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ABSTRACT

The recorded ditferences of rodent diversity between the Plio-Pleisto-
cene faunas of East Africa and Transvaal (South Africa) are discussed. A
comparison is made with recent predation assemblages processes in order
to evaluate this factor. Difterential preservation but also fossilisation pro-
cesses and more especially site nature and sedimentation factors are also
reviewed here and an attempt is made to evaluate their influence on pale-
odiversity.
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RESUMEN

Se analizan las diferencias de diversidad registradas en las asociaciones
de roedores dentro de las faunas Plio-Pleistocenas de Africa Oriental y el
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Transvaal (Suréfrica). Con objeto de evaluar este factor se ha comparado
estos resultados con los procesos en conjuntos de predadores actuales. Se
ha considerado asimismo la accidn de factores tales como la conservacién
diferencial, pero también otros, como los procesos de fosilizacién y, mds
especialmente, la accidn de los procesos sedimentarios y la naturaleza del
yacimiento, en un intento por evaluar su influencia sobre la paleodiversi-
dad.

Palabras clave: Roedores, predacion, egagropilas de buhos, Africa,
cuevas, yacimientos al aire libre, Plio-Pleistoceno, diversidad.

INTRODUCTION

Eastern and Southern African regions stand among the various regions
having yielded a good small mammals record. Plio-Pleistocene rodent as-
semblages from both areas were compared for the first time by Denys
(1990) and it was concluded, in the ahsence of any taphonomical study,
that the fossil assemblages from these two regions were different from the
modern ones and that South Africa had greater species diversity of species
than East Africa during Plio-Pleistocene times. Attempts to explain such
differences included some ecological and biogeographical reasons, among
them, a greater diversity of habitats in South Africa, isolation of South
Affrica, the presence of the Rift Valley in East Africa and the absence of ex-
tinctions allowing rodents to survive the different climatical episods (Denys
& Jaeger 1986, Denys 1990). Since then, different taphonomical studies
have demonstrated that predation is the factor to control the concentration
of small mammals in fossil sites (Andrews 1990, Ferndndez-Jalvo 1992,
Sanchez et ¢l.,1997, Laudet 1995). Andrews (1990), Kowalski (1990)
have shown that the size of preys and predators are important sources of
biases and on the diversity of owl pellet assemblages as well as the hunting
habits and diet of the raptor, the season of accumulation of the remains. Ot-
her works have pointed the importance of fossilisation processes in ex-
plaining the diversity of species (Andrews 1990, Badgley er al. 1995,
Dauphin ef al., 1994, Denys et al., 1996). Finally, the importance of diffe-
rential preservation processes as a bias factor of the faunal content has just
begun to be evaluated {Andrews 1990, Denys et al., 1996).

The purpose of this paper is to review and evaluate the processes by
which taphonomic factors (i.e. predation and fossilization) affect diversity
and some component of the faunal composition. For this purpose, a review
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of the diversity patterns of modern, fossil and predation assemblages of tro-
pical Africa, has been carried out.

MATERIAL AND METHOD

East and South African modern assemblages have been compared
(Fig.1). Faunal lists have been tound in literature as well as from my own
data (Denys 1990, in press, in prep. tables 1, 2, 3). The different predation
assemblages (owl and diurnal raptors pellets or carnivora scats) have been
selected for this study only when the predator has been correctly identified
and has yielded a rather good sample of individuals. Special attention has
been paid to the Gerbillinae and Murinae diversity which is considered a
good taxon-free indicator of aridity versus humidity for African faunas (Ja-
eger 1976, Fernandez-Jalvo et al. submitted). The modern data have been
plotted following the general vegetation zones defined by White (1986).
The faunal lists given from large surveys or coming from intensive trap-
ping sessions have also been included and were selected as reference sam-
ple by Denys (1990).

