Supplementary information

Primers used for amplifications from Pleistocene samples:

CrFl
CrF2
CrF3
CrF4
CrF5
Cr Fé
CrF7
CrF8
CrF9
CrF10
Cr R1s
CrR1l
CrR2
CrR3
CrR4
CrR5
CrR6
CrR7

5-GAA AAT CTC ACC CAC TCA TTA AAA-3°
5-GAA ATT TCG GGT CAC TAT TAG GAA-3
5-CAA CAA CCG CCT TCT CAT CAG-3°
5-GAG CTT CCATAT TCT TCATCT GTC TA-3
5-CAA CAT CTC GGC ATG GTG AA-3°

5-CAC TAT TAG GAA TCT GCT TAATCT TA-3
5-CAA CCG CCT TCT CAT CAG TG-3

5-CGA TAC ATA CAC GCC AAC GGA-3
5-TAT ATA CAT ATC GGC CGA GGA A-3°
5-CGT GAAACATCG GAATCC TACTA-3
5-GAT TAAGCA GATTCC TAATAG TGA C-3
5-GTATGG CTA GGA ATAGACCTG TCAG-3°
5-CCGTAGTTT ACG TCT CGG C-3°

5-GTA AGATCC GTAGTATAT TCC TCG G-3
5-CACCTC AGAATG ATATTT GGC CTC-3°
5-TAT ATATAG ACA GAT GAA GAA TAT G-3°
5-TTC ACG TCT CTG GGA GTG TGT AA-3°
5-GAC ATA ACC TAT GAATGC GGT A-3°

Primer pairs used and length of amplified fragments (see also suppl. Fig. 1)

Primer pair

CrFl1-CrR1l
CrF2-CrR2
CrF3-CrR3
CrF4-CrR4
CrF1-CrR1s
CrF5-CrR1l
CrF6-CrR2
CrF7-CrR5

product lengths in bp with (without) primers
147 (98)

136 (93)

146 (100)

171 (121)

113 (64)

86 (41)

124 (79)

110 (65)



CrF8-CrR6 103 (59)
CrF9 - CrR7 114 (70)
Cr F10 - Cr R4 93 (46)

Primers used for historical spotted hyena samples were Cr F1 in combination with Cr R4
(414bp) or Cr F1 together with Cr R2 (214bp) and Cr F3 together with Cr R4 (252bp).

All fragment lengths include primers.

Primers used for striped and brown hyenas were

Hy F1 5-GAA AAT CTC ACC CGC TCATTA AAA-3
Hy R1 5-CAGCCATAGTTG ACG TCT CGG C-3°
Hy F2 5-CAACCG CCT TTT CAT CAG TA-3

Hy R2 5-GTA AGA CGT AAC CTATGA ATG CG-3°

Primer Hy F1 in combination with Hy R1 results in a 217 bp long fragment, Hy F1 with
Hy R2 in a 387 bp fragment and Hy F2 with Hy R2 in a 222 bp fragment. All fragment

lengths include primers.

Overview about the fossil history of the investigated genera.

Crocuta crocuta spelaea, Goldfuss 1828

Holotype: Complete skull with left and right P4 to 12, 11 missing and lower jaws with
complete tooth row (GOLDFUSS 1828: tab. 55)

Paratype: skull with right P4 to P2, P1 to 11 missing and lower jaws with right m1-i3 and
left m1-cinf (GOLDFUSS 1828: tab 56, 57).

Differences of C.c.spelaea to C.c.crocuta: The skull of the cave hyena is build
more powerful, (e.g. stronger sagital crest). The processi occipitalii for the attachment of
the first vertebra are stronger. The palatinal bone is broader between P3 and P4 than in
extant Crocuta. The jugale bone is enlarged to allow the attachment of stronger chewing
muzzles. The cave hyena was about 25% larger than its living relative.

