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MACROSCELIDEA, INSECTIVORA AND CHIROPTERA
FROM THE MIOCENE OF EAST AFRICA
by
Percy M. BUTLER*

CONTENTS
Page
SUTTRBIN 1.5 1010500814 6 sy rmnsssrsmasssenssanesss s« 410 01> ramemvaasTSieewcs 3.5 1310 SIS BT R Db 6 5§55 s 118
INEROTGEGETOR! ;x5 555 5 sammumsryrurnEs To5 ¥ 54 §555 5 FRERNRIANGS € £5 5 5 5 80 s oma RGeS ALe £ 7 § 4 5 5 55 118
SYSTEIIATICE 5« ¢ « v 0 0 soosmimtmpmmsirensssssisses s w010 4o sosmpecumsminso 46155 0 S S e S £ 5 B TS 4 120
Order MaCToSEB AT mmsrmiman sy 135 1643 555 FEOBNSTIG £ 058858 § R raremR TR s 6 55 4 s 48 40 120
Family MacTOSCelAIABE . ccvve v v vees v v o mommiommmmimn o o oe o s 0 00 s srissssimmsiasssvio s kn o a s s o s 00 s e 120
MEGTIPTCRDETOR swomwvsvisseesvssnasswn susmmmmn s s 5§ § 105 § 5 ATBIRESEREGIIS E¥ER 445545555 8 4 5460 120
DATORVEGR s 5555 voreiomsins e sy pi a0 85878578 E BROMEGEE T 55§ o s 8w prbvaocarsssbesmiarsy & ois s s s 0 &85 p 456 b 5§ upS 128
POBUGTATEALS: « . i woossssmssnss s osamson s 6w is 0w o smocavonsne s 5oy 8 54 6 8 o BABRISHATRAR A 8 4 155 £ 458088 afa5sshwn 133
PHOTOBIHIG 5 5 : 00 spiosrnes s 587 0EE5 8575 50800 EPTETHY 185535 6 5 b Fuomresiiss b8 4688855 4 4§85 35500 135
THIBIECTION 0 51seossmsoresn 50 w1 s o v mis n o s 3 oo sz o o-vr o o 51515 o0 MoACSESTGAREIETE £ 04 B 558 88 v 83 vE5 Badadns 137
(General TEIMATKE sus wv v voovsss s un omemummmeeom s v 5 855 65 ASEHS EAAGE 85558085006 055 5 6 o sieion 139
Order IHSEOUISIOTRA cosmmas s 55851577 158 « Conorinmsrmssmmsms 5 010 8 515 oo iesiasse Bl 4§ 545 4 8 84 68 § § 06 @i 139
FAMILY BriMACEIARE s o v vevevessisensmmmmmasmmonss s usssssnsb s anssmsessssssonssssssssamms 139
CFAICHIR 50505550 0mies 45 5 45555 % 055 SANFHETESE S 55 % 5 7 5 = 4 Sssrasmns erosfesmints n oo 6 o 5 £ o 2 58 1 518 i 139
ATIDRCEIHTITS: «.srivorcroime o sos 0 s 0w armimcasasarmsaammmisna o s s o o oo s ST 86 4 0§48 ¥ 5 55 5 0 spimtsamics 145
CEVIUTEERIITUS, oo ovs v 5 10550 5 5 5550 RS g NS R EBISHD 1§ 25 5 5 SMHEEH bR ES 5845 65 55§99 8 B vamasis 155
FAILY SOTICIQRE: ¢ cmmin s o 455957 55585058 Farinmonsonssbist 5. 8 A 010 lssscsmsmssissnse b5 31 598 £ 9 8 Wi o5 et 160
Faraily TEOTECIAAR oo v sssovemmmmemmsmmammmes. o'« § 5 4 55405006 53000 555555555 5 08 0@ ammiwms 161
Family ChiySochlOTIHAT 1 a s smamsmmsmnmionmmmsns 5 5 6mssmm i sy 695 s 607§ s s s 170
AT CHITOPEEEAL 1o oomritoisimoreo oinsamasmrmmeomouspiommassss sarmmss i asoseiase s o grga yEowotoms o § o/ & #5800 0054 SIS 175
Family PerOPOAIAAE .. .o e ois sommummmenonomsonan s 5 sssmm o s s s s o 5 a5 b s oo 0@ s 175
PIODITID &3 00t AR I Foninm spmsemsimon oomsgusomstsasas e o acwsosasesnssoei B ST AT G S T TP SR 205 DS RS 175
157910 =) f L O S P 178
Family EmbDAIOMETIAAE . o100 aieeiesaiis sintms s sssnmnis o smessnamss s oiaisosismiss e aso sno s seass 181
TAPRHOZOUS <vvrvn e sinre oo wsimscnsmssracmsersinen sinis s sosramasmse i wbssonssisis s §-41s WS 31840 D iAo b m s st s 5 5 2onc 181
TENTTNE T 1 i RS R A S S P S 0 B o 184
Baniily INVOIETIAAB! 1m0m00 50 dibmsumis 1000 o108 womsnexmmsasossismsassiindi s oot SIS A B SO G 5 e B TS 185
Family Megadermatidae ....... ..ot e 185
Family Tippostderidan . ooomssisssss it ianosmimsmaatans « o x oot s s 3 oo 185
Family Hipposideridae ..... ... e 185
Family VespertiltOMEAaC  aummmmss o555 5555 b 5 uunmesssrsin s £ 55 5.5 do-osbsw mon wsos s ssssmsassioss ssses o bn 4 2 5 45 187
CRAMIWAITA . . . o « conresssrmmsvismomssisssinss s v oot s s o i ermmnissas omisias.6 5 &8 6 @ SRS i A E S A B b 5 55 28 5 s 187
BHOITIET. & 5 o0 3 s s 5 43 50 616 55 SOEBMEITSET £ € 5 5.5 & i iR G R e £ B 6 4 § 56 Faumss 189
EAMily VIO LOSSITRG! s st s s « nos oo rxo sessomemminssscsos o1n s e s 5 o wbestomieba s onge o 608 5.6 5.80m 5% o 190
CONCIUGTONS © v s s 6 oarpmmmsaomumsass o s v s 5550 3 s 5 SRR L 2 5§ 2 8§48 4 5 WUISSSHAT M KRN 50 &€ o & 515 85 8 usiacasn 191
AcknOWICAEEINCIES « ; sumunmemmmmnss s 55 84555556 BEEISREF 55§ 2454 5 & mowivimmmsi s s o s 8 5 o s 28 4 5 oishs 195
BIbHOBFADRY . . ..« e o wisrsamasiassmimssiains ve o o v o0 o 50 n 0 mememmmsntst o o o ¢ 4 5435 & SSrsebaniosmsa® 660 £ 588 3 3% g 5 & sapagnss 196

*Department of Zoology. Royal Holloway College. Alderhurst. Bakeham Lane. Englefield Green. Surrey. TW20 9TY.
England.

Key-Words : MACROSCELIDEA, INSECTIVORA, CHIROPTERA, MIOCENE. EAST AFRICA.

Palaeovertebrata. Montpellier, 14 (3) : 117-200, 25 fig.
(Accepté le 25 Mai 1984, publié¢ le 15 Novembre 1984)



118

SUMMARY

The East African Miocene Macroscelidea, Insectivora and Chiroptera are revised on the basis of new material. New
taxa proposed are: Miorhynchocyon, n. gen. (Macroscelididae); Miorhynchocyon meswae, n.sp.: Pronasilio ternanensis. n.
gen.. n. sp. (Macroscelididae); Hiwegicyon juvenalis, n. gen. n. sp. (Macroscelididae); Parageogale, n. gen. (Tenrecidae):
Prochrysochlorinae, n. subfam. (Chrysochloridae); Propottininae, n. subfam, (Pteropodidae): Chamutwaria pickfordi. n.
gen., n. sp. (Vespertilionidae). Gymnurechninus songhorensis is synonymised with G. camptolophus.

The new material provides additional information on the dentition, especially of Myohyrax oswaldi, Galerix
africanus, Amphechinus rusingensis, Protenrec tricuspis and Parageogale aletris. Partial skulls are described of Amphe-
chinus rusingensis, Protenrec tricuspis, Prochrysochloris miocaenicus and Taphozous incognita.

The oldest member of the Macroscelidinae (Pronasilio) is described from Fort Ternan. Galerix africanus is closely
related to G. exilis from Europe. Amphechinus rusingenesis is compared with Asiatic Oligocene Erinaceinae. The
Miocene age of Crocidurais rejected. On the evidence of humeri, the following families of Chiroptera are newly reported:
Pteropodidae, Nycterididae, Vespertilionidae, Molossidae. Propotto is regarded as an offshoot from the Pteropodidae,
not ancestral to modern forms. Chamtwaria is a primitive vespertilionoid, provisionally placed in the Kerivoulinae.

Erinaceidae probably entered Africa at the beginning of the Miocene, before 20 Ma. Faunistic differences between
deposits are largely to be ascribed to differences in local environment.

INTRODUCTION

Mainly because of their important bearing on hominoid evolution, the Miocene
deposits of East Africa have been the subject of much palaeontological and geological
investigation in recent years (reviewed by Andrews 1981). A considerable amount of
fossil material has been collected, much of it from new locations. The purpose of the
present paper is to describe the insectivores, macroscelideans and bats obtained mainly
between 1967 and 1980. It supplements and revises earlier work on this subject (Butler
1956, 1969; Butler & Hopwood 1957).

The geological history of the area is now much better understood. Reference may be
made to Bishop (1968), Van Couvering & Miller (1969), Van Couvering & Van
Couvering (1976), Pickford & Andrews (1981), Shipman ef al. (1981) and Bernor (1983).
Radiometric dating (e.g. Bishop et al 1969), stratigraphy (Pickford & Andrews 1981)
and comparisons of faunas (Pickford 1981) have been used to elucidate the sequence of
the deposits, and palaeo-ecological aspects have been discussed by Andrews & Van
Couvering (1975), Pickford (1981, 1983), Shipman et al. (1981), Evans et al. (1981) and
Kortland (1983).

The material described in this paper comes from the deposits listed in Table 1. These
range in age from about 23.5 Ma (Meswa Bridge) to 14.0 Ma (Fort Ternan), but most of
the material dates between 20 and 17.5 Ma (Pickford 1981), approximately equivalent to
the late ‘Aquitanian’ and the ‘Burdigalian’ land mammal ages of Europe (Laugnac,
Estrapouy, La Romieu) (Van Couvering 1972, Bernor 1983). If the age attributed to
Meswa Bridge is correct, it would be at the Oligocene-Miocene boundary. The date of 23
Ma given to the Karungu deposit by Bishop et al. (1969) is rejected on faunistic grounds
by Pickford (1981), who regards it as similarin age to the Hiwegi Formation on Rusinga
Island (17.5 Ma). Fort Ternan, at 14.0 Ma (Shipman et a/. 1981), would be approximately
equivalent to La Grive; Maboko is somewhat older (cir. 15 Ma, Andrews et al. 1981).

Pickford (1981, 1983) classifies the East African Miocene faunas into seven ‘sets’,
based on ‘core faunas’, of which Songhor, Hiwegi, Maboko and Fort Ternan typify sets
[-IV. He points out that the difference between the two ‘Burdigalian’ faunal sets may be
at least partly environmental: all the deposits with set I faunas were formed subaerially,
whereas those of set II represent floodplain, swamp and lacustrine environments. The
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Ma Tinderet region Kisingiri (Rangwa) Uganda Faunal set
région (Pickford 1981)
14 Fort-Ternan v
15 Maboko 11
Rusinga (Kulu Fm.)
17.5 Rusinga (Hiwegi Fm.) I1
Karungu
Mfwanganu (Kiahera
Fm.)
19.5 Songhor; Chamtwara
(Kapurtay Agglomerates) Napak 1
20 Legetet Fm. (including
Maize Crib)
Koru Fm.
235 Meswa Bridge

(Muhoroni Agglomerates)

Table 1

‘Burdigalian’ deposits are situated geographically in three regions: (1) those associated
with the Tinderet volcano (Koru, Legetet, Chamtwara, Songhor) at the eastern end of
the Nyanza valley in western Kenya; (2) those related to the Rangwa (Kisingiri) volcano
(Karungu, Mfwanganu, Rusinga) at the mouth of the Kavirondo Gulf, about 125 km
from (1); (3) Napak, Uganda, some 300 km to the north of (2). Some infraspecific
variation is possible at such distances, and barriers to dispersal may have intervened
(Andrews & Van Couvering 1975). A closed forest environment seems to have predomi-
nated at all these localities, though there is an indication of more open woodland at
Koru (Evans et al. 1981) and in some areas on Rusinga (Verdcourt 1963, Andrews & Van
Couvering 1975).

The distinctiveness of the Fort Ternan fauna is attributable not so much to evolution
in situ as to the introduction of allochthonous species, due to the drier climate (Evans et
al. 1981) and to faunistic interchange with Eurasia following the closure of Tethys (Van
Couvering 1972, Bernor 1983).

The specimens are housed in the British Museum (Natural History) (registration
numbers M...) or in the Kenya National Museum (registration numbers KNM...). In the
lists of specimens field numbers are given (in brackets) as well as registration numbers,
to permit reference to earlier papers in which field numbers were used. Some specimens,
which belong to the Kenya National Museum but are still unregistered at the time of
writing, are referred to under field numbers only.

Drawings were made with a camera lucida attached to a ‘Wild’ stereomicroscope.
Scale lines on the figures are graduated in mm.
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SYSTEMATICS

Order MACROSCELIDEA BUTLER, 1956

The Macroscelididae, formerly treated as a family of the Insectivora, are now
regarded as forming a seperate order. McKenna (1975) believed that they originated in
Asia from the Palaeocene - Oligocene order Anagalida, which also gave rise to the
Lagomorpha, and Szalay (1977) found resemblances to Lagomorpha in the tarsus.
Macroscelidea were present in Africa in the Early Oligocene (Patterson 1965).

Family MACROSCELIDIDAE BONAPARTE, 1838
Subfamily RHYNCHOCYONINAE GILL, 1872

MIORHYNCHOCYON nov. gen.

Diagnosis: Differing form Rhynchocyon as follows:-Oblique crest (anterior hypoconid
crest) on lower molariform teeth ends midway between protoconid and metaconid,
instead of joining the metaconid; metastylid absent on dP/4 and M/1; paraconid of P/4
and M/1 higher and more lingually situated; cheek teeth more brachydont; anterior
margin of ascending ramus more upright. The skull, known only in M. clarki, has
primitive characters (Butler & Hopwood 1957).

Type species: Rhynchocyon clarki BUTLER & HOPWOOD, 1957.

Remarks: The Miocene species hitherto included in Rhynchocyon differ in a number of
ways from the living species and it is convenient to separate them generically, although
Miorhynchocyon is distinguished only by primitive characters and it is probably only an
earlier stage in the Rhynchocyon lineage.

Miorhynchocyon clarki (BUTLER & HOPWOOD, 1957)

Rhynchocyon clarki, Butler & Hopwood (1957), p. 4. figs. 2, 3; Patterson (1965), p. 309.
cf. Rhynchocyon clarki, Butler (1969), p. 5, fig. 2.

Diagnosis: Mandibular specimens are distinguished from M. rusingae by their smaller
size and by the absence of a protostylid (posterior accessory cusp) on P/3. This
distinction is clear in the Hiwegi area of eastern Rusinga (localities R 1, R 3 etc.) (Table 2,
fig. 1). However, at Kaswanga, on the western side of the island, there is an apparently
unimodal population with teeth intermediate in size between typical M. clarki and M.
rusingae. Only one specimen contains P/3 (KNM.RU 3702), which resembles M. clarkiin
lacking the protostylid. All three forms may occur together at Songhor. As the interme-
diate form cannot be defined except on a statistical basis, it is provisionally included in
M. clarki as a large form of that species.

Holotype: M34142 (Sgr 93.47), facial part of a skull with P3,4/.



Typical Cf. M. clarki M. rusingae M. meswae
M. clarki Kaswanga holotype
N range m N range m N range m
P/2 length 1 2.5 2 34,35 3.45 2.8 est.
P/3 length 3 2.6-3.1 2.90 1 3.0 3 3.9-4.5 4.17 34
P/4 length 5 3.6-3.8 3.68 4 4.0-4.5 4.33 1 5.1 4.3
P/4  width 4 1.8-2.2 2.00 5 2.2-2.5 2.34 1 2.6 2.5
M/1 length 12 3.0-3.5 3.27 1 34 3 4.1-4.7 4.50
M/1 width 8 1.8-2.2 2.08 2 23,24 2.35 3 2.8-3.0 293
M/2 length T 2.2-2.8 2.51 3 2.5-2.9 2.77 1 3.65
dP/2 length 1 2.4
dP/3 length 2 2.6, 2.7 2.65 3.9,4.0 395
dP/4 length 1 4.4 5.3-5.6 5.47
P3/ length 3a 3.3-3.5 3.37 Ib 357 | 4.4
P4/ length 8 3.0-3.6 3.31 3 3.7-3.8 3.77 le 5.1
P4/ width 8 2.8-3.2 3.03 3 3.1-3.5 3.23 le 4.1
M1/ length 6 3.0-3.2 3.10 3 3.3-34 3.37 2 3.7, 3.9 3.80
M1/ width 6 3.2-3.3 3.22 3 3.5-3.7 3.60 2 3.8,4.0 3.90
M2/ length I 2.4 3 2.5-2.6 2.57 1 3.0
M2/ width 2 23, 2.5 2.40 3 2.6-2.8 2.70 1 32

a. holotype 3.3. from Songhor - b. specimen from Chamtwara - c. specimen from Fort Ternan.

Table 2 : Measurements (mm) of teeth of Miorhynchocyon

ICI
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Fig. 1. — Size distribution of Miorhynchocyon.
Log measurement — log mean of typical M. clarki (from the Hiwegi area of Rusinga (R 1 - 3),
Chamtwara and Legetet). Measurements used: length and width of P/4, M/1, P4/ and length of M/2.
Specimens referred to M. rusingae are indicated in black.

Specimens identified:
Koru Formation.

Locality 25. KNM.LG 1541 (25/62), mandible with M/1.
Legetet Formation.

Locality 10. KNM.LG 1487 (10/549), mandible with P/3-M/1; KNM.LG 1484 10/910),
mandible with M/2; KNM.LG 1485 (10/926), mandible with dP/2,3; KNM.LG 1486
(10/931), tibiofibula (? Myohyrax).

Locality 21. KNM.LG 841 (21/67), mandible with M/1,2; KNM.LG 867 (21/21),
mandible with M/2.

Locality 29. KNM.LG 1528 (29/219), edentulous mandible.

Kapurtay Agglomerates.

Chamtwara (locality 34). KNM.CA 326 (34/194), two mandibles, one with M/1,2,
the other edentulous; KNM.CA 1522 and 1523 (34/698), mandibles with M/1;
KNM.CA 1551 (34/698), mandible with dP/2,3; KNM.CA 1532 (34/698), ? P/I;
KNM.CA 1519 (34/698), P/4, KNM.CA 1976 (34/1523),M/1; KNM.CA 1530 (34/698),?
dP/2; KNM.CA 1916 (34/1281), P/3; KNM.CA 2222 (34/1828), P/3 (large); KNM.CA
2064 (34/716), KNM.CA 1965 (34/1508), KNM.CA 2045 (34/1568) and KNM.CA 1534
(34/698), P4/; KNM.CA 1997 (34/1524), KNM.CA 2003 (34/1530), KNM.CA 2008
(34/1535) and KNM.CA 2047 (34/1570), M1/, KNM.CA 2046 (34/1569), dP4/;
KNM.CA 2177 (34/1100), astragalus.



Fig. 2. — Upper teeth of Miorhiynchocyon.

A-E, M. clarki: A. LP3/, KNM.CA 1916: B, LdP4/, KNM.CA 2046; C, LP4/, KNM.CA 2045: D,
LML/, KNM.CA 1535; E, RP4/, KNM.CA 2064.

F-H, M. clarki (large form): F, LP3/,4/, KNM.RU 3700; G, RM2/,3/, KNM.RU 3700; H, LdP4/,
KNM.RU 3699.

I-L, M. rusingae: I, LP3/, KNM.SO 1405; J, LP4/, KNM.FT 26; K, RM1/, KNM.SO 1419; L, LM2/,
KNM.SO 1418.

M. Rhynchocyon cirnei (recent), P3/-M2/, BMNH 1938.10.13.6.



124

Songhor. M 34142 (Sgr 93.47), holotype skull; four mandibles listed by Butler (1969, p.
5); KNM.SO 1424 (Sgr 2737.66), mandible with M/1; KNM.SO 1442 (Sgr 258.70),
edentulous mandible; KNM.SO 3540 (Sgr 3065.66), P/4 (large); KNM.SO 1407
(Sgr 2317.66), M/1; KNM.SO 1611 (Sgr 285.72), dP/3; (Sgr 750.72), P3/; KNM.SO 1438
(Sgr 604.66), P4/, KNM.SO 1422 (Sgr 1423.66), dP4/; KNM.SO 1427 (Sgr 642.66),
dP4/; KNM.SO 1774, tibiofibula (? this species).

Hiwegi Formation.

Locality R 1. Rs 587.49, mandible with dP/4; Rs 719.47, maxilla with P4/, M1/,
M 34105 (Rs 998.50), maxilla with P4/-M2/.

Locality R 1A. KNM.RU 3703 (Rs 1114.71), mandible with P/3-M/2 (from surface);
M 34138 (Rs 1265.50), mandible with M/1,2.

Locality R 2 (1956). KNM.RU 4373 (Rs 57.56), mandible with M/1,2; Rs 627.56, man-
dible with P/4-M/2.

Locality R 3. M 34137 (Rs 1700.50), mandible with M/2; Rs 891.56, maxilla with
Ml1,2/.

Locality A 2. KNM.RU 4374, mandible with P/4, M/1.