RESULTS

The specific diversity of modern rodent faunas of Africa is still not well
described. For this approach, the description can be done at the genus level.
This is not a problem for a comparison with fossil faunas and owl pellet as-
semblages, where the presence of two species of the same genus in the
same assemblage is unusual. The generic diversity patterns of each biogeo-
graphical region of Africa is summarized in table 1. Mean diversity ranges
between 10 and 38. Members of the subfamily Gerbiilinae range between ()
and 4 genera whilst Murinae range between 2 and 18. The average diversity
is lower in northern savannas (Sahelo-Sudanian-Guinean, with 15,3 genera)
than in southern savannas (Zambezian, with 25 genera). The highest generic
diversity does not occur in the forest but in the Somali-Masai region, i.e.the
transitional area between northern and southern savannas (Table 1). The
rodent community of the Sahara is constituted by numerous Gerbillinag,
well-adapted to desert lite, and a very low amount of Murinae. In Sahel, both
groups. Gerbillinae and Murinae, show roughly the same number of genera.
The Sudanian zone has similar number of genera of Gerbillinae as the Sahel.
Compared to the Sahel, there are 7 genera of the sub-family Murinae. The
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Biogeographic zone Rodents
Sahara 10
Sahelian 10
Sudanian 17
Guinean 19
Forest 30
Montane forest 19
Regional mosaic of Lake Victoria 30
Somali-Masai 38
Zambezian 25
Highveid temperate grassland 16
Namib 13
Kalahan-5W arid 24
Cape 17
Trappings -
Zamnbezian -
Songo Monzambique 8
Kafue River (Zambia) 24
Hala (Natal 9
Nyika (Malawi) 9
Cape -
Cedarberg i
Swellendom 12
Highveld Transvaal -
Nylsvley [
Grassland 1 1%
Grassland 2 21
Acacia Savannu 13
Bush | 24
Bush 2 22
Bush 3 14
Mopane Savanna 23
Bush 4 19
Forest 23
SW arid -
Swoand Transviual 9
Kalahari Gemshock Nat. Par 16
Somali Masai -
Omo river (Ethiopia) 16
Kerio river (Kenya) 11
Tana River (Kenya) 7
Foret montagne Serengei 15
Bush Serengeti (Tanzania) 17
Afro-alpine grassland Serenget 7
Nakuru {Kenya) 11
Mont Meru (Tanrzamia) 14
Dakawa (Tanzania 14

Gerbillinae Murinae
4 2
4 § 4
4 8
2 11
[t} 17
0 9
1 16

34 18
| 12
1 5
3 4
3 §]
2 7
6
2 10
0 6
0 5
I 4
1 5
2 3
2 4
3 6
| 4
3 9
3 8
2 8
2 8
] 1 8
1 10
2
3 | 5
¢ 7
4 3
0 2
0 11
3 12
0 5
0 7
0 ]
2 10
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main features of the rodent community of tropical and montane forest are the
absence of Gerbillinae and a very high diversity of Murinae. The taxonomic
diversity in the lake Victoria mosaic region, is peculiarly high (30 genera).
Yet, this region has still not been well-studied and it will probably reveal a
higher specific diversity. In the Zambezian savanna region, there is only one
genus of Gerbillinae versus 12 genera of Murinae. The temperate High-
veld grassland region is markedly impoverished compared to the Zambezian
region (1 Gerbillinae for 5 Murinae). The Cape Province fauna is not very
different from the Zambezian savannas with 2 Gerbillinae and 7 Murinae.
The Namib and SW arid have 3 Gerbillinae for 4 to 6 Murinae. The faunal
diversity and the Gerbillinae/Murinae ratio values are shown in table 1 for

East
West Tuskana &) |& Rudolf

. Hi ta
Lathagam & SW arid, uLpa . &
Kanapoi & Zambezian

anapo

4 Kapthurin . \

Namib
A Tsenya

4 Natron
A Olduvai
4 Laetoli

| n
G 600 km

Fig.1-Main vegetation zones of Africa (after White 1983) and position of the main Plio-Pleistocene si-
tes of East and South Africa. Cave sites. Open-air sites: Triangle,

Fig. | -Principales zonas de vegetacion de Africa (segtiin White, 1983) y posicidn de los principales ya-
cimientos Plio-Pleistocenos de Africa Criental y de Surifrica. Yacimientos de cuevas: circulo; Yaci-
mientos al aire libre: Tridngulo.

Table 1. —Rodent diversity in modern vegetation zones of Africa and from different ecological surveys
(after Denys 1990, in prep., for references ).

Tabla 1.-Diversidad presentada por los roedores en las distintas zonas de vegetacion actuales de Afri-
ca y en diferentes reservas ecoldgicas (segdn Denys 1990, in prep., para las referencias).
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East Africa (Somali-masai | Age, Ma MNI
site
Ihole 5
Hadar 3 165
Laetelil Beds 3.7 217
Omo B K 85
(o O 2,5 44
Upper Ndolanya beds 2.8 33
OMOF 2 69
OMOG 1.8 16
Olduval Lower Bed [ 1.8 111
Oldavai upper Bed 1 1.7 429
Oldaval lower Bed 11 I, —
Oldavar upper Bed 11 1 -
Natron 1.7 14
East Turkana 1.6 15
Isenya 0.8 50
Olduvai Bed 1V 0.8 -
Musek Beds 0.6 -
Kapthurin 03 -
Melka Kunturé | -
Nguloba Beds Laetoli 0.12 -
South Africa - -
Zambezian - -
Humpata 2 1.3 -
Highveld - -
Makapansgat EXQRM 37 2708
Makapanspat MRCIS 37 1418
Makapanspat MLWD 37 291
Sterklontein type site 3 3551
Sterkfuntein Extension 1.7 -
Swartkrans 1.5 -
Kromdraai B 1.5 1350
Kromdraai A 1.3 71
¢ Swarid+Namib - -
- Wondewerk 1 -
Figersguelle 2 -
Nosib 2 -
Ngamiland 3 -
Taung 1.5 -
© Cape - -
Langebaanweg QSM 5 813
- Langebaanweg PPM 3AN 5 779
Langebaanweg PPM 3AS 5 365