Occurrence of fossil C. crocuta: The oldest remains of the spotted hyena are
probably from Laetoli (older than 3.46 ma, Barry, 1987). This species is listed in



Werdelin & Solounias (1991) as C. Crocuta while Petter & Howell (1989) described
them as a separate subspecies C.c.dietrichi, because of their smaller size but
morphological similarities compared to recent forms. Turner (1984, 1990) argued that the
natural size variation of the spotted hyena is quite large and Crocuta from the southern
part of Africa is larger then their relatives from eastern Africa. Therefore the specimens
from Laetoli fit well into the Crocuta distribution when compared with material from
East Africa. We follow Turner and recognise only two subspecies of Crocuta, C. c.
crocuta and C. c. spelaea. A synonymy list is given in Werdelin & Solounias (1991).

If Africa is the place where Crocuta first appeared, then the Sivalik specimen (C.
sivalensis, de Vos et al. 1987) are the oldest evidence for the first immigration wave of
Crocuta from Africa into Asia (Turner 1992), where descendents of this group survived
till the end of the Pleistocene.

Crocuta co-existed in Africa with a large number of other predators between 3.0
and 1.5 to 1 Ma years (Turner 1990): Homotherium, Megantereon, Dinofelis, Panthera
leo, Panthera pardus, Acinonyx, Felis, Chasmaporthetes, and probably Pachycrocuta.
After 1 Ma, more canid species arrived and the fauna changed towards the extant guild
structure with jackals, foxs, lion, leopard, cats, aardwolf, striped, brown and spotted
hyenas.

In Europe between 3.5 and 1.5 Ma, the guild structure consisted of Homotherium,
Megantereon, Acinonyx, Pliocrocuta and Chasmaporthetes. The carnivore guild was
much smaller compared to the African one. Between 1.5 and 1 Ma, Chasmaporthetes and
Pliocrocuta disappeared and Panthera gombaszdgenis and Pachycrocuta arrived in
Europe, as well as several Canis species, migrating from Asia and first appearance of
Crocuta in Europe (Atapuerca, Rodriquez 2001). Locations like Ubeidiya (Israel, ca 1.5
Ma) indicate an increase of African species in the Levantine Corridor, while the major
part of the fauna is still of Eurasian origin (Tchernov E. & Guérin 1986, Belmaker 2004).

The carnivore guild structure from 1.0 to 0.5 Ma on was similar to the East
African fossil record (Turner 1995): Crocuta co-existed with Homotherium, Acinonyx,
Panthera gombaszdgenis, Panthera leo, Panthera pardus, Pliocrocuta, Pachycrocuta and

two canids (Turner 1990, Kahlke 1994, Lahr 1998). These immigration of new carnivores



from Africa and Asia mark a climatic change as well. Pliocrocuta, Pachycrocuta and
P.gombaszdgenis are not present any more during the Upper Pleistocene.
In Asia Crocuta crocuta was described from the Upper Pleistocene, similar to the

C.c.spelaea forms from Europe, meaning only larger in size.

Hyaena appeared around 3.0 Ma (Usno and Shungura B10), slightly after Crocuta in the
fossil record of Africa. It never made its ways into Pleistocene Europe but migrated into
Asia only recently. European fossil forms like H. striata seem to be synonymous with
Pliocrocuta (Howell & Peter 1980, Turner, 1990, Werdelin & Solounias 1991). Remains
from Palestine caves (Kurten 1965) indicate a migration of striped hyenas at least to Asia

minor in the Upper Pleistocene.

Parahyaena is present in a very restricted area (parts of Namibia and South Africa)
today. As shown by different authors (Pohle 1928, Howell & Petter 1976, Turner 1990,
Werdelin & Barthelme 1997) it is possible that its range shifted as far as to the Ethiopian
region, starting with Omo Shungura (younger than 2.6 Ma). The question, if a sympatric

occurrence between striped hyena and brown hyena existed is still not answered.

References

Belmaker M. 2004. New investigations of the large mammalian community of Ubeidiya
(Jordan Valley, Israel) with biogeographic and palaeoecological considerations. In
Maul L. & Kahlke R.-D. (eds.). Late Neogene and Quaternary biodiversity and
evolution: regional developments and interregional correlations. 18" International
Senckenberg Conference, VI International Palaeontological Colloquim in
Weimar. Terra Nostra.

de Vos, J., J. J. M. Leinders, and S. T. Hussain. 1987. A historical review of the Siwalik
Hyaenidae (Mammalia, Carnivora) and description of two new finds from the
Upper Siwalik of Pakistan. Palaentology, Proceedings B 90:333-3609.

