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ABSTRACT

The recordeddifferencesof rodentdiversity betweenthe Plio-Pleisto-
cenefaunasof EastAfrica andTransvaal(SouthAfrica) arediscussed.A
comparísonIS madewith recentpredationassemblagesprocessesin order
to evaluatethisfactor Differential preservationbut alsofossilisationpro-
cessesandmore especiallysite natureand sedimentationfactorsarealso
reviewedhereandan attemptis madeto evaluatetheir influenceon pale-
odiversity.

Kcy-words: Rodents,Predation,Owl pellets,Africa, Caves,Open-air
sitesPlio-Pleistocene,Diversity

RESUMEN

Se analizanlas diferenciasde diversidadregistradasen las asociaciones
de roedoresdentrode las faunasPlio-Pleistocenasde Africa Oriental y el
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Transvaal(Suráfrica).Con objeto deevaluarestefactor se ha comparado
estosresultadoscon los procesosen conjuntosde predadoresactuales.Se
ha consideradoasimismolaacciónde factorestalescomola conservación
diferencial,perotambiénotros,comolos procesosde fosilización y, más
especialmente,la acciónde los procesossedimentariosy la naturalezadel
yacimiento,en un intentopor evaluarsu influenciasobrela paleodiversi-
dad.

Palabrasclave: Roedores,predación,egagrópilasde buhos, Africa,
cuevas,yacimientosal aire libre, Plio-Pleistoceno,diversidad.

INTRODUCTION

EasternandSouthernAfrican regionsstandamongthe variousregions
havingyielded a good smallmammalsrecord.Plio-Pleistocenerodentas-
semblagesfrom both areaswere comparedfor the first time by Denys
(1990) and it was concluded,in the absenceof any taphonomicalstudy,
that the fossil assemblagesfrom thesetwo regionsweredifferent froín the
modernonesand that SouthAfrica hadgreaterspeciesdiversityol species
than EastAfrica during Plio-Pleistocenetimes. Attempts to explain such
differencesincludedsomeecologicalandbiogeographicalreasons,among
them, a greaterdiversity of habitats in SouthAfrica, isolation of South
Africa, thepresenceof the Rift Valley in EastAfrica andthe absenceof ex-
tinctions allowingrodentsto survivethe differentclimatical episods(Denys
& Jaeger1986,Denys 1990). Since then,different taphonomicalstudies
havedemonstratedthat predationis the factorto control the concentration
of small mammalsin fossil sites(Andrews 1990,Fernández-Jalvo1992,
Sánchezcf al., 1997,Laudet 1995). Andrews(1990), Kowalski (1990)
haveshownthat the sizeof preysand predatorsare importantsourcesof
biasesandon the diversityof owl pelletassemblagesas well as the hunting
habitsanddietof the raptor, the seasonof accumulationof the remains.Ot-
her works havepointed the importanceof Iossilisation processesin ex-
plaining the diversity of species(Andrews 199<), Badgley cf al. 1995,
Dauphincfal., 1994,Denys eta!.. 1996).Finally, the importanceof diffe-
rential preservationprocessesas a biasfactorof the faunal contenthasjust
begunto be evaluated(Andrews i 990, Denys cf al., 1996).

The purposeof this paperis to review and evaluatethe processesby
which taphonomicfactors(i.e. predationand fossilizaúon)affect diversity
and somecomponenof the faunal composition.For this purpose.a revíew
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of the diversity pattemsof modcrn,fossil andpredationassemblagesof tro-
pical Africa, hasbeencarriedout.

MATERIAL AND METHOD

East andSouth African modernassemblageshavebeencompared
(Figí). Faunallistshavebeenfound in literatureas well as from my own
data(Denys1990,in press.in prep.tables1, 2,3). The differentpredation
assemblages(owl anddiurnal raptorspelletsor carnivorascats)havebeen
selectedbr this study only whcnthc predatorhasbeencorrectly identified
andhasyieldeda rathergood sampleof individuals.Specialattentionhas
beenpaid to the GerbillinaeandMurinae diversity which is considereda
good taxon-freeindicator of aridity versushumidity for African faunas(Ja-
eger1976. Fernández-Jalvoetal. submitted).The moderndatahavebeen
plotted following the generalvegetationzonesdefinedby White (1986).
The faunal lists given from largesurveysor coming from intensivetrap-
ping sessionsLavealsobeenincludedandwereselectedas referencesam-
píe by Denys (1990).