Hiwegi area, surface. KNM.RU 3701 (Rs 263.71), mandible with M/1,2.

Kaswanga. All appear to be of the large form. Rs 1970.50, mandible with P/4; M 34139
(Rs 296.49), mandible with P/4, M/1; KNM.RU 3700 maxilla with P3,4/, maxilla
with M1,2/, mandible with P/4-M/2, edentulous mandible, symphysis with 1/2;
KNM.RU 3699, maxilla with M1,2/, isolated M1/, two edentulous mandibles,
mandible with P/3.4; KNM.RU 3697, P4/; KNM.RU 3704, M/2; KNM.RU 3705, M/2;
KNM.RU 3698, M/2; KNM.RU 4348, M2/, KNM.RU 3702, mandible with P/2-4.

Locality R 106. RU 4287 (Rs 778.47), mandible with P/4 (large).

Kulu Formation.

M 34106 (Rs 903.50), mandible with M/1,2; M 34136 (Rs 904.50), mandible with P/4.
Karungu.

K 459.73, astragalus (?this species).

Description:

The new material provides some additional information on the dentition (Figs 2A-H,
3A-D). Postcranial bones are considered below in conjunction with those of Myohyrax.

There are four examples of P3/. one of which is referred to the larger form. The
lingual cusp of P3/, interpreted as a hypocone by Butler & Hopwood (1957), is the
protocone; a low hypocone frequently differentiates posteriorly to it in Rhynchocyon.
There are 11 examples of P4/ (3 large) and 10 of M1/ (3 large). P4/ and M1/ are similar,
and isolated specimens are not easy to distinguish. P4/ is longer than M1/ but of nearly
equal width; it is slightly longer than wide. M1/ is usually narrower posteriorly than
anteriorly. The crest from the protocone to the metacone is frequently weak or absent
on P4/ but usually well developed on M1/. Four examples of dP4/ show that this tooth is
narrower than P4/ and its parastyle is more prominent; the protocone-metacone crest is
well developed. In KNM.RU 3699 P4/ is present above dP4/. On P4/, M1/ and dP4/ the
protoloph joins the anterolingual side of the paracone, but on M2/ it connects with the
parastyle. The paraconule cannot be distinguished on most upper molariform teeth.

The anterior end of a right mandible from Kaswanga (KNM.RU 3700) contains 1/2
and the root of I/1 (Fig. 3D). 1I/2 has a bilobed crown as in Rhynchocyon, but the
posterior lobe, which is partly worn off, is less high in comparison with the anterior lobe
than in the living species. KNM.RU 3702 (Fig. 3A) shows a single alveolus for the canine
and two alveoli for P/1, which was larger than the canine but shorter than P/2. KNM.CA



125

1532 may be an isolated P/1. It is a two-rooted tooth, 2.0 mm in length and with a single
cusp 2.2 mm in height. The posterior profile is concave, not straight as in Rhynchocyon.

P/2 and P/3 are preserved in KNM.RU 3702, from Kaswanga. They are larger than in
the Hiwegi specimen Rs 627.56 (Butler 1969), but agree with that in having no proto-
stylids. There are no other examples of P/2, and three additional specimens of P/3 are
too worn or broken for the absence of the protostylid to be confirmed. P/3 appears to
vary in the development of the anterior basal cusp: it is largest in the Legetet specimen
KNM.LG 1487; distinct in Rs 627.56 (Hiwegi), where it is also present, but smaller, on P/2;
indistinct in KNM.RU 3702 (Kaswanga), where it is absent on P/2; absent in M 34136
(Kulu). In Rhynchocyon the anterior basal cusp is usually small or absent on P/3 and
always absent on P/2.

On P/4 and M/1 the paraconid is higher and more lingually situated than in
Rhynchocyon. There is no metastylid, and the anterior crest of the hypoconid meets the
trigonid near the mid-line of the tooth. There is a well developed cingulum on the
anterobuccal side of the trigonid and a posterior cingulum behind the hypoconid. P/4is
somewhat wider across the talonid than across the trigonid, but in most specimens of
M/1 the widths of trigonid and talonid are equal. On M/2 the paraconid is reduced, the
talonid is narrower than the trigonid, and there is no posterior cingulum.

KNM.CA 1551 is a fragment of mandible containing what are believed to be dP/2 and
dP/3 (Fig. 3C). They are comparable in length with P/2 and P/3 but lower and narrower,
and they have protostylids and well developed anterior basal cusps. KNM.LG 1485 is a
similar specimen from Legetet, in which however dP/3 has lost the protostylid due to
wear, and only a fragment of dP/2 remains. KNM.SO 1611 is another example of dP/3.
An edentulous fragment (KNM.SO 1442), with the alveoli of dP/3 and dP/4, shows that
these teeth had a short middle root between the main anterior and posterior roots.

Miorhynchocyon rusingae (BUTLER, 1969)
Rhynchocyon rusingae, Butler (1969), p. 6, Figs. 2. 3.
Holotype: Rs 711.47, mandible with P/3.4 from Hiwegi, locality R 3.

Specimens identified:
Kapurtay Agglomerates.
Songhor. 4 specimens listed by Butler (1969). Also: KNM.SO 1413 (Sgr 3695.66),

mandible with P/4, M/1; KNM.SO 1423 (Sgr4123.66), mandible with M/1; KNM.SO
1428 (Sgr 786.72), edentulous mandible; KNM.SO 1419 (Sgr 2737.66), maxilla frag-
ment with M1/; KNM.SO 1405 (Sgr 2831.66), isolated P3/; KNM.SO 1418 (Sgr 742.72),
M2/. Some of these may belong to the large form of M. clarki.

Kiahera Formation, Mfwanganu.
KNM.MW 430 (Mfw 1052.55), distal end of femur (?species).

Hiwegi Formation.
6 specimens listed by Butler (1969), from localities R 1, R 3 and R 3A.

Fort Ternan.
KNM.FT 26, isolated P4/.

Description: '
There is some new information on the upper teeth (Fig. 2I-L).
P3/ (KNM.SO 1405) is larger than in M. clarki. The protocone is situated more
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anteriorly, and it is followed by a ridge that represents the hypocone. The parastyle is
distinct, anteriorly prominent, and connected to an anterior cingulum. There are three
roots.

P4/, known only from Fort Ternan, is referred to M. rusingae on account of its size*.
The parastyle is weak; the protoloph connects with the anterolingual face of the
paracone; there is no paraconule; the protocone-metacone crest is strong; a curved crest
follows the posterior edge of the tooth from the hypocone to the metacone. The tooth is
moderately worn, especially in the trigon basin, where dentine is exposed. It differs
from M. clarkiin its proportionately greater length and in the stronger development of
the protocone-metacone crest.

KNM.SO 1419 is a fragment of maxilla with M1/. The tooth resembles the specimen
described by Butler (1969), but it is a little larger (3.9 X 4.0 mm). An isolated M2/
(KNM.SO 1418), measuring 3.0 X 3.2 mm, resembles specimens referred to M. clarki,
except in size. It is triangular, with three equal roots, the protoloph connects with the
parastyle, there is no indication of a paraconule, and the hypocone is very rudimentary.

Miorhynchocyon meswae nov. spec.

Diagnosis: Resembling M. rusingae in the possession of a protostylid on the posterior
crest of the protoconid of P/3, but smaller in size, P/2,3 smaller in comparison with P/4,
and anterior cusp (paraconid) of P/3 about half as high as the protoconid.

Holotype: KNM.ME 21, mandibular fragment with P/3, P/4 and the roots of P/2, from
Meswa Bridge. This is the only specimen.

Description (Fig. 3F):

The lengths of P/2 (estimated from the roots) and P/3 are greater than in M. clarki,
but measurements of P/4 fall into the range of the large form of that species (Fig. 1,
Table 2). Compared with M. rusingae, P/2 (estimated) and P/3 are proportionately
shorter in comparison with P/4: P/3 has 79% of the length of P/4 in M. meswae, 75% in
M. clarki and 88% in M. rusingae.

The lingual surface of P/3 has flaked off, but the longitudinal crest and its cusps are
preserved. The anterior cusp (paraconid) is better developed than in M. clarki and M.
rusingae, rising to about half the height of the protoconid. P/4 is complete. The
paraconid is only a little lower than the metaconid, and placed well forward. It is
divided from the protoconid by a notch on the buccal side, below which is a wide
anterobuccal cingulum fragment. The talonid is somewhat wider than the trigonid, and
fully molariform. The oblique crest joins the middle of the posterior trigonid wall. The
entoconid stands somewhat higher than the hypoconid, owing to the downward buccal
inclination of the base of the tooth. Behind the hypoconid there is a buccally inclined
cingulum. The anterior alveolus of M/1 is visible. The depth of the ramus is 3.7 mm
below P/4. The mental foramen is below the middle of P/4.

*Since this paper was written I have come across a P3/ from Fort Ternan (KNM.FT 27). large in size (5.35 X 3.95
mm) and probably conspecific with the P4/. It is larger than the P3/ from Songhor, and it differs from that in the more
posterior position of the protocone. The Songhor specimen may belong to the large form of M. clarki.
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Fig. 3. — Lower teeth of Miorhynchocyon.
A, M. clarki (large form), RP/2-4 and alveoli of C/1 and P/1, KNM.RU 3702.
A’, the same specimen, lateral view, at half the scale.
B, M. clarki, RM/1, crown, lingual and posterior views, KNM.SO 1407.
C, M. clarki, LdP/3,2, lingual and crown views, KNM.CA 1551.
D, M. clarki (large form), fragment with RI/2, KNM.RU 3700.
E, Rhynchocyon petersi melanurus (recent), 1/1-3, BMNH 63.1854.
F, M. meswae, holotype, lateral view; P/3,4, crown view; P/4, lingual and posterior views.

Subfamily MYOHYRACINAE ANDREWS, 1914

Originally regarded as hyracoids, Myohyrax and Protypotheroides were recognised
as Macroscelididae by Patterson (1965).
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MYOHYRAX ANDREWS, 1914

Mpyohyrax oswaldi ANDREWS, 1914

Mvohyrax oswaldi., Andrews (1914), pp. 169-179, Pl. 28. figs. 4-6: Stromer (1926). pp. 123-124, Pl. 41, figs. 26-28:
Whitworth (1954). pp. 26-40. text-figs 9-15. PL. 5. figs 3. 4. Pl. 6: Patterson (1965). p. 318. '
Myohyrax doederleini, Stromer (1926). pp. 120-123. text-fig. 19. PL 41. figs. 1-23: Hopwood (1929), p. 6. text-fig. 4.

Holotype: M 10610, mandible with P/2-M/1, from Karungu (Kachuku), not Koru as
stated by Patterson (1965).

Distribution:

This species has not been found in the Koru Formation, and the only evidence for its
presence in the Legetet Formation is a possible tibiofibula fragment.

Kapurtay Agglomerates.

Chamtwara. Common; more than 30 specimens, mostly single teeth but including
four mandibles (KNM.CA 321, 1562,2042and 2179) and two astragali (KNM.CA 2043
and 2044).
Songhor. Three specimens only: KNM.SO 1447 and 1448 are mandibular fragments,
and KNM.SO 1449 is an isolated M/2.
Kiahera Formation, Mfwanganu.
KNM.MW 196 (Mfw 130.50), a mandible with P/4-M/2.

Karungu. M. oswaldi is one of the main constituents of the fauna at this site. I have
examined about 50 mandibles and 5 maxillae, as well as a number of isolated teeth
and postcranial bones.

Hiwegi Formation. 26 specimens, mainly from the eastern side of Rusinga Island (7
from locality 1A, 5 from locality 3); only four specimens are from the Kaswanga area.

Fort Ternan. KNM.FT 3601, a mandible with (?)M/1,2, is the only specimen.

Description:

New material supplements information on the dentition provided by Whitworth
(1954).

KNM.CA 1531 consists of a right mandibular fragment with I/2 and the alveoliof I/1
and 1/3, together with an isolated left 1/2; K 225.73 contains 8 isolated examples of I/1.
I/1 and 1/2 are procumbent, with enamel confined to the labial surface. I/1 is broader
than 172. The cutting edges of the lower incisors are not divided into lobes as in other
Macroscelididae. A trace of lobulation however exists in the upper incisors, in the form
of a slight notch in the cutting edge (Stromer 1926). This notch can be seen (fig. 4 K) in
the isolated 11/ (M 21238) described by Whitworth (1954), but- it is not shown in his
text-fig. 9.

Four specimens show the unworn crown of P/3: KNM.CA 1553, KNM.CA 1554 (Fig.
4A), KNM.KA 114 and (talonid only) KNM.RU 3758. The tooth is a little higher than
long, but its cusps occupy only about one-quarter of the height. The cusp pattern is
semi-molariform. The trigonid is widely open, its basin represented by a groove on the
lingual side between the paraconid and metaconid. These cusps are of equal height and
somewhat lower than the protoconid. The paraconid is placed anteriorly and the
metaconid postero-lingually to the protoconid. On the talonid there is a hypoconid,
connected to the metaconid by a high oblique crest, and a posterolingual entoconid. In
two specimens (KNM.CA 1554 and KNM.RU 3758) there is a small entostylid on the
anterior crest of the entoconid. The talonid basin opens lingually behind the metaconid;
it is not deep, and its sides and floor are complexly wrinkled. Wear removes all traces of
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the talonid basin, leaving the talonid as a triangular prism joined to the trigonid by a

wall that represents the oblique crest. KNM.KA 114 and KNM.RU 3758 show that P/3
erupts after P/4.

A

)

G
(T
N

Fig. 4. — Myohyracinae.
A-E, Myohyrax oswaldi,, lower teeth, crown and lingual views: A, RP/3, KNM.CA 1554; B, RP/4,

KNM.RU 3758; C, LM/1, KNM.KA 128; D, RP/2-4, KNM.KA 148; E, LdP/4, KNM.KA 172.
F, Protypotheroides beetzi, LP/4, M 36935.

G-K, M. oswaldi: G, R fragment with P/4 (unerupted), M/1,2, KNM.MW 196; H, RM/1, lingual view,
KNM.SO 1447, 1, LM/1, lingual, anterior and posterior views, 34/1346; J, LP4/, anterior and
posterior views, KNM.KA 100; K, RI1/, M 21238.

L, Myohyrax sp. from Napak, P/3-M/2.

P/4 is unworn in KNM.RU 3758 (fig. 4 B) and KNM.MW 196, and very lightly worn in
KNM.KA 137. The maximum height of the crownis about 5.5 mm, compared with about
3 mm in the case of P/3. The two roots develop soon after the crown comes into use. The
trigonid is broader than on P/3, and its basin is completed lingually by a crest, which in
KNM.RU 3758 bears a small cusp. The paralophid reaches the anterior end of the tooth
where is curves lingually, following the tooth margin. The metaconid is divided from
the posterior crest of the protoconid by a groove, but as on P/3 it is joined to the
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hypoconid by the oblique crest. A hypoconulid is differentiated, and an entostylid is
variably developed anterior to the entoconid. The talonid basin opens lingually behind
the metaconid as on P/3. Trigonid and talonid basins are both crenulated like the
talonid of P/3.Soon after eruption the cusps and basins are removed by wear, giving rise
to a prismatic structure. There are no fossettids such as occur in the trigonid and talonid
of Protypotheroides. Enamel is thick on the buccal and posterior sides of the prisms, but
thin on their lingual sides, which wear down faster.

KNM.KA 128 (fig. 4C) is probably an unworn M/1. It differs from P/4 in the
paralophid, which turns abruptly towards the lingual side before reaching the anterior
end of the tooth, so that the trigonid basin is truncated anteriorly. On M/1 and M/2 a
tongue of root cementum extends up the anterior surface of the crown, reaching about
halfway up in lightly worn specimens. Enamel is absent over this area, and it conse-
quently disappears from the anterior edge of the occlusal surface when the tooth is
sufficiently worn (Whitworth 1954, fig. 15). Another tongue of cementum is present at
the posterior end, below the hypoconulid (Fig. 4, H,I). The absence of enamel in these
areas, where adjacent teeth touch, would assist in interdental wear and ensure good
contact. Cementum does not otherwise appear on the occlusal surface.

Two additional examples of dP/4 (KNM.KA 172) are less worn than the specimen (M
21333) described by Whitworth (1954) (Fig. 4 E). At the anterior end there are three
cusps: an anterobuccal cusp, divided from the protoconid by a buccal groove; an
anterolingual cusp, probably the paraconid; and a smaller lingual cusp posterior to this.
Twinned with the metaconid is the metastylid, connected with the oblique crest. A
buccal groove, extending across most of the crown, divides the trigonid from the
talonid. On the talonid there are four cusps, the hypoconid, the hypoconulid in a
median posterior position, and lingually the entoconid and entostylid. The crown is
higher than in Miorhynchocyon, and there are four roots: a transversely extended
anterior root, a middle root and a pair of posterior roots.

There are no completely unworn upper molariform teeth, but the worn patternislike
that of Elephantulus (Butler & Greenwood 1976) (Fig. 5). There is a lingual sinus
between the protocone and the hypocone, a fossette between the paracone and the
paraconule, and another between the metacone and the metaconule. In addition there
are two lingual fossettes, not present in Elephantulus, buccal to the protocone and
hypocone respectively. The least worn tooth (KNM.CA 2022), a first molar in which the
hypocone is unworn (Fig. 5B), shows that the enamel round the posterior lingual
fossette is crenulated like the trigonid and talonid basins of the lower teeth, and
crenulation is also visible in a small unworn area round the anterior lingual fossette. On
this tooth, as on several specimens of P3/ and P4/, the anterior buccal fossette opens
anteriorly between the paraconule and the parastyle, becoming closed in the more worn
specimens. In FElephantulus this is true of P4/, but the anterior buccal fossette is
incompletely developed on P3/. The posterior buccal fossette is always present on
P2/-M2/ of Myohyrax; on P2/ it is the only fossette present. Neither of the buccal
fossettes communicates with the lingual sinus, unlike Elephantulus, where the anterior
fossette frequently does so, and the posterior fossette sometimes joins the sinus on M2/,
The anterior lingual fossette of Myohyrax is usually absent on P3/, and on P4/ it is
smaller than the posterior lingual fossette; on the other hand, on M2/ the posterior
lingual fossette unites with the posterior buccal fossette, but the anterior lingual fossette
is always present.



P/3 P/4 M/1 M/2
range m N range m N range m N range m

oswaldi

Chamtwara 2.6-3.1 2.80 5 3.0-3.6 3.30 7 3.1-3.6 3.36 3 2.7-3.1 2.90

Songhor 1 34 1 3.1 1 3.0

Mfwanganu 1 3.0 1 3.2 1 3.0

Rusinga 2.7-3.1 2.90 11 3.0-3.5 3.24 13 3.0-3.5 3.26 13 2.7-3.0 2.88

Karungu 2.6-3.1 291 23 3.1-3.6 3.34 17 3.0-3.6 3.27 17 2.7-3.2 291

Fort Ternan 1 29
doederleini

(Stromer 1926) 2.3 2 2.6, 3.0 1 2.9 2 2.5, 2.6
Napak 24 1 29 1 3.2 1 2.7

Table 3 : Lengths (mm) of lower teeth of Myohyrax, measured on the occlusal surface.

[€1



132

Fig. 5.
A-D, Myohyrax oswaldi: A, LP4/-M2/, KNM.KA 88; B, LM1/, KNM.CA 2022; C,RP2,3/,KNM.RU
3764; D, RM2,3/, KNM.RU 3763.
E, occlusion between M/1 and P4/, M1/. The straight lines indicate paths of protoconid and hypo-
conid.
F. Protypotheroides beetzi, LP4/, M 36933.

Occlusal relations are shown clearly by grooves worn in the upper molariform teeth.
They are very similar to those of Elephantulus. The direction of movement of the lower
teeth was obliquely forwards. The buccal fossettes provided additional cutting edges as
they were crossed by the buccal enamel edges of the lower teeth (Fig. 5 E). The anterior
part of the'anterior buccal fossette occluded with a trigonid and the posterior part with
a talonid; the posterior buccal fossette functioned anteriorly with a talonid and poster-
iorly with a trigonid. Facets on the anterior edge of the protocone and the posterior
edge of the lingual sinus were produced by contact with the metaconid and the
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entoconid respectively. The lingual fossettes were involved in the more horizontal,
lingual phase of occlusion, when the talonid passed anterolingually across the proto-
cone and the trigonid across the hypocone. The thick buccal enamel of the lower teeth is
bevelled on the buccal side during the buccal phase movement and worn flat at the top
during the lingual phase.

The upper cheek teeth increase in buccolingual diameter towards the base, and their
occlusal surfaces consequently broaden with age. As on the lower teeth, enamel is
deficient in areas where adjacent teeth touch, tongues of root cementum extending
down the anterior and posterior surfaces of the crown (Whitworth 1954, fig. 15) (Fig. 4
.

The upper milk molar identified by Stromer (1926) as dP4/ shows most resemblance
to P2/, from which it differs in the much lower crown. It is probably dP2/.

Relationships:

» Myohyrax doederleini STROMER (1926), from Namibia, was distinguished from M.
oswaldi by its smaller size and by the presence of a lingual groove on the trigonid
(between paraconid and metaconid). The lingual groove does however occur in some
East African specimens of M. oswaldi. According to Whitworth (1954) it is more
frequent on smaller specimens; it would tend to disappear with wear. Whitworth
synonymised M. doederleini with M. oswaldi. However, nearly all the tooth measure-
ments given by Stromer (1926) are below the range of Kenya specimens, and the matter
needs further investigation.