- Klasics River Mouth

20
33
16
20
31
19

16
21
19
10

17

t4
13
13
35

Rodents Mur.
4 0 2
16) | 5
Il 2 2
13 | 7
9 0 5
7 1 2
13 2 Q]
10 1 3
14 | 9
15 2 7
10 1 6
4 1 |
7 0 4
9 | 5
1 1 5
11 1 4]
4 1 2
5 0 1
i} 0 3
7 | 3
I |
17 | 8
19 | 8
15 0 9
18 | 7
16 0 g
16 1 ]
20 1 7
16 2 7
Is} 2 5
16G 3 El
14 | 5
11 2 3
17 2 5
11 1 4
13 1 4
13 i ; 4
15 7




Rodent faunal list in karstic and open-air sites of Africa 79

different trapping studies. Of course the faunal diversity values of the trap-
ping sites are lower than the general values obtained in the studied regions.
This 1s also true for Murinae and Gerbillinae.

The Table 2 shows the generic and specific diversity of the fossil small
mammal assemblages and when known, the MNI (Denys in prep). The di-
versity is greater in South Africa than in East Africa. In East Africa, the
number of rodent species ranges from 4 to 15, while in South Africa it ran-
ges from 1 to 20. Comparing the particular groups in East Africa the
number of species of Gerbillinae ranges from O to 2 while Murinae range
from | to 9. In South Africa, the recorded values are O to 3 Gerbillinae
against 3 to 9 Murinae.

Concerning the owl pellet assemblages, the rodent diversity has been
compiled from different sets of data in Africa (Tables 3 & 4) according to the
raptor categories described by Andrews (1990). Tyto alba belongs to the pre-
dation category 1. No taphonomic information is available for Tyto capensis
which has been provisionaly placed in category 1. For Tyvto alba, the rodent
species richness varies from 3 to 15 and the diversity increases with the
MNI. The diversity of the total small mammals is much higher due to the
fact that Tyto alba usually has other small mammals like bats and insecti-
vores in its diet (Vernon 1972) (Table 3). According to Delany & Delany
(1986). Tvto capensis hunts in grasslands unlike Tyto alba. For a smaller
number of samples, Tvto capensis shows a slightly higher average values
than Tyvto alba of specific numbers of diversity for total small mammals and
rodents (Fig. 2, 3). The prey-spectrum is larger for Tvto alba compared to
Tyvto capensis. This could be due only to the sample size, which is greater in
Tyto alba than in T, capensis (Fig. 2). In Tyto alba and Tyvto capensis, the
average values for Gerbillinae and Murinae are different, T. alba taking
more Gerbillinae and less Murinae than 7. capensis (Fig. 4, Tables 3 & 4).

According to Andrews (1990) and Fernandez-Jalvo (1996), Bube lac-
teus and Bubo africanus belong to category 2 and Bubo bubo to category 3.
The available data concerning the different species of Bubo (Table. 4), are
still too scarce to be reliable. This could be due to the relative smaller size
of samples, as it can be seen that the range of the preys, especially for non-
rodents, 1s wider in Bubo than in Tyvto alba. This may be related with the

Table 2.—Total small mammal and rodent diversity of the Plio-Pleistocenc fossil faunas of East and
South Africa (after Denys 1990, Denys in prep.). Gerb.. Gerbillinae, Mur., Murinae,

