greater 

the degree of coalescence of contigous generating curves. A priori, it 

seems likely that separation and coalescence of whorls due to unit 

variation in T or W will be more severe when successive generating curves 

are of more similar sizes, i.e. at low-W high-T values. That this is indeed 

the case is indicated in Fig. 4, where the contour lines for the various 

values (',f the parameter Z are seen to be strongly asymptotic to the line 
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W = 1. The resulting convergence of :ligh values for degree of potential 

separation or coalescence of generating curves with increase in T appears 

to be the likely major control on the area of the WIT field actually 

utili~ed by gastropods on the D = 0 face of Raup's block. Thus, degree 

of cOplescence or separation of whorls is less pronounced with unit 

variation in W or T in the low T part of the field; Z-values depart more 

slowly from unity here, and the area of the WIT field utilisable and 

utilised by gastropods is wider. With decline 1n Wand corresponding 

increase in T, successive generating curves become of more similar sizes, 

and unit change in T or W away from the function results in a much greater 

degree of relative whorl separation or coalescence as Z-values depart 

rapidly from unity. The morphometric fielt! uti Used by gastropods therefore 

narrows rapidly with decline in Wand increase in T, and observed WIT values 

become increasingly congruent with the function T .. 21W 
W-T 

It is clear from Fig. 3 that although recorded WIT values are 

highly congruent with the function T .. 21W in the high-T part of the D - 0 
W-I 

plane, WIT values in this region tend to lie above rather than below this 

function. This suggests that whereas the relatively gradual reduction 

of Z from unity above the function, leading to whorl separation, can be 

readily catered for by some elongation of generating curve ensuring whorl 

overlap, the effects of rapid increase in Z below the function, quickly 

leading to massive whorl coalescence, are less easily avoided. This 

tendency for WIT values to lie above rather than below the function 

T = 21W in the higher-T part of the D .. 0 plane is reflected in a significant 
W-I 

negative correlation coefficient between recorded values of Z and T (Table 1). 

/ 
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Ontogenetic Relationships between Wand T 

Fig. 5 shows a series of bivariate plots of Wand T for the 

various measured gastropods, on which the WIT values at 2n radian intervals 

down the coiling axis of individual shells have been connected by straight 

lines. The material measured was rarely quite complete; loss of the ~ 

distal apex during life is common in many gastropods, and the more fragile 

material often suffered unavoidable apical damage during bisection. The 

lines recorded in Fig. 5 therefore represent a varyingly complete 

ontor,r .. " record for the gastropod teleoconch. 

It is clear from Fig. 5 that all the measured gastropods exhibit 

ontogenetic allometry in Wand T. The majority of studied gastropods 

experience ontogenetic decline in W, and the larger part of these also 

experience ontogenetic increase in T. 

The prevalence of ontogenetic decline in W is explicable in terms 

of known patterns in molluscan growth rates. In common with many other 

invertebrates, mollusca experience a gradual, more or less exponential 

decline in growth rate with age, resulting in a progressive decline in rate 

of increase in mass of the soft-parts. In gastropods this will be 

reflected by a corresponding decline in the rate of increase in volume of 

the enclosing shell. Provided that the basic geometry of successive 

terminal increments to the shell is maintained, declining growth rates 

during ontogeny will result in a helicocone which is not a right-cone and 

which will thus inevitably exhibit a decline in W down the shell. 

Radical alteration of the geometry of successive terminal increments 

to the soft-parts and helicocone would, however, make possible a combination 

of declining growth rates with constancy or increase in whorl expansion rate. 

Such alteration would seem a priori to be far more difficult to program into 

ontogeny, to require far more 'morphogenetic effort', than a passive 

reflection of declining growth rates by ontogenetic decline in Wi the 
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compurative rarity of overall ontogenetic increase in W may reflect this. 

Ontogenetic change in Wand T in the gastropods studied tends to 

follow one of two main patterns. Ontogenetic lines may follow more or 

le~ closely the function T = 2;W , or they may lie at a high angle to 
W-f 

this function (see Fig. 5). Ontogenetic lines lying at a high angle to 

the function are generally limited to the low-T part of the wIT field; 

lines paralleling but some distance from the function are similarly restricted 

to the low-T region; in the high-T region all the ontogenetic lines are 

highly concordant with the function. 

The general distribution of ontogenetic lines over the WIT field 

appears to be controlled, like the general distribution of WIT points, by 

avoidance of those areas of the field where WIT values must lead to major 

whorl separation or coalescence. In the low-T part of the field, the area 

of wIT values in the neighbourhood of the function T a21W which give 
w=r 

values for Z close to unity is relatively wide, allowing given ontogenetic 

lines to lie at some distance from the function, or to actually be completely 

discordant with it. In the high-T region of the field, rapid narrowing of 

the area of WIT values giving Z close to unity cana1ises all ontogenetic 

lines into very close concordance with the function T • 2;W 
W-T 

Distribution of S over the D = 0 plane 

Fig. 5 indicates the S-values (parameters C and H) which correspond 

with the various WIT values in individual ontogenies on the D - 0 face of 

Raup's block. The following generalisations seem possible. WIT values 

lying above the function T = 2;W tend to be associated with relatively 
W-l 

high values for C and H, i.e. non-circular generating curves elongated in 

a direction parallel or subparallel to the coiling axis. WIT values lying 

below the function tend to be associated with high values for C and low -

values for H, i.e. non-circular generating curves elongated in a direction 

perpendicular or sub-perpendicular to tl:e coiling axis. Generating curves 
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which are relatively cirLular, i.e. with C and H both approximating ulity, 

are restricted to WiT combinations lvine on or very near the function. 

Non-circularitv of peneratinQ curve. and its elongation in a 

direction sub-parallel to the coiling axis, is to be expected in forms havin~ 

contact between the whorls whose WIT values lie above the function T • ~~ ; 

were the generating curves of such forms circular, contact between the whorls 

would not be maintained. In general, the lower the Z-value for a given 

pair of generating curves in contact, the more elongate will these curves 

tend to be. Similarly, whorl coalescence in forms whose WiT values lie 

below the function, and whose Z-values are therefore high, would be expected 

to lead to relatively compressed, non-circular generating curves which were 

wider than high, i.e. effectively elongated in a direction sub-perpendicular 

to the coiling axis. Circular generating curves should only be possible in 

the absence of whorl coalescence or potential separation. i.e. in forms 

2~ whose WiT values lie on or verv close to the function T - W_l(Z-l). 

Generally speaking, we would therefore expect relative height of 

generating curve, H, to be significantly negatively correlated with Z, and 

non-circularity of generating curve, C, to be positively correlated with 

departure of Z from unity, i.e. positively correlated with the quantity IZ-ll. 

These implied correlations betwen WiT, hence Z, values, and shape of 

generating curve, were examined by derivation of a series of partial 

correlation coefficients (Simpson et al., 1960), between the various parameters. 

The relationships between the parameter pairs Z and IZ-11, and Hand C, are 

by definition non-linear, so only one of each of these parameter pairs can 

be incorporated in a given calculation of partial correlation coefficient. 

In addition, it is intuitively obvious that the departure from circularity 

of generating curve, increase in C, induced by unit reduction in Z from the 

value Z=l, will not be equivalent to that induced by unit increase in Z away 

from Z=l, i.e. the relationship between C and lz-ll will not be linear if 

material from both below and above the function Z=l is considered simultaneously. 



The behaviour of C with \z-li must therefore be considered separately for 

material above and below the function Z=l. 

The results of these calculations (Table 1) confirm the postulated 

negative correlation between Hand Z, and the positive correlation between 

C and \Z-l\ for material below the function Z=l. The correlation between 

C and \Z-l\ for material above the function Z=l was not significant, 

probably because it included most of the advanced Mesogastropod and 

Neogastropod material in which generating curves are frequently very 

elongated even in forms lying close to the function Z=l (=T=2/W). This 
W-I 

elongation, which as discussed previously appears to be a functional 

feature permitted by the ability to resorb the internal shell walls, 

obscures the relationsnip between C and \Z-l\ in material from above 

the function Z=l. 

Ontogenetic change in S 

It is clear from the discussion above that ontogenetic change 

in WiT values that lead to changes in Z will result in ontogenetic change 

17a. 
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in external generating curve shape. Change in Z is an important 

component in ontogenetic change in generating curve shape, but it is 

clear from examination of the events within several individual 

ontogenies which parallel the function T - 2fW , that ontogenetic change 
w:r 

in Zois not the sole major control on ontogenetic variation in C and H. 

In many ontogenies which closely parallel the function T - 2fW (Z - 1), 
W-T 

there is a progressive and marked elongation of generating curve in a 

direction sub-parallel to the coiling axis, i.e. an increase in Hand C, 

even though there is no systematic ontogenetic decrease in Z, and may even 

be an increase in this parameter (see Fig. 6). The general inverse 

relationship between Hand Z over the WIT field will clearly not explain 

generating curve elongation within these ontogenies. 

In fact, ontogenetic increase in Hand C, elongation of generating 

curve, in most ontogenies concordant with the function T • 2JW (Z - 1), 
W-T 

appears to be the result of interaction between the general ontogenetic 

decline in Wand increase in T and an interesting but little-remarked 

architectural feature of the gastropod shell. Although a given whorl may 

be laid down months or even years after its preceding whorl, it can in the 

majority of cases be demonstrated that the ultimately most adapical point 

of contact between a succeeding and preceding whorl is defined during 

deposition of the preceding whorl. This point of most adapical contact, 

which is equivalent to the 'X-point' of Cox (1960), is defined on the whorl 

by one or more of three main classes of spiral structure. It may be 

defined by a positive sculptural element, by a marked a adapical angulation 

of the whorl, or be equivalent to the geometrically most abaxial point on 

the whorl periphery. Spiral sculptural elements are generally due to 

differential secretory activity of parts of the growing mantle edge (Cox, 1960), 

but the second and third classes of structure above involve the primary shape 

of the generating curve. Of particular interest is the behaviour of the 

structural element constituting the X-point in those forms which have finite 

growth and definite maximum adult whorl numbers. Thus in Bellamya unicolor, 
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the distinct adapertural angulation of the whorl, ~hich defines the X-point 

for successive whorls, is clearly redundant over those portions of the 

penultimate and final whorls which will never be covered by a subsequent whorl, 

and a~cordingly dies out completely over this interval. 

'Pre-programming' of the X-point on the preceding whorl may be ad~ptive 

in that it assists in maintainance of similar degrees of overlap between whorls; 

as discussed previously, this overlap is an important component in shell strength. 

In addition this pre-programming is clearly an important element in the orderly 

unfolding and maintainance of generally similar shell morphology during 

ontogeny in forms with contact between the whorls; the absence of a pre-

programmed X-point in gastropods lacking contact between their whorls is 

probably a major factor in the extreme intra-specific variability characteristic 

of such forms (e.g. Yochelson, 1971; Williamson, in prepn.). Whether it is 

genetic programming or simple 'mechanical recognition' that is responsible for 

recognition of the spiral feature constituting the X-point by the mantle during 

growth of the subsequent whorl is not known. However, a similar mechanism 

is almost certainly responsible for the periodic formation of a reflected 

outer lip by which most Epitoniidae build up their oblique axial lamellae. 