» Protypotheroides beetzi STROMER, 1922 (syn: Myohyrax osborni HOPWOOD, 1929),
also from Namibia, is larger than M. oswaldi. Fossettids are present in the trigonids and
talonids of P/3-M/2 (fig. 4 F). P/3 closely resembles P/4, and the presence of a fossettid
indicates that its trigonid was basined. P/2 is more high-crowned than in M. oswaldi. In
the upper molars, the buccal fossettes are longer and narrower than in M. oswaldi, and
their anterior ends turn buccally to approach the enamel ridge of the ectoloph (Fig. 5 F).
P3/ has no parastyle and also lacks the anterior buccal fossette. M2/ is larger relatively
to M1/ and it has a separate posterior lingual fossette. M3/ has two roots, whereas in M.
oswaldiit has one. These differences seem sufficient to justify a generic separation,and I
follow Patterson (1965) in rejecting Whitworth’s (1954) synonymy of Protypotheroides
with Myohyrax.

-» Myohyrax sp. from Napak.

M 43553 is a mandibular ramus with P/3-M/2 from Napak IX (Fig. 4 L). Measure-
ments of M/1 and M/2 fall within the range of M. oswaldi from Kenya, but they are
below the mean size for that species. The teeth are moderately worn (height of M/1,2.7
mm). There is a lingual bay in the trigonid of P/4 and M/2, but not of M/1, where it has
presumably been eliminated by wear. This specimen is distinguished from those from
Kenya by its relatively smaller premolars. The length of P/3 and P/4 are below the
Kenya range, and they are smaller in proportion to the length of M/1 (Table 3). Whether
this difference is to be ascribed to geographical variation or to a difference of geological
age is uncertain.

From Stromer’s (1926) measurements, the teeth of M. doederleini are smaller than
those of the Napak specimen, except one example of P/4.

Postcranial bones of Myohyrax and Miorhynchocyon (Fig. 6).

Astragalus: Seven specimens from Karungu and two from Chamtwara are ascribed
to Myohyrax oswaldi. They range in length from 4.6-5.9 (mean 5.2) mm. The astragalus
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Fig. 6. — Macroscelidean postcranials.
A-D, L astragalus: A, Myohyrax, Ka 230.73; B, Petrodromus (recent), BMNH 1906.11.8.154; C,
Miorhynchocyon, Ka 459.73; D, Rhynchocyon chrysopygus (recent), BMNH 10.5.281.
E-G, L calcaneum: E, Myohyrax, Ka 276.73; F, Petrodromus, as B; G, Rhynchocyon chrysopygus, as D.
H-K, distal end of R tibiofibula, posterior view: H, Myohyrax, Ka 272.73; 1, Miorhynchocyon, KNM.SO
1774; J, Petrodromus, as B; K, Rhynchocyon chrysopygus, as D.
L, ? Miorhynchocyon rusingae, distal end of femur, KNM.MW 430.
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of Myohyrax was described by Stromer (1926), and Patterson (1965) pointed out its
similarity to those of other macroscelidids. The neck occupies about half the length of
the bone; it is inclined medially at an angle of about 20° to the plane of rotation at the
trochlea. The elongated sustentacular facet is situated towards the medial side. There is
no astragalar foramen. This astragalus differs from that of RAynchocyon in that the neck
is more slender, and the trochlea is narrower. In these respects it resembles Petrodromus
and other Macroscelidinae.

Two larger astragali, one from Chamtwara (length 7.5 mm) and one from Karungu
(length 7.1 mm), are referred to Miorhynchocyon clarki. They resemble Rhynchocyon
chrysopygus, except for their smaller size.

Calcaneum: Three specimens from Karungu, ranging in length from 7.6 to 8.3 mm, are
identified as Myohyrax oswaldi. The sustentacular process is not preserved; according to
Stromer (1926) it is directed distally, as in Petrodromus.

Tibiofibula: The distal end of a tibiofibula from Karungu (width 4.4 mm) is ascribed
to Myohyrax oswaldi. There is a similar specimen from Legetet, from which teeth of
Mpyohyrax have not been reported. A large specimen from Songhor (width 5.4 mm) is
probably Miorhynchocyon clarki. All these specimens resemble Rhynchocyon. In Petro-
dromus and other Macroscelidinae there is a sharp longitudinal ridge on the posterior
side of the bone, above the internal malleolus.

Femur: The distal end of a femur from Mfwanganu is very much like Rhynchocyon.
Its width is 8.2 mm, too large in comparison with the referred tibiofibula and astragalus
to belong to Miorhynchocyon clarki. It is referred to M. rusingae.

Subfamily MACROSCELIDINAE BONAPARTE, 1838
PRONASILIO, nov. gen.

Diagnosis: P/4-M/2 moderately hypsodont; oblique crest diverted at its anterior end
towards the metaconid; talonid lower than trigonid; M/3 present; P/4 trigonid only
moderately extended; P/4 talonid incompletely molariform, with reduced entoconid.

Type species: P. ternanensis nov. spec.

Pronasilio ternanensis nov. spec.

Diagnosis: With the characters of the genus.

Holotype: KNM.FT 3803, incomplete mandible with P/4, M/1, alveoli of M/2 and part of
the M/3 alveolus. From Fort Ternan.

Paratypes: KNM.FT 3409, fragment with M/1, M/2 and alveolus of M/3; M/1 broken off
and preserved separately. KNM.FT 3802, fragment with P/4 and M/1. Both from Fort
Ternan.

Distribution: Known only from the Middle Miocene of Fort Ternan.

Description (Fig. 7):

P. ternanensis is smaller than Miorhynchocyon clarki: the total length of P/4-M/2 is
about 6.8 mm, within the range of the living Elephantulus (Nasilio) brachyrhynchus. The
teeth are moderately high-crowned, as in Elephantulus, but they stand upright and do
not lean forward as they do in that genus, resembling in this respect Petrodromus.
KNM.FT 3409 has the least worn molars. The metaconid is a little higher than the
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protoconid; it stands a little more posteriorly than the protoconid on M/1, directly
opposite it on M/2. The two cusps are joined by a high transverse crest (protolophid)
which dips centrally. The anterior margin of the trigonid is formed by the paralophid,
an anteriorly convex crest, less high than the protolophid. There is no distinct paraco-
nid, but the paralophid, on reaching the mid-anterior edge of crown, dips abruptly
towards the lingual side. The trigonid basin opens lingually between the paralophid and
the metaconid, at a rather high level on the tooth. There is a weakly indicated antero-
buccal cingulum. The talonid is a little lower than the trigonid. The entoconid is higher
than the hypoconid, with which it is connected by a posterior talonid crest (hypolo-
phid). This falls to a minimum level at the middle of the posterior edge of the tooth,
where a small angulation of the crest represents the hypoconulid. The oblique crest is
high; it bends lingually to join the protolophid near the metaconid. The talonid basin
opens lingually by a deep cleft between the entoconid and the metaconid. Wear is
confined to the tops of the crests. M/2 is a little smaller than M/1. M/3 is not preserved,
but the presence of a single alveolus indicates that it was reduced and simplified as in
Nasilio.
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Fig. 7. — Pronasilio ternanensis.
A, KNM.FT 3409, crown and lingual views.
A’, the same: M/1 in buccal and posterior views.
B, KNM.FT 3802 (holotype): M/1 and P/4 in crown, lingual and buccal views, and oblique posterior
view of M/1.
C, reconstruction of cheek teeth from KNM.FT 3802 and 3409, half scale.

P/4 is incompletely erupted and quite unworn in the holotype, and somewhat worn
in KNM.FT 3402. It is equal in length to M/1, but the trigonid is longer and the talonid is
shorter. The trigonid angle is greater than on M/1, though less than a right angle, and
the trigonid is less extended than in living Macroscelidinae. The paraconid is in an
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anterolingual position; it is much lower than the metaconid. There is a weak anterobuc-
cal cingulum. On the talonid the hypoconid is well developed, but the entoconid is low
and indistinct. The oblique crest connects with the metaconid as on the molars.

From the small part of the ascending ramus that is preserved in KNM.FT 3409 it can
be seen that its anterior edge rises more steeply than in Miorhynchocyon. The depth of
the horizontal ramus diminishes forwards from M/3 as in Rhynchocyoninae; in Recent
Macroscelidinae the greatest depth is below M/1. There is a foramen below the trigonid
of M/1.

Relationships:

M/1 and M/2 of Pronasilio closely resemble those of later Macroscelidinae, except
that the talonid is a little lower than the trigonid, presumably a primitive feature. The
crown is higher than in Rhynchocyon, much higher than in Miorhynchocyon. The
diversion of the oblique crest towards the metaconid occurs in Rhynchocyon but not in
Miorhynchocyon; this resemblance of Rhynchocyon to Pronasilio is due to parallel
evolution. M/3 has been lost in Rhynchocyoninae, but it is retained in some Macrosceli-
dinae (Palaeothentoides, Nasilio). Pronasilio is more primitive than all other known
Macroscelididae in the incomplete molarisation of the talonid of P/4.

Because it resembles later Macroscelidinae in derived features of the molar pattern,
Pronasilio is regarded as a member of that subfamily. Its distinctive features seem to be
primitive characters lost in later forms; they do not exclude relationship.

Patterson (1965) very tentatively placed the Early Oligocene Metoldobotes stromeri
SCHILOSSER in the Macroscelidinae. Though much older than Pronasilio it is more
advanced in the loss of M/3 and the fully molariform talonid of P/4, characters which it
shares with Miorhynchocyon. It is more primitive, again like Miorhynchocyon, in the
low-crowned cheek teeth, in which the oblique crest connects with the middle of the
protolophid. The shortened anterior part of the jaw is reminiscent of Macroscelides, but
this character is not shared with other Macroscelidinae and must be a parallel develop-
ment. (This part of the jaw is unknown in Pronasilio). There is no reason to place
Metoldobotes in any of the later subfamilies, and until more material comes to light it is
best classified as Macroscelididae incertae sedis.

Subfamily indeterminate
HIWEGICYON nov. gen.

Diagnosis: M/1 moderately high-crowned; oblique crest on dP/4, and therefore presum-
ably on the molars, runs to the middle of the protolophid; no metastylid on dP/4 or
dP/3; dP/3 has a metaconid but no protostylid; anterior lower teeth probably crowded
and procumbent.

Type species: H. juvenalis nov. spec.

Hiwegicyon juvenalis nov. spec.

Diagnosis: As for the genus.

Holotype: Rs 514.49, an associated pair of juvenile mandibles, from the Hiwegi Forma-
tion, locality R 3 (not R 1A as stated by Butler, 1969). Described by Butler (1969, pp.
10-12, fig. 4B) under the heading of ‘Macroscelididae of uncertain genus and species’.
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A second specimen, KNM.RU 3692 (Rs 2522.52), has been found in the Hiwegi
Formation at Kaswanga, (Fig. 8A). It is a right mandibular fragment containing the
roots and talonid of dP/2, complete dP/3, and the anterior part of dP/4.

Although this species is represented only by juvenile mandibles, it is clearly distinct,
even at the generic level, from other known macroscelideans, and worthy of a name.

Description:

KNM.RU 3692 differs from the type in the presence of a posterobuccal ridge on the
protoconid of dP/3. The paraconid of dP/3, broken in the type, is seen to be compara-
tively high. In these respects the tooth resembles P/3 of M 14284, a problematic frag-
ment from Koru (Butler 1969, fig. 4A), which might belong to this or a related species.

Fig. 8.
A, Hiwegicyon juvenalis, crown and buccal views, KNM.RU 3692.
B, Indeterminate macroscelidean from Koru, M 14284,

Relationships:

The unerupted M/1 trigonid, seen in cross-section in the type, agrees in height and
width with Pronasilio ternanensis, and it is much less high than in Myohyrax. On dP/4
the oblique crest does not run towards the metaconid as in Macroscelidinae and
Myohyrax, but it ends more buccally as in Metoldobotes and Miorhynchocyon. This is
probably a primitive character. The absence of the metastylid of dP/4 is another
primitive character, shared with Miorhynchocyon. If the Koru specimen is related, its
possession of a protostylid on P/2 may indicate a connection with Rhynchocyoninae.
On the other hand, the lingual metaconid of dP/3 and the degree of hypsodonty of M/1
do not support such a relationship.
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GENERAL REMARKS ON MACROSCELIDIDAE

The presence of the already specialised Metoldobotes in the Early Oligocene shows
that the Macroscelididae had undergone in Africa a considerable amount of evolution
prior to the Miocene, by which time the three subfamilies, Rhynchocyoninae, Myohyra-
cinae and Macroscelidinae had become differentiated.

The Myohyracinae may be the sister-group of the Macroscelidinae, with which they
share a number of derived characters. The second and third premolars are at a higher
level of molarisation than in Rhynchocyoninae. The cheek teeth become hypsodont,
with a more horizontal type of wear in which enameledges are used; the enamel pattern
is elaborated by the formation of fossettes, and on the lower teeth the oblique crest is
diverted lingually to join the metaconid or metastylid. In Miorhynchocyon the molar
pattern remains primtive, although in the modern Rhynchocyon there is some increase
of crown height, and the oblique crest is diverted. In Myohyracinae and Macroscelidi-
nae the face is high and narrow, the jaw articulation is elevated, and the ascending
ramus is more upright: in Rhynchocyoninae, on the other hand, the face becomes broad
and flattened, and the elevation of the condyle is reduced. The hooked sustentacular
process of the calcaneum is another character shared by the first two subfamilies but not
by Rhynchocyoninae. Apomorphous characters of Rhynchocyoninae are the protosty-
lid of P/2, P/3 and the corresponding milk teeth, and reduction of the upper incisors.

(Compared with the Macroscelidinae, the Myohyracinae became precociously spe-
cialised in the hypsodont molars, of which the upper one developed additional fossettes,
in the expanded angular region of the mandible, and in the incisors. They retained third
molars, whereas in Macroscelidinae M3/ is lost and M/3 is present only in Pronasilio,
Elephantulus (subgenus Nasilio) and Palaeothentoides. Third molars must have been lost
several times within the family, for they are also absent in Metoldobotes and the
Rhynchocyoninae.

As Patterson (1965) pointed out, the Myohyracinae appear to be adapted for an
herbivorous diet. The enlarged incisors, kept sharp by the absence of lingual enamel,
would be effective for biting off shoots and small fruits. The cheek teeth, with cutting
edges of enamel, could reduce fibrous material, including seed-coats. Molarisation of
the premolars and retention of the third molars increases the grinding area, and
hypsodonty compensates for wear. The mandible resembles that of an ungulate. Living
Macroscelididae are mainly insectivorous (Rathburn 1979). Rhynchocyon eats mainly
beetles, earthworms, termites and insect pupae obtained from litter. The macrosceli-
dines Petrodromus and Elephantulus, however, in addition to insects eat some plant
material, including seeds.

Order INSECTIVORA BOWDICH, 1821 (=LIPOTYPHLA HAECKEL, 1866)

Family ERINACEIDAE FISCHER von WALDHEIM, 1817
Subfamily GALERICINAE POMEL, 1848 (=ECHINOSORICINAE CABRERA, 1925)

GALERIX POMEL, 1948

Includes Pseudogalerix GAILLARD, 1897 and Parasorex VON MEYER, 1865. Butler (1980)
separated Parasorex generically from Galerix (=Pseudogalerix), but this step has not
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been followed by Ziegler (1983) in his monograph of G. exi/is. Nevertheless, there are
significant differences between G. (Parasorex) socialis on the one hand and G. (Galerix)
exilis and G. (G.) stehlini on the other, and Parasorex is here treated as a subgenus.

Galerix africanus BUTLER, 1956

Galerix africanus, Butler (1956), pp. 62-64, text-fig. 18, Pl. 4, figs 37, 38.
Lanthanotherium sp., Butler (1969), pp. 12-14, fig. 5.

Holotype: M 34148 (Sgr 315.49), mandible with P/3,4 and alveoli of M/1,2; P/3 has
subsequently been broken off and lost. From Songhor.

Revised diagnosis: Resembling G. exilis and G. stehlini, but larger (total length of lower
molars about 10 mm), with proportionately shorter and broader premolars, and lacking
the posterior crest of the metaconule on the upper molars.

Specimens identified:
Koru Formation.

Locality 25. KNM.LG 1540 (25/133), M/1 trigonid.

Locality 32. KNM.LG 1535 (32/25), mandible fragment with unerupted M/3; KNM.LG
1537 (32/269), 1547 (32/97) and 32/320, edentulous mandibles.

Legetet Formation.
Locality 10. KNM.LG 62 (10/99), mandible with M/1.
Kapurtay Agglomerates.

Chamtwara. KNM.CA 324 (34/13), maxilla with P4/-M2/; KNM.CA 2061 (34/1600),
maxilla with M2,3/; KNM.CA 316, CA 1505 and CA 1507 (34/21), isolated M1/;
KNM.CA 1506 (34/21),M2/;34/861,M3/; KNM.CA 1549 (34/698), P4/; KNM.CA 2128
(34/1076), M/2; KNM.CA 2048 (34/1571) and CA 2066 (34/836), edentulous man-
dibles.

Songhor. KNM.SO 1421 (Sgr 123.71), associated left maxilla and right and left
mandibles, with dentition, KNM.SO 1406 (Sgr 2831.66), maxilla with P3/-M1/;
KNM.SO 1410 (Sgr 413.72), maxilla with P4/, M1/; Sgr 3114.66 and Sgr 3116.66,
associated mandibles with M/1-3; M 34148 (Sgr 315.49), mandible with P/3,4 (holo-
type); KNM.SO 1415 (Sgr 2627.66), M/1; KNM.SO 1416 (Sgr 281.72), M/3; Sgr 1813.66
and Sgr 3117.66, edentulous mandibles; KNM.SO 1426 (Sgr 696.72), two edentulous
mandibles; KNM.SO 1609 (Sgr 490.72), edentulous mandible.

Hiwegi Formation, Hiwegi area. M 33045 (Rs 1201.47), mandible with M/2; M 34102, P4/.

Description:

The most important new specimen is KNM.SO 1421, collected at Songhor by Dr.
Peter Andrews in 1971. This is a left maxilla with P2/-M3/, associated with right and left
mandibles. The left mandible contains P/2-M/3, the right one P/2-M/1, and both have
alveoli of the incisors, the base of the canine, and an alveolus for P/1. (Fig. 9 A). Other
new specimens include four partial maxillae with teeth, and several isolated teeth.

From the measurements in Table 4 it may be seen that G. africanus is about one-third
larger than G. exilis and G. stehlini from Europe. It falls into the size range of Lantha-
notherium sansaniense.

The upper dentition anterior to P2/ is unknown; P2/ and P3/ are preserved only in
KNM.SO 1421. P2/ is a simple tooth, oval in outline, with an anterior parastyle at
cingulum level. It differs from the European species in being proportionately wider and
in having a more distinct parastyle. P3/is a triangular tooth, proportionately wider than
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in G. exilis. It is subequal to P2/ in length and height, and much lower than P4/. The
parastyle forms a low but distinct cusp, better differentiated than in G. exilis. There is
no metacone, and the posterior crest of the paracone is not angulated or notched. The
protocone, directly lingual to the paracone, is followed by a ridge that rises to a small
hypocone, as in some specimens of G. exilis. There is a posterior cingulum but no
anterior cingulum. P3/ has three roots. P4/ is similar to G. exilis, except that the para-
style is more distinct, and the posterior cingulum extends round the hypocone. The
hypocone is lower than the protocone and stands directly posteriorly to it.

Fig. 9. — Galerix.
A-D, G. africanus: A, maxilla and left mandible of KNM.SO 1421; A’, L premolars, lingual view,
KNM.SO 1421; B, RM1/, crown, basal, posterior and lingual views, KNM.CA 316;C, LM2/, crown
and basal views. KNM.CA 1506; D, LM/1,2, Sgr 3114.66.
E, G. stehlini, LM/1,2, M 5382.
F. G. socialis, LM/1,2, specimen from La Grive (Montpellier collection).
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There are six examples of M1/ (fig. 9 B). This tooth differs from G. exilis in that the
metastylar apex is less prominent, so that the ratio of posterior width/anterior width is
smaller (Ratio of means is 1.05, compared with 1.16 in G. exilis from Steenburg, Ziegler
1983). The paraconule is absent or very weak. The metaconule is joined to the protocone
by a crest, but it lacks the posterior crest; the latter varies in length but is always present
in the European species (Ziegler 1983). The hypocone is lower than the protocone, and
its anterior crest is lower than the protocone-metaconule crest. The buccal cingulum is
well developed, and in some specimens it widens as if to form an incipient mesostyle,
producing a slight convexity in the middle of the buccal margin. There is usually a short
lingual cingulum between the protocone and the hypocone. The posterior cingulum
extends behind the hypocone and in some specimens it connects with the lingual
cingulum. Four isolated specimens show the roots. In two of these the lingual root is
divided, deep in the jaw, into a longer protoconal and a shorter hypoconal root; the
division is incomplete in the third specimen and absent in the fourth. Baudelot (1972, p.
275) states that the lingual root tends to divide in G. exilis, but Ziegler (1983) does not
mention this. Three interradicular crests arise from the inner sides of the roots and meet
at the centre of the base of the crown.

M2/ shows the same characters as M1/, except for the weaker development of its
metastyle region (fig. 9 C). The roots can be seen only in KNM.CA 1506, in which the
lingual root is grooved but not divided. This specimen has an abnormal arrangement of
the interradicular crests: in addition to the usual three, a fourth crest from the central
confluence meets a supernumerary crest from the lingual root at a point near the
anterior edge of the tooth. M3/ is triangular, wider than long, and with the posterior
apex nearer the lingual than the buccal side. The metacone is subequal to the paracone
in height, but situated more lingually, and it is joined by a crest to the protocone. The
hypocone is represented by a posterolingual cingulum. There are three equal roots.

Alveoli in KNM.SO 1421 show that there were 3 lower incisors, of which I/1 was the
largest and I/3 the smallest. The canine, of which only the base is preserved, was
moderately robust. There is a single alveolus for the somewhat procumbent P/1,
separated from the canine by a short diastema.

P/2 is oval in outline, and proportionately shorter and wider than in G. exi/is. It is
tilted slightly forward in the jaw. It has a rudimentary anterior cusp and a small heel.
P/3 is subequal to P/2 in length and height, but it is wider, particularly posteriorly, so
that it has a triangular outline. The widening is greater than in G. exilis: in two
specimens of G. africanus the length/width index is 70 and 75, whereas in G. exilis its
value (calculated from the means) is 53 (Ziegler 1983). The anterior cusp is more distinct
on P/3 than on P/2.