Tabla 2 -Diversidad total presentada por los pequefios mamiferos v los rocdores en las faunas {dsiles
del Plio-Pleistocena de Africa Orientad y Surafrica (segiin Denys. 1990, in prep.), Gerb.: Gerbilinac:
Mur:, Murinac.
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Category 1 Author Country Stre MNI S[[,;:T Rodents| Gerb. | Mur, Region
Fato by | Lawric 1971 . Tanzanta Oloserian 3 13 v 0 6 | Somali-Masai
i Masai kopjes | 783 11 8 0 0 ] Somali-Masai
Simba kopje 16 6 5 | 2 1 Somali-Musai
Tero alba | Vernon 1972 Cape provincie | Loc. 6 340 13 9 2 3 Cape
Cape provincie | Loc. 7 2i9 6 4 | 3] Cape
Luoc. 9 152 7 ! 31 Cape
Loc. 11 11% 11 g | 3 | Cape
Tt adba | Avery 1992 Cape ABKB 46t 14 9 2 2| Cape
RTY 529 13 9 2 2 | Cupe
GBKA 789 17 11 2 3] Cape
GBKEB 2770 16 4] 2 31 Cupe
fytor alba | Vermon 1972 S. W. Africa Loe. 13 431 5 2 A1 SW Africa
Loce. 12 N2 5 4 2 I | SW Alfrica
Nital Loc. | 233 6 0 3 | Coastal forest
loc. 2 sl &} 4] 1] 5 ¢ Coastal forest
Loc 3 130 5 10 b3 Consal forest
Loc. 5 &1 9 [} 2 | Coastal forest
Tyto albu | Vernon 1972 Transvial Loc. 21 1240 18 12 | 5 : Highveld
Lo, 22 427 14 10 | 4 i\ Highveld
Luc. 23 6d4 19 12 | S i Highwveld
Loc. 24 278 16 4 | 4 1 Highveld
Luc. 25 891 16 12 2 5 | Highveld
Lo, 26 162 13 I | 5 1 Highwveld
Lo, 27 120 10 7 | 2| Highveld
Loc. 28 23 9 & | 2 ¢ Highveld
Toter adba | Stein 1984 Zimbabwe Bulawayve 77 il g | 5 {‘ Zambezian
Tt afhay | Happold & Happold| Malawi Muatope 911 18 15 | 10 Zambezian
19806 Malawi Lunzu 330 13 10 | 6 | Zambezian
Tvio alba | Demeter 1978 Niperin Samaru 34 % 6 | 4 1 Guineon
Tyt alte | Winterbottoun 1966 | Namibia Etosha 35 Y 8 3 31 SW Alrica
Tuto ulbe | Deun 1973 Transvaul Warmbaths 635 14 9 | 4 | Highveld
Tt aflbny | Dean 1975 SW Alrica Friedenthul 203 14 8 3 A BW Alrica
vt alba | Dean 1975 SW Alrica Govhs 1133 13 8 A 4 | SW Alrica
Tt alha | Dean 1975 North Cape Kingsion 538 16 12 3 4 | Cape
Trto albee | Denys 1985 Botswana Okavangos 85 Y 7 | 2 0SWoarid
Bran 1981 South Adrica Swartkrans 7 1 3| Highveld
T allyr | Levinson 1985 Transvaal Makapansgal 1 1 6§ Highveld
Tvte alhe | Denys unpub. Namibia Nauklult park sl 3 3 1 i i Namib
Tvreadby | Baet al in prep. Senepal Crocodiic 199 9 [} 2 3 Sudinian
B albee | Baetal. in prep. Sencpal P. cominander| 126 7 4 2 2 i Sudanian
Tt alba | St Girons 1973 ¥ Maroc Bouznika 255 ¢} 5 | 4 : Mediterraneun
Tuto afb | Bruderer 1906 Chott Boul 70 ti E4 5 3 ! Suhelian

i Mauritaniy
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All small mammals diversity
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= 20 1 - N
é ?- T -~ i g h \
3 15 ¢ T \\
< N
[
2 10} N
Q ~
[} _l\
=N
@ 571 B -~ \_\:
———p— T
0 + t +
T.alba T.capensis Bubo spp. Carnivora
N=40 N=6 N=7 N=2

Category

Fig. 2~Total small mammals specics numbers in different predation assemblages. Min: Minimum num-
ber of preys, Max.: maximum number of preys.

Fig. 2.-Namero total de especies de pequefios mamfiferos en diferentes conjuntos de predadores.
Min.: Niumero minimo de presas, Max.: Ndmero mdximo de presas.

larger size of the different species of Bubo spp (Fig. 2). Concerning this
point, Andrews (1990) has remarked the opportunist diet of Bubo lacteus
but with a preference for the gerbil Tatera. Bubo africanus is smaller than
B. lacteus but has also an opportunist diet (Steyn, 1984).The number of
species of Gerbillinae and Murinae are rather low for Bubo spp. compared
to Tvto spp (Fig. 4).

Diurnal raptors and mammalian Carnivora are placed in categories 4
and 5. Their sample is low for Africa (Table 4). Some general remarks can
be made: they have a low spectrum of preys (rodents and others) compared
to categories | and 2 but also a lower MNI (Figs. 2, 3). By comparison, the
number of Gerbillinae and Murinae is not so different from the two first ca-
tegories of raptors (Fig. 3). The bulk of the diet of Aguila verreauxii is not
formed by rodents (Boshoff er af., 1991). Similarly, the scarce number of
available pellets of Falco tinnunculus in Algeria yielded 2 Murinae, no
Gerbillinae and a Crocidurinae (Denys & Mahboubi 1992).

Table 3.—Total small mammals and rodent diversity for predation assemblages of T awlba.
Tabla 3.- Diversidad 1otal presentada por los pequefios mamiteres y los roedores en relacion con los
conjuntos de predadores de 17 afba.
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Predation rodent diversity

16 -
14 L
12 +
10 +
8l

—t Mean
- # —Min
— & —Max

Species number

41
241

T.alba T.capensis Bubo spp. Carnivora
N=40 N=6 N=7 N=2

Category

Fig. 3.-Rodent diversity in different predation assemblages, Min.: Minimum number of preys; Max.:
maximum number of preys.

Fig. 3.-Diversidad de roedores en diterentes conjuntos de predadores. Min.: Numero minimo de presas;
Max.: Nimero maximo de presas.