RESULTS

The specificdiversityof modernrodentfaunasof Africa is still not well
described.For thisapproach,the descriptioncanbe doneat the genuslevel.
This is not a problemfor a comparisonwith fossil faunasandowl pelletas-
semblages,where the preseneeof two speciesof the samegenusin the
saíneasseínblageis unusual.The genericdiversitypatternsof eachbiogeo-
graphicalregionof Africa is summarizedin table 1. Meandiversity ranges
between10 and38. Membersof the subfamilyGerbillinaerangebetweenO
and4 generawhilst Murinaerangebetween2 and 18. The averagediversity
is lower in northernsavannas(Sahelo-Sudanian-Guinean,with 15,3 genera)
than in southernsavannas(Zambezian,with 25 genera).The highestgeneric
diversitydoesnot occur in the forestbut in the Somali-Masairegion, i.e.the
transitional areabetweennorthernand southernsavannas(Table 1). The
rodent community of the Saharais constitutedby numerousGerbillinae,
well-adaptedto desertlife, and a very low amountof Murinae. In Sahel,both
groups.GerbillinaeandMurinae,showroughly the samenumberof genera.
The Sudanianzonehassimilar numberof generaof Gerbillinaeas the Sahel.
Comparedto dic Sahel.thereare 7 generaof the sub-family Murinae.The
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Biogeographic zone Rodents Gerbillinae Murinae

Sahara lO 4
Sahelian lO 4 4
Sudanían 17 4 8
Cluinean 19 2 II
Foresí 30 0 17
Montane loresí 19 0 9
Regional mosaic of Lake victoria 30 1 16
Somali-Masai 38 34 18
Zambezian 25 1 12
Highvcld teniperate grassland 16 1 .5
Namib 13 3 4
Kalahari-5W arid 24 3 6

217 — 7Cape
Trappings

Zambezian
Songo Monzambiqtíe 8 0 6
Kafoe River (Zambia) 24 2 It)
ítala (Natal 9 0 6
Nyika (Malawi) 9 0 5
Cape

(?edarberg II 1 4
Swellendom 12 1 5
I-Iighveid lrar,svaal
NylsvLey II 2 3
Grasslaní 1 IX 3 4
Crassland2 21 3 6
Acacia Savanna ¡3 1 4
Bush 1 24 3 9

Bush 2 22 3
Bush 3 lO 2 8
Mopane Savanna •23 2 8
Bush 4 lO 1 8
Foresí 23 1 lO
5W arid

Sw arid Transvaal 9 2 2
Kaíahari (ieínshock Nat. Par 16 3 5
5o,nali Masal
Omo river (Ethiopia) 16 5 7
Kerio river (Kenya) 1 4 3
Tana River (Kenya) 7 0 2

Forcí niontagne Serenge(i 15 t> II

Bush Serengeti (Tanzania) 17 3 12

Afro-alpino grassland Serengeti 7 0 5

Nakoru(Kenya) II 0 7

Moni Mero (Tanzania) 14 0 9

Dakawa (Tanzania 14 •2 lO
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mainfeaturesof the rodentcommunityof tropicalandmontaneforest are the
absenceof Gerbillinaeanda very high diversity of Murinae. Thetaxonomic
diversity in the lake Victoria mosaicregion,is peculiarlyhigh (30 genera).
Yet, this regionhasstill not beenwell-studiedandit will probablyreveala
higherspecificdiversity. In theZambeziansavannaregion,thereis only one
genusof Gerbillinae versus 12 generaof Murinae. The temperatel-Iigh-
veld grasslandregionis markedlyinipoverishedcomparedto the Zambezian
region (1 Gerbillinaefor 5 Murinae).The CapeProvincefaunais not very
different from the Zambeziansavannaswith 2 Gerbillinaeand7 Murinae.
The NamibandSW arid have3 Gerbillinaefor 4 to 6 Murinae. The faunal
diversityand the Gerbillinae/Murinaeratio valuesareshownin table 1 for

Fig. 1 —Main vegetation sones of Africa (after White 1983) and position of the main Plio-Pleistocene si-
tes of Fast and South Africa. Cave sites. Open-air sites: Triangle.
Fig. 1—Principales zonas de vegetación de África tsegún White, 1983) y posición de los principales ya-
cimientos Plio-Pieisíocenos de Africa Oriental y de Suráfrica. Yacimientos de cuevas: circulo; Yaci-
mientos al aire libre: Triángulo.

Table l—Rodent diversity in modern vegetation Nones of Africa and írom diftÑent ecological surveys
(after Denys 1990, ¡0 prep for references ).