The protoconid of P/4 is high and acute, projecting above the molar cusps as in G.
exilis and G. stehlini. The metaconid is a much smaller cusp arising from the lingual
surface of the protoconid. The paraconid is a low anterior cusp, not joined to the
protoconid by a crest. The talonid is a transverse cingulum, rising to its greatest height
somewhat lingually to the mid-line. In these characters P/4 resembles G. exilis and G.
stehlini, but like P/3 it is proportionately shorter and wider than in the European
species.

The unworn crown patterns of M/1 and M/2 (fig. 9 D) were described by Butler (1969)
as Lanthanotherium sp. They closely resemble G. exilis (fig. 9 E), except that M/2 is less
reduced in size relatively to M/1. Differences from the M/2 referred to G. africanus by
Butler (1956) are attributable to individual variation. This affects, for example, the
development of the buccal cingulum, which may or may not extend round the proto-
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conid, and the anterior crests of the hypoconid and entoconid, which are weakly
developed in some specimens. The posterior cingulum is continuous in most specimens
with the buccal crest of the entoconid. The lingual cuspule between the metaconid and
entoconid occurs only in the specimen referred to Lanthanotherium, but Ziegler (1983)
noted this variation in G. exilis. KNM.LG 1540 shows a small paraconid at the lingual
end of the paralophid of M/1, not present in other lightly worn specimens. On M/2 and
M/3 of G. africanus, as in G. exilis and G. stehlini, the paralophid forms a curved crest
that ends at the anterior base of the metaconid, and no paraconid is developed. M/3 is
much smaller than M/2, and its talonid is narrower than the trigonid.

Some features of the maxilla can be seen in KNM.SO 1421 and KNM.CA 324. The
anteroventral margin of the orbit forms a prominent crest which passes anterior to the
lachrymal foramen, so that this opens into the orbit. The infraorbital foramen is above
the anterior end of P4/, and the posterior opening of the infraorbital canal is above the
M1/-M2/ contact. The zygomatic arch arises opposite the posterior part of M1/ and
most of M2/. The palate ends 1.5 mm behind M3/.

The horizontal ramus of the mandible resembles the European species, except that
the premolar series is proportionately shorter: the total length of the premolars in
KNM.SO 1421 is 77% of the total molar length, while in G. exilis the premolar and molar
series are of equal length. The symphysis reaches to below P/2, the mental foramen is
below P/3, and the greatest depth of the ramus is below M/2. The ascending ramus is
incompletely preserved. As in other erinaceids, the alveoli of each tooth from P/4 to
M/3 are connected by a groove for the interradicular crest, bordered buccally and
lingually by small elevated flanges of alveolar bone.

Relationships:

G. (Parasorex) socialis differs from G. africanus in several dental features. P3/ is
much larger than P2/, and resembles P4/ in pattern. It has an acute posterior buccal
apex which carries a shearing metastylar crest, clearly marked off from the posterior
crest of the paracone by an angulation. The protocone is more anteriorly situated in
relation to the paracone, and the hypocone is better developed. P4/ and M1/ are
arranged more obliquely in relation to the tooth-row: their protocones are more
forwardly placed, and their metastylar apices are more prominent. On M1/ the paraco-
nule is retained, and the metaconule possesses a posterior crest, but the crest between
the metaconule and the protocone is absent. In the lower jaw, P/3 is much larger than
P/2, and P/4 resembles the trigonid of a molar, having a much larger metaconid and
paraconid, the latter connected to the protoconid to form the paralophid. P/4 is similar
in height to M/1. On the molars (fig. 9 F) the metaconid stands more anteriorly, so that
the posterior trigonid wall is somewhat oblique. The paralophid, instead of forming a
curve, ends abruptly at the mid-anterior margin of the tooth. These characters relate G.
socialis with Schizogalerix. G. africanus is much nearer G. exilis and G. stehlini, and it is
included with these species in the subgenus G. (Galerix).

Galerix was present in Europe in the Burdigalian, but the material has not been
described in detail. An unidentified M/3 from Port-la-Nouvelle (Legendre 1982, fig. 7)
resembles G. africanus except for its smaller size.

Lanthanotherium was probably derived from G. (Galerix), which it resembles in the
structure of the lower molars. The premolars are more advanced: on P/4 the protoconid
is enlarged and the paraconid and metaconid are obsolescent, while the anterior
premolars are reduced. On the upper molars, loss of the metaconule crest is a character
shared with G. africanus. At least in L. sawini, the lingual roots of the upper molars are
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Galerix africanus G. exilis G. stehlini
(Steinberg)

N range m KNM.SO 1421
P2/ length 2.15 1.63
width 1.15 0.79
P3/ buccal length 2.3 1.88 2.16
width 2.3 1.43 1.50
P4/ buccal length 3 3.05-3.3 3.20 3.25 2.41 2.71
posterior width 3 3.7 -3.75 3.72 3.7 2.67 2.90
M1/ buccal length 7 3.0 -3.7 3.38 3.7 2.61 2.93
anterior width 7 3.45-3.95 3.69 3.9 2.76 3.11
posterior width 7 3.65-4.0 3.87 4.0 3.20 3.34
M2/ buccal length 4 2.8 -3.2 2.97 3.2 2.33 2.29
anterior width 4 3.4 -39 3.66 3.9 2.76 2.96
M3/ length 3 1.9 -2.0 1.97 1.9 1.36
width 3 24 -29 2.67 2.7 1.92
P/2 length 2 1.8, 1.85 1.83 1.85 1.65 1.62
width 2 1.03; 115 1.10 115 0.77 0.80
P/3 length 2 1.7, 2.0 1.85 2.0 1.56 1.47
width 2 12 , 1.5 1.35 1.5 0.82 0.83
P/4 length 3 2.4 -26 2.48 2.6 2.03 2.47
width 3 1.6 -2.2 1.87 2.2 1.26 1.40
M/1 length 4 3.6 -4.0 3.75 4.0 3.06 3.22
width 4 2.45-2.6 2.54 2.5 1.86 1.98
M/2 length 4 3.05-3.6 3.48 3.6 2.49 2.40
width 4 2.3 -24 2.35 2.4 1.73 1.65
M/3 length 3 2.3 -28 2.53 2.8 2.1 2.12
width 2 1.6 , 2.0 1.80 2.0 1.28 1.20
C-M/3 20.5 16.2 18.9
M/1-M/3 10.3 6.9 7.9
'P/1-P/4 8.1 6.9 8.2
Depth of jaw 4.65 3.7 33

under M/1 (lateral)

Table 4 : Measurements (mm) of teeth of Galerix africanus, with comparative
measurements of European species (Ziegler 1983).

divided, as in some specimens of G. exilisand G. africanus. Two species of Lanthanothe-
rium have been described from the Burdigalian of Europe, but they do not appear to be
distinguishable from Galerix. L. (Rubitherium) piveteaui CRUSAFONT, VILLALTA &
TRUYOLS (1955), from the Late Burdigalian of Vallés-Penedés, is known only by M/2
and M/3; the curved paralophids of these teeth do not separate it from G. (Galerix). L.
lactorensis BAUDELOT & CROUZEL (1976), from the Early Burdigalian of Navere, is
based on a mandible with P/2, P/4, and the alveoli of P/3. P/2is 77% as long as P/4, and
it has two roots; P74 is much worn and the absence of a metaconid may be due to this,
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for its paraconid is comparatively high. Thus the evidence that Lanthanotherium existed
before the Vindobonian is weak.

The Galericinae are probably of Asiatic origin, derived from a form similar to
Tupaiodon. They entered Europe after the Grande Coupure; the Oligocene genus
Tetracus may be ancestral to Galerix. G. africanus represents an immigration into
Africa, after the two subgenera of Galerix had separated, and probably not long before
the first appearance of the species in the fossil record in the Koru Formation.

AMPHECHINUS AYMARD, 1850

Palaecrinaceus FILHOL, 1879; includes Parvericius KOERNER, 1940.

Amphechinus rusingensis BUTLER, 1956

Amphechinus rusingensis, Butler (1956), pp. 54-59, text-fig. 16, 17, Pl. 4, figs 28-31; Butler (1969), p. 17, cranium described
as Cf. Erythrozootes chamerpes, p. 21-24, fig. 19.

Holotype: M 34096 (Rs 723.47), the facial part of a skull and associated mandibles. From
Hiwegi Formation, locality R 1.

Specimens identified:
Legetet Formation.

Maize Crib quarry. M 14316, cranium.

Locality 10. KNM.LG 1515 (10/547), cranium; 10/551, facial skull; KNM.LG 1508
(10/876), maxilla with P4/, M1/; KNM.LG 1510 (10/555), maxilla with P4/-M2/;
KNM.LG 1511 (10/553), maxilla with P4/, M1/; KNM.LG 1512 (10/552), mandible
with P/4, M/1; KNM.LG 68 (10/108), mandible with M/1.

Locality 21. KNM.LG 1529 (21/117), edentulous mandible.

Locality 29. KNM.LG 1215 (29/72), maxilla with P4/, M1/; KNM.LG 769 (29/55),
mandible with P/4-M/2; KNM.LG 1520 (29/311), edentulous mandible.

Kapurtay Agglomerates.

Chamtwara. KNM.CA 2002 (34/1529), maxilla with P4/, M1/; KNM.CA 1995 (34/1522),
2026 (34/1021) and 1529 (34/698), mandibles with P4/; KNM.CA 1528 (34/698,
juvenile mandible with P/4 erupting; KNM.CA 2174 (34/930), mandible with M/1,
M/2; KNM.CA 346 (34/195), mandible with M/2,3; KNM.CA 2024 (34/1349), 1922
(34/1287) and 1550 (34/698), mandibles with M/1; KNM.CA 1549 (34/698), 2182
(34/1098), 2211 (34/1816) and 2221 (34/1826), isolated M/1; 13 edentulous mandi-
bular fragments.

Songhor. M 34143 (Sgr451.48), facial skull; Sgr 1147.66 and Sgr 1148.66, mandibles with
P/4; five edentulous mandibular fragments.

Hiwegi Formation.

Locality R 1. M 34096 (Rs 723.47), facial skull and mandibles (holotype).

Locality R 2 (1956). M 34104 (Rs 409.56), mandible with P/4.

Kaswanga. M 34098 (Rs 1398.50), mandible with P/4-M/2; M 34099 (Rs 553.48),
mandible with P/4 (not from R 106 as stated by Butler, 1956).

Locality R 106. M 34100 (Rs 86.48), pair of mandibles with teeth (not from R 105 as
stated by Butler, 1969).

Locality unknown. M 34103 (Rs 611.48), mandible with P/2; M 34104 (Rs 1328.50), P/4.

Karungu. KNM.KA 165 (K 223.73) and KNM.KA 168 (K 305.73), isolated M1/; KNM.KA
170 (K 340.73), isolated M2/.
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Kulu Formation. M 34097 (Rs 908.50), facial part of skull (not from HiwegiR 1A as stated
by Butler, 1956).
Maboko. KNM.MB 557 (MB 1412.73), mandible with M/1.

Description:

The larger sample now available provides some information supplementary to that
given by Butler (1956). (Fig. 10, 11, 12).

Measurements of the teeth (Table 5) show that specimens from Legetet are smaller
than those from Chamtwara and Rusinga, indicating an evolutionary increase in size.

P4/ is distinguished from that of Galerix africanus by the more extended metastylar
blade, and by the anteroposteriorly compressed lingual region, in which the hypocone is
situated more lingually than the protocone. The parastylar prominence is usually less
developed than in G. africanus, and the posterior cingulum does not extend round the
hypocone.

M1/ is broader than long: the anterior width averages 7% greater than the length of
the buccal edge and 15% greater than the length of the lingual part of the crown. An
indentation of the buccal margin is always present. There is no paraconule, but the
metaconule is distinct.

P/2 has two separate roots. Alveoli show that the tooth is frequently rotated so that
its posterior root is displaced lingually. In 8 out of 15 specimens the posterior alveolus of
P/2 is very close to the anterior end of P/4.

P/4 is nearly always widest towards the posterior end and narrowed anteriorly. The
metaconid is a small elevation situated midway down the lingual ridge of the protoco-
nid. Itis removed by wear, but in some lightly worn specimens it can be seen to be absent
as a distinct point, being represented only by an angulation of the ridge (fig. 10 G). The
paraconid is intermediate in height between the protoconid and the metaconid; the
notch between the paraconid and protoconid varies in depth, but it usually reaches the
level of the metaconid. There is a single median talonid cusp. The alveoli of P/4 are not
connected by a groove for the interradicular crest, though the groove is always present
under M/1 and M/2.

The length of the trigonid of M/1, measured on the lingual side from the notch
between metaconid and entoconid, is 60-63% of the length of the tooth. The length/
width ratio of the trigonid averages 1.11 (range 1.04 - 1.17). These proportions are
probably not significantly different from A. edwardsi, to judge from published figures
by Viret (1938) and Hiirzeler (1944). On unworn teeth the paralophid (anterior trigonid
crest) is angled, running at first longitudinally and then turning into an anterolingual
direction (fig. 10 D,F). It ends abruptly, but only in one specimen (KNM.CA 1549) is a
cusp differentiated at the end of the crest (fig. 10 D). The metaconid is a little more
anterior than the protoconid. The talonid is wider than the trigonid; the entoconid is
higher than the hypoconid on unworn teeth; there is no hypoconulid. The complete
buccal cingulum usually passes round the hypoconid to form the posterior cingulum.
This is continuous with the buccal crest of the entoconid.

In four specimens the length of M/2 is 82-85% of the length of M/1; measurements of
the alveoli gave a mean proportion of 84 %. This proportion is similar to 4. intermedius,
and larger than in 4. edwardsi (about 75%). The paralophid of M/2 is angled like that of
M/1, but it does not reach so far lingually. The posterior cingulum does not connect
with the entoconid.

14 specimens show a single alveolus for M/3; only in KNM.CA 1508 is there an



Fig. 10. — Amphechinus.

A, B, D-H, J-N, A. rusingensis: A, RP/4-M/2, KNM.LG 71, B, alveoli of P/4-M/3, KNM.CA 325; D,
RM/ 1, crown, lingual and posterior views, KNM.CA 1549; E, RM/23, crown and lingual views,
KNM.CA 346; F, LM/1, KNM.CA 1550; G, LP/4, lingual and posterior views, KNM.CA 1529; H,
RP/4, lingual and crown views, KNM.CA 1995; J, R mandible (smaller scale) and C alveolus- M/1
alveolus, KNM.MB 357; K, L upper cheek teeth, composite of KNM.LG 1510 and KNM.LG 1508;
L, RP4/ M1/, KNM.CA 2022; M, RM1/, KNM.KA 168; N, LM2/, KNM.KA 170.

C, Amphechinus sp. from Koru, alveoli of M/2,3, KNM.KO 81.

I, O, Amphechinus sp. from Fort Ternan: I, L fragment with P4/, KNM.FT 3804; O, RM1/, KNM.FT
3641.
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Legetet Chamtwara Rusinga
N range m N range m N range m
P4/ buccal length 4 2.4 -25 2.46 3 2.6 -2.9 2.78 2 2.75, 2.95 2.85
posterior width 3 2.95-3.15 3.03 3 3.2 -3.25 3.22 1 3.35
M1/ buccal length 4 2.6 2.60 2 29 ,3.1 3.00 1 3.0
anterior width 4 2.65-2.9 2.77 2 3.05; 3.1 3.03
M2/ buccal length I 2.0 2 2.1 . 225 2.17
anterior width | 23 2 2.6 ,2.85 2.73
P/4 length 4 1.9 -2.1 2.01 5 2.0 -2.45 2.27 3 2.2 -2.45 2.30
M/1 length 4 2.85-3.0 2.99 8 2.85-3.55 3.26 2 32,33 3.25
talonid width 3 1.7 -1.85 1.78 8 1.8 -2.1 1.99 2 1.85, 2.1 2.03
M/2 length 2 25,238 2.65 1 2.7 2 2.6 2.60
trigonid width 2 1.55, 1.6 1.57 1 1.8 2 1.6 ;1.8 1.70

Table 5 : Measurements (mm) of teeth of Amphechinus rusingensis.
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incipient subdivision. The crown of M/3 is fully exposed only in KNM.CA 346; it has no
trace of a talonid (fig. 10 E).

In the mandible, the mental foramen is usually under P/4, but its position varies from
below the posterior root of P/4 to below P/2. The ascending ramus of the mandible is
not complete in any specimen. Re-measurement of the elevation of the anterior edge of
the ramus (see Rich & Rasmussen 1973, fig. 11) in the holotype, in which it is best
preserved, gave a result of 74°, not 83° as stated in the original description. Elevation of
the condyle could be measured only in the Maboko specimen (fig. 10 J), where it is 24°.
These elevations are similar to 4. edwardsi and less than in A. intermedius. The width of
the condyle in the Maboko specimen is 34 % of the total length of the molars, less than in
A. edwardsi (39-44%) (Butler 1948).

Two partial skulls have been found at Legetet, locality 10. One of these (10/551)
contains the left maxillary part of the palate, with the canine roots, P2/, P3/ and part of
P4/; dorsally it shows the posterior ends of the maxillae and nasals, and the frontals as
far as the end of the olfactory chamber. The second specimen is a cranium KNM.LG
1515), broken off anteriorly at the level of the cribriform plate. Part of the orbital wall is
preserved; it agrees with the corresponding region in M 34143, the anterior part of a skull
from Songhor, and shows that KNM.LG 1515 belongs to A. rusingensis. M 14316, from
Maize Crib, was referred to Erythrozootes by Butler (1969), but it agrees closely with
KNM.LG 1515 and it must now be identified as 4. rusingensis.

A reconstruction (fig. 11) shows that the skull differs in a number of ways from that
of A. edwardsi, described by Viret (1938). The interorbital region, which houses the

Fig. 11. — Reconstruction of skull of Amphechinus rusingensis, based on specimens from Legetet.
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Fig. 12. — Amphechinus rusingensis. Middle ear region of KNM.LG 1515.
The anterior and medial walls have broken away. Abbreviations: AL.C, alisphenoid canal. F.CA,
carotid foramen (promontorial artery). F.FA, foramen stylomastoideum primitivum (facial nerve).
F.HG, foramina for hypoglossal nerve. F.JU, foramen jugulare (lacerum posterius). F.OV, foramen
ovale. F.PG, foramen postglenoideum. F.SP, foramen spinosum (middle meningeal artery). F.STM,
foramen stylomastoideum. F.VI, posterior opening of vidian canal. FE.O, fenestra ovalis. FE.R,
fenestra rotunda. GL, glenoid. MEA, meatus. PROM, promontorium. REC, recessus epitympanicus..
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posterior part of the olfactory chamber, is narrow, and postorbital processes are
virtually absent. The nasals are longer, reaching as far back as the supraorbital
extensions of the maxillae. Temporal and sagittal crests are weak, and in posterior view
the skull is lower in comparison with its width. KNM.LG 1515 differs from M 14316 in the
presence of a weak median occipital crest and in the emargination of the dorsal edge of
the foramen magnum. The condyles resemble those of 4. edwardsi, but the basioccipital
is longer, so that the distance between the tympanic chamber and the condyle is greater.
The middle ear region of KNM.LG 1515 (fig. 12) agrees with M 14316, but its lateral
portion is better preserved. The area labelled m. stap. by Butler (1969, fig. 10 D) is the
roof of the recessus epitympanicus. The postglenoid foramen appears to be smaller than
in A. edwardsi. The alisphenoid canal is longer than in 4. edwardsi, its anterior opening
being confluent with the sphenorbital foramen. In the orbit, the sinus canal opens below
a ridge that is continuous with the dorsal edge of the sphenorbital foramen. A more
anterior (ethmoid) foramen, also below the ridge, is for a vessel that passes vertically up
the internal face of the frontal, following the cribriform plate. A more dorsal foramen
corresponds to one near the postorbital process of A. edwardsi. The optic and suboptic
foramina are situated immediately anterior to the sphenorbital foramen as in A.
edwardsi.

Amphechinus sp. from Koru

An edentulous fragment of mandible (KNM.KO 81) has the alveoli of M/2 and M/3
(fig. 10 C). M/2 has the erinaceid character of the groove between the alveoli, but M/3
had two roots. This specimen is within the size range of A. rusingensis and too large to
belong to Galerix africanus. It may represent a primitive stage of A. rusingensis that
retained a two-rooted M/3.

Amphechinus sp. from Fort Ternan.

Two specimens from Fort Ternan differ in some ways from A. rusingensis.

KNM.FT 3804 is a fragment of mandible with P/4 and the alveoli of the more anterior
teeth (fig. 10 I). There is only a single alveolus for P/2, as in the European species. The
paraconid of P/4 has broken off. There is a small metaconid. The tooth is broadest
across the trigonid, unlike most specimens of P/4 of A. rusingensis which are broadest
near the posterior end, but like the European species. The jaw is broken across
immediately behind P/4; the root of I/2 does not appear on the broken surface. The
mental foramen is below the middle of P/4. Measurements fall within the range of 4.
rusingensis.

KNM.FT 3641 is an isolated M1/ (fig. 10 O). It is proportionately somewhat broader
than in A. rusingensis: the anterior width is 17% greater than the buccal length and 30%
greater than the lingual length. It also differs from A. rusingensisin that the metaconule
is indistinct, a resemblance to the European species.

This Middle Miocene form has advanced characters which were present already in A.
arvernensis in the Late Oligocene of Europe. It is smaller than the European species,
resembling A. rusingensis in size. It is probably a derivative of A. rusingensis that has
evolved in parallel with the European species but at a later date. In the jaw from
Maboko, which is only about 1 My older than Fort Ternan, P/2 still has two roots like
other specimens of A. rusingensis.