Predator faunal composition

e T alba

—~ -—T.capensis
= 8= Bubo spp.
Camivora

Rodents Gerbillinae ' Murinae

Fig. 4. Predation faunal composition on average for Gerbillinac and Murinac for modern assemblages.
Fig. 4.- Composicion launistica media de los predadoges para las sublamilius Gerbillinac y Murinac en
conjuntos actuales.
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Category 1 Author Country Site MNI SI;:::;\ Rodents | Gerb. | Mur. | Region
1. cetprensiy Vernon 1472 Transvaal Loe. 37 i) 14 i0 | 4 | Highveld
Loc. 38 [ 8 7 1 3 | Highveld
T capensiy Vernom 14972 Natat loc, 29 124 5 5 ) 3| Coastal forest
H Lov. 30 30 1y 7 i 3| Coustal Forest
; Loc. 32 74 5 3 i 3 | Coastal rorest
T vcapensis Happold & Happold] Malawi Zomba plateau | 147 ¥ 7 0 4 | Zamhezian
1986
Category 2
Rubao foaciews Andrews 1990+ Tanzania Oldavai S8 4 4 3 I 1 Sornali-Masai
fivho lacteus Andrews 1990* Tanzania Serepaett 42 2 1 1 U Semali-Masui
B. ufricoamiy F-Jalvo et al. unpub| South Africa | Clarens nest 26 6 4 0 2 | Highveld
H. africanuy F-Jalvo et zl. unpub| South Afvica | Clarens pellets | 34 7 3] 4 {Highveld
Ruhoafricunus Demeter [982 Ethiopia Awash 140 2 9 2 5| Somali-masai
Bubo africanus Brum 98] South Afnca | Swartkrans ! 1] & 3 | Higveld
Category 3
fieho b ascaluphus | Denys elal in press [ Algeria : Honuine 588 15 10 2 6 | Medilerrancan
Rubo b ascotaphns | Denys etal in press [ Algeria Atlow 438 9 7 3 1| His Plateaux
Buba b ascatuphus | DPenys ¢abin press | Algenia Teli 340 ) 10 7 I | Sahara
fhebe b aseatapius | Denys et abin press | Algeria Kersus 36 3 § 7 I | Sabara
Hiehe b, asctapinee | Denys e al inopress | Alperia Oued Muenict 130 7 7 6 I | Subara
Categoris 4-3
fetmenatia afbicanda | Andrews 1990+ Kenyi 9 4 3 0 4| Somali-Masai
Jehmeni afincande | Andrews 1990% Kenyu i9 4 4 4] 4| Somali-Masai
But-egred foy Andrews 19490% Kenya Lainyamok 23 3] 3 | Senmadi-Masa
Viddpees riteppelli Kowalski HR3 FEgypl Bir Tarfawi | ! ! 0 | Saharat
i Agnila verreaig Buoshofl etal, 1991 [ South Alrica | Cape prov.net (3572 [hes 2 ] O | SW Cape
§ gl verreaii Boshotl et al,, 1991 | Sonth Alrica | Cape prov, nest|1 236 14 5 i) O | Cape
i Agdle vervedunii Boshotl et al., 1991 | South Africa | Cape prov. nest| 008 1 3 1 0 | Cape
POFten tnnealuy Denys & Mahboubi | Algeria Tighenil 4 3 2 0 2| Mediterranean
Indet. categories
Asfu abyssiniens Yulden 1973 Lthiopia Lirgana valley L1} 6! 5 1] 2 | Somali-Masat
tindet. I>enys unpubl, Burkina Faso | Oursi 173 I 7 4 3| Sudanian
tindet. ¢ Denys unpubl. Tanzante Denimyg 52 T 7 1 5 | Somali-Masal

Tuble 4.-Totat small mammal and rodent diversity of Andrews (1990) predator categories 2 to 5. The
1! capensiy assemblages are noted? category | but no taphonomic study of digestion is yet available for
this owl, Concerning some Bube spp. and mammalian carnivora assemblages, 1 have completed the ta-
xonontic determinations (noted with®) at the species level for rodents compared (o the list of Andrews
(1990;.

Tabla 4. -Diversidad total presentada por los peyuciios mamiferos y os roedores de las categorias de
predadores 2.4 5 de Andrews {1990). Los conjuntes de T, capensis estin scflalados como? categoria |
pero no existe adn un estudio tafondmico detallado de la digestion para esta forma de buho. En lo que
respecti a algunas formas de Bubo spp. y conjuntos de mamiferos carnivoros se han completado Ias de-
terminaciones taxondmicas (sefialadas con un asterisco) a nivel de especie para los roedores, compu-
rindolos con la lista presentada por Andrews (1990).
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DISCUSSION

From these results, it seems clear that the average diversity reflected
by predation assemblages is low compared to traps and to regional di-
versity. The recorded diversity in the fossil assemblages both in East
and South Africa is higher than in the pellets but, of course, lower than in
regional zones. But the fossil diversity is higher than or similar to that in
trappings (Table 6).