TabLa 1—Diversidad presentada por los roedores en las distintas zonas de vegetación actuales de Afri-
cay en diferentes reservas ecológicas (según lienys 1990, ¡o prep., para las referencias).

5WCape

1
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East Africa (Soniali-masai Age. Ma

site
lO o le
Hadar
Laetoli 1 Beds
Onio B
(>1ro (?
Uppcr NdoLanya beds
OMOE
OMOC
Oldavai Lower Red 1

Oldavai upper Red 1
( )Idav al Iower Red II
ti Idav a’ pper Bcd II
Natron
East rurkai~i
Iscuva
f)ldovai Red iv
Masek Reds
Kaplh ti rin

Melka Kuníuré
Nsialoba Beds Laetoli

South Africa
Zambezian
lloíopala 2
lziighveld
Makapansgat EXQRM
Makapansgat MRCIS
M :tkapansgat MLXVt)
Sserklb,ílcin lype site
Sterkfonleio Extension
Swarlkrans
Kromdraai R
Kromdraai A
Sw arid+Nan,¡h
VA rísLcwcrk
.1 iigers tic Ile
Nos¡b
Ngamilnnd
Taung
Cape

Langcbaanwcg QSM

Langebaanweg PPM 3AN

Lanvchaan~vcg PPM 3A5

Klasies River Motíth

5
3
3.7
3
2,5
2.8
-9

1,8
1.8
1,7
1,1

1 .7
1.6
tis
0.8
t).6
0.3

0. ¡ 2

‘.3

3.7
• 3.7
• 3.7

3
• 1.7

1.5
¡ 1,5

1,5

0.1
-9

2
3
1.5

.9

5

5

o,’

MNI

165
217

85
44
53
69
16

III
429

‘4
‘-5

50

2708
1418
291

3551

1350
371

813

779

565

T, Ial

4
It)
26
26

‘3
19
113

16
18
lo
4

12
14
¡6
II
4
5
6
7

Rodenís

4
1<)

II

‘3
~1

7
13
lo
14
15
It>
4
7
9

II
II
4
5
6
7

II II

35 ¡7
¡ 32 19

¡ 20 15
33 18

16 ¡6
20 16
31 20

19 16

16 lb

21 ¡ 16

19 ¡4
It) II

¡ 17 LV

3 13

2

ClerO. Mu¡.

9

o

2

9

ti

O

t)

O

2

3
3

.9

9

2

9

5
9

7
5
2
6
5
9
7
6

4
5
5
6
9

—9

3

5

8
8
9
7
9
8
7
7

5
4
5
3
:9

4

4

4

7
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differenttrappingstudies.Of coursethe faunaldiversityvaluesof the trap-
pingsitesarelower thanthe generalvaluesobtainedin the studiedregions.
This is alsotrue for MurinaeandGerbillinae.

The Table2 showsthe genericandspecificdiversityof the fossil small
mammalassemblagesandwhenknown,the MNI (Denysin prep).The di-
versity is greaterin SouthAfrica than in EastAfrica. In EastAfrica, the
numberof rodentspeciesrangesfrom 4to 15, while in SouthAfrica it ran-
ges from II to 20. Comparingthe particulargroupsin EastAfrica the
numberof speciesof Gerbillinaerangesfrom O to 2 while Murinaerange
from 1 to 9. In SouthAfrica, the recordedvalues are O to 3 Gerbillinae
against3 to 9 Murínae.

Concerningthe owl pellet assemblages,the rodent diversity has been
compiledfrom differentsetsof datain Africa (Tables3 & 4) accordingto the
raptorcategoriesdescribedby Andrews(1990). Tytoalba belongsto thepre-
dationcategory1. No taphonomicinformationis availablefor 7Mo capensis
which hasbeenprovisionalyplacedin category1. For [vto alba, the rodent
speciesrichnessvanesfrom 3 to 15 and the diversity increaseswith the
MNI. The diversity of the total small manimalsis much higher dueto the
fact that Tyto alba usually hasother small mammalslike batsandinsecti-
voresin its diet (Vernon 1972) (Table3). According to Delany & Delany
(1986), [vto capensishuntsin grasslandsunlike [vto alba. For a smaller
numberof samples,Tyto capensisshowsa slightly higheraveragevalues
than Tvto alba of specificnumbersof diversity for total smallmammalsand
rodents(Fig. 2, 3). The prey-spectrumis largerfor Tyto alba comparedto
Tyto capensis.Thiscould be dueonly to the samplesize,which is greaterin
Tyto alba than in T capensis(Fig. 2). In [vto alba and Tyto capensis,the
averagevalues for Gerbillinae andMurinae are different, T alba taking
moreGerbillinaeandlessMurinaethan E capensis(Fig. 4, Tables3 & 4).