Relationships of AMPHECHINUS RUSINGENSIS.
The Erinaceinae were widely distributed in Eurasia in the Oligocene. Their centre of
evolution was probably in Asia, for the greatest variety of species comes from Mongolia
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Fig. 13. — Asiatic Oligocene Erinaceidae,
A, Palaeoscaptor acridens, R upper teeth of AMNH 22080.
A’, lateral view of LP3/-C (reversed).
B, Palaeoscaptor acridens, R lower teeth, Field Museum P 14123,
C. Cf Amphechinus minimus, LM/1-3, AMNH 19144; anterior end of M/1 completed from AMNH
19143.
D. Cf Amphechinus minimus, RAC-M/1, AMNH 19142.
E, A. minimus, RP/4-M/3, holotype (cast).
F, A. rectus from Chitan-Gol, Paris Museum.
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and China. The most primitive of these is Palaeoscaptor acridens Matthew & Granger
(1924), from the Hsanda Gol Formation (probably Middle Oligocene). I have examined
the type material in the American Museum of Natural History. The holotype is broken
off in front of P/4, and the authors described the anterior part of the dentition from
paratypes, some of which, as is now evident, do not belong to Palaeoscaptor but to a
species of Amphechinus, probably A. montanus (A. minimus) (Fig. 13 C,D). More
complete specimens - the material described by Sulimski (1970) and an undescribed
specimen in the Field Museum of Natural History, Chicago (P 14213) (fig. 13 B) - have
two alveoli between P/4 and the canine, and AMNH 22080 shows that they were
occupied by two one-rooted teeth, P/2 and P/3. AMNH 22080 is immature, with P/4
incompletely erupted, as may be seen in a radiograph published by Rich & Rasmussen
(1973). AMNH 22081 has a small one-rooted P/3 which reaches only to the level of the
cingulum of P/4. In AMNH 22082, another juvenile specimen, figured by Rich &
Rasmussen (1973), the tooth in the position of P/3 has two divergent roots, and it might
be dP/3. In Erinaceus P/3 and dP/3 are represented by uncalcified rudiments (Kindahl
1959).

AMNH 22080 also shows an additional tooth between the canine and the alveolus of
1/3. This could be the milk canine. The large incisor of Erinaceinae is generally held to
be 1/2 on embryological grounds (Leche 1895, Kindahl 1959). McKenna & Holton (1967)
and Rich & Rasmussen (1973) call it I/1, being influenced by the fact that I/1 is the
largest incisor in Galericinae. If they are right, the extra tooth in AMNH 22080 could be
/3, lost in other Erinaceinae.

The upper dentition of P. acridens is preserved in AMNH 22080 (figured by Rich &
Rasmussen 1973) and in a skull described by Trofimov (1960). (Trofimov calls the large
incisor 12/ and misidentifies 12/-P3/ as 13/-P4/). As in A. rusingensis, 11/ is large, 12/ is
small, 13/ is two-rooted and larger than 12/, and the canine is two-rooted and a little
higher than I3/. However, P2/ is smaller than P3/, which is less reduced than in A.
rusingensis. P4/-M2/ are more transverse, and M3/ is unique among Erinaceinae in
being triangular. Correspondingly, M/3 has a comparatively well developed talonid and
two roots (fig. 13 A).

A. rusingensis resembles Palaeoscaptor in several ways. 1/2 is of similar relative size:
its transverse diameter is about two-thirds of the length of P/4, and its root ends below
the anterior part of P/4. P/4is widened posteriorly;its metaconid varies in the same way
(Sulimski 1970, text-fig. 1). The length/width proportions of the M/1 trigonid are
similar (1.06 - 1.13 in 7 specimens of P. acridens, 1.04-1.171in A. rusingensis). However, in
Palaeoscaptor M/1 is more enlarged (length M/2/length M/1, .70-.80 in Palaeoscaptor,
.82-.85in A. rusingensis). The skull of Palaeoscaptor (Trofimov 1960) resembles that of A.
rusingensis in the long, narrow face which widens rapidly to the rounded cranium.
Postorbital processes and sagittal crest appear to be weak, but the cranial roof lacks the
rugosity present in A. rusingensis and other species of Amphechinus. Resemblances of
Amphechinus to Palaeoscaptor may be regarded as primitive characters within the genus
Amphechinus.

Three species of Amphechinushave been named from the Oligocene of Asia. Of these,
A. kansuensis (BOHLIN, 1942) is the least known. It differs from A. rusingensis in the
small size of the canine alveolus, the single root of P/2, the presence of a diastema
between P/2 and P/4, and the more anterior position of the mental foramen. 4. rectus
(MATTHEW & GRANGER, 1924) occurs with Palaeoscaptor in the Hsanda Gol Forma-
tion. It is comparatively large, of the size of A. edwardsi. 1/2 is more enlarged thanin 4.
rusingensis, having a diameter of about 85% of the length of P/4, and aroot that reaches
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well under P/4, causing a swelling on the medial surface of the jaw. P/2 is one-rooted,
but the alveolus is partly divided in the specimen described by Teilhard de Chardin
(1926) under the name of Palaeoscaptor acridens (fig. 13 F). The paraconid of P/4 is
elevated. On M/1 the trigonid is more extended (length/width 1.13 and 1.21 in two
specimens measured), and M/1 is more enlarged relatively to M/2. M/3 has two roots in
some specimens, one in others, and its talonid is reduced and cingulum-like. The upper
dentition is unknown. An undescribed cranial fragment (AMNH 21698) shows that the
parietal surface is rugose.

A. minutus (BOHLIN, 1942) was based on Late Oligocene material from Taben-buluk.
Sulimski (1970) referred to this species some mandibles from Nareen Buluk, of similar
age. Specimens from the hypodigm of Palaeoscaptor acridens (AMNH 19142-4) are very
similar to A. minutus in size and proportions and probably belong to the same species
(fig. 13 C,D), extending its range back to the Middle Oligocene. Rich & Rasmussen
(1973) synonymised A. minutus with Parvericius montanus KOERNER, 1940, from the
Early Miocene (Arikareean) of North America; the name montanus has priority over
minimus. I am grateful to Dr. Rich for a cast of the type of A. minimus, which I agree is
very much like P. montanus (fig. 13 E). I cannot however accept a generic separation of
Parvericius from Amphechinus. 1t is based on the shorter M/1 trigonid of 4. montanus,
but the difference from A. rusingensisis small: from my measurements the length/width
ratio is 1.00 - 1.11 in 7 specimens, compared with 1.04 - 1.17 in A. rusingensis. In all other
respects A. montanus falls within the range of Amphechinus.

A. montanus is smaller than A. rusingensis. 1/2 is proportionately similar to A.
rusingensis and Palaeoscaptor. P/2 has only one root. P/4, though widened posteriorly,
is not so clearly triangular in outline as in A4. rusingensis. The metaconid of P/4 variesin
size: it is absent in the American specimens. The length of M/2 is about 80% of that of
M/1. The Hsanda Gol specimens have a small but distinct talonid on M/3, which is
two-rooted; in the later specimens M/3 has one root, and the talonid is reduced to a
cingulum which has disappeared in the American specimens. The upper dentition is
known only in American specimens. The proportions of P4/-M3/ are like A. rusingensis,
except that the anterior edge of P4/ is shorter, M1/ is a little more transverse, and the
metastylar blades of P4/ and M1/ are more pronounced. The metaconule of M1/ is not
clearly developed.

A. rusingensis evidently had a common ancestry with the other species of Amphe-
chinus, though it retains some primitive characters, such as the two-rooted P/2, that
they have lost. The date of the common ancestor could not have been later than Middle
Oligocene. Entry into Africa from Asia could have occurred at any time between
Middle Oligocene and earliest Miocene, when the genus was present at Koru. A. kreuzae
MUNTHE & WEST, 1980, from the Late Miocene Upper Chinji Formation in Pakistan,
resembles A. rusingensis in retaining a distinct metaconule and low hypocone. It may be
a late descendant from the Asiatic stock from which A. rusingensis was also derived.

There is an indication of evolution in Africa, provided by the double root of M/3in
the Koru specimen, and the advanced characters of specimens from Fort Ternan.
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GYMNURECHINUS BUTLER, 1956

Gymnurechinus leakeyi BUTLER, 1956
Gymnurechinus leakeyi, Butler (1956), pp. 3-30, text-figs. 1-8, Pls 1-4; Butler (1969), pp. 14-16, fig. 6.

Holotype: M 34060 (Rs 12.32), skull and mandibles, from Hiwegi Formation, locality
R 12,

Diagnosis: Separation of fragmentary specimens of this species from G. camptolophus is
dependent mainly on size. 32 specimens from the Hiwegi area of Rusinga (localities R 1,
R 1A, R3,R3A, R 12and R 2 (1956) apparently form a uniform sample, which may be
taken as the hypodigm of G. leakeyi. Coefficients of variation, calculated for 15 measu-
rements of the teeth, range from 3.0 to 8.4 with a median of 5.5 (Table 6; fig. 14).

10 J 'SONGHORENSIS' (SONGHOR)
— .

10 J |
cAMPTOLOPHUS (RUSINGA)
o

40 |
30
20 |

10 ] LEAKEY] (HIWEGI AREA)

A A A A A 1 A A L A

90 100 110 120 130

Fig. 14. — Size distribution in Gymnurechinus.
Measurements of teeth expressed as percentages of the means of specimens from eastern Rusinga
(Hiwegi area).

Specimens identified:
Legetet Formation.
Locality. KNM.LG 1503 (10/627), mandible with P/2-M/1; KNM.LG 1504 (10/886),
mandible with P/4.
Locality 14. KNM.LG 1530 (14/165), P/4.
Locality 29. KNM.LG 1213 (29/70), mandible with M/3; KNM.LG 1518 (29/221), M/1.
Locality 45. KNM.LG 333 (45/23), edentulous mandible.
Kapurtay Agglomerates.
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G. leakeyi
Hiwegi sample

G. camptolophus
(including songhorensis)

N range m S.D. A% N range m S.D. v
Between 11/ and C1/ 1 4.0 1 5.4
C1/ length 4 2.7 2.70 1 3.5
P2/ length 1 2.0 1 2.6
P3/ buccal length 7 1.95-2.25 2.07 0.133 6.4 2 2.35,2.75 2.55
Between C1/ and P4/ 3 7.0 -7.4 7.23 1 8.4
P4/ buccal length 9 3.45-4.0 3.80 0.206 5.4 3 3.9 -4.45 4.08
anterior width 7 3.25-4.1 3.60 0.303 8.4 3 3.6 -3.8 3.70
posterior width 8 4.2 -5.1 4.61 0.274 6.0 3 49 -5.3 5.10
M1/ buccal length 11 3.75-4.2 4.06 0.180 4.3 3 4.7 -5.0 4.88
anterior width 10 4.2 -49 4.61 0.252 5.5 3 4.75-5.0 4.90
posterior width 10 44 -53 4.79 0.307 6.4 3 53 -54 5.37
M2/ buccal length 6 3.35-3.8 3.55 0.187 53 3 4.05-4.15 4.10
anterior width 5 4.2 -4.6 4.36 0.182 4.2 3 4.4 -4.8 4.57
P4/-M2/ length 5 104 -11.3 10.92 0.432 4.0 1 11.8
Posterior 172 - 3 46 -48 4.70 2 51,55 5.30
posterior P/2
P/2 length 1 2.7 3 2.9 -3.0 2.97
P/4 length T 3.3 -3.6 3.51 0.107 3.0 5 3.7 -4.2 3.88 0.214 5.5
width 7 1.95-2.3 2.12 0.111 52 5 2.05-2.4 2.30 0.146 6.3
M/1 length 7 4.3 -5.2 4.76 0.302 6.4 5 4.7 -5.3 5.04 0.256 54
trigonid width 5 2.5 -3.1 2.84 0.206 7.3 7 2.8 -3.6 3.21 0.224 7.0
talonid width 6 2.8 -3.3 2.95 0.187 6.3 7 3.0 -3.6 3.27 0.216 6.6
M/2 length 3 3.6 -3.8 3.67 2 4.15,4.2 4.17
trigonid width 3 2.5 -3.0 2.80 2 2.7 . 335 3.03
M/3 length 3 2.05-2.4 2.18
M/1-M/3 2 9.8 ,10.9 10.35 1 11.3
P/4 -M/2 2 11:5 , 11.9 11.70 1 13.3

Table 6 : Measurements (mm) of the teeth of Gymnurechinus.
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Chamtwara. KNM.CA 2066 (34/836¢), edentulous mandible.

Songhor. KNM.SO 1610 (Sgr 150.72), M/1 trigonid; KNM.SO 1662 (Sgr 66.71), M/1.
Hiwegi Formation. Most specimens were listed by Butler (1956, 1969); only additions

and corrections are detailed here.

Locality R 1. 8 specimens: 5 previously listed (not Rs 1575.50); M 34086 (Rs 1248.50),
maxilla with P3/-M1/ (listed previously as from R 3A): M 34088 (Rs 734.56), maxilla
with P4/-M2/ (listed previously as from Kulu-Warengu): M 34089 (Rs 562.51) eden-
tulous mandible (listed as from site unknown).

Locality R 1A. 2 specimens previously listed.

Locality R 2 (1956). 3 specimens previously listed.

Locality R 3. 10 specimens: 7 previously listed; M 34095 (Rs 732.47), mandible with
P/4,M/1; KNM.RU 3689 (RU 934.56), mandible with P/2-M/1; M 34052 (Rs 1575.50),
M/1 (listed as from R 1).

Locality R 3A. 6 specimens previously listed (not Rs 1248.50).

Locality 12. 2 specimens previously listed.

Kamugere. 1 specimen previously listed.

Wanyama. | specimen previously listed.

Kaswanga. 4 specimens: 3 previously listed (not Rs 1394.50 and Rs 1539.50); KNM.RU
3696 (Rs 320.71), mandible with P/2-4.

Locality R 106. 4 specimens. 3 previously listed (not Rs 290.49); KNM.RU 3691 (Rs
933.40), fragment of M1/.

Locality R 111. 1 specimen previously listed.

Locality unknown. M 34050 (Rs 32.32), cranium.

Karungu. KNM.KA 169 (K 365.73), isolated M1/ and M2/.

Kulu Formation. 3 specimens: M 34048 (Rs 734.48), skull with mandible and atlas ver-
tebra; M 34059 (Rs 735.48), edentulous mandible; M 34067 (Rs 259.49), crushed
cranium (previously listed as from locality R 3).

Description (Fig. 15):

There is little to add to the original description (Butler 1956). On P/4 the metaconid is
distinct, not merged into the protoconid as is commonly the case in Amphechinus. The
paraconid is only a little higher than the metaconid; it is upright,and separated from the
protoconid by a notch of variable depth. The trigonid of M/1 is usually shorter than
wide (length/width in 7 specimens 0.84 - 1.08, mean 0.95), and its length averages 59 % of
the length of the tooth (range 55-64%). The paralophid is curved, not angled as in A.
rusingensis; a small paraconid can be seen at its lingual end in unworn specimens. The
posterior cingulum of M/1 is usually continuous with the buccal crest of the entoconid,
as in A. rusingensis.

The upper molars from Karungu (fig. 15 C) differ from typical G. leakeyi in that the
posterobuccal corner of M1/ is more projecting, and the posterior edge of M2/ is
proportionately shorter.

Gymnurechinus camptolophus BUTLER, 1956

Gymnurechinus camptolophus, Butler (1956), pp. 30-50, text-figs. 8-14, Pls. 2,4.
Gymnurechinus songhorensis, Butler (1956), pp. 50-53, text-figs. 8, 9, 15, Pls. 3, 4; Butler (1969), p. 36, fig. 6.

Holotype: M 34073 (Rs 424a.48), skull from Hiwegi Formation, locality R 105A.
Diagnosis: Re-examination of the specimens leads me to the opinion that G. songho-



Fig. 15. — Gymnurechinus.
A-C, G. leakeyi: A, LM/1, crown and posterior views, KNM.LG 1518; B, LP/4, crown, posterior and
buccal views, KNM.LG 1504; C, RM1/ and M2/, KNM.KA 169.
D, G. camptolophus, RM2/, KNM.RU 3695.

rensis cannot be distinguished from G. camptolophus. Specimens from Songhor agree in
size with the larger specimens from Rusinga referred to G. camptolophus, and when the
two samples are combined the coefficients of variation are similar to those of the Hiwegi
sample of G. leakeyi (fig. 14). Both G. songhorensis and G. camptolophus differ from G.
leakeyi in the skull roof, on which the sagittal crest is sharp and the temporal rugosity
extends to its base (see Butler 1956, fig. 8). Also, M1/ is not transverse as in G. leakeyi, its
anterior width being nearly equal to the buccal length.. Characters used to distinguish
G. songhorensis from G. camptolophus were the structure of the posterolateral part of
the skull, particularly the smalllambdoid area of G. songhorensis, and the absence of the
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hypocone of P4/ in G. camptolophus. These differences, based upon very few specimens,
are believed to be individual variations.

Specimens identified:
Kapurtay Agglomerates.
Songhor. 10 specimens recorded previously as G. songhorensis.
Hiwegi Formation.
Kaswanga. M 34079 (Rs 1394.50), snout; M 34072 (Rs 290.49), and M 34060 (Rs 1539.50),
mandibles (previously recorded as G. leakeyi); KNM.RU 3693 (Rs 245.71), mandible
with M/1,2; KNM.RU 3695 (Rs 1324.71), isolated M2/, M/1, M/3.
Locality R 105, M 34082 (Rs 212.48), mandible (previously recorded as from R 105A).
Locality R 105A. M 34073 (Rs 424a.48), holotype skull; M 34074 (Rs 424.48), partial
skeleton; M 34075 (Rs 424b.48), M1/, M2/, M 34078 (Rs 424c.48), limb bones; KNM.
RU 3601 (Rs 900.52), mandible with M/1,2.
Sienga. M 34076 (Rs 564.48) and M 34077 (Rs 595.48), mandibles previously recorded
as from R 105A.
Kamathengere (mixed sites). M 34080 (Rs 366.49), mandible with 1/3-P/2.
Locality unknown. M 34083 (Rs 32a.32), cranium; M 34094 (Rs 145.41), mandible with
M/1.
M 34095 (Rs 732.47), from locality R 3, is now referred to G. leakeyi.

Relationships of GYMNURECHINUS

Butler (1956, p. 27ff) listed 20 characters in which Gymnurechinus is more primitive
than Recent Erinaceinae. Most of them can be found also in Amphechinus, Palaeo-
scaptor and Galericinae, indicating that they are plesiomorphous for the family Erina-
ceidae. At the same time Gymnurechinus shares several derived characters with
Amphechinus: (1) 11/ and I/2 enlarged, 1/1 absent; (2) I3/ with two roots, larger than 12/;
(3) P1/ and P/1 absent; (4) P/3 absent; (5) metaconule of upper molars without a
posterior crest; (6) M3/ transverse, without metacone, and M/3 talonid rudimentary; (7)
paraconid of P/4 elevated, metaconid reduced. Palaeoscaptor shares all these charac-
ters, except (4) and (6), in which it remains primitive. A reasonable inference is that
Gymnurechinus had a common ancestor with Amphechinus and Palaeoscaptor, most
probably in Asia, and that it entered Africa with Amphechinus and Galerix in the
Oligocene or earliest Miocene.

Rich (1981) grouped Gymnurechinus with Mioechinus, Postpalerinaceus, Untermanne-
rix, Protechinus and the living Erinaceinae in a tribe Erinaceini, opposed to the
Amphechini, which included Palaeoscaptor, Amphechinus and Dimylechinus. The Eri-
naceini have a relatively small I/2, the root of which does not reach the level of P/4. They
also have a shorter M/1 trigonid, a character to which Rich attaches much weight,
although the proportions of the trigonid vary between the species of Amphechinus, and
the range of A. montanus (1.00 - 1.11) overlaps with that of Gymnurechinus leakeyi (0.84
-1.08). Other characters, which Gymnurechinus shares with some of the species of
Amphechinus, are probably primitive: the double root of P/2, the posterior widening of
P/4, the moderate elevation of the P/4 paraconid, and the relatively large M/2/M/1
ratio. An advanced character of Amphechinus, not shared by Gymnurechinus, is the
more posterior situation of the cheek teeth, P4/ being partly beneath the orbit. In this
respect Palaeoscaptor appears to be primitive: Trofimov’s figure (1960, fig. 1) suggests
that P4/ is anterior to the orbit, and according to Rich (1981) the relation of the
zygomatic process to the molars is the same as in Erinaceus.
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Rich (1981) derived the Erinaceini and Amphechini independently from Dormalii-
dae, ignoring the synapomorphies listed above. It is much more likely that the Erina-
ceini were derived from a primitive erinaceine related to Palaeoscaptor. Some parallel
evolution cannot be avoided: if the large 172 of Palaeoscaptor is a synapomorphy with
Amphechinus, the loss of P/3 and of the metacone of M3/ must have taken place
independently in the line that led to the Erinaceini; alternatively, the incisor enlarged
independently in Palaeoscaptor and Amphechinus, unless it was secondarily reduced in
Erinaceini.

Stenoechinus tantalus RICH & RASMUSSEN (1973), from the Early Miocene of North
America, may be either a primitive member of the Erinaceini or an independent
derivative of the ancestral stock of the Erinaceinae. The anterior part of the jaw is
poorly known, but there is evidence that the root of 172 ended well in advance of P/4.
Two alveoli closely preceding P/4 might have held a two-rooted P/2. The trigonid of
M/1 is short, and the length of M/2 is about 80 % of that of M/1. M/3 has two roots, but
its talonid is reduced and cingulum-like. M1/ and M2/ are markedly transverse, as in
Palaeoscaptor, but the metaconule has disappeared. Rich & Rasmussen (1973) suggested
a relationship to Brachyericinae, mainly on the basis of the comparatively low P/4
paraconid. There is however no sign of the incisor enlargement that characterises the
Brachyericinae; the small P/4 paraconid of that subfamily may be a consequence of the
reduction in size of the tooth. The origin of the Brachyericinae may be from a species of
Amphechinus near A. rectus.