Despite the Somali Masai region shows today a higher diversity than
the Zambezian and highveld region, it is the contrary for the fossil assem-
blages from the same regions (Table 6). The same situation occurs for the
T alba assemblages but this might result from a sampling bias (only 3 sam-
ples known from East Africa against 10 in the highveld and 3 in the Zam-
bezian region, see Table 3). The comparison of the MNI between Tanzania
and Transvaal 7. a/ba samples shows that the diversity is similar or higher
in the highveld whilst the proportion of Murinae is higher in Tanzania
and that of Gerbillinae lower. The diversity is also higher in South Africa
for the taunas resulting from trappings, South Africa being betler ecologi-
cally surveyed than East Africa.

|.  INFLUENCE OF PREDATION ON DIVERSITY

The Tyto altba and T. capensis assemblages contain a very low ratio of
representatives of Gerbilinae (Table 6). These values are equivalent to
those recorded in modern South savanna faunas but lower than the va-
lues recorded in East and North savanna. The same values are also re-
corded for the representatives of Murinae, confirming a lower diversity
spectrum of Murinae in the pellet assemblages of Tyto (Table 6). In the

Fossil Faunas i Rodents < Gerbillinae Murinae
East Africa N = 16 5.5 | 0.5 25
South Alrica N= {8 15.4 1.33 6.06

Modern Faunas
BEast Altica 38 3 18
South Africa 25 2

Table.5 —Summary of the rodent diversity patterns in modern and fossil faunas.
Tabla 5.-Resumen de los modelos de diversidad presentados por los roedores en conjuntos de faunas
actuales y fosiles.
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Pellets Total diversity Rodents Gerbillinae Murinae
T alba Mean 10,9 7.95 1.29 3,63
N=40 Min.-Max. S04 3to 15 Ot 3 1o 10
T capensis Meaun 11 8.5 0.5 4
N=6 Min.-Max. Ste 14 5to 10 Otol 3w3
Bubo spp. Mean 2.6 3,57 1 314
N=7 Min.-Max. 2to 23 l1to9Y Oto3 Oto7
Carnivora 5 4.5 0.5 35
N=2 Min.-Max. 416 4tod Otod w4
Traps Mean 10 0,5 4,5
Scuth Africa Min-Max 81029 Owe4d 2to 10
East Africa Mean 13 2,5 8
Min-Max Tto 17 Oto5 2012
Regions Mean 153 333 7.66
Nerth Savannas Min-Max 10 to 19 2tod 4to 11
Somali-Masai 38 3 18
South Suvannas Mean 20,5 1 8.5
Min-Max 16 to 25 1 S 10
SW arid + Namibia Mean 18,5 3 5
Min-Max 131024 3 41006
Cape 17 2 7
Fossil faunas
South Africa all Mean 21,41 15,39 1.33 6,06
N=18 Min-Max 1110 35 11 to 20 Oto3 3to9
SW arid Mean 17.8 14,8 22 4.4
N=35 Min-Max 16t 21 Hto 17 w3 KRG
Highveld Mean 25,48 154 0,88 1.9
N=8§ Min-Max 6 to 35 15-19 0-2 Tto9
Cupe Mean 18,8 13.8 1.25 475
N=4 Min-Max 1310 35 1310 15 10?2 4107
Fast Africa all Mean 12,2 5.5 0.5 25 .
N=16 Min-Max 41026 41015 D2 lw?
Cives Mean 22.73 15.8 1.4 4,26 |
N=15 Min-Max 1Ht35 1 to 20 Gto3 L9
Open-air Mean 12,35 9.57 0.91 6.5

N=22 Min-Max 4 to 26 4o 15 Oto2 5109

Table 6. Average, Minimum and Maximum values of total small mammals, rodents diversity for
predators, trappings, modern and fossil faunas.

Tubla 6.—Valores maxime, minimo y medio del wtal de mamiferos de pequeda talla, diversidad de
roedores en relucion con predadores, trampas, faunas actuales v fosiles.
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fossil assemblages of East Africa the average ratio of Gerbillinae is pla-
ced between the values of 70 alba and T, capensis while it is clearly below
the values of Bubo sp. (Table 6). As a whole, fossil assemblages from
South Africa show a higher average number of species of Murinae and
Gerbilinae than those from East Africa (Table 5). The average number of
fossil species of Gerbilinae from South Africa is roughly the same as in
T alba but the number of species of Murinae is higher. It should be noted
that the intervals of variation of the prey number are equivalent. The
number of species of Gerbillinae is higher in the fossil assemblages of
South Africa than in the pellets of Bubo sp. (Table 6, Fig. 4). In turn, the
remains of Murinae in the fossil assemblages from South Africa are
more abundant than in the 7. alba and T. capensis assemblages,

Bubo spp. [rom South Africa displays a slightly lower proportion of
Murinae than the corresponding representatives from Kenya (Table 4).
However, compared with the expected values, this proportion is very
low. On what concerns the relative proportions of Gerbtllinae, the values
arc identical in present day representatives of Bubo sp., and fossil as-
semblages from South Africa, but they are lower in those from East
Africa. In recent faunas, however, the values arc inverted. Concerning
the Murinae, their number in fossil assemblages from South Africa is
slightly lower in average than in recent assemblages from the same re-
gion, but higher than the values obtained from recent assemblages of
Bubo spp.