Accordingto Andrews(1990)andFernández-Jalvo(1996),Buholac-
teusandBuhoafricanusbelongto category2 andBuhohubo to category3.
The availabledataconcerningthedifferentspeciesof Bubo (Table.4), are
still too searceto bereliable.Thiscould be dueto tite relativesmallersize
of samples,as it canbe seenthat the rangeof the preys,especiallyfor non-
rodents,is wider in Buho than in [vto alba. This may be relatedwith the

lable 2—lotal sinaí 1 mammal and rodent di versity of the Pl io—Pleistocene fossil faunas of East and
South Africa taftcr Denys 1990, lienys ¿o prep.). Cerb.. Cerbillinae, Mor., Murinae,
rabIa2—Diversidad total presentada por los pequeños mamíferos y los roedores en las faunas lkisi les
del Plio-Pleisloceno de Africa Oriental y Surúfrica (según lienys. 1990, in prep.), Gerb.: Cerbilinae:
Mor:. Morinae.
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Fig. 2.—Total sníalL manímais specics numbers in different predation assemblages. Mm: Minimum nom-
her rif preys. Max.: maximum number of preys.
l’ig. 2—Número total de especies de pequeños mamíferos en diferentes conjuntos: de predadores
Mini Número nítnimo de presas, Máx.: Núníero máximo de presas.

larger size of the different speciesof Buho spp (Fig. 2). Concerningthis
point, Andrews(1990) hasremarkedthe opportunistdiet of Buholacteus
but with a preferencefor the gerbil Tatera. Buhoafricanusis smallerthan
B. lacteusbut hasalso an opportunistdiet (Steyn, 1984).Thenumberof
speciesof GerbillinaeandMurinaeareratherlow for Buho.spp. compared
to [vto sim (Fig. 4).

Diurnal raptorsandmammalianCarnivoraareplaced in categories4
and5. Their sampleis low for Africa (Table4). Somegeneralrcmarkscan
be made:theyhavea low spectrumof preys(rodentsandothers)compared
to categories1 and2 but alsoa lower MNI (Figs. 2, 3). By comparison,the
numberof GerbillinaeandMurinae is not sodifferentfrom the two first ca-
tegoriesof raptors(Fig. 3). The bulk of the diet of Aguila verreataii is not
formedby rodents(Boshoffetal., 1991). Similarly, the scarcenumberof
availablepellets of Falco tinnunculusin Algeria yielded 2 Murinac, no
Gerbillinaeanda Crocidurinae(Denys& Mahboubi 1992).

Ah small mammals diversity

25

20
a
E

e
w
CI
CI
a.
«35

o
Talba T.capensis Buba spp. Carnivara
N40 N=6 N~7 N2

Category

Table 3.—Total small mamníals and rodent di vcrsity br predation assemblages of Ti <ifNi.

Tabla 3 Diversidad total presentada por los peqtieños mam íberos y los roedríres en relación erín los
erínj un Iras de preciado íes de E <dha.

-I
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Hg. 3,—Rodent diversity in dilferent predation assemblages. Miii.: Minimum number of preys: Max.:
maximum number of preys.
Fig. 3.—Diversidad de íoedores en diferentes conjuntos de predadores. Mm,: Núníero mínimo de presrts:
Max.: Núítíeío ínáxi mo de presas.
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Predator faunal composition
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— .~. Toapensis

—U— Bubospp.
Camivora

Fi’. 4. Predation launal composition on average for Gerbillinae and Murinae br modern assemblages.
Fig. 4.- Compr<sicióíi launística media de Itís píedadores para las sublami has ClerbilLinac y Mtírinac en
coOlui>tt>s acluales.

Predation rodent diversity
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Table 4.-Total sn,aIl ntammal and rodent diversity of Andrews (1990) predator categories 2 to 5. The
1. f</fle/iSLS assemblages are nr,ted? eategary 1 but nr> taphonomic study of digestion is yet available ¡br
¡Ii is rrwl - Coneerniíag sume Buho .vpp. and níaí>amaliatí carnivora assembLages, ¡ have compleled the ta—
Xont,i¡iic deteríiii natirrns (nríted with rl) ar ¡he species level for rodcnts compared tu tbe lis~ of Andrews