The fact that the position of the point of most adapical contact 

between two whorls, the X-point, is predetermined on the preceding whorl of the 

pair, suggests the following interpretation of generating curve elongation, 

increase in Hand C, in the absence of systematic ontogenetic decline in Z 

in those ontogenies closely congruent with the function T - 21W • 
E=f 

Consider a conispira1 shell with a circular generating curve, 

D - 0, and T = 21W (hence Z = 1). 
W-T 

Assume rl a 1, then r2 - W; T - Y/(r2 - rl) 

by definition (Fig. 2). 

By Pythagoras, the distance P between a given generating curve 

centre and the most abaxial point on the preceding generating curve is given 

by the following expressions: 



If W > 2, 

If W = 2, 

If W < 2, 

p = j (W_2)2 + (T(W-l»2 

p = / (W+l)2 - (1)2 

p = I (2-W)2 + (T(W-l»2 
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(see Fig. 7). 

It is clear from Fig. 8a, a plot of W against P, that the relationship 

between these two variables is markedly non-linear. Although P shows a ~eneral 

decline with decline in W, the amount of decline in P elicited by unit decline 

in W falls as W becomes smaller. This implies that with decline in W, there 

is an increase in the distance P relative to W, a conclusion verified by 

Fig. 8b, a plot of W against P/W. In the case under discussion, where 

rl = land r2 = W, Fig. 8b indicates that there is an increase in the distance 

between generating curve centres and the most abaxial points on the preceding 

generating curves, relative to the generating curve radius (r2), with 

decrease in W. 

The X-point, the point of most adapical contact of a given generating 

curve, usually lies close to or on the most abaxial point on the preceding 

generating curve. That is, the distance V, between a given generating curve 

centre and the point of most adapical contact (X-point) of that curve, is 

generally equivalent to P. It follows that in ontogenies which involve 

decline in Wand corresponding increase in T, there will be a progressive 

ontogenetic increase in the distance V relative to the generating curve radii. 

The ontogenetic increase in this relative distance must lead to a progressive 

distortion of generating curve shape of the type commonly observed: increase 

in Hand C with the elongation of the generating curve sub-parallel to the 

coiling axis. 

The less abaxial and more adapertural is the position of the X-point, 

the less will be the relative increase in V relative to the generating curve 

radii with decline in W. At the limiting case, the X-point lies so 

adaperturally that the generating curves are only just in contact, and there wil: 

be no increase in V relative to the generating curve radius with decline in W; 
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in fact, V is equal to the generating curve radius throughout ontogeny. 

The measurements on Eoitonium given in Fig.S were taken on t~e 

basic generating curve, i.e. did not include those fragments of the periodically 

deposited varices that are seen in any bisection of the shell. The basic 

-
generating curve shape in Epitonium is very circular; successive WIT values 

through ontogeny are such that they are relatively congruent with the funclion 

T = ~~~ (Z=l), and the successive generating curves are therefore only just 

in contact. By the predictions of the model given above, Epitonium should 

therefore show no ontogenetic elongation of generating curve with decline 

in W. The genus is indeed unique among the measured forms whose ontogenies 

are congruent with the function T = ~~, and which exhibit decline in W, 

in its complete absence of ontogenetic elongation of generating curve. 

The postulated relationship between decline in Wand elongation 

of generating curve within individual ontogeny implies that there should be 

a rather general inverse relationship between W and H over the entire D=O 

2Jw plane, in those forms whose WIT values are close to the function T - W-l; 

i.e. we might expect that given generating curve pairs lying close to the 

function and with high W values should have a generally less elongated shape, 

lower Hand C, than those near the function but with lower W values. Partial 

Pearson correlation coefficient was accordingly calculated between Wand H 

for generating curve pairs lying relatively close to the function T 2JW =--W-l 

(with \Z-1\<0.4). No significant correlation across the D=O plane between W 

and H was in fact revealed by these calculations, suggesting that, although 

these two parameters are clearly inversely related during the course of 

. 2/i ( .) individual ontogeny in forms lying close to the funct10n T - W-l e.g. F1g.6 , 

differences in fundamental shape of the generating curve between different 

taxa is not controlled by this simple geometric relationship, but is perhaps 

dictated by more functional considerations. The inverse relationship between 

W and H apparently holds within, but not between, individual ontogenies. 

To summarise, values of W and T are related to the shape of the 

generating curve due to (a) the inverse relationship between H and Z (the 

latter a function of Wand T) and the positive relationship between C and 
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IZ-ll ~nd b) the inverse relationship between Wand H. The direction in 

which a given ontogeny proceeds over the D c 0 plane will determine which of 

these two sets of relationships predominates, and will be reflected in change 

of shape of generating curve. 

Distribution of E over the D = 0 plane 

The distribution of the parameter E, angle between the biological 

and geometric generating curves, over the WIT field of the D • 0 plane, is 

plotted in Fig. 9. Without complete destruction of the material, E can 

only be determined with any accuracy at all on the last whorl of a given 

shell. The WIT values against which E has been plotted in this figure 

are there-fore the mean WIT values for individual ontogenies. Fig. 9 

indicates a rather general variation of E across the WIT field. There is a 

general but by no means universal tendency for E to decline with decrease in 

Wand increase in T. As the WIT field is traversed from left to right in 

Fig. 9 , one is generally passing from a region of relatively squat shells 

with high Wand low T, with a small number of whorls, to a region of high

spired shells with low W, high T, and a large number of whorls. 

For obvious gravitational and mechanical reasons, squat high-W 

shells tend to be carried relatively 'upright' during active locomotion of 

the animal, with the coiling axis at a large angle to the axis of the head-

foot. For simple mechanical reasons, the biological generating curve or 

actual leading shell edge must therefore be positioned at a large angle to 

the coiling axis (and hence geometric generating curve); E will be high. 

For higher-spired, low-W shells, for similar gravitational and 

mechanical reasons, the shell is generally carried so that its coiling axis 

is parallel or sub-parallel to the long-axis of the head-foot during active 

locomotion. The biological generating curve is therefore at a small angle 

to the coiling axis and hence geometric generating curve; E will therefore 

be low. Linsley (1977) has previously suggested that E will generally 
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increase with decrease in T and increase in W. It is interesting to note 

that during active locomotion in Turrite11a "the shell is borne up at an 

angle and not allowed to trail upon the ground as in Cerithia and other 

elongate forms" (Reeve, 1849). 

Turritella is unusually high. 

For its WIT value, the E value in 

Vermeij (1971) has suggested that 'lowering of the axis of coiling', 

i.e. a reduction in E, has been an important evolutionary event in several 

groups of gastropods in that it permits elongation and anterior elaboration 

of the generating curve; he suggests that such elaboration is not possible 

in forms with low E because the rate of change of position of an elongate 

generating curve or elaborate anterior notch or canal will be relatively 

large, and the cost of its maintainance prohibitive. Such 'cost-of-

maintainance' arguments seem attractive when considering the generally 

rather simple generating curves typical of many extant high-E high-W forms, 

but are called into question by the extreme elongation and elaboration of 

generating curve seen in certain extinct high-E high-W groups (notably 

certain Lucie11ids and Pleurotomariids). 

One could argue that the rather general coincidence of longitudinally 

elongate and anteriorly elaborate generating curves and low angles of E are 

due to the fact that both tend to be associated with forms from the low-W 

high-T part of the WIT field simply due to the manner in which these high 

shells are carried. Major elongation of the generating curve, or its 

elaboration into a notch or canal in an anterior direction, continuing the 

line of the coiling axis, is practicable in low-W high-T forms, as the shell 

is generally borne with the coiling axis parallel or subparallel to the 

substrate, and E therefore low. Anterior extension of the generating curve 

will be parallel to the substrate and broadly in the direction of progression. 

In high-W low-T forms in which the shell is characteristically borne with 

the coiling axis at a high angle to the substrate, and in which E is therefore 
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high, extension of the geneIating curve in an anterior direction, 

continuing the line of the coiling axis, is clearly prohibited by potential 

interference with the substrate or head-foot mass. Major elaboration and 

elongation of generating curve in several extinct high-E groups is in a 
. 

generally abaxial rather than anterior direction. The general coincidence 

of low E and markedly elongate and anteriorly elaborate generating curves 

may thus be attributed to other factors than 'cost of maintainance'. 

DISCUSSION 

As Seilacher (1970) has indicated, assessment of the significance 

of a given morphological structure, or morphometric trends within such a 

structure during ontogeny or phylogeny, requires a decision as to the relative 

importance of three main morphologic influences. An 'adaptational' or 

functional feature is one that results directly and immediately from the 

process of adaptation through natural selection. An 'architectural' or 

'constructional' feature is a 'non-adaptational element of low taxonomic 

significance' (Seilacher, 1970), 'strongly influenced either by physical 

inevitability, by inherent limitations of materials, or by growth systems which, 

although necessary to the organism (and therefore adaptive) produce some 

structures as byproducts' (Raup, 1972). 'Historico-phylogenetic' features 

are those intrinsic aspects of the organism's basic organisation that constitute 

its fundamental phylogenetic legacy. 

As Seilacher has pointed out, it seems unlikely that given major 

features of an organism will ever be attributable solely to one or the other 

of these various influences alone, and the principal task in interpretation 

of a given structure or structural trend is therefore ·that of placing it 

within that three-point plot which has as its end-members these three main 

morphologic influences, 

The basic morphology of the conispiral polygyre shell in holocleid 

gastropods is clearly highly functional: enclosure of the body in a conical 



25. 

tube serves both to protect and support the soft-parts: coiling of this conical 

tube makes for mechanical convenience during locomotion, and mutual contact 

between the whorls so formed increases shell strength. However, the fact 

that this highly adaptive coiled conical tube is constructed by terminal accretior 

and is not amenable to major re-modelling subsequent to deposition, is clearly a 

historico-phylogenetic legacy from primitive mollusca. In addition, the 

primarily geometric interplay between certain directly adaptive features of 

the shell, and between these features and the method of shell construction, 

leads to major morphological features and trends that are constructional rather 

than adaptive; such constructional features are reflected by major inter-

relationships between parameters descriptive of basic shell morphology. 

Functional aspects of Wand T 

Although there is considerable evidence that the overall external 

form of the conispiral gastropod shell, which is primarily governed by 

its WiT values, is of broad adaptive significance, in general we know 

considerably less about the functional significance of general shell shape 

in given gastropod taxa than in their bivalved relatives. Perhaps the 

best evidence for a general functional significance of external shell 

shape in gastropods is indirect in that it comes from the existence of 

widespread parallelism and convergence in shape. Thus, endemic gastropod 

faunas from ancient rift lakes such as Baikal and Tanganyika frequently 

include taxa which have adapted to environments that are normally of 

negligible volumetric importance in freshwaters, though important in the 

marine realm (e.g. surf zone; abyssal depths). The external shell 

morphology, (hence WiT values), of such forms closely parallel their 

totally unrelated marine analogues from similar environments (Yonge, 1938, 

Hubendick, 1952). Similarly, Geographically distant and taxonomically 

unrelated gastropod communities from similar environmental regimes in the 

marine realm display similar morphological types (e.g. Vermeij, 1973). 
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In ad,'ition, cases of extremely precise convergencE in external shell 

morphology between actively evolving, spatially and temporally coincident 

gastropods (e.g. the convergence between Glabrocingulum (Ananias) welleri 

and Worthenia tabulata described by Eldredge, 1968) strongly argues a 

functional role for gross external shell morphology in gastropods. 

In terms of the WIT field actually utilised by gastropods on the . 