Erinaceini appear in Europe in the Late Burdigalian (Zone of La Romieu), after 18
Ma. The genus Mioechinus, in which they are provisionally placed, extends to Oeningen
(cir. 13 Ma., Van Couvering 1972) and Eskihisar in Turkey (Engesser 1980). M. butleri,
from the Burdigalian of Spain (Crusafonter al, 1955)is aberrant in its quadrate P4/ and
narrow M1/. The later species have advanced characters: the lachrymal foramen opens
outside the orbit in M. tobieni and M. sansaniensis (Engesser 1980), M. oeningensis has a
basisphenoid pit (Butler 1948), and in M. sansaniensis P/2 is one-rooted and the
coronoid process is vertical. There is no convincing evidence that these were derived
from Gymnurechinus as Rich (1981) postulated; more probably they came, like Gymnu-
rechinus, from an unknown Asiatic source.

Protechinus salis LAVOCAT (1961), from the Middle Miocene of Beni Mellal,
Morocco, is primitive in the relatively transverse molars and the low elevation of the
ascending ramus, but it has advanced beyond Gymnurechinus in the one-rooted P/2 and
the facial position of the lachrymal foramen. Whether it is a descendant of Gymnurechi-
nus or an immigrant from Europe cannot be decided on existing evidence.

Family SORICIDAE FISCHER von WALDHEIM, 1817

CROCIDURA WAGLER, 1832

M 34160 (Rs 1875.50), a mandible with M/1 and M/2 (Butler & Hopwood 1957),
remains the only specimen of Soricidae. It is from Rusinga, surface of locality R 3A.
Very similar to C. flavescens nyanzae NEUMANN which now lives in the area, it is
considered to be Pleistocene or Recent in date. If this specimen is discarded, the oldest
soricid known from Africa is ‘Sorex’ dehmi africanus LAVOCAT (1961) from Beni Mellal,
which is much more primitive.
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Family TENRECIDAE GRAY, 1821
Subfamily PROTENRECINAE BUTLER, 1969
PROTENREC BUTLER & HOPWOOD, 1957

Protenrec tricuspis BUTLER & HOPWOOD, 1957
Protenrec tricuspis, Butler & Hopwood (1957), pp. 21-23, fig. 7; Butler (1969), pp. 17-20, figs. 7, 8.
Holotype: M 34149 (Sgr 95.47), mandible with M/1-3, from Songhor.

Specimens identified:
Legetet Formation.

Locality 10. KNM.LG 1493 (10/554, 10/557), facial skull and separate maxilla, prob-

ably from the same individual.
Kapurtay Agglomerates.

Chamtwara. KNM.CA 1537 (34/698), mandible with M/1; KNM.CA 1538 (34/698),
mandible with M/1,2; KNM.CA 1542 (34/698)/ mandible with M/3; 6 edentulous
mandibles.

Songhor. 5 specimens listed by Butler & Hopwood (1957) and Butler (1969); KNM.
SO 1404 (Sgr 817.72), juvenile mandible with dentition; KNM.SO 1093 (Sgr 144.72),
mandible with P/4-M/3; KNM.SO 1608 (Sgr 300.72), edentulous mandible; KNM.
SO 1417 (Sgr 360.66), maxilla with P3/-M3/; KNM.SO 1420 (Sgr 769.72), maxilla with
P2/-M3/.

Napak.

Locality IV. M 43552, maxilla with P2/-M3/; M 43551, mandible with P/3-M/3.
Hiwegi Formation.

Locality R 1. Rs 551.49, mandible with P/2-M/1.

Description (Figs. 16, 17):

The upper incisors and canine are unknown. Three new specimens contain upper
premolars and molars, hitherto known only from the Napak specimen (Butler 1969).

P2/ has two well separated roots, a paracone, situated somewhat forward, and
anterior and posterior basal cusps. P3/ is similar in height and length to P2/, but wider.
It is at a low level of molarisation, and contrasts with P4/, which is the largest tooth in
the upper dentition. P4/ is less transverse than the molars, owing to its anteriorly
prominent parastyle. The protocone is as large as on the molars, but there is no
metacone. The stylar shelf occupies the posterior half of the buccal edge of the crown;
there is a stylar cusp (stylocone) directly buccal to the paracone, and a lower elevation
more posteriorly. The stylar shelf is also present on P3/, though less developed, the
stylocone being represented there by a swelling on the buccal surface of the paracone.

In KNM.SO 1417 the little-worn M1/ and M2/ show the metacone, as an elevation of
the posterobuccal crest of the paracone (fig. 16A’). The metacone isin a similar position
to that of Potamogale, but it is less distinct, as the groove that divides it from the
paracone, for occlusion with the hypoconid, is not present in Protenrec. The protocone,
which occupies about 30% of the width of the tooth, is also somewhat smaller than in
Potamogale. On the buccal edge of the tooth there are a stylocone, directly buccal to the
paracone and connected to it by a crest, and a lower stylar cusp, posterior to the
indentation of the margin (ectoflexus). The ectoflexus is more pronounced on M1/ in
the Napak specimen than in those from Kenya. The posterobuccal (metastylar) apex of
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Fig. 16. — Protenrec tricuspis.
A, L maxilla, KNM.SO 1417. A, M1,2/ of the same, oblique lingual view (larger scale).
B, LP2-4/, buccal view, KNM.SO 1420.
C, L mandible and crown view P/4 (larger scale), KNM.SO 1093.
D, Juvenile mandible, KNM.SO 1404: medial view, buccal view of d1/2-dP/2 (reversed), and anterior
view showing bases of incisors.
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M2/ projects less far laterally than the parastylar apex, unlike most living tenrecids. M3/
is variable in relative width and in the development of the posterobuccal apex.

The anterior part of the mandible is preserved in KNM.SO 1404 (Fig. 16C). M/3 of this
specimen is unerupted, and all the antemolar teeth therefore probably belong to the
milk dentition; in living tenrecids the permanent antemolars erupt only with or after
M/3 (Major 1897). The crowns of the incisors have broken off. The root of 1d/1 is
flattened and close to the symphysis, and that of Id/2is broader mediolaterally, but not
enlarged as in Potamogale. Both teeth are procumbent. Id/3 is absent, but there is a
space between Id/2 and the canine, and it is possible that the tooth is still unerupted.

The canine (dC) of KNM.SO 1404 is broken, but it is possible to see that it has a
posterior basal cusp, absent from the permanent canine of Sgr 3120c.66. Both teeth are
small: the permanent canine is only about as high as P/4. dP/2 of KNM.SO 1404
resembles P/2 of Rs 551.49; it has two roots, a forwardly leaning protoconid and anterior
and posterior basal cusps. dP/3 is larger than dP/2 and it has a small metaconid like P/4.
Beneath it can be seen the unerupted P/3 which has no metaconid. The corresponding
tooth in Sgr3120c.66 is probably dP/3 rather than P/3, as it has a metaconid (Butler 1969,
fig. 7C)and P/4 of that specimen is incompletely erupted. dP/4 of KNM.SO 1404 is poorly
preserved, but it appears to be molariform. Two additional examples of P/4 (KNM.CA
1537 and KNM.SO 1093) confirm that the metaconid is small and closely applied to the
protoconid, and the paraconid is a low anterior cusp.

On M/1 and M/2 the talonid forms about one-third of the length of the tooth, rather
less than in Potamogale though more than in other living tenrecids. The talonid basin
lies towards the lingual side as in Potamogale, but the cusps are less differentiated. The
trigonid is less compressed anteroposteriorly than in Potamogale; the paraconid is tilted
forwards, it is less lingual than the metaconid, and it lacks the anterior basal cusp
present in Potamogale. In agreement with Potamogale, the talonid of M/3 resembles that
of M/2, apart from being a little narrower and more pointed posteriorly.

The teeth of the Napak specimens are larger than those from Songhor, Legetet and
Rusinga, but the sample sizes are too small to justify a taxonomic distinction.

The skull fragment (KNM.LG 1493) (fig. 17) is broken off anteriorly at about the level
of P3/ and posteriorly near the posterior end of the frontals. The left side of the face and
the tooth-bearing part of the maxilla on the right side are missing, but a separate left
maxillary fragment with P4/-M2/ probably belongs to this skull. The specimen provides
information about the skull roof and the medial wall of the orbit.

Only the internasal and interfrontal sutures have closed. The united nasals reach
posteriorly beyond the lachrymal foramina, and their posterior end is rounded, not
narrowed to a point as in Potamogale. The supraorbital extension of the maxilla reaches
to the same level as the nasals. The lachrymalis oval, with the foramen nearits anterior
end. The dorsal surface of the united frontals is flat, with no indication of the sagittal
crest. There are no postorbital processes. Between the orbits the sides of the skull
converge backwards towards a midcranial constriction at the posterior end of the
frontals. The palate is damaged near its posterior end, but it shows the posterior
palatine foramen on the left side and the anterior palatine foramen on both sides. A
groove continues forward from the anterior foramen towards the maxillary suture. The
sphenopalatine foramen is directly dorsal to the posterior palatine foramen. At the
posterior end of the specimen a cast of the ventral part of the olfactory chamber is
exposed. Next to this is the medial wall of the sphenorbital canal, its lateral wall having
broken away. A foramen, probably the suboptic, opens into the canal medially, and
dorsally there is a groove that probably represents the sinus canal. There does not
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CA.INFO

Fig. 17.

A, Protenrec tricuspis, skull fragment, KNM.LG 1493, ventral, lateral and dorsal views. Approximate
position of P4/-M2/ indicated. Abbreviations: CA.INFO, medial wall of infraorbital canal. F.ETH,
ethmoid foramen. F.LA, lachrymal foramen. F.SOP, suboptic foramen. F.SPP, sphenopalatine
foramen. PAL, palate.

B, P. tricuspis, reconstruction of anterior part of skull.

C, Geogale aurita (recent) for comparison.
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appear to be a separate optic foramen. A more anterior foramen, above the maxilla-
frontal suture, is probably the ethmoid, in a similar position to that of living tenrecids.
The maxillae from Legetet and Songhor confirm that the infraorbital canal is long,
opening anteriorly to P4/ as in the specimen from Napak.

The coronoid process of the mandible is preserved in KNM.SO 1404, except that the
posterior part of the top has broken off. Its anterior edge rises at an angle of 70° from the
tooth roow. The process is broad at the top,and its posterior edge is somewhat concave.
The condyle is not preserved but was evidently low, asin living tenrecids. The mandibu-
lar foramen is far back, below the posterior edge of the coronoid process, as in
Micropotamogale and Geogale. There is no masseteric fossa. Mental foramina are below
P/2 and M/1. The symphysis is long, reaching to below P/3.

Relationships:

The only surviving Tenrecidae on the African continent are Poramogale velox and
the two species of Micropotamogale, forming the subfamily Potamogalinae. They differ
from the Madagascan tenrecids (Geogalinae, Oryzorictinae, Tenrecinae) in several
derived characters, such as the loss of the clavicle and the greater ossification of the
bulla. Potamogale departs from other living tenrecids in its molars, which retain the
metacone and possess a relatively well developed protocone and talonid, and thus link
the zalambdodont molar pattern with the tribosphenic pattern. Zalambdodonty is a
derived character in insectivores (Butler 1972). Protenrec is intermediate between Pota-
mozale and Micropotamogale in molar pattern, having a small metacone which is
rapidly worn off. The metacone is a plesiomorphous character that does not denote
special relationship; there is a trace of the cusp in some specimens of Oryzorictes (Major
1897).

Another primitive character of Protenrec is the long infraorbital canal, which it
shares with Geogale (fig. 16 B,C). In all other living tenrecids, including the Potamoga-
linae, the infraorbital foramen has retreated to a position below the anterior margin of
the orbit, above or posterior to M1/, and the canal has become a mere bridge (fig. 18 H).
Shortening of the infraorbital canal took place in other insectivore families, and in
Talpidae and Chrysochloridae it is bridge-like as in most Tenrecidae; the Erinaceidae
retained a longer canal, and their infraorbital foramen is usually anterior to P4/. The
short, bridge-like canal is a synapomorphy that the Potamogalinae share with the
Madagascan tenrecids, with the exception of Geogale, but it is unknown whether this is
due to common ancestry or to parallelism.

The intraorbital lachrymal foramen, with the associated strong antorbital crest, is a
primitive character unique to Protenrec among Tenrecidae, but found also in Erinacei-
dae, Centetodon, Nyctitheriidae, Nesophontes and Solenodon. The antorbital crest is
weak in Geogale and absent in Potamogale, but it is rather better developed in some
species of Microgale, e.g. M. majori and M. longicaudata, in which it reaches to the
anterior edge of the lachrymal foramen.

The mid-cranial constriction is a primitive character of Protenrec, shared with
Erinaceidae, some Talpidae (e.g. Desmana) and Solenodon. There is a slight constriction
in Geogale and Limnogale, but in other tenrecids the sides of the mid-cranium are
parallel (Potamogalinae, Nesogale, Paramicrogale, Tenrecinae) or divergent (Oryzo-
rictes, Microgale, Leptogale).

Living tenrecids differ in the relative sizes of the anterior teeth. 11/ and 1/2 are
enlarged and the canines are premolariform in Potamogalinae, Limnogale and Neso-
gale, whereas the canines are enlarged in Oryzorictes and Tenrec. Protenrec had small
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canines, at least in the lower jaw, and, to judge by the milk teeth, /2 was probably only
moderately enlarged. Its anterior dentition probably resembled that of Microgale,
which may be regarded as representing the primitive tenrecid condition. Geogale difters
from other tenrecids in that 1/1 is larger than 1/2.

Specialisation of P4/ to form a stabbing or puncturing tooth is a common insectivore
adaptation, found in erinaceids, geolabids, soricids, nyctitheriids, So/enodon and Neso-
phontes. P3/ is then much smaller than P4/ and weakly molarised. This arrangement is
present in Protenrec, Geogale and Nesogale, and it may be primitive for the family. In
other tenrecids P3/ is more molariform; it is higher than P4/ in Potamogalinae (fig. 18
H), Limnogale, Paramicrogale, some species of Microgale, and especially in Tenrec, in
which P3/ is much enlarged. At the same time P/3 becomes as high as P/4, and P/4
develops a paralophid, lacking in Protenrec and Geogale.

In Oryzorictinae the M/3 talonid is not reduced like those of the other molars, but it
is elevated to form a crest that shears against the posterior side of M3/. Also, with the
exception of Limnogale, the Oryzorictinae have an extended metastylar crest on M2/
that shears against the paralophid of M/3. In Protenrec, Geogale and the Potamogalinae
the M/3 talonid functions against the M3/ protocone, and the metastylar apex of M2/ is
less prominent, or not more prominent, than that of M1/.

Thus Protenrec seems to be not far removed from the tenrecid common ancestor.
Though it shows the largest number of resemblances to Geogale, these are probably
symplesiomorphous, reflecting the retention of primitive characters by Geogale.

ERYTHROZOOTES BUTLER & HOPWOOD, 1957

Erythrozootes chamerpes BUTLER & HOPWOOD, 1957

Erythrozootes chamerpes, Butler & Hopwood (1957), pp. 24-28, fig. 8.
Cf. Erythrozootes chamerpes, Butler (1969), pp. 20-21, fig. 9.

Holotype: M 14314, facial part of skull with dentition, from Legetet Formation, ‘Maize
Crib’ quarry.

Specimens identified:
Koru Formation.

Locality 25. KNM.LG 1542 (25/148), mandible with P/3, dP/4, M/1.

Locality 32. KNM.LG 1536 (32/268), mandible with M/2 and talonid of M/3.
Legetet Formation.

‘Maize Crib’ quarry. M 14236, holotype.

Locality 10. KNM.LG 1498 (10/884), maxilla, edentulous except for a broken P4/.
Kapurtay Agglomerates.

Songhor. Sgr 2491.66, mandible with M/1-3; KNM.SO 1702 (Sgr 2186.66), mandible

with M/3.

Napak.

Locality I. M 21831, mandible with P/4-M/3.

The cranium from ‘Maize Crib’ (M 14316) referred to this species by Butler (1969) is
now identified as Amphechinus rusingensis.

Description:
There are only four teeth anterior to P3/ in the holotype. The missing tooth could be
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Fig. 18. — Tenrecidae.

A, B, Erythrozootes chamerpes: A, alveoli and broken P4/ of KNM.LG 1498; B, fragment with P/3
(unerupted)- M/1, and crown view of M/1, KNM.LG 1542.

C-E, Parageogale aletris: C, maxillary fragment, KNM.CA 1548; D, fragment of L mandible, and
crown view of molar talonid, KNM.CA 2187; E, LP4/-M2/, KNM.CA 1548.

F.G, Geogale aurita (recent), BMNH 3.1.1.1: F, LP4/-M3/; G, teeth in occlusion.

H, Micropotamogale lamottei (recent), BMNH 73.170, teeth in occlusion. The large lower incisor (1/2)
bites laterally to I1/, whereas in Geogale the large lower incisor (I/1) bites medially to I1/.

either I3/ or P2/ (P1/ is absent in all Tenrecidae). Unfortunately the premaxillary suture
is not visible. The third tooth is slightly higher and more acutely pointed than the
fourth, which is broader and slightly triangular in outline, giving some support to these
teeth being the canine and P2/, in which case I3/ would be missing. In Recent tenrecids
I3/ is the smallest upper tooth, and it is lost in Geogale, Setifer and Echinops.

KNM.LG 1498 (fig. 18 A) contains the alveoli of P3/, which show that the tooth was
less widened than in the holotype, and that its lingual and posterobuccal roots were
united, indicative of a lower level of molarisation.
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KNM.LG 1542 (fig. 18 B) is a juvenile mandibular fragment with unerupted P/3, the
base of dP/4 and a fractured M/1. P/3 consists of a single cusp, with no evidence of
metaconid or paraconid, but the basal part of the tooth is uncalcified. dP/4 is equal in
length to M/1 but narrower. M/1 shows some details of the unworn pattern. It is as
broad as long, the paralophid is more transverse than in Protenrec, and the paraconid
approaches the metaconid in height; on the talonid, which occupies one-quarter of the
length of the tooth, there is a small hypoconid and a still more rudimentary entoconid.

The maxilla, KNM.LG 1498, agrees with the holotype. The infraorbital foramen is
above the posterior end of P4/, and the posterior opening of the infraorbital canal is
opposite the M1/-M2/ contact. The lachrymal foramen is large and opens on the face.
The mandible KNM.LG 1542 has two mental foramina placed closely together: a large
foramen under dP/4 and a smaller one anterior to it,

Relationships:

The first upper incisors are large, close together and vertical, as in Potamogale, not
spaced apart and procumbent as in Geogale. By analogy with Potamogale, 1/2 was
probably enlarged. The upper dentition anterior to P3/ is shortened: a tooth (? 13/) has
disappeared, and the remaining teeth are all one-rooted, whereas in Potamogale the
canine and P2/ have two roots. P3/ is less molariform than in Potamogale, P4/ resembles
Protenrec in being the most elevated of the cheek teeth and P/4 lacks a paralophid. The
molars are more transverse than in Protenrec, and they resemble those of Micropotamo-
gale in proportions and in the absence of the metacone. They have the same relation to
the orbit as in Protenrec, whereas in Potamogalinae they are placed more anteriorly.
The infraorbital canal is shorter than in Protenrec but much longer than in Potamogali-
nae. An antorbital crest is present, but it does not pass the lachrymal foramen, which
opens on the face; in Potamogalinae the antorbital crest and lachrymal foramen are
both absent. The sides of the cranium between the orbits converge backwards as in
Protenrec, indicating a mid-cranial constriction.

Despite some resemblance in the molars and anterior incisors, Erythrozootes is not
related to the Potamogalinae. It shares a number of primitive features with Protenrec,
and it is provisionally included in the Protenrecinae, but it represents an independent
line of advance which might justify a subfamily distinction.

Subfamily GEOGALINAE TROUESSART, 1879
PARAGEOGALE nov. gen.

Diagnosis: Differing from Geogale as follows: P2/ absent; molars with a trace of the
metacone; metastylar lobe of M2/ less reduced; palate extending far behind M3/,
infraorbital foramen above paracone of P4/.

Type species: Geogale aletris BUTLER & HOPWOOD, 1957.

Parageogale aletris (BUTLER & HOPWOOD, 1957)
Geogale aletris, Butler & Hopwood (1957), pp. 17-21, fig. 6.

Holotype: M 33046 (Rs 764.50), the facial part of a skull, from Hiwegi Formation, locality
R 3.
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Specimens identified:

Kapurtay Agglomerates. Chamtwara. KNM.CA 1548 (34/698), maxilla with P4/-M2/;
KNM.CA 2187 (34/1414), mandible with molar talonid; 34/698, edentulous man-
dible.

Hiwegi Formation. Locality R 3. M 33046 (Rs 764.50), holotype.

Description:

KNM.CA 1548 shows features of the cheek teeth, poorly preserved in the holotype.
P4/ resembles Geogale and Protenrec. The paracone, of which the tip is missing, must
have been higher than on M1/. It has a strong posterior crest but no anterior crest; the
parastyle has broken off, but the scar shows that it was low. There is a stylocone, partly
merged into the buccal surface of the paracone, and a lower posterior style. The
protocone occupies about one-third of the width of the tooth through the paracone.
M1/, which is complete, is a little less compressed longitudinally than in Geogale, and
resembles the Napak specimen of Protenrec. The posterior crest of the paracone has an
angulation at the position occupied by the metacone in Protenrec. The parastyle is
followed by a stylocone, which is connected by a crest with the paracone, and posterior
to the ectoflexus there is a low elevation of the stylar ridge. The protocone occupies 28 %
of the width of the tooth (24 % in Geogale). M2/ is shorter than M1/, and its metastylar
lobe is less prominent, though not as much reduced asin Geogale. The protocone of M2/
is not preserved. The infraorbital foramen is small. As in the holotype, it is situated
above the paracone of P4/, and farther removed from the teeth than in Geogale and
Protenrec.