<1990).
Tabla 4—Diversidad ttríaL presentada por los- pequeños n>amílerr,s y ¡uis roedores: tic las categorías de
predrídtrres 2 a 5 de Andíews <¡990). los coniuntos de Ti ff/pe/iS/S están señalados como? categoría ¡
¡Yero no existe aún un estudio tafonómicra detallada de la digestión para esta forn>a fíe buho. En lo t¡ur~
respecta a ¡ilgunas Irarmas de Buhe, spp. y conjtíntos de mamíferos carnívoros se han completada las de—
ternainaciones taxonómicas (señaladas crrn un asterisco) a nivel de especie para ¡os r,íedores. cumpa-
r=riidi,¡rrscon la ¡isla presentada por Andrews <199<)).
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DJSCUSSION

Fromtheseresults,it seemsclearthat the averagediversity reflected
by predationassemblagesis 10w comparedto trapsand to regional di-
versity. The recordeddiversity in the fossil assemblagesboth in East
andSouthAfrica is higher than in the pelletsbut, of course,lower thanin
regional zones.But the fossil diversity is higher tbanor similar to that in
trappings(Table6).

Despitethe Somali Masai region showstoday a higherdiversity than
the Zambezianandhighveldregion, it is the contraryfor the fossil assem-
blagesfrom the sameregions(Table 6). The samesituationoccursfor the
T alha assemblagesbut this might result from a samplingbias(only 3 sam-
píesknownfrom EastAfrica againstlO in the highveldand3 in the Zam-
bezianregion,see Table 3). The comparisonof the MNI betweenTanzania
andTransvaalT alba samplesshowsthatthe diversity is similaror higher
in the highveld whilst the proportion of Murinae is higher in Tanzania
andthat of Gerbillinaelower The diversity is alsohigher in SouthAfrica
for the faunasresultingfrom trappings,SouthAfrica beingbetterecologi-
cally surveyedthanEastAfrica.

1. INEIl TENUE. OF PREDATION ON DIVERSITY

The [vto alha andT capensisassernblagescontaina very low ratioof
representativesof Gerbilinae(Table 6). Thesevaluesare equivalentto
thoserecordedin modernSouthsavannafaunasbut lower than the va-
lues recordedin EastandNorth savanna.The saínevaluesare also re-
cordedfor the representativesof Murinae,confirming a lower diversity
spectrumof Murinae in thepelletassemblagesof Tyto (Table6). In the

Rndents Gerbiflinae Mur¡nae~

2.55.5 0.5
[5.4 1.33 (.06

38 3 ¡8
25 2 7

FossiI Faunas

Bao Africa N = Ib
SaulO Africa N = 8

Modern Faunas
Basí Africa
Srrt¡lh AIrierr

¡ ____________________________________________________

TableS —5umnary rif the rodent dLiversity patterns i n mr>dern and fn,ssil launas.
TabLa 5 —Resumen de los modelos de diversidad preseí>ladus por Los roedores en crYnjuntias de faunías
actuales y fósiles.
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Pellets Total diversity Rodents Gerbill¡nae Murinae

Ti albo Meaí> 10,9 7,95 ¡.29 3,63
N=40 Min,-Max. 51o9 3to ¡5 Oto3 ¡ ¡rilO

Ti copecisu Mean II 8,5 0.5 4
N=6 Min.-Max. 5to 14 5to LO Oto 1 3tn5
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Earrt Africa Mea,í ¡3 2,5

Min-Max 7to ¡7 OtoS 2to 12

Reginías

North Savann¡ts

Somali-Masai

South Savannas

8W arid + Namibia

Fossil faunas

Soníth Afrierí alí

N = ¡8

5W arid

N=5
iligh veíd

N=8

Cape
N=4

East Afric¡n alí

N = Ib

Caves

N = LS
Open-ríir

N = 22

of total smalL mainmals. rodents diversity for

Mertn

Min-Max

Meaí>

Min-Max

Mean

Min-Max

Cae

¡5.3

LOto ¡9

38

20,5
<6 to 25

18,5

13 tr, 24

¡7

3,33
2 to 4

3

3

3

2

1 ,33

O t/Y 3

2,2

1 trí 3

0,88
0-2

¡.25

¡ tu 2

0,5

O tu 2

¡.4
O trr 3

0.91
lo 2

7.66

4to II
¡8

8.5

5 lo ¡O

5

4 to 6

7

6,06

3 to 9

4,4
3 to 5

7,9
7 to 9

4.75

4 ¡o 7

2,5

1 to?