D = 0 face of Raup's block, many high-W low-T forms appear to be characteristic 

of high-energy environments; the strong, squat, gravitationally stable 

shell, and large aperture (hence large foot surface area) provided by 

high W/low T values may be an important adaptive aspect of such forms as 

Littorina, Trochus, and Turbo (Vermeij, 1973). The adaptive significance 

of the low T/high Z heliciform morphology of many stylommatophoran pulmonates 

is unclear, although the high degree of whorl coalescence in these forms 

means that each whorl has a large fraction of its total periphery in contact 

with the preceding whorl. Such high degrees of contact between whorls must 

result in major calcium carbonate economies, and calcium carbonate is 

known to be a major limiting factor for many non-marine molluscs. Gastropods 

from the high-T low-W regions of the WIT field seem to be largely either 

'infaunal' burrowers such as Turritela and Caecilioides, cryptic forms such 

as Clausilia and~, or forms characteristic of low-energy shallow neritic 

environments such as Epitonium. In none of these situations is gravitational 

stability or marked shell-strength likely to be at a premium, and the long 

attenuate shell may be of direct adaptive advantage in burrowing, and in 

certain sorts of cryptic habitat. Forms with intermediate WIT values occur 

in a variety of environments, although the majority seem to be generalised 

epifaunal types. 

Constructional aspects of Wand T 

The distribution of the values for relative whorl coalescence and 

separation, measured in this paper by the parameter Z, over the D • 0 face 

of Raup's block, are such that there is a rather wide area in the low-T 
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neighbourhoo~ of the function T = 2~ over which Z-valuel depart 
W-T 

rather slowly from unity. Exploitation of this area, particularly by 

pulmonates and archaeogastropods, means that the overall area of the 

wIT field on the D = 0 face of Raup's block actually utilised by 

gastropods appears to narrow with increase in T. The width of the 

utilised field appears to be largely controlled by unacceptable values 

for whorl coalescence and separation, neither of which factors would 

be necessarily limiting were extremely attenuate or compressed generating 

curves (hence apertures) feasible. The range of WIT values on the 

D = 0 plane that are actually utilised by gastropods may therefore be 

regarded as a constructional byproduct of the (adaptive) maintainance 

of whorl contact and avoidance of excessive whorl coalescence, without 

recourse to a maladaptive major attenuation of generating curve and 

aperture. 

Similar arguments apply to the nature of ontogenetic trends 

in Wand T over the D = 0 plane. Ontogenetic decline in W, engendered 

in many gastropods by declining growth rates, must be accompanied by 

ontogenetic increase in T such that successive wIT values approximate 

the function T = 2~ over all except the lowest-T part of the D • 0 
W-l 

plane, if whorl coalescence or separation is to be avoided without extreme 

attenuation of generating curve. Such ontogenetic changes in Wand T 

are clearly constructional. The relaxation in the low-T region of the 

channeling effects of very high or low-Z values means that individual 

ontogenetic lines are less strongly constrained into agreement with the 

function T = 2~ • 
W-T 

Accordingly, several taxa in this region have 

ontogenetic lines which lie at a high angle to this function. Ontogenetic 

changes in Wand T in such forms are less certainly interpreted as simple 

constructional byproducts; these changes may well have a functional 

component, though their significance is at present obscure. Invasion 

of this area of the wIT field has introduced the possibility, particularly 
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exploitated by p~lmonates, of independent variation in T and W, 

potentially for 'functional purposes' (e.g. Gould, 1968). Such independent 

variation in these parameters is prohibited in higher-T parts of the field 

for the geometric reasons previously discussed. 

In several forms with finite growth, a rather gradual ontogene~ic 

change in WIT values, in general conformity to the function T - 2~ , is 
W-f 

suddenly interrupted at the last whorl by a radical departure from obedience 

to this function. In those cases in which such departure takes the form 

of reduction in W unaccompanied by appropriate increase in T, it may be of 

adaptive rather than constructional significance. The changes in WIT 

values over the last whorl in these cases are such that there is a major 

increase in Z, and the final generating curve, hence aperture, is therefore 

relatively coalescent and small, perhaps for defensive purposes. Forms 

showing these changes include Viviparus (Bellamya), Cleopatra, Achatina, 

and Clausilia (see Fig. 5). This departure from conformity to the 

function T = 211W over the last whorl may be adaptive, but it cannot be 
W-l 

countenanced earlier in ontogeny, during active growth, as it involves 

movement into high-Z regions. Were such a late ontogenetic departure to 

be continued in subsequent whorls, it would rapidly result in massive 

whorl coalescence; in Clausilia, this departure is such that the whorl 

expansion rate over the final generating curve pair is actually less than 

unity, a situation that could clearly not be maintained in an actively 

growing shell. 

Other forms of departure from the function T • 2iW late in 
W-r 

ontogeny, particularly those involving increase in W without appropriate 

change in T, may again be functional. For example, the late-ontogenetic 

departure from the function T a 2iW in Aporrhais takes the form of massive 
W-T 

increase in Wand decrease in T, reflecting the greatly expanded terminal 

generating curve in this form; this expansion is ~nown to be functional 
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in that it serves as the roof of ~tl excavation in the substrate, thereby 

protecting two siphons leading water to and from the mantle cavity 

(Yonge, 1937). 

Constructional aspects of generating curve shape 

As indicated previously, there is a strong negative correlatien 

between the quantities Z and H, and a positive correlation between C and 

I z-ll· The Z-value for a given generating curve pair is a function of 

their WIT value; the gross external shape of the shell, which is primarily 

governed by the value of Wand T, clearly has a broad adaptive significance. 

There is therefore a suggestion that certain broad aspects of the external 

shape of the generating curve, and ontogenetic trends in this shape, are 

in many cases constructional by-products of the primarily adaptive WIT 

values of the shell. 

Similar arguments apply to that component of elongation and 

departure from circularity of generating curve which is not attributable 

to variation in Z, but stems from the interaction of ontogenetic decrease 

in W with pre-programming of the X-point, as discussed previously. Such 

elongation and departure from circularity of the generating curve, in 

ontogenies paralleling the function T • 2~ , has been demonstrated to be 
W-l 

an inevitable geometric consequence of the general ontogenetic decrease in 

W in generating curves whose point of most adapical contact is predetermined 

on the preceding whorl. Such ontogenetic elongation in generating curve 

may have some functional significance in certain taxa, but this elongation 

must inevitably occur in any form with a degree of overlap between the whorls, 

whose ontogeny parallels the function T • 2~ , for simple geometric 
W-I 

reasons. Such elongation of generating curve during ontogeny occurs in 

representatives of all the main gastropod orders; even without an unde~-

standing of the basic geometric reasons for this elongation, we might be 

tempted to regard it as a basically constructional feature: as Seilacher 

points out, constructional features are by their very nature of low 
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The view presented here, then, is that the external shapp. of the 

2ener.ating Qurve has a major constructional component, which stems partly 

from the effects of Wand T, via Z, on this shape, and partly from the 

interaction of ontogenetic decrease in W with pre-programming of the X-point 

in forms with whorl overlap. 
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This view of much external generating curve shape as a constructional 

by-product, a passive distortion induced by either adaptive or growth-rate 

governed alterations in Wand T, recalls D'Arcy Thompsons belief that many 

aspects of form are directly produced by physical forces acting on flexible 

material (in this case, the growing mantle edge constituting the generating 

curve). Gould (1970) has stressed the importance but general disregard of 

this insight. 

Apart from gross external shape, other features of the geometric 

generating curve shape are clearly constructional in nature, such as the 

anterior deflections in the curve which result as by-products of the formation 

of the highly functional notches and spouts of many higher mesogastropods 

and neogastropods, and those abaxial deflections and thickenings which are 

by-products of those spiral elements constituting the X-point (or by-products 

of functional sculpture generally (Raup, 1972». 

Functional aspects of generating curve shape 

Although it has been argued that the external shape of the geometric 

generating curve has a major constructional component, it also clearly has 

important functional aspects. These functional aspects are reflected in the 

previously discussed lack of any significant general correlation between the 

parameters W and H, and between the parameters C and IZ-l\ for material lying 

above the function Z=l. A specific example of a functional aspect to generating 

curve shape is apparently provided by the very high Hand C values of certain 

strombid and conid generating curves, which are not dictated by the Z-values 

of these forms, but which appear to be an adaptive anti-predator device (the 

attenuate aperture limits entry to the shell interior) permitted by the 

development of internal shell-wall resorption (Verme~. 1977) 
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Bowsher (1955, 1956) has indicated how the shape of.the Pl~tycerid aperture 

(which is governed by the shape of the geometric and biological generating 

curves) is highly adaptive to the presumed coprophagous habits of many 

Platycerids, in that it conforms closely to the calyx shape of the crinoids 

and cystoids to which the various Platycerid taxa attached. 

Note on the significance of sculpture 

The role of external sculpture in shell stabilisation, protection 

and camouflage is well-documented in many conispiral gastropods; the 

present enquiry suggests two additional functional roles for sculpture. As 

indicated previously, in many taxa a prominent positive spiral sculpture 

element is of primary functional significance in that it defines and 

constitutes the 'X-point'. These sculptural elements may be continuous 

or discontinuous. In some forms a single continuous spiral element 

defines the X-point, lying immediately above the point of contact between 

whorls (e.g. Cleopatra, Turritella, and Aporrhais). In other forms, such 

as Melanoides, this continuous spiral element is duplex, the junction between 

successive whorls running between two contiguous spiral ridges. In larger 

species of Strombus, the spiral sculptural element defining the X-point 

breaks up in later ontogeny into a series of isolated nubby spines; between 

these spines, the considerable local deviation in the line of most adapical 

contact between whorls reflects the absence of a sculptural element defining 

the X-point. 

In certain conispiral gastropod groups, notably the Epitoniidea 

(wentletraps) and certain Rissoids, the shell is distinguished by a series 

of longitudinal, slightly oblique, axial lamellae or varices. These are 

formed by the successive fusion of a series of reflected outer lips, which 

are themselves intermittently deposited at a regular angular interval on the 

generating curve. The values of W, T, and the generating curve parameters 

for Epitonium indicated in Fig. 5 were measured on the basic generating curve, 
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i.e. those fragments of the oblique relfected lips seen in a p~el of tie 

axial bisection were ignored. It is clear from Fig. 5 that Epitonium lies 

very close to the function T = 2;W throughout ontogeny, but that its basic w=r 
generating curve is extremely circular. This implies that the basic 

generating curves of Epitonium must in general only just be in contact, 
-

and in many cases not quite in contact at all, as examination of the shell 

shows to be the case. In the absence of whorl overlap, there is of course 

no elongation of generating curve with decrease in W, as indicated earlier. 

The high-spired shell would be very weak, having little contact between the 

whorls, were it not for the oblique varices, which are thus highly functional 

in their buttressing action, serving to maintain effective contact between 

the whorls in a shell whose combination of W, T and generating curve shape 

would otherwise make such contact negligible. 