In summary, predation reduces diversity even in the case of a very
opportunistic predator like Bubo spp or very rich owl pellet assemblages
with high MNI. A lower diversity seems also to be the case in predator
categorics 3 to 4 compared to category |, but this needs to be confirmed
by larger samples. In the set of assemblages studied for Africa, the range
of rodent prey species found in predation assemblages varies from 1 to
15 with a low average of 6,63 for all predators and 8,2 for the Tyto spp.
assemblages. This decrease of diversity is less important in Gerbillinae
than Murinae especially in the case ol Bubo spp. which seems Lo preda-
te selectively on gerbils, In the same way, it has also been shown (An-
drews 1990) that prey selection and hunting habits of these owls can fa-
vor Gerbillinae compared to Murinae. The peculiarity of the South
African fossil assemblages 1s their abundance in Murinae compared (o
East Africa, but also to predation assemblages. This, joined to the fact
that all fossil assemblages show higher diversity than the recent owl
pellet assemblages, reflects the greater importance of other factors than
digestion and predation in controlling the tossil diversity.
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2.  DIFFERENTIAL PRESERVATION AND DIVERSITY

As it has been shown, differential preservation of skeletal parts can fa-
vor the preservation (in terms of completeness of the skulls not in terms of
diversity) of the most strongly built skulls of Gerbillinae and Dipodidae in
Bubo b. ascalaphus pellets from Algeria (Denys et al., 1996). Being more
fragile, the skulls of Murinae may be more easily broken during the di-
gestion processes (Denys, 1985) and hence offering less resistance to post-
predation alterations processes which take place during burial and diage-
nesis. Studies of digestion traces on molars of Murinae and Gerbillinae
show their better resistance to digestion attacks compared to the rootless
evergrowing molars of Arvicolinae molars. Only a careful taphonomic
analysis of the fossil assemblages will permit to evaluate this point in the
present discussion. But, in general, post-predation and burial, diagenetical
processes can be very destructive for bones and produce over-breakage pat-
terns (Andrews, 1990) that make skull remains very rare and isolated teeth
abundant (Sanchez et af., 1997). One notable exception is the Laetoli Beds
site in Tanzania where 10 nearly complete skulls of small rodents have
been found. They belong to Saccostomus and Heterocephalus (Denys,
1986) but no skulls of Murinae or Gerbillinae have yet been found. Sac-
costomus 1 today rarely found in owl pellets assemblages as well as He-
terocephalus. In that site, rapid burial has preserved here the most abun-
dant, larger Muroidea and an exclusively fossorial rodent probably trapped
in their burrows during the volcanisc ash falls rodents. Difterential preser-
vation result from intrinseque properties of bone structure and morphology
and in fact this implies an increase in the range of larger, stronger elements
(large Gerbils of Tatera group) versus smaller more fragile Murinae in
the fossil assemblages. But, the nature of a site, its mode of formation as
seen for the Lactoli Beds can be also important to explain the paleodiver-
sity.

3. FOSSILIZATION AND DIVERSITY

Some observed anomalies in diversity can be explained by different
factors, other than predation and differential preservation. These would
mainly be: the different diversity pattern and the Murinae/Gerbillinae ratios
of South African versus East African fossil assemblages compared res-
pectively to modern diversity and pellet assemblages patterns. In fact, it
should be noted that all East African sites correspond to «open-air» depo-
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Fag. 5.—Faunal composiion on averyge 1or Gerbillinae and Murinae ter modern trappings and vegeta-
tion regions (5a) and for fossil faunas of Last and South Africa (5b).

Fig. 5.—Composicion faunistica media de los predadores para fas subfamilias Gerbillinae y Murinac
en trampas actuales v regiones de vegetacion (5a) v para conjuntos fosiles de Africa Oriental v Su-
rifrica (Sh).
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sits (lacustrine or fluviatile; terminology sensu Denys et ¢l. in press) whilst
most of South African sites are cave deposits with the only exception of
Langebaanweg. We have plotted the recorded diversity values in these
two different types of sites (Figs. 5a, 5b, 6). On figures 5b and 6, caves
show a higher diversity than open-air sites. Representatives of Murinae are
more abundant in open-air sites than in caves, whilst the Gerbillinae are
more scarce in open-air sites. Cave sites present a higher diversity than pre-
dation assemblages. In open-air sites, in turn the values of diversity are
much lower than in caves but closer to those of predation assemblages. In
cave sites we nearly reach the level of the modern assemblages which is
not at all the case in open-air sites, It is evident that cave sites yield gene-
rally a more abundant number of individuals (MNI; Table 2). But, even in
the case of very abundant rodent-bearing and nicely preserved open-air si-
tes such as Olduvai Bed 1, the number of species is lower than for the
Transvaal Australopithecine caves (Table 2).