4,26

¡ ir, 9

6.5
5 to 9

Me:iía

Min-Max

Mean

Min-Max
Mean

Min-Max

Me ti it

Mi n - M¡ix

Mean

Min - M¡ix

Mean

Min-Max
Mean

Miía-Max

2 ¡ .4 1

LI ¡a 35

17.8

¡6 to 21
25,8

<6 tr, 35

18r8

13 lo 35

¡2,2

4 lo 26

22.7 3

LI tO 35

12,35
4 to 26

¡5,39
LI to 20

¡4,8

<¡tal?

¡5,4
15- ¡ 9

¡3.8

13 lo ¡5

5,5
4 tr> <5

<5.8

LI ta 20
957

4to 15

Table 6.- -Average. Minimum and Maximum values
predators, trappií>gs, modern and fossil faunas.
Tabla 6.—valores máximo, mínimo y meditr del total de mamíferos de pequeña talla. diversidad de
roedríres en relación con predadores, trampas, faunas actuales y fósiles.
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fossil assemblagesof EastAfrica the averageratio of Gerbillinaeis pla-
cedbetweenthc valuesof T alha and 7? capensiswhile it is clearlybelow
the values of Buba sp. (Table 6). As a whole, fossil assemblagesfrom
SouthAfrica show a higheraveragenumberof speciesof Murinae and
Gerbilinaethanthosefrom EastAfrica jable 5). The averagenumberof
fossil speciesof Gerbilinae from SouthAfrica is roughly the saíneas ín
7? albabut the numberof speciesof Murinae is higher It should be noted
that the intervals of variation of the prey numberare equivalent.The
numberof speciesof Gerbillinaeis higher in the fossil assemblagesof
SouthAfrica thanin the pelletsof Bubasp. (Table6, Fig. 4). In turn, the
remainsof Murinae in the fossil assemblagesfrom SouthAfrica are
moreabundantthan in the Ti alba and Ti capensisasscínblages.

Buho spp. from SouthAfrica displaysa slightly lower proportionof
Murinne than the correspondingrepresentativesfrom Kenyajable 4).
Howeveí; comparedwith the expectedvalues, [his proportion is very
low. On whatconcernsthe relativeproportionsof Gerbillinac,the values
are identical in presentday representativesof Buho sp., and fossil as-
semblagesfrom South Africa, but they are lower in those from East
Africa. In recentfaunas,however.the valuesare inverted.Concerning
the Murinae, their numberin fossil assemblagesfrom SouthAfrica is
slightly lower in averagethan in recentassemblagesfrorn the samere-
gion, but higher thanthe values obtainedfrom recentassemblagesof
Buho spp.

In sumrnary,predationreducesdiversity even in the caseof a very
opportunisticpredatorlike Buhosppor vcry rich owl pelletasscrnblages
with high MNI. A lower diversity seemsalsoto be the casein predator
categories3 to 4 comparedto catcgory 1, but this needsto beconfirmed
by largersamples.In the setof assemblagesstudiedfor Africa, the range
of rodentprey speciesfound in predationassemblagesvanesfrom 1 to
15 with a low averageof 6,63 for alí predatorsand8,2 for the [vta spp.
assemhlagcs.Tliis decreaseof diversity is less importaníin Gerbillinae
thanMurinae especiallyin the caseof Buho spp. which seemsto preda-
te selectivelyon gcrbils. In thesameway, it has alsobeenshown (An-
drews 1990)thatpreyselectionandhuntinghabitsof theseowls can fa-
vor Gerbillinae comparedto Murinae. The peculiarity of thc South
African fossil assemblagesis their abundancein Murinaecomparedto
East Africa, but also to predationassemblages.fhis, joined to the fact
that alí fossil assemblagesshow higher diversity than the recentowl
pellet assen3blages.reflectsthe greaterimportanceof o(her factorsthan
digestion audpredationin controlling the fossil diversity.
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2. DLFFERENTIAL PRESERVATION AND DIVERSITY