Importance of constructional component in Morphological interpretation 

Hitherto, most studies of gastropod shell morphology have offered 

interpretations based almost exclusively on the view that all aspects of 

morphology are directly functional. The present discussion has sought to 

demonstrate that, given the historico-phylogenetic legacy of the method of 

shell construction in gastropods, and the fundamental geometric and other 

morphologic properties of the highly adaptive coni spiral shell, it is 

inevitable that there will be a major constructional component to shell 

morphology. The danger in ignoring such constructional aspects of morphology 

is that there will be a temptation to ascribe a functional significance to 

morphometric features, trends within these features, and incomplete filling 

of morphometric fields, that of themselves have no direct adaptive or 

functional significance, but are simply by-products of other more directly 

adaptive features of the holomorph. Recognition of the constructional 

component to shell morphology can only clarify functional and evolutionary 

interpretation, as the following example seeks to show. 
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In an interesting study of the morphology of Turritella mortoni, Andrewc (1974) 

has sought to demonstrate that in later ontogeny at least there is a tendency 

to overall increase in T and slight decrease in W, and an increase in basal 

conv~xity of the aperture (hence generating curve). He interprets increa~e in 

T as. reflecting the changes in the shape of the generating curve, and regards 

these latter changes as primarily functional in that they serve to increase the 

size of the inhalent part of the aperture, and partially compensate for 

declining aperture area/body volume ratios during the ontogeny of these 

ciliary feeding forms. It has been demonstrated that in the majority of 

gastropods from the D = 0 plane, and in all forms from the higher T region 

of this plane, (such as Turritella), there is an inverse relationship between 

T and W such that successive WIT values are congruent with the function 

T a 21W 
W-T 

in addition, in such forms which have whorl overlap and a pre-

programmed X-point, it has been shown that ontogenetic elongation of generating 

curve with decline in W is a geometric inevitability. The apparent 'increase 

in basal convexity' during ontogeny in Turritella noted by Andrews is clearly 

a reflection of that adapical attenuation of generating curve which accompanies 

its progressive ontogenetic elongation (this is implicit in Andrews recognition 

that increase in basal convexity is related to increase in T). 

Ontogenetic elongation of generating curve and increase in T have 

been shown to be constructional features of morphology; they occur in all 

shells with whorl overlap and decline in W which lie near the function T - 21W , 
W-T 

irrespective of their feeding mechanisms. There is therefore no need to 

invoke a functional explanation for the observed ontogenetic trends in 

morphometry in Turritella; the true significance of these trends can only be 

determined when the major constructional component to shell morphology is 

appre ci a ted. 
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Taxonom,.c partitioning of geometry 

The polygons indicated on the WIT field in Fig. 10 encompass the 

recorded WIT values for the major taxonomic groups of coni spiral gastropod. 

Although generalisations from the small amounts of data used in this 

preliminary study are risky, it seems to be clear that whereas pulmonates-

and higher prosobranchs occupy rather overlapping areas of the WIT field on 

the D = 0 plane, the archaeogastropods tend to be limited to rather low-T 

regions of the field. In general, archaeogastropods exploit lower-T regions 

of the field than higher prosobranchs. In terms of WIT values, pulmonates 

studied encompass much of the morphologic repertoire of archaeogastropods and 

higher prosobranchs together; it is interesting that terrestrial and 

freshwater representatives of the pulmonates and other caenogastropods 

utilise as much of the available WIT field as marine gastropods. 

These apparent distributions are generally supported by an important 

recent paper by Cain (1977), in which he examines the temporal and spatial 

distributions of the parameters hand d, shell height and shell width, in a 

very large number of polygyre gastropods. Cain has demonstrated that in 

most modern caenogastropod faunas the distribution of hId is either strongly 

unimodal or bimodal, most modern caenogastropods having h/d>l or h/d<l. He has 

demonstrated that early archaeogastropods occupied much of the hId field, but 

that since the late Palaeozoic they have largely been displaced from it by 

caenogastropods, and are now largely restricted to that region of it where 

hId approximate unity. 

Ignoring forms on Cain's plots which have D>O, the data on these 

plots can be very generally related to the D~O face of Raup's block as 

follows. Consider a conispiral shell with D=O and rl-l. Then r2 • Wand 

the radius of the generating curve at ~ radians after rl, rl.5 .;W (Raup~ 1961). 

For a given 2n radian revolution around the coiling axis, it follows that 

hId = • [ (l+W) 
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= [(l+Wl + T(W-1'J 

21W + 2W 

(symbols as in Fig. 2; see Fig. 11 ) • 

it thE::refore follows that, for such a shell with n whorls, i.e. constructed 

by 2fln radian revolutions of the generating curve about the coiling axis, 

. 
hId = For such a shell, increase in T and decrease 

in W will lead to an increase in the value of hId, whereas increase in Z 

gives reduced values of h/d. Shells from the high-T 10w-W part of the field 

hence have high hId values; shells from the 10w-T part of the field have low 

hId values. Of the latter, archaeogastropod material measured had lower 

mean Z-va1ues (1.54) than the stylommatophoran pulmonate material (2.25), 

and accordingly has rather higher hId values, often approaching unity, and 

intermediate between the pulmonates in the 10w-T part of the field with 

h/d<l and the remaining pulmonates and higher prosobranchs in the higher-T 

regions with h/d>l. The general absence of higher prosobranchs in the 

lowest-T part of the field is reflected in Cain's finding that few higher 

prosobranchs have h/d<l. 

Principal components analysis of major morphologic parameters 

In order to establish the relative importance of the various parameters, 

and relationships between these parameters, in the ordering of the studied 

material, a principal components analysis was performed on the correlation 

matrix of recorded values of W, T, H, C, Z and IZ-11 (see Table 2). The 

correlation rather than dispersion matrix was used, due to the relative 

differences in variation of the parameters. 

Over 66% of the total variance was explained by the first two 

principal components. As all the parameters used were 'geometric' and 

dimensionless, the first component is not interpretable, as it often is in 

biometric studies, (B1ackith and Reyment, 1971), as reflecting variation in 
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size; all the components in this analysis must be regarded as 'shape' 

components. The first principal component, which explains almost 42% of 

the total variance in the observations, seems to reflect the inverse 

relationship between T and W, the inverse relationship between T and Z, and 

the ~nverse relationship between H and Z. Z itself is the largest contri~utor 
. 

to this component, \Z-l\ is also of major importance, whereas W is of muc~ 

less importance than T. All these observations would be compatible with 

the interpretation that the first principal component chiefly represents the 

relationships which result from movement relative to the function T - 2;W 
W-1 

(in the direction of increasing or decreasing Z). 

The second principal component, explaining only 24% of the total 

variance, reflects the inverse relationship between Wand T, but Z and 

\Z-l\ contribute little to this component, and W is of equal importance to T. 

The inverse relationship between Z and H is not indicated. These observations 

would be compatible with the interpretation that the second principle component 

represents the relationships between the parameters which result from movement 

along the function T = 2;W (in the direction of increasing or decreasing T). 
W-I 

The inverse relationship between Wand the generating curve parameters is not 

indicated, but it was demonstrated that this relationship will only hold 

within, and not between, the ontogenies of a subset of the studied 

material (those ontogenies congruent with the function T - ~~f). 
Reification of the studied material supports these broad conclusions. 

In Fig. 12, the component scores of the ontogenetic lines plotted on Fig. 5 

have been plotted onto the first and second principal components. Comparison 

of figures 12 and 5 suggests that the majority of the ontogenies have been 

arrayed along the first two principal components in terms of their positions 

relative to and along the function T = 2;W , but the plots for Strombus and 
W-T 

Apporhais are clearly anomalous; it was demonstrated earlier that the generating 

curves for these forms are atypical in terms of their positions on the D - 0 

plane; functional aspects of their morphology appear to be of predominant 
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importance and many of the basically constructional interrelationships of the 

main shell parameters seen in most of the studied material are not strongly 

expressed. 

important 

The provisional interpretations offered above suggest that the most 
vmaterial studied 

source of variation in the conispiral gastropod sheilistems prim~rily 

from the constructional interrelationships between the main morphologic 

parameters which arise from movement relative to the function T - 2;W , and 
W-T 

secondarily from the constructional interrelationships arising from movement 

along this function. 

CONCLUSIONS 

1) Although the majority of known holocleid gastropod taxa have 

conispiral shells, they occupy only a comparatively small area of the conispiral 

(D=O, W>O, T>O) face of the three-dimensional block derived by Raup to 

illustrate the spectrum of possible coiled-shell form. The main factor 

governing the area of the D=O, W>O, T>O face of this block actually utilised 

appears to be the adaptive avoidance of whorl separation or excessive coalescence 

without recourse to a maladaptively attenuate or compressed generating curve and 

aperture. Over most of the D=O plane, wIT values of actual gastropods 

minimise potential whorl separation or coalescence by conforming closely to 

the function T = 2;W , and W is therefore generally inverse to T. However, 
W-f 

recorded wIT values diverge from this function more widely in the low-T region 

of the plane, as the degree of potential whorl coalescence or separation which 

is caused by unit change in W or T away from the function is much reduced here. 

The rather general tendency for ontogenetic decline in W due to declining 

growth rates, in combination with the factors detailed above, means that over 

much of the D=O plane individual ontogenies follow the function T • 2;W rather 
W-T 

closely, but in the low-T region successive ontogenetic values of Wand T may 

diverge widely from this function. Although the actual WIT values of a given 

shell appear to be adaptive in that they dictate the fundamental shell profile, 
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and he'11ce features such as shell-strength and relatl.ve size of aperture, 

the limits to naturally occurring WIT values, and ontogenetic trends in W 

and T in many gastropods, appear to be geometric inevitabilities given the 

basic gastropod bauplan; they are constructional features of morphology 

and not themselves of direct adaptive significance. 

2) In most gastropods, the shell is constructed by accretion of a series of 

terminal increments not subject to significant post-depositional modification 

other than minor secondary deposition or partial resorbtion. In addition, 

the point of most adapical contact between successive whorls is generally 

pre-programmed on the preceding whorl by a sculptural element or some other 

aspect of generating curve shape. As a result of these two factors, it can 

be demonstrated that for simple geometric reasons the relative height (h), and 

departure from circularity (c), of generating curve are directly related to 

the degree of potential whorl separation or coalescence; that is, to movement 

over the D = 0 plane relative to the function T • 21W. In addition, it can 
W-T 

be demonstrated that from purely geometric considerations, in forms with 

significant whorl overlap, and ontogenies which are congruent with the function 

T = 2fW , decline in W (i.e. movement along this function) leads to increase 
W-T 

As movement relative to or along the function T • 2(W on the D • 0 
w=r 

in H. 

plane is determined by the values of Wand T, it appears that major aspects 

of generating curve shape, and ontogenetic trends within this shape, are in 

many gastropods constructional by-products of their fundamentally adaptive 

WIT values, or of constructional changes in WIT values during ontogeny. 

The suggested interrelationships between the main morphological 

parameters of the shell are supported by derivation of significant partial 

correlation coefficients between certain of the various parameter pairs, and 

by a principal components analysis which suggests that the majority of the 

studied ontogenies are ordered primarily on the basis of geometric relationships 

resulting from movement on the D • 0 plane relative to the function T • 2(W , 
W-l 
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and secondarily on the basis of relationships arising from movement along 

this function. 

3) The angle, E, between the geometric and biologic generating curves, 

appears for simple mechanical and geometric reasons to be a reflection of-

the"attitude of the coiling axis relative to the substrate and head-foot ~ 

mass during active locomotion. The attitude of the coiling axis during 

locomotion appears in most cases to be governed by the WIT values of a given 

shell, and it therefore seems likely that E is in many cases a constructional 

by-product of adaptive WIT values. 