Howell F.C. & Petter G. 1976. Carnivora from the Omo Group formation, southern
Ethiopia. In Coppens Y. (ed.). Earliest man and environment in the Lake Rudolf
Basin 314-331. University of Chicago Press.



Kurten B. 1965. The carnivores of the Palestine caves. Acta Zoologica Fennica 107: 1-
74.

Kahlke, R.-D. 1994. Die Entstehungs-, Entwicklungs- und Verbreitungsgeschichte des
oberpleistozdnen Mammuthus-Coelodonta-Faunenkomplexes in Eurasien
(GroRsduger). Abhandlungen der Senkenbergischen Naturforschenden
Gesellschaft 546:1-164.

Lahr, M. M., and R. A. Foley. 1998. Towards a theory of modern human origins:
geography, demography, and diversity in recent human evolution. Yearbook of
Physical Anthropology 41:137-176.

Petter G. & Howell F.C. 1989. Une nouvelle espece du genre Crocuta Kaup (Mammalia,
Carnivora, Hyaenidae) dans la faune pliocene de Laetoli (Tanzanie): Crocuta
dietrichi n.sp.; origine du genre. Comptes Rendus de I’Academie des Sciences,
Paris, 308: 1031-1038.

Petter G. & Howell F.C. 1980. The Pachycrocuta and Hyaena lineages (Plio-Pleistocene
and extant species of the Hyaenidae). Their relationship with Miocene ictitheres:
Palhyaena and Hyaenictitherium. Géobios 13: 579-623.

Pohle H. 1928. Die Raubtiere von Oldoway. Wissenschaftliche Ergebnisse der Oldoway-
Expedition 1913 (N.F.) 3: 45-54.

Rodriquez J. 2001. Structure de la communauté de mamiféres pléistocénes de Gran
Dolina (Sierra de Atapuerca, Burgos Espagne). L’Anthropologie 105 (1): 131-
157.

Tchernov E. & Guérin C. (eds.) 1986. Les Mammiféres du Pléistocéne Inférieur de la
Vallée du Jourdain a Oubeidiyeh. Mémoires du Travail Centre de Recherches
Francoise Jérusalem 5: 1-404.

Turner A. 1984. The interpretation of variation in fossil specimens of spotted hyaena
(Crocuta crocuta Erxleben, 1777) from Sterkfontein Valley sites (Mammalia:
Carnivora). Annales of the Transvaal Museum 33: 399-418.

Turner, A. 1990. The Evolution of the Guild of Larger Terrestrial Carnivores During the
Pliopleistocene in Africa. Geobios 23:349-368.



Turner A. 1992. Villafranchian-Galerian large carnivores of Europe: dispersion and
extinctions: In von Koenigswald W. & Werdelin L. (eds). Mammalian Migrations
and Dispersal Events in the European Quaternary. Courier Forschungsinstitut
Senckenberg 153: 153-160.

Turner A. 1995. The Villafranchian large carnivore guild: geographic distribution and
structural evolution. 1l Quaternario 8 (2): 349-356.

Tchernov E. & Guérin C. (eds.) 1986. Les Mammiféres du Pléistocene Inférieur de la
Vallée du Jourdain a Oubeidiyeh. Mémoires du Travail Centre de Recherches
Francoise Jérusalem 5: 1-404.

Werdelin L. & Barthelme J. 1997. Brown hyena (Parahyaena brunnea) from the
Pleistocene of Kenya. Journal of Vertebrate Paleontology 17 (4): 758-761.



14

1 1 ]

93 1 1 1 ]
100 I |

| 7 121

I 64 |—|—|-|1 s 10
4 1 79 L 1

13
1 65 I-ITI_I 17

1 ]
I 366 I

Suppl. Fig. 1: Schematic view of the amplification of 366 bp of the cytochrome B gene
for the Pleistocene samples using four and seven PCR fragments, respectively. The
numbers below show the length of the amplification products without primers, the
numbers above the overlap between individual fragments. The upper part of the figure
shows amplification of the 366 bp piece in long PCR fragments, the lower part in short

fragments.
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