The fragments of mandible from Chamtwara are referred to Parageogale because of
their small size. KNM.CA 2187 (fig. 18 D) contains the roots of three two-rooted teeth,
interpreted as P/4-M/2, of which only the talonid of M/1 is preserved. This occupies
one-quarter of the estimated length of the tooth. It bears a cusp, from which a low crest
runs anteriorly and somewhat lingually, marking off a lingual talonid basin as in
Protenrec. The other fragment has seven alveoli and part of an eighth, probably for
P/4-M/3. In both specimens the mental foramen is below P/4; in Protenrecitis below the
anterior root of M/1, and in Geogale there are foramina below M/1 and M/2.

Relationships:

Parageogale resembles Geogale in the enlarged, widely separated first incisors, and in
the absence of 13/. In Geogale the gap between the first upper incisors receives the tips of
the first lower incisors when the jaws close (fig. 18 G). P4/-M3/ of Parageogale are much
like Geogale except that the protocone of M1/ is slightly larger, there is a trace of the
metacone, and the metastylar apex of M2/ is less reduced: these are approaches to
Protenrec. In the skull, Parageogale resembles Protenrec and Geogale in the long
infraorbital canal, but the foramen is a little farther back, above P4/ instead of anterior
to it, and higher on the face. The sides of the interorbital part of the skull converge
posteriorly, indicating the presence of mid-cranial constriction, as in Protenrec.

Parageogale is related to Geogale but it has some primitive characters that it shares
with Protenrec. At the same time it diverges from both Geogale and Protenrec in some
ways, including the loss of P2/ and the backward extension of the palate.



170

Family CHRYSOCHLORIDAE GRAY, 1925
Subfamily PROCHRYSOCHLORINAE nov.

Diagnosis: Primitive Chrysochloridae in which M2/ is the widest molar, the upper molar
protocones are V-shaped, M/1 and M/2 talonids approach the trigonids in length, M/3
talonid is longer and higher than that of M/2, deciduous teeth are replaced early in life,
and the mid-cranial base is proportionately narrower than in the modern species.

PROCHRYSOCHLORIS BUTLER & HOPWOOD, 1957
Prochrysochloris miocaenicus BUTLER & HOPWOOD, 1957

Prochrysochloris miocaenicus, Butler & Hopwood (1957), pp. 11-17, figs. 4,5; Butler (1969), pp. 29-34, fig. 11.
Holotype: M 34151 (Sgr 638.49), facial part of skull, from Songhor.

Specimens identified:
Legetet Formation.

Maize Crib quarry. M 14236, facial part of skull (paratype).

Locality 10. KNM.LG 73 (10/103), right side of facial skull, and KNM.LG 72 (10/241),
snout (one individual); KNM.LG 1491 (10/585), maxilla with P4/-M2/; KNM.LG
1552 (10/961), maxilla with P4/-M3/; 4 edentulous mandibular fragments.

Locality 29. 29/1155, maxillary fragment with dP3/,4/; KNM.LG 1523 (29/335),
edentulous mandible.

Kapurtay Agglomerates.

Chamtwara. KNM.CA 2065 (34/726), maxilla with P4/, M1/; KNM.CA 2057 (34/1572),
mandible with M/1; KNM.CA 1520 (34/698), isolated lower molar; 3 edentulous
mandibles.

Songhor. M 34151 (Sgr 638.49), facial skull (holotype); KNM.SO 1092 (Sgr 144.72),
partial skull with mandible; KNM.SO 1412 (Sgr 306.72), facial skull with P3/-M3/:
KNM.SO 1414 (Sgr 1423.66), maxilla with P3/-M1/; Sgr 598.66, facial skull with
mandibles; KNM.SO 4844 (Sgr 183.62), mandible with M/3; KNM.SO 4119 (Sgr
3879.66), edentulous mandible.

Description:

The upper cheek teeth are best preserved in KNM.SO 1412, a partial skull with right
P3/-M2/ and left P4/-M3/ (fig. 19 A). P3/ has an extended metastylar apex but no
parastyle. The stylar ridge is confined to the posterior half of the buccal edge, and the
stylocone is absent, together with the buccal crest of the paracone (paracrista). The
protocone is smaller than on P4/ and the molars, and in KNM.LG 65t is absent. P4/ is
transversely wider than P3/. It has a small parastyle, and the stylar ridge is complete,
though the stylocone and paracrista are weakly developed. On M1/ and M2/ the
parastyle is high, and it projects anteriorly, as in Amblysomus hottentotus. The stylocone
is united with the parastyle, and there is a lower posterior style. On the middle part of
the stylar ridge of M1/ are three minor cuspules or crenulations, and one is present on
M2/; similar cuspules occur in Recent chrysochlorids. The metastylar apex of M1/ is
somewhat less prominent buccally than the parastyle; it is more reduced on M2/ and
absent on M3/. The height of the paracone is reduced on M2/ and M3/, but that of the
protocone is maintained, so that on M3/ the paracone and protocone are equal. The
protocone is V-shaped, and on M1/ and M2/ it occupies one-third of the width of the
tooth.
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Fig. 19. — Prochrysochloris miocaenicus.
A, KNM.SO 1412: RP3/-M2/ and LP4/-M3/, crown view; RP3/-M2/, anterior view; LP4/, anterior
view; LM1,2/, buccal view.
B, 29/1155, dP3,4/.
C, lower molar, KNM.CA 1520: crown, lingual, anterior and buccal views.
D, reconstruction of mandible.

E, teeth of Amblysomus iris corriae (recent) for comparison: RdP2/-M2/, RP3,4/, RdP/4-M/1 (crown
and lingual views).
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Two edentulous specimens show two alveoli for P/4, but in three others the alveoli
are united. KNM.CA 1520 (fig. 19 C) is an isolated M/ or M/2 that is quite unworn. The
trigonid is high and much compressed anteroposteriorly, the angle between its crests
being about 40°. The paraconid is more reduced and less lingual in position than in
Recent chrysochlorids (fig. 19 E). The talonid, which is nearly as long as the trigonid,
carries a single cusp near the middle of the posterior border. There is a fragment of
cingulum anterior to the protoconid. On M/3 (KNM.SO 1702) the talonid is narrower
and its cusp more elevated.

A maxillary fragment from Legetet (29/1155) contains dP3/ and dP4/ (fig. 19 B); the
germ of P4/ is exposed on the broken posterior surface of the specimen. The milk teeth
are similar in length to the corresponding premolars, but they are less widened, their
metastylar apices are less prominent, and the parastyles are developed as on the molars.
dP3/ has a protocone, and on dP4/ the stylocone is as high as the posterior stylar cusp.
KNM.SO 9814, in which M/3 is unerupted, contains the alveoli of dP/3 and dP/4. These
show that the milk molars were narrower than the premolars, the root of dP/3 was
partly divided, and dP/4 was two-rooted and similar in length to M/1. In Recent
chrysochlorids replacement of the milk dentition takes place only after the adult size
has been reached, and most museum specimens contain milk teeth (Leche 1904, Thomas
& Schwann 1906, Broom 1908). There are 12 specimens of Prochrysochloris with pre-
molars but only two with milk molars, and replacement must have occurred earlier in
life.

Seven skulls are now known, but in all of them only the anterior part is preserved. All
have permanent premolars. The internasal, interfrontal and maxilla-premaxilla sutures
are closed in all the skulls; the maxilla-nasal and maxilla-frontal sutures are open in four
specimens, and closed in three.

The infraorbital canal is preserved in KNM.LG 63 (fig. 20 A). It is not as short as in the
living species, its length being a little less than the vertical diameter of the infraorbital
foramen. The antorbital crest is stronger than in the living species. Although the
zygomatic arch is not preserved, a broken surface, lateral to the posterior opening of the
infraorbital canal, shows that the anterior root of the arch has the same relation to the
canal as in other chrysochlorids. Above M2/ there is a scar for muscle attachment (?
external masseter) which occurs also in the living species.

KNM.SO 1092 shows the middle part of the base of the skull, and the specimen has
been prepared to reveal the interior of the basicranium anterior to the ear region (fig. 20
C). Unfortunately, except for a minute portion of the middle ear chamber, the ear region
itself is not preserved. The posterior edge of the palate lies 1.5 mm behind M3/. The
palatal crest is represented, as in Recent chrysochlorids, by a pair of prominences on the
palatine bones. The ectopterygoid process of erinaceids is represented, as in Recent
chrysochlorids, by a flange which passes below the sphenopalatine foramen and is
continuous posteriorly with the lateral edge of the sphenorbital foramen. A lateral
process is developed midway along the flange; this is also present in some living forms
such as Chrysochloris and Eremitalpa, in which it extends the area of origin of the lateral
pterygoid muscle. Ventrally and posteriorly to the sphenorbital foramen the floor of the
braincase is thickened and filled with cancellous bone. The foramen ovale, which is well
removed from the sphenorbital foramen, as in Amblysomus hottentotus, leads from a
canal through the cancellous bone for the mandibular nerve. The length of the mid-
cranium, measured from the foramen ovale to the sphenopalatine foramen, is 46 % of
the length of the palate, within the range of the living species (34-50%), but the width
across the sphenorbital foramina, compared with the width of the palate across the
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Fig. 20.

A, Prochrysochloris miocaenicus skull, KNM.LG 63, showing infraorbital canal.

B, infraorbital canal of Amblysomus duthiae (recent), for comparison.

C, Prochrysochloris miocaenicus, KNM.SO 1092: lateral and ventral views, and floor of mid-cranium.

D, Amblysomus hottentotus (present), floor of mid-cranium, for comparison.

Abbreviations: C.EP, cavum epiptericum. F.CA, carotid foramen. F.OV, foramen ovale. F.SPO,
sphenorbital foramen (lacerum anterius). F.SPP, sphenopalatine foramen. FL, flange on lateral
pterygoid process. IAM, internal auditory meatus. M.EAR, fragment of middle ear chamber. PIT,
pituitary fossa. RA, impression of ascending ramus of mandible.
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cheek teeth, is less (50 %, compared with 70-90 % in the living species). The interior of the
mid-cranial floor, exposed in KNM.SO 1092, confirms this difference. There is a shallow
pituitary fossa, bounded posteriorly by a low but distinct dorsum sellae, on either side
of which are the carotid foramina, as in A. hottentotus (fig. 20 D). However, the cavities
for the gasserian ganglia (cava epipterica), on either side of the pituitary fossa, are not
so widely separated as in A. hottentotus and other Recent chrysochlorids, the internal
opening of the foramen ovale being much nearer to the carotid foramen. In the Recent
forms the basicranium between the olfactory and auditory capsules is proportionately
shorter and wider than in Prochrysochloris, as if longitudinally compressed.

The lower jaw can be partly reconstructed from fragments (fig. 19 D), but nothing is
known of the condylar and angular processes. The lower edge of the horizontal ramus
reaches its lowest level below M/2-3, instead of under the premolars as in the Recent
species. The position of the mental foramina varies: the anterior one is under P/3 or P/2,
the posterior one under the anterior root of M/1 or the posterior root of P/4. In
KNM.LG 1523 the posterior foramen is doubled. A mould in KNM.LG shows that the
ascending ramus rises perpendicularly from the line of the teeth, closely behind M/3,
and it is tilted laterally. The mandibular foramen, seen in KNM.SO 1702, is in line with
the teeth and closer to M/3 than in most living species, but it agrees with Chrysospalax
villosus.

Relationships:

Prochrysochloris differs from all living chrysochlorids in the more posterior
emphasis of the cheek teeth, in which M2/ is the widest molar, M3/ and M/3 are
comparatively large, P2/ is not molariform, and P3/ and dP3/ are proportionately
smaller and less molariform than in living species. The protocone and talonids of the
molars are less reduced, and there is an anterobuccal cingulum on the lower molars. The
milk dentition was replaced earlier in life. In the skull, the bridge that represents the
infraorbital canal is broader, and the midcranial base is less widened. Although all these
characters are very probably primitive, the wide difference between Prochrysochloris
and the living genera demands its separation at the subfamily level.

The comparatively short, broad palate of Prochrysochloris may not be primitive.
What are believed to be the most primitive living species (Petter 1981), such as Chryso-
spalax trevelyani, Amblysomus hottentotus and A. (Chlorotalpa) duthiae, have longer
palates, with length/width indices in the range 140-155 (Length is measured from the
anterior margin of the 11/ alveolus; width is the greatest width across the cheek teeth).
The index in Prochrysochloris is 113, similar to Chrysochloris asiatica, Eremitalpa granti
and Amblysomus obtusirostris, which are in the range 105-125. The species with short
palates are divergent in dental morphology, and they have probably been derived
independently from forms with long palates. The length of the midcranial base, between
the palate and the auditory bulla, is reduced in species with short palates. This would
affect the orientation of the pterygoid muscles, and it might explain the development of
the process on the lateral pterygoid flange, present in Prochrysochloris and living species
with short skulls, but absent or rudimentary in long-skulled species.
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Order CHIROPTERA BLUMENBACH, 1779
Family PTEROPODIDAE GRAY, 1821
Subfamily PROPOTTININAE nov.

Diagnosis: Lower molars with low relief and poorly differentiated cusps, but posterior
trigonid crest retained, and talonid not shortened; M/3 less reduced than in other
Pteropodidae, and M3/ probably present; mandible fairly robust.

PROPOTTO SIMPSON, 1967
Propotto leakeyi SIMPSON 1967
Propotto leakeyi, Simpson (1967), pp. 50-51, PL iy Walker (1969), pp. 647-648.
Holotype: KNM.SO 508 (Sgr 391.49), mandible with P/3-M/2, from Songhor.

Specimens identified:
Koru Formation.

Locality 25. KNM.KO 101 (25/61), left mandible with P/3-M/3. This is a little larger
than the holotype (P/3-M/2 16.5 mm; 14 mm in the holotype), and it differs in
some details of the teeth.

Kapurtay Agglomerates.

Chamtwara. KNM.CA 1999 (34/1526), isolated M/1 or M/2.

Songhor. KNM.SO 508 (Sgr 391.49), mandible with P/3-M/2 (holotype; Simpson’s
specimen R); KNM.RU 2084 (Rs 1.58), mandible with M/2,3 (Simpson’s specimen
T; not from Rusinga).

Hiwegi Formation.

Locality (?) R 1. KNM.RU 1879 (Rs 579.49), mandible with P/3-M/3 (Simpson’s spe-
cimen S).

Locality R 3 A. KNM.RU 3690 (Rs 517.49), right mandible with P/3,4 and base of
canine.

Description (fig. 21 A-C):

The upper dentition and the lower incisors are unknown. The base of the lower
canine is preserved in KNM.RU 3690, and the root is visible in cross-section on the
anterior broken surface of the Koru specimen. The canine is relatively larger than in
living pteropodids: its greatest diameter is about equal to the length of M/1, and its root
reaches at least to below P/3. P/2, known only by its single root, is a small tooth,
separated by a short gap from P/3. The protoconid of P/3 is the highest cusp of the
post-canine dentition. It is more elevated in the Koru specimen than in the holotype and
in KNM.RU 3690, but the difference may be due to wear. There is an anterior crest which
is continuous with an anterolingual cingulum. A posterolingual crest, present in the
specimens from Songhor and Rusinga, is weak in the Koru specimen. Except for very
slight indications in the holotype, paraconid and metaconid are absent. The talonid is
short, resembling a wide posterior cingulum, and it bears a low cusp (hypoconid)
towards the buccal side. A posterior crest of the protoconid, weak in the Koru
specimen, runs to the hypoconid. In the Koru specimen there is a fragment of buccal
cingulum near the posterior end of the tooth. P/3 has two roots.

P/4 is quite unworn in KNM.RU 1879 (Simpson’s ‘S’), in which P/3 is in process of
eruption. Compared with P/3, P/4 is more molariform; the protoconid is less elevated;
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Fig. 21. '

A-C, Propotto leakeyi. A, KNM.KO 101, L mandible with P/3-M/3, buccal and crown views, and
anterior view showing canine root; B, KNM.RU 3690; C, KNM.CA 1999.

D, Pteropus conspicillatus (recent), R teeth in occlusion, and LP/2-M/3, crown view.

E, Cheirogaleus major (recent), LM/1,2 crown view, and L lower dentition, lingual view.
F, Artibeus planirostris (recent), the same.
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there is a weakly indicated metaconid on the posterolingual ridge of the protoconid; the
anterolingual cingulum is more extensive, reaching to the base of the metaconid, and its
edge is crenulated. The talonid is larger; its margin is differentiated into a number of
blunt crenulations, of which the most buccal one, representing the hypoconid, is the
highest and most distinct.

M/1 and M/2 are longer and wider than P/4. They vary in proportions: M/1 of
KNM.RU 1879 is transversely broader than other specimens. Most of the crown is
occupied by the shallow talonid basin; the trigonid basin is narrow and oblique,
bordered anteriorly by a crenulated paralophid which corresponds to the anterolingual
cingulum of the premolars. The protoconid is low and obtuse. The metaconid is weakly
differentiated, and posterolingual to the protoconid, the two cusps being joined by a
low crest. The hypoconid is the most distinct of the talonid cusps;itis a little lower than
the protoconid, and it occupies rather less than half of the buccal side of the crown.
There are a number of crenulations on the posterior and lingual edges of the talonid. A
short anterobuccal cingulum is present on KNM.RU 1879. M/3 is smaller than M/2, but
not as reduced as in living pteropodids, in some genera of which it has been lost. It hasa
large talonid basin like the other molars, and the posterior margin is somewhat elevat-
ed, representing the enlarged hypoconulid of other mammals. This talonid must have
functioned against M3/, a tooth which has been lost in the living forms. KNM.RU 1879
contains an unerupted M/3 in a crypt; in this specimen P/3 is in process of eruption and
P/4 is in place but unworn.

The ramus of the mandible is deeper and more stoutly constructed than in the living
forms. The symphysis reaches to below P/4, whereas in the living forms it does not
extend beyond the anterior end of P/3. The masseteric fossa, seen in the Koru specimen,
is deeper. KNM.RU 3690 has a foramen under the posterior end of P/4 and two smaller
ones farther forward; the Koru specimen has two foramina under P/4.

Relationships:

Originally described as a lorisoid primate, Propotto was recognised as a pteropodid
by Walker (1969). It resembles the less specialised of the living fruit-bats such as Pteropus
in the general organisation of the dentition: large canine; small P/2; protoconid height
diminishing from P/3 backwards; metaconid displaced posteriorly in relation to the
protoconid. However, the structure of M/3 indicates that M3/ was retained. As Walker
(1969) pointed out, the molars show traces of the tribosphenic pattern lost in living
pteropodids. A protoconid-metaconid crest divides off the small trigonid basin from
the large talonid basin, whereas in modern forms the basins are replaced by a longitudi-
nal valley passing along the length of the tooth, although the metaconid-protoconid
connection may persist on the premolars. The hypoconid is still distinct in Propotto, but
absent or very rudimentary in modern forms; the cusp posterior to the protoconid in
Pteralopex and Hypsignathus is a protostylid. The development of minor cuspules and
crenations in Propotto constrasts with the simple patterns and smooth enamel of living
pteropodids.

In their low relief and loss of cutting edges the molars of Propotto resemble those of
frugivorous primates such as Perodicticus, Cheirogale and Pithecia, and there is also a
resemblance to the phyllostomatid Artibeus (fig. 21 E,F). Such teeth function by
crushing, irregularities of the surface preventing slipping of the food. The molars of
Pteropus and other modern pteropodids are constructed in a different way, with a
longitudinal median valley flanked by buccal and lingual ridges (fig. 21 D). On the lower
molars the ridges are formed by the protoconid and metaconid, and on the upper
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molars by the paracone and protocone; the talonid and metacone are reduced. These
bats feed by extracting the juices from soft, pulpy fruits, whereas Artibeus can eat hard,
unripe figs, and Chirogaleus and Perodicticus are partly insectivorous. It would appear
that Propotto was capable of dealing with more resistant material than modern pteropo-
dids, and the robustness of its mandible is consistent with this interpretation.. Among
phyllostomatids, Sturnira seems to be adaptively similar to Preropus, though the
posterior cusps (metacone, hypoconid) take part in the formation of the ridges.

What little is known of the dentition of Archaeopteropus transiens, from the Oligo-
cene of Italy, indicates a considerable difference from Propotto. The lower molar drawn
in side view by dal Piaz (1937) has high, acute cusps, and it has been compared by
Slaughter (1970) with Harpionycteris and Pteralopex, which he regards as retaining
primitive features of the molar pattern. In these modern forms elevation of the cusps
and the development of additional cusps (protostylid, metastylid) may be derived
features, adapted to piercing the skins of fruits; similar features are present also in
Hypsignathus. Supposedly pteropodid characters of Archaeopteropus, such as the
second claw on the wing, are primitive chiropteran characters found in Icaronycteris,
and Russell & Sigé (1970) tentatively included the genus in the Icaronycteridae. If they
are followed, Propotto would be the oldest known pteropodid. However, Smith &
Storch (1981) maintain that Archaeopteropus is a pteropodid.

It is unlikely that Propotto is ancestral to the living genera. While its molar pattern
could be regarded as representing an earlier stage in the evolution of frugivory, much
change would be needed to produce the modern pattern: loss of the talonid, and
development of the longitudinal groove between the protoconid and the metaconid.
Despite differences of detail, all the living forms have this basic pattern. There are more
than 20 living genera, and the geographical range extends from Africa to Samoa. It
seems unlikely therefore that the common ancestor was as late as the Miocene. The
greatest generic diversity is in South-east Asia, suggesting that this may have been the
area of origin. The living African genera fall into three distinct groups (classification of
Koopman & Jones 1970): (1) the 8 genera of the tribe Epomophorini, confined to Africa;
(2) 3 genera of the subtribe Rousettina, tribe Pteropini, one of them (Rousettus) widely
distributed in Southern Asia and reaching the Solomon Is.; (3) one genus of Macroglos-
sinae, a subfamily of otherwise Indo-Australian distribution. These groups probably
represent three invasions from Asia. Propotto is interpreted as belonging to an extinct
side-branch from the pteropodid stem, and a new subfamily Propottininae is proposed
to include it.