4) The basically constructional series of parameter interrelationships 

detailed above do not apply equally in all gastropods; in particular, 

functional rather than constructional aspects of morphology seem to be of 

increasing importance in the more advanced conispiral gastropod groups. In 

many pulmonates with low T values, the generally inverse relationship between 

T and W does not hold, due to the fact that they have invaded that area of the 

D = 0 plane where the degree of relative whorl separation or coalescence 

caused by unit departure in T or W fran the function T - 2iW is relatively 
W-f 

low; successive ontogenetic values of Wand T are therefore not strongly 

constrained into congruence with this function, and a potentially functional 

independent variation of these two parameters is possible. Similarly, 

aspects of the relationship between W, Z and the generating curve parameters 

does not seem to apply to certain Neogastropods and advanced Mesogastropods which 

due to the possession of single gills and ability to resorb the internal shell 

walls, can develop a relatively attenuate generating curve and aperture. Such 

elongate apertures are not required by the degree of potential whorl separation 

in these forms, but appear to be functional defensive devices. 

5) Most prosobranchs and many pulmonates have WIT values broadly congruent 

with the function T = 2I'W , and independent variation in Wand T is prohibited 
W-T 
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over most of the D '" 0 plane as it involves movement away from this funttion 

and into areas of high potential whorl coalescence or separation. However, 

many forms with finite growth and definite adult whorl numbers do exhibit 

indllpendent variation of Wand T, and deviation from the function T • 21W , 

over the last whorl. Such deviation from the fu~ction is apparently 

adaptive in mnny cases, but cannot be continued for more than one 2n radian 

revolution around the coiling axis as it involves movement into areas of high 

whorl coalescence or separation, a trend that could not long be continued in 

ontogeny. Connnonly, departure from congruence with the function T • 2rw 
W-T 

is such that WiT combinations over the last whorl lead to major whorl 

coalescence, and a probably defensive reduction in adult aperture size. 

6) The analysis presented here suggests two functional roles for sculpture 

not hitherto generally recognised. Spiral sculptural elements arc often of 

importance in defining the X-point, the point of most adapical contact 

between whorls; this definition may be an important contributor to shell 

strength and the orderly unfolding of morphology during ontogeny. In addition, 

the periodically deposited axial lamellae of several gastropod groups, notably 

the Epitoniidae, appear to be functional in that they permit substantial 

interwhorl contact in forms whose combination of W, T, and generating curve 

shape would otherwise make such contact negligible. 

7) The taxonomic partitioning of the geometric space available to conispiral 

gastropods is such that archaeogastropods generally exploit lower-T, higher-W 

regions of the D = 0 plane than higher prosobranchs, and that many 

stylonnnatophoran pulmonates exploit areas of greater whorl coalescence in the 

lower-T part of the field than prosobranchs, though otherwise the area of the 

field occupied by pulmonates and prosobranclls is largely overlapping. 

8) Recognition of a major constructional component to the morphology of 

the conispiral gaglropod shell appears to be e!;scntial for its correct 

interpretation. 
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FIGURE 1. Three-dimensional block illustrating the spectrum of 

possible coiled-shell geometry (after Raup, 1966: Fig.4). W is whorl 

expansion rate, T is whorl translation rate, and D is a measure of the 

distance between the generating curve and the coiling axis. Most 

gastropods lie roughly in the stippled area. 

FIGURE 2a. Basic measurements that are taken on a given generating-

curve pair at 2~ radian intervals to determine T (translation rate) 

and H (relative height of generating curve). BB is the coiling axis, 

rl and r2 are the generating curve radii. Y is the distance between 

the generating curve centres parallel to BB. 

FIGURE 2b. Determination of approximation to E, elevation of the 

coiling axis, as angle between tangent to most abaxial growth line and 

projection of coiling axis. Shell is sectioned and lying on the plane 

bisecting the columella. 

FIGURE 3. Plot of W (whorl expansion rates) and T (whorl translation 

rates) recorded from actual gastropods; a few additional points from 

the T>24 part of the D=O plane are shown in Fig.S, all of which are 

highly congruent with the function T=2JW • Note that, unlike Fig.l, 
W-l 

both Wand T axes have arithmetic scales in this figure. 

FIGURE 4. Distribution of the parameter Z, relative whorl coalescence 

or separation, over the lower T part of the D=O plane of Raup's block. 

Dotted lines link recorded WIT values with highest and lowest W; all 

recorded WIT values from this part of the plane are enclosed by or lie 

on these lines. The insets illustrate generating curve pairs with 

W=2 for various values of Z. 



FIGURE 5. Bivariate plots of the parameters W (whorl expansion rate) 

and T (whorl translation rate) for a range of coni spiral gastropods. 

The generating curve parameters C and H corresponding to each ontogenetic 

point are also given. Small arrows indicate the direction of movement 

across the WIT field during ontogeny. The function T=21W is entered on 
W-1 

each graph. 

a) Pleurotomariidae, Trochidae, Turbinidae, b) Trochidae, C) Pomatiasidae. 

Pi1idae, d) Littorinidae, Naticidae, e) Viviparidae, f) Viviparidae. 

g) Aporrhaidae, Strombidae, h) Melaniidae, i) Me1aniidae, j) Me1aniidae. 

k) Turritellidae, 1) Epitoniidae, m) Terebridae, n) Helicidae, 

0) Acavidae, He1icidae, p) Lymnaeidae, q) Achatinidae, r) Enidae, 

s) Clausi1iidae, t) Subu1inidae, u) Bu1imu1idae. 

FIGURE 6. Plots of the parameter Z, relative whorl coalescence or 

separation, W, whorl expansion rate, and H, relative height of generating 

curve, in ontogenies in which successive H values do not seem to be 

governed by Z but by W. Broken line: plots of H/z and H/w for 

Cleopatra ferruginea (Me1aniidae). Solid line: plots of H/Z and 

H/w for Me1anoides tubercu1ata (also Me1aniidae). 

FIGURE 7. Derivation of the distance, P, between the centre of a 

circular generating curve and the most abaxial point on the preceding curve, 

for generating curve pairs with various values of W, and which satisfy 

the function T=2.;W. For W>2, P'/(W-2)2+(T(W-1»2. 
VI-1 

For W=2, P=J(W+l)2-(1)2 

For W<2, P=~(2-W)2+(T{W-1»~ 



FIGURE 8a. Plot of P, distance between generating curve centre and most 

abaxial point on the preceding curve, and W, whorl expansion rate, for 

an idealised gastropod with circular generat~ng curves, whose successive 

T (translation rate) and W values satisfy the function T-U'W. 
. W-I 

-:' 

FIGURE 8b. Plot of p/W against W for the idealised gastropod of Fig.Sa. 

FIGURE 9. Scatter plots of E (elevation of coiling axis) against W 

(whorl expansion rate) and E against T (translation rate) for specimens 

in which E was determined. Ringed points are those for Turritella. 

FIGURE 10. Polygons on the D=O plane of Raup's block which enclose the 

recorded values of W (whorl expansion rate) and T (translation rate) for 

successive generating curve pairs in a) Pulmonates b) Higher Prosobranchs 

and c) Archaeogastropods. Some points from the High-T part of the 

plane, shown in Fig.S, are omitted from these plots. 

FIGURES II. Relationship of RnuV's paramet('rs W (whorl expansion rate) 

and T (translation rate) to Cain's parameters h (shell height) and 

d (shell width) in an idealised conispiral gastropod with <1 circular 

generating curve, D=O and T=2/W. 
w-T 

Further explanation in text. 



FIGURE 12. The studied ontogenies plotted onto the first and second 

principal components of the recorded parameters W, T, C, H, Z and IZ-11. 

1) Pleurotomaria, 2) Trochus, 3) Trochus, 4) Cal1iostoma, 5) Turbo, 

6) -Pila, 7) Viviparus (Bellamya), 8) Viviparus (Bellamya) subadult, 

9) Viviparus (Bellamya) Sp. Nov., 10) Littorina, 11) Cyclostoma, 

12) Cleopatra ferruginea, 13) Cleopatra Sp. Nov., 14) Me1anoides, 

15) Turrite11a, 16) Epitonium, 17) Aporrhais, 18) Strombus, 19) Natica, 

20) Terebra, 21) Lymnaea, 22) Ena, 23) Clausilia, 24) Achatina, 

25) Rumina, 26) Bu1imus, 27) Helix, 28) Acavus, 29) He1ice11a, 

30) Monacha. Position of number on each ontogenetic track indicates 

the earliest measured stage in ontogeny. Further discussion in text. 



Table 1. Pearson's correlation coefficient (r) calculated partially 

(i.e. with the effects of variation in the remaining parameters 

eliminated) for successive pairs of main shell parameters. Calculation 

of partial correlation coefficients as in Simpson et al., 1960, i.e. 

rAB.D-(rAC.DxrBC.D) 
as rAB.CD ='(1-rAC.D2)(1-rBC.D2)' 

Columns A-D show calculations for all the studied material (107 sets 

of observations, 103 degrees of freedom). The relationships between 

the parameter pairs Z and !Z-l! and Hand C are by definition non-linear, 

so only one of each of these parameter pairs can be incorporated in 

a given calculation of partial correlation coefficient. Note that 

the frequency distrbution of the significance of correlation coefficient 

is highly bimodal: almost 80% of the correlation coefficients are either 

significant at p = 0.001 or not significant at p = 0.1. Entries with 

a single asterisk are significant at p = 0.01, those with a double 

asterisk are significant at p = 0.001. 

Columns E-F show calculations exploring the relationship between C and 

!Z-l!. Column E shows calculations for generating curve pairs lying 

below the function T = ~~ on the D=O plane (54 sets of observations, 

50 degrees of freedom); column F shows calculations for material lying 

above this function (53 sets of observations, 49 degrees of freedom). 

Further discussion in text. 
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FIGURE 12 (First Part). 
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FIGURE 12 (Second Part). 
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PETER G. WILLIA11S0N 

Evidence for the major features and 
development of Rift Palaeolakes in the 
Neogene of East Africa from certain 
aspects of lacustrine mollusc assemblages 

A simple conceptual model is proposed u,/dch relates mtain rift lab 6asinfoatuw 10 1M opnalion 
of fll'e miljor processes, which ill turn produce jil)l major colegorUs qf FAst ilfritan locuslri,., 
mollusca. Various lake basin types encourag' th, operation of characteristic combinations oj 
processes which rtll~ll in faunal category combinations broadly diag/losti, for basin Iy/JI. TA, 
model constilutes a useful, though ot pmerlt generalised, diog/losli, tool, wher,by th, major 
features ond developTMntol liisMies qf rift palaeolalels may 6, inVlstigated. 

Analysis of well-ducumented Plio-PI,;stocln, mollusc fou/las, from th, northnrt portions qf 
both eaJ/ern and western rifts in FAst Africa, by Ulis model, indicates a "",jor cl"nalit Iwnt in 
lite area, d.Jteahle 0111.6 m.y. in the ,astern rift. 

Introduction 
There has been increasing interest in recent years in the palaeontology and 

geology of the Neogene deposits of the East African rift system. At present, as in 
the past, actively sedimenting areas in and around the rift are often associated 
with lakes. Although major palaeontological interest usually focuses on the ter
restrial fauna, including hominoids, it is usefuJ to understand something of the 
nature of the lakes around which this fauna lived. 

Of the sediments laid down at anyone time during the history of a basin, 
only a relatively small fraction are usually available at outcrop, and many major 
features of the palaeolake are often obscure. Conventional palaeoecological 
analysis of fossil lacustrine mollusc assemblages gives valuable data about local 
palaeoenvironments over a given area, but it is usually hard to assess such large
scale features as the overall size and broad environmental character of the palaeo
lake, and its likely degree of hydrographic connection with other basiw. 