As it hasbeenshown,differentialpreservationof skeletalpartscan fa-
vor the preservation(in termsof completenessof the skullsnot in termsof
diversity) of the moststronglybuilt skulls of Gerbillinaeand Dipodidaein
Buhob. ascalaphuspellets from Algeria (Denyset al., 1996). Beingmore
fragile, the skulls of Murinaemay be more easily brokenduring the di-
gestionprocesses(Denys, 1985)andhenceoffering lessresistanceto post-
predationalterationsprocesseswhich takeplaceduring burial anddiage-
nesís.Studiesof digestiontraceson molarsof Murinae andGerbillinae
showtheir betterresistanceto digestionattackscomparedto the rootless
evergrowingmolars of Arvicolinae molars. Only a careful taphonomic
analysisof the fossil assemblageswill permit to evaluatethis point in the
presentdiscussion.Rut, in general,post-predationandburial, diagenetical
processescanbe very destructiveforbonesandproduceover-breakagepat-
terns(Andrews, 1990)thatmakeskull remainsvery rareandisolatedteeth
abundant(Sánchezeta!., 1997).Onenotableexceptionis the Laetoli Beds
site in Tanzaniawhere 10 nearly completeskulls of small rodentshave
beenfound. They belongto SaccostomusandJ-feterocephaíus(Denys,
1986)but no skullsof Murinaeor Gerbillinaehaveyet beenfound. Sac-
costornusis todayrarely found in owl pelletsassemblagesas well as He-
terocephalus.In that site, rapid burial haspreservedherethe mostabun-
dant,largerMuroideaandan exclusivelyfossorialrodentprobablytrapped
in their burrowsduring the volcaniscashfalís rodents.Differential preser-
vation resultfrom intrinsequepropertiesof bonestructureandmorphology
andin fact this implies an increasein the rangeof larger, strongerelements
(large Gerbils of Tatera group) versussmaller more fragile Murinae in
the fossil assemblages.Rut, the natureof a site, its modeof formation as
seenfor the Laetoli Bedscanbe alsoimportantto explainthe paleodiver-
sity.

3. Foss¡LLzATLoN AND DJVERSITY

Someobservedanomaliesin diversity can be explainedby different
factors, other thanpredationand differential preservation.Thesewould
ínainly be: the difterentdiversitypattemand the Murinae/Gerbillinaeratios
of SouthAfrican versusEastAfrican fossil assemblagescomparedres-
pectively to moderndiversity andpellet assemblagespatterns.In fact, it
shouldbe notedthat alí EastAfrican sitescorrespondto «open-air»depo-

1



88 C. L)enys

¡ ig. 5 —LaunaL compositi/9n un average 1 of (ierbiLLinae and Murinrie for modern trappings aítd vegeta-
tion regions (Sa) and for fossi <faunas of Liast cod Soulh Africa (5b).
Fig. 5—Composición faunísí ca media de Los predadores para las subfamiLirís Cerbil mac y Murinae
en ¡ ‘a u i¡~ans tic t uales ~r reg cInes tIc vegetac O n (Sa) y para c/ mju nos fós i ¡es de Africa Orlen ca 1 ‘< Su—
táñica (5b).
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sits (lacustrineor fluviatile; tenninologysensuDenysa al. in press)whiist
mostof SouthAfrican sitesare cavedepositswith the only exceptionof
Langebaanweg.We have plotted the recordeddiversity values in these
two different types of sites(Figs. 5a, 5b, 6). On figures 5b and6, caves
showa higherdiversity than open-airsites. Representativesof Murinaeare
more abundantin open-airsitesthan in caves,whilst the Gerbillinae are
morescarceín open-airsites. Cavesitespresenta higherdiversity thanpre-
dation assemblages.In open-airsites, in turn the valuesof diversity are
muchlower thanin cavesbut closerto thoseof predationassemblages.In
cave siteswe nearly reachthe level of the modernassemblageswhich is
not at alí the casein open-airsites. It is evidentthat cave sitesyield gene-
rally a moreabundantnumberof individuals(MNI; Table2). But. evenin
the caseof very abundantrodent-bearingandnicely preservedopen-airsí-

tes such as Olduvai Bed 1, the numberof speciesis lower than for the
TransvaalAustralopithecinecaves(Table2).

Rod.nt spec¡es
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Fig. 6—Relative comparison of che species nuiaber of rodenr preys in pelLecs, fossii faunas and modern
taunas.
Fig. 6.—Comparación relativa del númerrY de especies de presas de roedores en egagrópilas. conjuntos
fósiles y faunas actuales.