Rodent species

number

40
n —e— Mean
35 + \\ - & — Min
30 + \\ — -4 — Max
25 + FOSSIL FAUNAS ‘\
20 1 PELLETS \i
15 +
12 T MODERN
0 + " " N R
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z =z . a— z >
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L

Fig. 6.—Rclative comparison of the species number ol rodent preys in pellets, fossil faunas and modern
faunas.

Fig. 6 —Comparacion relativa del nimero de especies de presas de roedores en egagropilas. conjuntos
EGsiles y faunas actuales.

The processes of formation of caves and open-air sites are very diffe-
rent. Cave formation and sedimentary infill are rather complex processes
implying different successive phases (Andrews, 1990; Brain, 1993; Fer-
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nindez-Jalvo 1995, 16996). Evidence of transport by water occur fre-
quently in caves and are responsible of reworking (Andrews, 1990, Ci-
ceres et al., 1996, Fernandez-falvo, 1995, Laudet, 1995, Laudet er al.,
1996). Similarly, mixing of predator agents of bone accumulations can be
more important in cave sites offering shelter for different animals (Baird,
1991). In caves, predators can relay through time in a same place. Also
different types of owls and/or carnivora can occupy different parts of the
cave, hence providing a supplementary increase of diversity. This mixtu-
re of predators (that can only be recognized after a careful taphonomic
study) may lead to an increase in the species diversity in a site and could
be an explanation for the higher diversity observed in South Africa. At Ol-
duvai a taphonomic study has shown in level FLKN 5 a mixture of two
predators. This corresponds to the highest diversity for all other East
African sites (Table 2; Ferndndez-Jalvo et al., in press). According to
Badgley (1995), who found that certain taxa are predominant in some par-
ticular facies in the Siwaliks open-air sites, it follows that for a particular
stratigraphic interval the taxonomic diversity should increase if a higher
variety of sedimentary facies is sampled. Taking into account the facies di-
versity in East African open-air sites versus South African caves, we can
see that in open air deposits of East Africa silty-clay (lacustrine sedi-
ment) and volcanic ashes are the only source of sediment where small
mammal bones have been concentrated. In the caves of South Africa,
however, sediments are more varied especially in those cave sections re-
presenting a complex filling history. For example, the stratigraphic se-
quences at Makapansgat cave comprises travertine deposits, calcified red
mud, grey breccia, gravels, some bands with well-rounded pebbles, indi-
cating sediment transport at some phases of the sedimentation in the cave
and numerous lateral facies variations (Partridge 1979, Maguire et al.,
1985). At Langebaanweg, which is the only open-air site of South Africa,
and despite some problems of lateral facies variation in the site, the total
diversity of small mammals is very low compared o Transvaal cave sites
(Denys, 1990).

To summarize, open-air sites clearly show lower diversity values com-
pared to cave sites. This may be due to several factors, among which,
time-averaging, reworking, cohabitation of predators, long duration of ro-
osting and multi-sources of sediments transporied from the surface, can be
listed as the most relevant. Of course, time-averaging and reworking are
also active in open-air sites, but the three other factors are suspected to be
more efficient in caves,
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CONCLUSION: FACTORS INFLUENCING DIVERSITY

Almost all South African fossil assemblages of karstic (cave) origin
have yielded highly varied spectra of diversity compared to East African si-
tes where rodents have been obtained in open-lacustrine sediments. From
this work it is shown that the paleodiversity of small mammals depends ba-
sically on threc parameters, namely predation bias (digestion, hunting habits,
ingestion), differential preservation and fossilisation. Predation bias reduces
in general the overall number of prey species, but the selectivity of a preda-
tor can lead to an overrepresentation of some taxa like Gerbillinae in Bubo
spp. Ingestion-digestion biases can produce an overrepresentation of some
taxa versus the others and favor the preferential preservation of more
strongly built skulls like Gerbillinac or Dipodidae which biases not only the
faunal lists but also some ecological indices (like, for instance, the Gerbilli-
nae/Murinae ratio of Jaeger 1976). Finally. the fossilisation processes and
especially time-averaging not only modify the initial community structure
but can lead to an increase in diversity patterns by mixture of different pre-
dators and/or different levels. This case is clearly evident in the comparison
of East African to South African sites. For palacoecological interpretations,
it is evident that cave sites reflect more diverse habitats and/or predators than
open-air sites which would rather reflect more than one (at least two) pre-
dation assemblages. It the predator is an opportunist species the bias will be
lower than in the casc of a selective one. But, for cave sites the problems of
transport and reworking are important and need to be taken in consideration
by means of a careful taphonomic analyses prior to any palacoecological in-
terpretation. The fact that the Gerbillinae/Murinae ratio is biased by these th-
ree factors (hunting habits, differential preservation, fossilisation} has also
palaeoecological consequences and only a careful taphonomical study taxa
per taxa permits recognizing the modification of this ratio by differentiating
the possible mixture of predators and of sources of the fossil material.
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