A simple model for the analysis of Rift 
Palaeolake features using mollusc assemblages 

A simple Process-Product model which is of some use in the analysis of the broad 
nature of rift palaeolakes may be constnlcted following tlle recognition of five 
major categories of East African lacustrine mollusca. 
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Cosmopolitan mollusca may be define-d for the purposes of this model as those 
evolutionarily conservative, geographicaIly widespread species that appear to be 
the 'root stocks' of East African freshwater mollusc faunas. Their earliest Neogene 
representatives are often conchologically referable to modern spedes, and they 
probably represent the generalised pre-rift fauna of East Africa. A typical Cosmo
politan species-group by this definition would be the geographically widespread 
form Mtlanoides tuberculata, known from the Miocene to the Recent. Certain tax:a 
which by the criteria of geological longevity and wide geographic distribution 
are apparently 'Cosmopolitan' earlier in the Neogene have subsequently under
gone a major restriction of range in East Africa. They are now confined to small 
areas and we may term them Relict forms. A good example of such a taxon might 
be Pleidon speker". 

The peculiar nature of rift lacustrine environments, particularly the very long 
life-times of certain lakes, has favoured the periodic long-term ecological or geo
graphical isolation of various Cosmopolitan forms, and endemic versiolls of these 
have resulted in various basins during the Neogene. The environmental diversity 
oflarge stable lakes, in which many environments and niches within environments 
are open to mollusca, can result in t]le evolution of what we may term Radiative 
Endemics. An adaptive radiation of a C.osmopolitan taxon results in one or more 
endemic species or genera; normal C.osmopolitan species characteristic-ally 
accompany their endemic derivatives, and this feature" c may take as the defi
nition of Radiative Endemism. Examples appear to be furnished by the modern 
Melaniidae of Lake Tanganyika (Moore 1899, 1901, 1903; Gunther 1894; Pelsc
neer 1906; Yonge- 1938; Bourguignat 1890; Smith 1904-; Cunnington 1920; 
Fuchs 1936), and the Be1lamyid radiation of the Plio-Pleistocene 'Kaiso fauna' of 
the Edward-Albert basin (Adam 1957; Fuchs 1936; Gautier 1967, 1970). 

Conversely, interruption of gene flow into a basin due to its geographic 
isolation may also result in endemism, as the various Cosmopolitall species present 
in the basin become increasingly endemic by the effects of genetic drift or other 
mechanisms leading to allopatric speciation. Mild degrees of interruption of gene 
flow will lead to the formation of geographic races or su bspecies of certain Cosmo
politan forms, as commonly occurs in many modern lakes, but a more rigorous 
genetic isolation might be expected to lead to a fauna consisting solely of fully 
endemic species descended from Cosmopolitan taxa, but reproductively isolate 
from them. Unlike Radiative Endemism, in this case normal C.osmopolitan taxa 
would not be expected to accompany their endemic derivatives, which we may 
term PI!)letic Endemics. Another important difference between Phyletic and 
Radiative endemism is that in the latter case it is normal for only one or two 
families or genera to exhibit endemism, whereas in the former case all thoroughly 
aquatic taxa will ultimately exhibit some degree of endemism. 

The well documented tectonic and climatic instability of the African rift has 
on occasion fostered the immigration of forms into regions to whkh they are known 
to be normally foreign. Such forms may be termed Exotics. An example are the 
primarily lIolarctic taxa which periodically invaded the northern portion of the 
rift during the Plio-Pleistocene and Holocene (Drown 1973; Williamson, unpub
lished manuscript). It is dear that a given spcciell could be alloc:atcd to a varirty 

-
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of the above catf"gorics at different times in its gt"ological history. The corrt"ctness 
of the allocation of a given species to a given category at any point in time is 
therefore consequent on the extent to which its spatial distribution and evolu
tionary relationships are known or can be surmised. Although such allocations 
will clearly become less certain with increasing geological age of faunas, circum-

_ stantial evidence can usually be adduced even from the relatively incomplete 
record presently available. For example, Pseudohovaria as a genus is apparently 
extinct. However, closely related Pseudohovaria species are known for much of the 
Neogene from both eastern (Lake Turkana basin) and western (Lake Edward
Albert basin) rifts, from localities up to 500 km apart, and this species group 
might reasonably be regarded as Cosmopolitan for much of this period in East 
Africa. 

Summarising the observations above it appears that olle or more of five main 
processes may operate within a basin to produce 011e or more of five main faunal 
categories within that basin (Table I, columns 2 and 3). However, certain broad 
features of the basin itself inevitably govern the extent to which each of these 
processes is operative within the basin, and hence determine the presence, absence 
and relative abundance of the five ml}jor faunal categorirs. Using qualitative 
proportionality arguments, the following broad generalisations can be made. 

Immigration and consequent gene flow into a basin will be encouraged by 
hydrographic connection with other basins, and by a large lake surface area 
(encouraging aerial introductions by birds and aquatic insects) (Kew 1893). On 
both counts larger lakes are more likely to experirnce large-scale, regular im
migration, 

i.e. Immigration oc A, where A = Lake Surface area. 
In addition, the successful immigration of a species moving into a basin for the 
first time requires that the species not only reach the lake but also establish a 
breediug population within it. This establishment is contingent on the exjst~nce 
within the lake of an environmental niche suitable for the immigrant species. In 
tropical lakes mollusca are frequently concentrated in shallower inshore waters 
and a longer absolute length of shoreline (SL) will tend to increase the likelihood 
of a large range of environments being available to immigrant mollusca, in one of 
which they may settle. 

As (Environmental Range) ex: SL, 
and SL ex: A 

from purely geometric considerations, it follows that: 
(Environmental range) ex: A. 

In addition, the characteristically more complex ecologies of larger lakes may 
mean that environments within such lakes are more likely to offer niches ex
ploitable by immigrant forms, i.e.: 

Niche availability ex: A. 
On these various grounds we might expect that the regularity and richness of 
immigration of Cosmopolitan forms into a given lake would be generally propor
tional to the area of that lake. 

The immigration of Exotic forms into a basin will be conditioned by the 

-
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features discussed above, and also by various extrabasinal features (IE') such as 
regional climatic change, i.e.: 

(Immigration of Exotics) a: E. 

TABLE I: Probable relations between nature oj lake basin and tlu prevalent molluscan 
evolutionary/migration processes, and their products. 
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Radiative Endemism will clearly be encouraged by a large environmental 
range and high niche availability, i.e.: 

(Radiative Endemism) oc: A. 
Radiative Endemism will also be encouraged by the possibility of periodic geo
graphic subdivision of the lake basin by the closing off of bay mouths etc., as this 
will favour intrabasinal allopatric speciation (Brooks 1950). Such subdivision is 
most likely in lakes which have long and irregular shorelines relative to their 
areas. A measure of this feature is the quantity 'Shoreline Development' (SD) 
(Reeves 1968), where 

SD = SL/2 VnA. 
We might expect: (Radiative Endemism) oc: SD. 

Major restriction of gene flow may result in Phyletic Endemism, i.e. 
(Phyletic Endemism) oc: (I /Rate of G(ne Flow) 

As (Rate of Gene Flow) oc: (Rate ofImmigration 
(I/Rate of Gene Flow) = (I/Rate ofImmigration). 

However, (Rate of Immigration) oc: A (from above) 
and (I/Rate oflmmigration) oc: I/A. 
Therefore (I/Rate of Gene Flow) oc: IIA 
and (Phyletic Endemism) oc: I/A. 
True Phyletic Endemism, as defined, will be inhibited by the intra-basinal allo
patrie speciation likely to be consequent Oll high degrees ofshore1ine development, 
I.e. 

Phyletic Endemism oc: I/SD .. 
If intertaxon competition has contributed to the range restriction of forms 

now regarded as Relict, persistence of such forms is most likely where a wide range 
of environments and abundance of niches reduces selection pressures, i.e.: 

(Persistence of Relicts) ex: A. 
Most of the processes discussed above and summarised in Table I require a 

certain amount of time to produce their corresponding faunal category within a 
basin. Thus although a given process may be operative within a basin, the actual 
production of the appropriate faunal category may be inhibited by environmental 
instability within the lake, which persistently 'resets the clock' as far as the op
erating process is concerned. For example, a lake which persistently dries out or 
develops inimical water chemistries, or which shows rapid environmental shifts 
in time, is unlikely to ever develop an endemic fauna even though other features 
orthe basin apparently favour this development. A convenient but obviously very 
general guide to the likely long-term environmental stability of a lake may be its 
maximum depth (MD), as the deeper a lake, the less likely i$ it to experience 
frequent development of unfavourable water chemistries, drying out, or rapid 
major environmental shifts (large-scale transgression/regression). Long-term lake 
stability is of greatest importance to those time-demanding processes concerned 
with the evolution of endemics and the persistence of relicts. 'J11ere is evidence, 
however, that if the immigration of Cosmopolitan forms occurs at all it tends to 
occur quite rapidly in geological terms. 

In addition to the likely connection between long-term lake stability (STB) 
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and maximum depth of lake (MD), there is another major argument that might 
lead us to expect the quantity MD to influence certain of the processes discussed 
above. Large deep tropical lakes are known to develop thermoclines, with the 
consequence that nutrients important to the primary productivity of the lake 
become periodically 'locked-up' to a certain extent in the anoxic hypolimnion. 
Such meromictic lakes apparently have, on average, somewhat lower primary 
productivities than shallower lakes, which are unstratified (holomict/polymict) 
and do not develop thermoclines, due largely to wind-induced turbulence (Beadle • 
1974). The consequent regular circulation of nutrients and relatively higher ~ 
primary productivities generally present in holomict/polymict lakes may well 
directly affect mollusca, even though these tend to be concentrated in inshore 
waters, as the total primary productivity of the lake must have some bearing on 
the resources available to inshore benthos. We might expect deeper meromictic 
lakes to be relatively resource-poor as far as mollusca are concerned, and holomict/ 
polymict lakes to be relatively resource-rich. 

Most tropical lakes appear to be essentially resource unstable, in the long 
term. Shallow lakes may experience such calm conditions that the cessation of 
turbulence results in the sudden onset of anoxic conditions, and ensuing drastic 
reductions in the carrying capacity' of the lake for its various populations. Deeper 
lakes may experience storms violent enough to break down their stratification and 
result in massive release of nutriellts from the hypolimnion and corresponding 
rapid increase in primary productivity. 

Valentine (1974) has argued convincingly th~t in marine environments 
resource stability and availability directly affect the diversity and degree of 
specialisation of a population. In resource rich/resource unstable environments, 
selection is apparently in favour of high reproductive potentials and adaptive 
flexibility in populations, in order that they may best exploit the fluctuating but 
often rich resource supplies in an uncrowded environment. Resource utilisation 
may be inefficient in this case, and morphologically generalised populations are 
likely. This is the 'r-selection' of MacArthur and Wilson (1967). Conversely, in 
resource poor/resource stable situations, selection will be towards small, non
fluctuating populations exhibiting a high degree of lipecialisation and diversity in 
order to best exploit small resource supplies in a crowded environment. The high 
degree of specialisation necessary to exploit small resource supplies efficiently is 
clearly likely to be expressed by speciation and high taxonomic diversity in popula
tions in this resource regime. This is the 'k-selection' of MacArthur and Wilson. 