The processesof formationof cavesandopen-airsitesarevery difre-
rent.Caveformationandsedimentaryinfilí arerathercomplexprocesses
implying different suceessivephases(Andrews,1990;Brain, 1993;Fer-
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nández-Jalvo1995, 1996). Evidenceof transportby water occurfre-
quently iii cavesandareresponsibleof reworking (Andrews,1990,Cá-
cereset al., 1996, Fernández-Jalvo,1995, Laudet, 1995, Laudetel al.,
1996). Similarly, mixing of predatoragentsof boneaccumulationscanbe
moreimportantin cavesitesoffering shelterfor differentanimais(Baird,
1991). In caves,predatorscan relay through time in a sameplace.Also
different typesof owls and/orcarnivoracan occupydifferentpartsof the
cave,henceprovidinga supplementaryincreaseof diversity.This mixtu-
re of predators(that can only be recognizedafter a careful taphonomic
study) mayleadto an increasein the speciesdiversity in a site andcould
bean explanationfor the higherdiversityobservedin SouthAfrica. At 01-
duvai a taphonomicstudy hasshownin level FLKN 5 a mixture of two
predators.This correspondsto the highestdiversity for alí other East
African sites (Table 2; Fernández-Jalvocl al., in press).According to
Badgley(1995),who foundthai certaintaxaarepredominantin sornepar-
ticular faciesin the Siwaliksopen-airsites,it follows that ¡br a particular
stratigraphicinterval the taxonomicdiversity should increaseIfa higher
variety of sedimentaryfaciesis sampled.Taking into accountthe faciesdi-
versity in EastAfrican open-airsitesversusSouthAfrican caves,we can
seethat in open air depositsof EastAfrica silty-clay (lacustrinesedi-
ment) and volcanic ashesare the only sourceof sedimentwheresmall
mammal boneshavebeenconcentrated.In the cavesof South Africa.
however,sedimentsare morevariedespeciallyin thosecave sectionsre-
presentinga complex filling history. For example,the stratigraphicse-
quencesat Makapansgatcave comprisestravertinedeposits,calcifiedred
mud,greybreccia,graveis,sornebandswith well-roundedpebbles,mdi-
catingsedimenttransportat somephasesof the sedimentationin the cave
and numerouslateral facies variations (Partridge1979,Maguire el al.,
1985). At Langebaanweg,which is the only open-airsite of SouthAfrica,
anddespitesomeproblcmsof lateral faciesvariation in the site,the total
diversityof small mammalsis very low comparedto Transvaalcavesites
(Denys, 1990).

To summarize.open-airsítesclearlyshow lower diversityvaluescom-
pared to cave sites. This may be due to several factors, amongwhich,
time-averaging.reworking,cohabitationof predators,long durationof ro-
ostingandmulti-sourcesof sedimentstransportedfroin the surface,caíi be
listed as the mostrelevant.Of course,time-averagingandreworking are
alsoactivein open-airsites,but the threeotherfactorsaresuspectedto be
moreefficient in caves.



Rodentjhunal list ir¡ karsticand(Ypen-fIir sites ofAfrica 91

CONCLUSLON:FACTORS INFLUENCJNGDIVERSITY

Almost alí SouthAfrican fossil assemblagesof karstic (cave) origin
haveyielded highly variedspectraof diversitycomparedto EastAfrícan sí-
Les whererodentstuvebeenobtainedlii open-lacustrinesedhnents.From
this work it is shownthat the paleodiversityof small ínammalsdependsba-
sically on threeparameters,namelypredationbias(digestion,huntinghabits,
ingestion),differential preservationandfossilisation.Predationbiasreduces
in generalthe overalí numberof prey species,but the selectivityof apreda-
tor can lead to an overrepresentationof sometaxalike Gerbillinaein Buho
spp. Ingestion-digestionbiasescan producean overrepresentationof sorne
taxa versusthe othersand favor the preferentialpreservationof more
stronglybuilt skulls like Gerbillinaeor Dipodidaewhichbiasesnot only the
faunal lists but alsosorneecological indices(like, for instance,the Gerbilli-
nae/Murinaeratio of Jaeger1976). Finally, the fossilisationprocessesand
especiallytime-averagingnot only modify the initial community structure
but can leadto an increasein diversitypatternsby mixture of differentpre-
datorsand/ordifferent leveis.Thiscaseis clearlyevidentin the comparison
of EastAfrican to SouthAfrican sites.For palaeoecologicalinterpretations,
it is evidentthat cavesitesreflect morediversehabitatsand/orpredatorsthan
open-aírsites which would ratherreflect morethanune(at leasttwo) pre-
dationassemblages.If thepredatoris an opportunistspeciesthe biaswill be
lower than in the caseof aselectiveone. Bul, for cavesitestheproblemsof
transportandreworkingareimportantandneedto betakenin consideration
by meansof a carefultaphonomicanalysesprior to anypalaeoecologicalin-
terpretation.Thefact that the Gerbillinae/Murinaeratio is biasedby theseth-
reefactors (huntinghabits, differential preservation,fossilisation)hasalso
palacoecologicalconsequencesand only a carefultaplionomicalstudylaxo
per fina permitsrecognizingthe modification of this ratio by differentiating
the possiblemixture of predatorsandof sourcesof the fossil material.
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