In resource rich/resource stable and resource poor/resource unstable regimes 
selection will be a compromise between r- and k-selection. It follows that in general 
the resource poor/resource unstable conditions of deep meromictic rift lakes 
should result in populations that have high reproductive potentials but which 
nonetheless may be expected to be more specialised and taxonomically diverse, 
due to a measure of k-selection, than populations from resource rich/resource 
unstable shallow holomict/polymict lakes where r-selection alolle is of pre do mill ant 
importance. In our context, the taxonomic diveristy and speciation conseauent on 
.a measure of k-selection will be reflected by the presence of large Cosmopolitan 
faunas and Radiative Endemics derived from these. 

d 
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In general, from resource considerations, we would expect rich Cosmopolitan 
faunas and specialised Radiative Endemic derivatives of these to occur in deep, 
and hence meromictic, lakes. Shallower llolomict and polymict lakes are more 
likely to possess more generalised Cosmopolitan forms alone, or Phyletic Endemic 
forms derived from these by allopatric speciation. 

The basin features which are probably of greatest importance in governing 
the operation of the various processes are summarised in Table J, column I. To 
summarise the discussion above, for a given basin we might expect: 

(I) Immigration of Cosmopolitans oc A 
(2) Immigration of Exotics oc A + E 
(3) Radiative Endemism oc A + SD + MD + STB 
(4) Phyletic Endemism oc ItA + I/SO + STB 
(5) Persistence of Relicts a:. A + STB 

Where A = Lake Surface Area. 
E = Extrabasinal factors promoting immigration of Exotics. 
SD = Shoreline Development. 
MD = Maximum depth of lake. 
STB = Lake Stability (length of time fauna in lake enjoys 

uninterrupted biological and evolutionary continuity). 
Of the factors above, STB will often, but not always, be proportional to MD, as 
discussed previously. In addition, STU will generally be proportional to A, as 
areally small lakes are not usually of great depth, and consequently tend to be 
environmentally unstable and geologically short-lived. 

Although Phyletic Endemic mollusc assemblages are apparently known from 
the Plio-Pleistocene, Phyletic Endemism is rare in mollusc faunas, and no good 
examples are known from modern rift lakes. This rarity is probably due to the 
fact that to maximise the proportionality expression for Phyletic Endemism we 
require to maximise the values for both ItA and STD. As discussed above, STB is 
likely to be proportional to A, and a high value for ItA would normally imply a 
low value for STB, and vice-versa. The rarity of Phyletic Endemic faunas there
fore probably relates to the rarity of those lakes likely to produce them, i.e. very 
continuous and persistent yet areally small bodies of water for which the values of 
both I fA and STB are high. 

Similarly, modem rift lake faunas do not include Exotic forms at present, 
though such Exotics have often occurred in the past. However, modern lacustrine 
faunas including the other molluscan categories do occur, and parameters such as 
A, SD, and MD (generally proportional to STU) can be determined for a range 
of modern rift lakes whose faunas are at least generally known. By substitution in 
the proportionality expressions given above we can rank these modern lakes in 
order of their theoretical likelihood to possess a given faunal category. Comparison 
of the predicted faunal categories from a lake with those actually known from it 
is a useful test of the model. Fig. 32 : I indicates that, within the limitations of the 
data presently available, the proportionality expressions proposed rank the series 
of modern rift lakes broadly as we might predict. The only major exception 
appears to be Lake Mweru, which has a considerable endemic f",una, but com-
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parative1y low values for the parameters MD and A. However, it is clear that this 
lake is at present rapidly disappearing, due partly to the scdimenting activities of 
its influent rivers, and partly to the fact that one of these (the Luvua) is steadily 
lowering the altitude of its outlet from the lake. The present topography indicates 
a recently much larger lake; as a consequence of the shrinkage of this body of 
water several endemic taxa are already rare in the live state (Pilsbry and Bequaert 
1927). The endemic elements in this fauna may reasonably be viewed as a heritage 
from a recently very different aquatic regime. 
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This generalised model assumes five major faunal categories produced by 
five main processes. In a given basin it would therefore appear at first sight that 
anyone of the 31 possible combinations of faunal categories could be produced by 
anyone of the 31 possible combinations of processes, depending on the nature of 
the basin in question. However, the operation of several of the processes is mutually 
exclusive in a general sense due to the proportionality relationships already dis-

1_ cussed. For example, Phyletic Endemism is theoretically proportional to I/A, and 
Radiative Endemism is proportional to A. We might therefore expect that these -
processes would tend to be mutually exclusive in nature, and would not expect to • 
see lacustrine faunas which included both the faunal categories produced by these '": 
processes; i.e. the faunal categories Phyletic and Radiative Endemics should also 
be mutually exclusive. Consideration of the evolutionary origins of these categories 
reinforces this view. Certain other processes might similarly be expected to be 
contingent, again from consideration of the proportionality relationships. In this 
case we would not expect a certain process to operate without another process 
simultaneously operating. The predicted combinations of processes which are 
mutually exclusive and contingent are shown in Table 2. The majority of possible 
process combinations, and the faunal category combinations produced by these, 
are logically prohibited due to their failure to meet these conditions of mutual 
exclusivity or contingency. All possible process combinations are shown in Table 
3; permitted process combinations, and resulting faunal category combinations, 
are underlined. A major argument in favour of this simple model is that none of 
the 24 prohibited faunal category combinations seems to be known from Neogene 
or recent rift lacustrine mollusc assemblages. On the other hand, of the seven 
faunal category combinations permitted by the model, six are known from various 
basins in the Neogene and Recent of the rift. 

TABLE 2: MutuallY exclusive and contingent processes (see textfor explanation) 

1) MUTUALLY EXCLUSIVE PROCESSES (both proe ••••• unli~.ly to 
b. in op~r.tion •• mult.n.oUlly 
in ..... buiD) • 

• ) PHYLETIC ENDEMISM + RADIATIVE ENDEMISM 

b) PHYLETIC ENDEMISM + IHHICRATION OF COSMOPOLITANS 

e) PHYLETIC ENDEMISM + IHHICRATION OF EXOTICS 

d) PHYLETIC ENDEMISM + PERSISTENCE OF RELIctS 

2) CONTINGENT PROCESSES (fir.t proe ••• unli~.ly to b. op.rativ. 
in b,"in without I.c~nd proc •••• 1'0 
b.io,oper.tiv.). 

a) RADIATIVE ENDEMISM + IHHICRATION or COSMOPOLITANS 

b) IMMIGRATION OF EXOTICS + IHlIlCRATION or COSItOPOUTANS 

e) PERSISTENCE OF REL1CTS + IHHICRATION OF COSMOPOLITANS 

d) PERSISTENCE OF RtLICTS + RADIATIVE ENDEMISM 
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Because the model predicts the broad nature of the basins in which the various 
permitted process combinations are likely to operate and produce their charac-
teristic faunal category combinations, it provides a useful generalised interpretative 
tool. Certain broad features of rift palacolakes which arc not readily determinable 
from COllvcntional palaeoeocological analysis of faunas from areally limited ex-
posures may be indicated by analysis of the faunal category combinations present; 
use of the model to determine basin conditions favouring the corresponding -process cOIl)binations then gives some indication of the broad nature of the palaeo-
lake. 

~ 

TAB LE 3: Permitted and prohihited process, and resulting 
faunal category, combinations 
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Use of the model to trace the development 
of Rift Palaeolakes 

The model gives information about the development of a lake through time 
because changes in the faunal category combinations in passing up a stratigraphic 
section will be the result of the history of the basin in which the succession was 
deposited. The changes in faunal category combinations which might be predicted 
with various patterns of basin history are summarised in Fig. 32 :2. 
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The ordinate in this diagram is the quantity 'Lake stability' (STB), defined 
previously. The abscissa is l~ke su~lace area (A). ~1I the processes cOl~idcred 
previously are either proportIOnal, mverscly proportlonal or non-proportlOnal to 
lake stability and/or area; these parameters appear to be the mam governors of 
the faunal category combination encountered in a given basin. The zones on the 
field of the di.lgram represent the broad range of values of 8TB and A for which 
the various processes are operative. These values are somewhat speculative at _ 
present, but probably broadly correct in the light offaunal category combinations. 
known from modern lakes and the timing of events in radiometrically dated Plio
Pleistocene mollusc sequences. Although a diagram such as Fig. 32:2 cannot be -: 
fully quantified at the present state of knowledge, it nonetheless can be used to 
provide a useful qualitative indication of long-term trends in palaeolake develop
ment. 

The influence of less crucial parameters, such as SD, on the operation of 
certain processes will clearly cause some change in the positions of the areas on 
the diagram over which a process may be expected to be operative; for example, 
high shoreline development (SD) may be expected to decrease the values ofSTB 
and A necessary for Radiative Endemism to occur, and the area on the diagram 
corresponding to the operation of this process will be shifted an undeterminable 
amount towards the origin. 

Cosmopolitan forms are likely to be the first category to colonise newly formed 
lakl's, and as discussed earlier, this immigration is probably not directly related to 
lake stability. The process 'Immigration of Cosmopolitans' is therefore operative 
over the whole field of the diagram. Similar considerations apply to the process 
'Immigration of Exotics', but this process will also be dependant on various 
l"xtrabasinal tactors. Other processes occupy more restricted areas of the diagram, 
and it is clear that various points on the field of the diagram correspond to various 
faunal category combinations, with the proviso that the previously stated con
ditions of mutual exclusivity and contingency hold (see Table 2). For example, 
over the area on the diagram corresponding to Phyletic Endemism all other 
processes are excluded. 

The development of a lake through time may be traced on the diagram by 
anyone of a series of curved or straight lines originating, as the lake first comes 
into being, from the origin. Subsequent development of the lake will be reflected 
by the faunal category combinations developed in tht: basin. For example line OA 
records the inception and development of a lake which increases steadily in area 
and stability through time. Over the section Oa a Cosmopolitan fauna is built up 
in the lake. Over the section ab Phyletic Endemics are derived from the pre
existing Cosmopolitan forms due to the still small size of the lake and consequent 
low rate of gene flow into it .. Further increase in area leads to mounting immigra
tion of Cosmopolitans, with or without Exotics, depending on various extrabasinal 
factors. Consequent genetic swamping or competitive elimination of the Phyletic 
Endemics then occurs (bc). Eventually the lake is large enough, and has been 
stable for long enough, to develop a fauna including Radiative Endemics (cd) and 
ultimately Relict forms (dA). Conversely, the line DB records the development of 
a lake which remains small but is very persistent. The initially Cosmopolitan 
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fauna develops into a Phyletic Endemic fauna due to genetic isolation, but the 
persIstently small lake area ensures that the fauna develops no further. The line 
OC records the development of a lake which although ultimately large is shallow 
and has a persistently low value for STU; it hence only ever develops a fauna of 
Cosmopolitan forms, with or without Exotics. Hthe f.1.una in the lake is eliminated 
by the development of inimical water chemistry, or drying, the line oflake develop
ment becomes disjunct, either returning to the origin (in the case of drying) or to 
a point on the diagram corresponding to 'STB = 0' and the lake's new area, if 
tills has changed. Line ODEF records the development, elimination and re
establishment of a lacustrine fauna, where the elimination is due to inimical water 
chemistry. 

Examples of the use of the model 

(a) East Lake Turkana Basin 

The Plio-Pleistocene deposits in the eastern part of the Lake Turkana Basin 
in north Kenya have yielded an extremely important series of hominids, other 
terrestrial verteLrates, and early archaeological sites. In addition they have also 
yielded the most abundant and well-preserved series of Cenozoic lacustrine 
mollusc faunas in Mrica, which prompted the development of the model proposed 
in this paper. The faunas range in age from about 4.0 to loS m.y. (Williamson 
unpublished manuscript). Younger faunas at around 0.8 m.y. and of Holocene 
age are also known, but the older faunas alone will be considered here. The 
stratigraphic ranges of the various taxa are shown in a general way in Fig. 32 :3, 
and this faunal succession may be used as the basis for a biostratigraphy, as many 
of the zonal boundaries can be demonstrated to maintain their stratigraphic 
positions over wide areas, and the mollusc zoneS shown to be non-interdigitating. 

In the absence of a conceptual model such as that proposed here the under
lying reasons for the succession of faunas seen in this and similar sections recorded 
from East Mrica are obscure. In addition, although conventional palaeoecological 
analysis yields useful data about palaeoenvironmental features of the lake at 
various points in time, many broad features of the lake are necessarily obscure, at 
least in part due to the small areal extent of exposure relative to the original area 
of the sedimenting basin. 

By grouping the taxa recorded from this section into various faunal categories 
proposed in this paper (Fig. 32 :3) the picture becomes clearer. The sequence of 
faunal category combinations through time are seen to fall into a reasonable series 
corresponding to the line of lake development shown in Fig. 32 :S. Generalised 
conclusions about the major features of the evolving palaeolake are summarised 
in Fig. 32 :4. It appears that an initially small palaeolake persisted in the Rudolf 
basin from around 4.0 to around ?3.S m.y. (Kubi Algi Formation times). The 
apparent development of the Zone 2 Phyletic Endemic from a normal Zone I 

Cosmopolitan fauna over this period must reflect both a persistent yet relatively 
small and shallow genetically isolated body of water. 

At Suregei Tuff times, possibly around 3.5 m.y., a major transgression is 
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recorded in exposures at East Rudolf (Pers Comm. I. Findlater). At about this 
time a normal Cosmopolitan (Zone 3) fauna rapidly replaces the Phyletic Endemic 
faunas of Zone 2. A genuine and major increase in the size of the lake at this time 
is indicated, which would inevitably lead to a rapid increase in the rate of im
migration of Cosmopolitan forms and resulting competitive elimination and 
replacement of the pre.existing Phyletic Endemic faunas. The progressive develop. 
ment of Radiative Endemics from elements of both this Cosmopolitan fauna, and 
also from elements of the gradually accumulated Exotic forms, throughout the 
Lower Member of the Koobi Fora Formation (Zones 4-6), is in line with an -
expanded, probably meromictic, environmentally stable Lake Turkana over this 
period. High niche availability, large range of environments, and uninterrupted 
evolution with a measure ofk·selection concomitant with a resource poor/resource 
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unstable regime are all features which would he associated with a larger, deeper 
lake and which would inevitably lead to the very diverse f.'lunas of the Lower 
Member. 

At about 2.6 m.y. a major extinction event apparently eliminated the fauna 
within the basin, probably due to the development of inimical water chemistry 
consequent on the lowering of lake level indicated at about this time in present
day inland (palaeocoastal) exposures (I. Findlater pers. comm.). Rapid subsequent 
immigration of all Cosmopolitan forms existing in the lake prior to the extinction 
event indicates little major permanent reduction in lake area. The persistendy 
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Cosmopolitan fauna of the Upper Koobi Fora Formation indicates, however. that 
the post-extinction event lake became shallow, probably holomictic or polymictic. 
experiencing a resource rich/resource unstable regime and environmental in
stability. 

Many of the features of lake history mentioned above are reflected in the 
detailed palaeoecologies of the various zones (Williamson, unpublished manu
script). Available stratigraphic evidence (1. Findlater pers. comm.) and geo
chemical data (T. Cerling pers. corom.) appears supportive of, or reconcilable 
with, this putative history of lake development. 

The proposed pattern of mollusc evolution, extinction and migration events 
is reflected by the changing morphometries of all the longer-ranging taxa. Fig. 
32 :6 shows the results of a canonical variates analysis of 30 samples of Mtlanoidts 
populations, each of JOO individuals, from various stratigraphic levels. Measure
ments recorded for each individual include the pleural angle, the height of the 
last whorl, total height of shell, and number of horizontal ribs on each whorl. The 
linear measurements were expressed as a ratio. Fig. 32:6 is a plot of the first 
canonical variate against the second for these samples, and the planar distance 
between the points representing the various samples indicates the degree of 
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morphometric similarity between populations of this genus from various points in 
the section. Populations from Zones I, 3 and 7 cluster together-these populations 
consist purely of the generalised Cosmopolitan form Melanoidts tulmculata (0. F. 
MiiJJer). The Phyletic Endemic derivative of AI. tulmculata from Zone 2 is mor
phometrically quite distinct from the parent stock, and these populations cluster 
separately. Melanoides populations from Zones 4 to 6 show a steady divergence 
from the 'Cosmopolitan cluster' as two Radiative Endemic species of Alelanoides -
evolve and become of increasing numerical importance in Melanoide! populations .• 
All long-ranging taxa so far examined in this way exhibit similar 'Cosmopolitan' ~ 
and 'Phyletic Endemic' clusters, with or without the development of Radiative 
Endemic forms in Zones 4 to 6. 

(b) Edward-Albert rift 

Analysis by the proposed model of the mollusc assemblages recorded by 
Gautier (1970) from the Neogene deposits of tIle Edward Albert rift is summarised 
in Fig. 32 :7. A history of lake development corresponding to that in Figs. 32 :7 
and 8 is suggested. The material from these sites is not particularly well preserved 
and it seems likely that many of the gaps in the time ranges of various taxa 
recorded in Gautier (1970 :56) are due simply to collection failure. Another 
problem is the lack of any radiometric dates for this sequence. 

Discussion 

Although the proposed model appears to be of some use as a generalised inter
pretative tool it is important to stress that, as discussed earlier, it is at present 
essentially qualitative; the absolute values of abscissa and ordinate corresponding 
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simplicity of the mod('l. For example, a transition from a fauna of Phyletic En
demics to one of Cosmopolitan forms may occur in one of two ways according to 
Fig. 32 :2. It may result from a steady increase in lake size of hydrographic con
nections with other basins to a point where immigration of Cosmopolitan forms is 
such that competitive elimination of Phyletic Endemics occurs. On the other 
hand, Fig. 32:2 also indicates that such a transition may result from a lake drying 

- out or developing inimical water chemistry, eliminating the Phyletic Endemics 
living within the basin, and followed by the re-establishment of the lake as a 
viable molluscan habitat, with consequent Cosmopolitan immigration. As in the 
East Lake Turkana example, stratigraphic evidence may assist in deciding whether 
in a particular case the extirpation of Phyletic Endemics is due to growth in lake 
area or decrease in envirorunental stability. 

Similarly, long-term persistence of 'Cosmopolitan-only' faunas is subject to 
two possible interpretations, according to Fig. 32 :2. This may be due to the per
sistent environmental instability of the lake, or to the fact that a lake is environ
mentally stable but of persistently intermediate size such that it is too small to 
develop Radiative Endemics but too large to be effectively genetically isolate and 
develop Phyletic Endemics. However, thi~ latter situation seems unlikely to occur, 
as most rift lakes seem to have fluctuated in level periodically due to the climatic 
and tectonic instability of the area. Most cases of persistent 'Cosmopolitan-only' 
faunas are likely to be due to persistent envirorunental instability within the lake. 
Stratigraphical and sedimentological data may again be of use here. 

Conversely, short-term Cosmopolitan-only faunas, from.which endemic forms 
ultimately develop, indicate biological continuity and environmental stability 
within the lake. For example, in Zones 5 and 6 at East Turkana Radiative En
demics appear, derived from Cosmopolitan and Exotic forms present earlier in 
Zones 3 and 4. As the evolution of Endemics clearly requires time, this implies 
long-term lake stability over the interval Zone 3-Zone 6. We would therefore 
draw an important distinction between the implications of the relatively short
lived Zone 3/4 Cosmopolitan (and Exotic) faunas, from which Radiative Endemics 
were ultimately developed, and the much longer-lasting Cosmopolitan-only faunas 
of Zone 7, from which no endemics were derived. As discussed earlier, the latter 
probably indicate an environmentally unstable situation, at least in the long term, 
with frequent extinction events followed by reimmigration. 

Care is therefore needed in interpreting Cosmopolitan-only faunas (± Exo
tics). There significance can usually be determined by a consideration of their 
persistence, in absolute time terms, up a stratigraphic section, and by the nature 
of the preceding and succeeding faunal category combinations. 

Conclusions 
Five main categories of East African freshwater mollusca may be defined, and the 
presence of anyone of these in a given lake basin related to the operation of a 
specific process. The operation of a given process is governed by certain broad 
basin features; various types of basin have characteristic process combinations and 
hence diagnostic molluscan category combinations. The molluscan category com-
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binations encountered up a stratigraphic section may be used to indicate major 
basin features not immediately obvious from areally limited exposure, and to chart 
the qualitative development of a given lake through time. 

Two of the best-documented Neogene mollusc sequences in the East African 
rift occur in the Edward-Albert Basin (Western rift) and in the Lake Turkana 
Basin (Eastern rift). These two sections are known from vertebrate evidence to 
sample a largely overlapping segment of Plio-Pleistocene time. It is therefore of
considerable interest to note that the analysis of their respective sequences of
mollusc assemblages by this model reveals a strikingly similar pattern of lake ~ 
development in both basins over this period of time. Both sections apparently 
record lakes which grow in depth, area and stability during the Plio-Pleistocene, 
with consequent development of rich and in part Radiative Endemic faunas, until 
a sudden extinction event terminates these earlier faunas and the lakes remain 
shallower, environmentally unstable and relatively faunally depauperate there
after. In the absence of radiometric dates for the Edward-Albert succession it is 
not possible to demonstrate the extent to which the major extinction event in both 
basins is synchronous, but it seems likely that it occurred at broadly the same 
point in Plio-Pleistocene time (c. 2.6 m.y. at East Lake Turkana). 

The similarity in development history of the Turkana and Edward-Albert 
palaeolakes, which were over 500 km apart, apparently indicates that the fluctu
ations in the areas and depths of these lakes have been regulated by suprabasinal 
factors, presumably tectonic and/or climatic. The extinction event in both basins 
appears likely to have been due to the development. of inimical water chemistry, 
an effect similar to the rise in alkalinity which has greatly reduced the rich Holo
cene mollusc faunas of Lake Turkana in under three thousand years. Such effects 
are clearly more likely when lakes become shallow, with reduction in total water 
volume within the basin. The persistently Cosmopolitan-only fauna which in both 
basins follows the extinction event apparently indicates that these lakes did indeed 
become shallower and increasingly environmentally unstable. 

The similarity in longitude of both successions and the considerable geo
graphic distance between them might incline us to favour a climatic basis for the 
broadly synchronous reduction in water levels implied by the faunal events in 
both basins. Such a climatic event would be accomplished. for example, by a 
southerly movement of the southern boundary of the North African desert belt 
(0-250 mm mean annual rainfall), which at present lies some 10 0 of longitude to 
the north of these basins. Whatever the precise mechanism involved, the suggestion 
ora major climatic change in this region at about 2.6 m.y. is interesting in the light 
of the profound climatic changes known to be occurring at about this time in the 
temperate regions. 

Although more sections, and future work, will probably clarify the issue, at 
present it seems likely that large-scale climatic and tectonic features of rift evolu
tion will prove to be directly mirrored by evolutionary events in rift-lacustrine 
mollusc faunas. Should this be the case, it would have interesting implications for 
the future biostratigraphic use of such faunas for inter as well as intra-basinal 
correlations in the Mrican rift. 
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