Pteropodid humeri

/)

Chiropteran humeri are known from the East African Miocene by fragments in
which only the proximal or the distal end of the bone is preserved.

Proximal end:
Kapurtay Agglomerates. Chamtwara. KNM.CA 1117 (34/653); KNM.CA 2156 (34/897);
KNM.CA 2190 (34/1418c).
Songhor. KNM.SO 5533 (Sgr 3030.66).
Distal end, type A:
Kapurtay Agglomerates. Chamtwara. KNM.CA 2178 (34/1101); KNM.CA 2199 (34/1599).
Songhor. KNM.SO 1400 (Sgr 546.72).
Distal end, type B (? same species as proximal end):
Kapurtay Agglomerates. Chamtwara. KNM.CA 2197 (34/1533).
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Description:

Proximal ends identified as Pteropodidae are similar in size and structure and
probably represent one species (fig. 22 A). The width across the trochanters is 4.3 -4.5
mm., the width of the head is 2.5 - 2.7 mm, and the width of the shaft is 2.15 - 2.25 mm.
These measurements are 80-84% of those of a specimen of Cynopterus sphinx.

N

Fig. 22. — Proximal humeri, posterior, lateral and proximal views.
A, Pteropodidae, KNM.SO 5533.
B, Emballonuridae, KNM.SO 5523.
C, Hipposideridae, KNM.CA 1124.
D, Vespertilionidae, KNM.CA 2155.

In most respects the fossils agree with modern pteropodids. The proximal part of the
humerus is curved posteriorly. The head is not noticeably compressed, but it is some-
what flattened on the medial side. The articular surface continues across a shallow
groove onto the trocheter (greater trochanter), which is truncate and about one-third as
wide as the head. There is a conspicuous depression on the lateral surface of the
trocheter for m. infraspinatus, and distally from the trocheter a ridge extends 4 mm
down the shaft. The trochin (lesser trochanter) is wider transversely than the trocheter,
but neither of the trochanters reaches proximally beyond the head. The medial edge of
the trochin is continued down the shaft as a ridge, to the same level as the distal ridge of
the trocheter. The bicipital groove is a deep notch in an anteromedial position between
the trochin and a longitudinal crest for m. pectoralis. The deltoid crest, most completely
preserved in KNM.CA 2156, is moderately prominent; it reaches its greatest prominence
near the level of the distal edge of the head, and gradually diminishes distally;its length
is about 7 mm.

Cynopterus differs only in that the distal ridge of the trocheter is a little shorter, so
that the trocheter appears to be more undercut in anterior or posterior view. The
undercutting is more obvious in Epomophorus and Hypsignathus, and in these genera
the groove between the head and the trocheter is almost absent. The deltoid crest is less
prominent in Pteropus and Macroglossus, and higher than in the fossil in Eidolon and
Rousettus.
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Fig. 23. — Distal humeri, anterior, posterior and distal views.
A, Pteropodidae, type A, KNM.CA 2199.
B, Pteropodidae, type B, KNM.CA 2197.
C, Nycterididae, KNM.CA 2198.
D, Vespertilionidae, type A, KNM.CA 2191.
E, Vespertilionidae, type B, KNM.SO 1399.
F, Emballonuridae, type A, specimen from R 3 (Butler 1969).
G, Emballonuridae, type B, M 34152.
H, Molossidae, M 4355.
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There are four examples of the distal end of the humerus. Two from Chamtwara
(KNM.CA 2178, 2199) and one from Songhor (KNM.SO 1440) probably belong to one
species (fig. 23 A); they have a maximum width of 6.6 - 6.9 mm (93 - 105% of a specimen of
Cynopterus sphinx). The fourth specimen, from Chamtwara (KNM.CA 2197) is smaller
(width 5.1 mm, 78 % of Cynopterus sphinx). The larger specimens are referred to type A
and the smaller one to type B. From its size, type B is the more likely to be conspecific
with the proximal humeri. Though poorly preserved, its structure seems to agree with
type A, and the following description relates to both.

The epitrochlea is more than half as wide as the articulatory surface, which is
displaced laterally. The tip of the epitrochlea bears a scar for flexor muscles on its
anterodistal surface. Nearer to the trochlea there is a small spinous process, placed
towards the posterior side, and a pit for a ligament in the anterior surface. The
epitrochlea merges proximally into the side of the shaft, its medial profile being slightly
concave, as in Cynopterus, Rousettus and Eidolon; in Pteropus, Macroglossus and
Epomophorus the concavity is more marked. The keel of the trochlea is about as
prominent as in Cynopterus and somewhat less so than in Preropus. Lateral to it is the
trochlear groove, which extends onto the posterior side of the bone. There is a moderate
anterior concavity proximally to the trochlea, but the posterior surface is flat. The
capitellum is broad and evenly rounded, and the groove that marks off the lateral
capitellar ridge is shallow. On the lateral surface is a deep pit for a ligament, surroun-
ded, except proximally, by a U-shaped articulatory surface for a sesamoid. In all these
features the fossils resemble the living forms.

These humeri are comparable in size with that of Cynopterus sphinx, whereas the jaw
of Propotto is about twice as large. It is therefore unlikely that the humeri belong to
Propotto, unless the proportion between head and wings was very different from
modern pteropodids. This possibility cannot be altogether excluded, as Propotto has
strongly built, crushing jaws and might be expected to have alarge head. Alternatively,
the humeri indicate the presence of more typical pteropodids in the African Early
Miocene.

Family EMBALLONURIDAE GERVAIS, 1855
TAPHOZOUS GEOFFROY, 1818
Taphozous incognita (BUTLER & HOPWOOD, 1957)

Saccolaimus incognita, Butler & Hopwood (1957), pp. 29-31, fig. 9.

Holotype: M 14222, left half of a facial skull, from Legetet Formation, Maize Crib
quarry.

There is a second specimen from the Legetet Formation, from locality 10: KNM.LG
1514 (10/882), facial skull.

Description (Fig. 24 A,B):

KNM.LG 1514 is broken anteriorly, but it contains a fragment of the left canine and
part of left P4/. The molars are complete on both sides, but on the left they have been
pushed dorsally. Posteriorly the specimen is broken off at the narrowest part of the
cranium. Premaxillae and the anterior ends of the nasals are missing, and the postorbi-
tal processes have broken off, but the frontal crests are preserved.

The single root of P2/ is present on the right side. It is separated from the canine by a



182

Fig. 24.
A, B, Taphozous incognita, KNM.LG 1514. A, facial skull in dorsal, lateral and palatal views. B,
RP4/-M3/, and lingual view LM1/.
C, T (Lironycteris) nudiventris (recent) for comparison.
D, Hipposideros sp., KNM.SO 1392, RM/1-3 in crown and lingual views, and M/1,2 in buccal view.

short diastema. In living species of Taphozous P2/ nearly always touches the canine. P4/
has three roots, visible on the right side. On the left side the anterior part of the crown,
with the paracone, is missing, but the worn metastylar crest remains. The lingual part of
the tooth is occupied by a semicircular talon. The protocone has worn off; a trace is
visible in the holotype, in an anterolingual position. P4/ does not appear to differ from
that of living species. M1/ is preserved on both sides, though it is worn. As in other
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species of Taphozous the paracone is V-shaped, with crests to the stylocone and
mesostyle; in Emballonura and Coleura the stylocone and the buccal paracone crest are
not developed. There is a forwardly projecting parastyle, but the anterior cingulum is
short, as in Taphozous; in Emballonura and Coleura the cingulum connects the parastyle
with the protocone. The metacone is higher than the paracone, and the metastylar apex
of the crown is prominent. The buccal margin has an indentation anterior to the
mesostyle and a smaller one posterior to the mesostyle. The indentations are similar to
those of T. nudiventris; they are shallower in T. mauritanicus and deeper in T. peli. The
lingual part of the crown, though worn, shows a structure typical of Taphozous. The
protocone is anteriorly situated; there is a posterior talon at a lower level, but no
hypocone is developed; there is no indication of a protocone-metacone ridge, the floor
of the trigon passing smoothly into that of the talon. M2/ is a little shorter and wider
than M1/, and it is more symmetrical, the metastylar apex being less prominent. The
paracone approaches the metacone in height, its buccal crest (to the stylocone) is
longer, the parastyle points more buccally, and the buccal indentation anterior to the
mesostyle is deeper. These differences between M2/ and M1/ are found in the living
species. M3/ agrees with Taphozous and differs from Coleura and Emballonura in having
no metacone, and also in the reduction of the protocone, which occupies only one-fifth
of the width of the tooth.

The width of the snout, measured across the canines, is greater in proportion to the
width across the molars than in the smaller species of Taphozous, but not as greatasin 7.
peli. The antorbital crest passes in front of the lachrymal foramen, which is thus
intraorbital as in some living species such as 7. nudiventris and T. theobaldi, in other
species, e.g. T. peli, T. mauritianus, T. perforatus and T. longimanus, there is a gap in the
crest near the lachrymal foramen, which opens at the edge of the orbit. The infraorbital
foramen is near the lachrymal foramen as in all the living species. The skull roof
between the orbits is broad and shallowly depressed as in T. nudiventris and T. peli,
whereas in T. longimanus, T. mauritianus, T. perforatus and other species the depression
is deeper, and the dorsal orbital margins are more deeply concave, reducing the
interorbital distance. The frontal crests, arising from the postorbital processes, are
strongly developed in T. incognita; they converge to meet at an angle of rather less than a
right angle, at about the level of the midcranial constriction. They resemble those of T.
peli. In T. nudiventris they follow the same course but are weaker or obsolete posterior-
ly, owing to swelling of the cranial roof. In the species with a deep interorbital
depression the frontal crests are nearly transverse and meet at a wide angle. T incognita
has no supraorbital foramina; among living species, these are present only in T. peli. In
T. incognita there is a foramen posteroventral to the postorbital process for the exit of
the sinus canal; this is present in the living species. The anterior emargination of the
palate reaches to the level of the-anterior end of P2/; in the living species, where P2/ is
nearer the canine, the emargination ends opposite the middle or posterior edge of P2/.
The posterior emargination, lateral to the pterygoid process, reaches the level of the
posterior edge of M3/ in KNM.LG 1514, thus not so far forward as in the holotype. The
difference is probably due to individual age, as the teeth of the holotype are less worn.

Relationships:

The generic interrelationships of Emballonuridae were investigated by Barghoorn
(1977). The oldest and most primitive genus is Vespertiliavus, from the Late Eocene —
Middle Oligocene of Europe (Revilliod 1920). This has three premolars (P2-4/), but all
living emballonurids have lost P3/. A species of Taphozous from the Burdigalian of
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France, known only by isolated teeth, seems to have retained a small third premolar, at
least in the lower jaw (Legendre 1980). According to Barghoorn (1977), Vespertiliavus
agrees with Taphozous (and Saccolaimus, which he considers to be generically separate)
in the loss of the hypocone from the molars, but Revilliod (1920) states that a very small
hypocone is present on M1/ but not on M2/; species of Vespertiliavus may differ in this
respect. Likewise, the protocone-metacone ridge is absent in Barghoorn’s specimens
but described as present by Revilliod; a trace is retained in some specimens of Tapho-
zous. Taphozous is clearly distinguished from the other living genera, as well as from
Vespertiliavus, by the absence of the metacone of M3/. It resembles Vespertiliavus, but
differs from the remaining genera, in the presence of the stylocone and the buccal crest
of the paracone on M1/. On these criteria, T. incognita clearly belongs to Taphozous.

Among the living species of the genus, those placed in the subgenera Saccolaimus (T.
peli, T. saccolaimus, T. flaviventris) and Liponycteris (T. nudiventris, T. kashhensis) most
resemble T. incognita. The interorbital region of the skull roof is wide and not deeply
depressed, and the frontal crests approach each other at an acute angle. Saccolaimus
differs from T. incognita in the marginal position of the lachrymal foramen, the
presence of supraorbital foramina, and the deeper buccal indentations on the molars.
Liponycteris differs in the weaker frontal crests. However, except for the absence of
supraorbital foramina shared with Liponycteris, the characters that 7. incognita has in
common with Saccolaimus and/or Liponycteris are also present in Vespertiliavus and
therefore presumably primitive. Until derived characters are recognized T. incognita
cannot be allocated to a subgenus. The subgenus Taphozous is excluded in any case
because of the distinctive characters of its skull roof.

Emballonurid humeri

Proximal end:

Kapurtay Agglomerates. Songhor. KNM.SO 5523.
Distal end, type A (? same species as proximal end):

Legetet Formation. Locality 10. KNM.LG 1507 (10/897).

Hiwegi Formation. Locality R 3. Specimen described by Butler (1969).
Distal end, type B (1 T. incognita):

Kapurtay Agglomerates. Songhor. M 34152.

Description:

The only specimen of the proximal end (fig. 22 B) measures 5.3 mm in maximum
width. It is similar in size to Taphozous longimanus and too small to belong to T.
incognita. The head is less compressed than in Taphozous and Vespertiliavus, but it is not
very different from 7. longimanus. As in Emballonuridae generally, the trocheter is near
the head, from which it is marked off by a groove; it does not project beyond the head
proximally. On its proximal surface is a fossa for m. suprasupinatus, and laterally there
is one for m. infraspinatus. The latter faces slightly posteriorly as in T. peli; in T.
longimanus the posterior orientation is more pronounced, and in Vespertiliavus the
fossa faces directly posteriorly (Revilliod 1920). The trochin is widely separated from the
head, and it is rather more extended than in Taphozous and Vespertiliavus. Between the
head and the trochin there is a deep excavation from the posterior side. Anteriorly to
this excavation, a sinuous ridge connects the trochin with the proximal end of the
deltoid crest. This crest has broken off, but the broken surface shows that it was narrow
and proximally situated, as in other emballonurids. This specimen may represent an
unknown genus.
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There are two types of distal end. Type A (fig. 23 F) is represented by the specimen
from Rusinga described by Butler (1969) and by KNM.LG 1507, a new specimen from
Legetet. These agree in size with 7. nudiventris and probably belong to the same species
as the proximal end from Songhor. Type A approaches Vespertiliavus in the small size
of the styloid process (broken off in the Legetet specimen).

Type B (fig. 23 G) is known by a single specimen from Songhor (M 34152). Its width is
5.9 mm, 89% of that of Taphozous peli, and it is thus of a size to belong to T. incognita.
The distal width is greater in comparison with that of the shaft than in type A orin T.
peli and T. longimanus. The styloid process of the epitrochlea is longer than in type A,
reaching distally to the level of the trochlear keel, and resembling T. longimanus and T.
nudiventris; in T. peli and T. saccolaimus it is not quite so long. The lateral keel of the

capitellum is prolonged proximally, unlike type A and Vespertiliavus, but in agreement
with Taphozous.

Family NYCTERIDIDAE VAN der HOEVAN, 1855

Humerus

The distal end of a humerus from Chamtwara (KNM.CA 2198) is very similar to the
living Nycteris thebaica. Its maximum width is 5.0 mm, that of the joint surface 2.5 mm,
and that of the shaft 1.6 mm. The epitrochlea occupies half the width of the distal end,
displacing the joint laterally so that the capitellum is entirely lateral to the shaft. A
surface for muscle insertion can be seen on the anterior side of the tip of the epitrochlea.
The styloid process has broken off, but it was in the same position as in Nycteris, at
some distance from the trochlea. The trochlear keel is hardly more prominent than the
capitellum. The lateral ridge is distinctly marked off from the capitellar condyle by a
groove.

This is the oldest known member of the Nycterididae. At present there are 9 species in
Africa and S.W. Asia and one species in S.E. Asia, all in the genus Nycteris. Five of the
African species inhabit forest (Hayman 1967).

Family MEGADERMATIDAE ALLEN, 1864
Genus and species indeterminate

The mandible from the Hiwegi Formation (M 34141), and described by Butler &
Hopwood (1957), remains the only representative of this family. It comes from Kas-
wanga, not R 106 as previously stated.

Family HIPPOSIDERIDAE FLOWER & LYDEKKER, 1891
HIPPOSIDEROS GRAY, 1831

Species indeterminate

KNM.SO 1392 is a fragment of mandible from Songhor with three very worn molars,
of which M/3 has been displaced from its original position (fig. 24 D). The estimated
total length of the molars is 6.9 mm, about the same as in H. cyclops and somewhat less
than in H. commersoni and H. diadema.
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M/1 measures 2.2 X 1.55 mm. All cusps have been removed from the trigonid; its worn
surface approximates to an equilateral triangle, the protoconid angle being about 70°
and the protoconid-metaconid edge inclining backwards at an angle of about 60° to the
long axis of the tooth. The talonid is equal in width to the trigonid. The hypoconid,
worn into a crescent, is much lower than the trigonid. Its anterior crest meets the middle
of the posterior trigonid wall, and its posterior crest runs posterolingually, turning
more posteriorly at its lingual end where a hypoconulid must have stood. A groove
separates the hypoconulid from the entoconid; the tooth is nyctalodont (Menu & Sigé
1971). The entoconid was joined to the metaconid by a ridge. The crown is much higher
buccally than lingually, owing to a downward buccal inclination of the base, as in other
insectivorous bats. There is a wide buccal cingulum, continuous from the paraconid to
the hypoconulid. The buccal margin of the tooth is nearly straight, with only the merest
indication of an indentation between trigonid and talonid. M/2 resembles M/1, but it is
a little wider (measurements: 2.2 X 1.65 mm) and the trigonid angle is smaller (60°), the
anterior edge of the trigonid being more transverse. M/3 is somewhat smaller than M/2
(2.1 X 1.6 mm) and its talonid is narrowed.

This specimen resembles Hipposideros cyclops, H. abae and H. commersoni, among
living African species. In H. caffer and H. camerunensis the talonid of M/3 is less
reduced and the hypoconulid of M/1 and M/2 is less differentiated. In H. megalotis, H.
marisae and H. jonesi the teeth are narrower and the buccal indentation is more marked.
H. (Pseudorhinolophus) bouziguensis SIGE, 1968, from the terminal Aquitanian of
Europe, is very similar to the Songhor specimen, but slightly smaller (M/1-M/3 6.25-6.65
mm).

Hipposiderid humeri

The only example of the proximal end is KNM.CA 1124 (34/653), from Chamtwara
(fig. 22 C). The maximum width is 4.2 mm, and the specimen is thus similar in size to H.
larvatus; it is much too small to belong to the same species as the mandible from
Songhor. The head is less compressed than in living species of Hipposideros, but
resembles species of the subgenus Pseudorhinolophus (H. (P.) bouziguensis, H. (P.)
schlosseri). The trocheter projects proximally beyond the head. Its proximal fossa, for
m. supraspinatus, is situated towards the anterior side; the lateralfossa, for m. infraspi-
natus, faces slightly posteriorly, as in Pseudorhinolophus and in the living H. galeritus. In
H. commersoni, H. larvatus and H. diadema the infraspinatus fossa faces directly
laterally. The trochin reaches the level of the head and has a greater mediolateral
diameter than the trocheter. The ridge that connects the trochin to the deltoid crest has
a slight intermediate elevation. The deltoid crest is wide proximally and narrows as it
reaches its greatest height at a level distal to the head.

The distal end of a humerus from Songhor (Sgr 149.66) was described by Butler (1969).
There are two more specimens, KNM.SO 1391 (Sgr 1855.66) and KNM.SO 1385 (Sgr
2152.66), also from Songhor, which seem to belong to the same species. The width is 5.4
-5.7 mm, much less than in H. commersoni (8.6) and H. diadema (7.1), and larger than in
H. larvatus (4.4). These distal humeri therefore seem to be specifically different both
from the mandibular specimen and from the proximal humerus.
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Family VESPERTILIONIDAE GRAY, 1821
Subfamily KERIVOULINAE MILLER, 1907
CHAMTWARIA, nov. genus

Diagnosis: Resembling Kerivoula in having three upper premolars, the middle one (P3/)
smaller than the anterior one (P2/) but less reduced than in Myotis; differing from
Kerivoula in the longer, narrower face, nasals extending above canines, infraorbital
foramen close to tooth row, the sharp infraorbital crest, and the less elevated paracone
of P4/.

Type and only species: Chamtwaria pickfordi nov. spec.

Chamtwaria pickfordi nov. spec.
Diagnosis: With the characters of the genus. P2/-M3/ 10.3 mm.

Holotype: KNM.CA 2237, the anterior part of a skull, from Chamtwara. This is the only
known specimen.
The species is named after Dr. Martin Pickford.

Description (fig. 25 A,A’):

The skull is broken off posteriorly at the back of the olfactory chamber, and most of
the alveolar portion of the maxilla is missing on the right side. On the left side the orbit
and the root of the zygoma are preserved, and the three premolars are complete, but the
canine and molars are represented only by their broken bases or roots.

Chamtwaria is large for a vespertilionid; in size of molars and width of palate it is
comparable with Scotophilus nigrita and S. heathi, but the postcanine tooth-row is
longer.

The face anterior to P4/ is narrower and less depressed than in Myotis and Kerivoula.
Its width, behind the canines, is about equal to the total length of C - P4/, as in Natalus.
The dorsal surface of the face is flattened, lacking the median concavity of Kerivoula
and Mpyotis and thus resembling Natalus. The profile rises rapidly above the orbits.
There are no sutures, except a trace of the internasal suture. Grooves show the position
of the ascending processes of the premaxillae, which reached back to above the pos-
terior end of the canines. The nasals are long, extending beyond the canines and
reducing the size of the external narial opening. The large anterior emargination of the
skull of other Vespertilionidae is absent, but there is more resemblance to Natalus. The
zygomatic arch arises above M2-3/. Its dorsal edge continues as a sharp crest below and
anterior to the orbit, passing in front of the lachrymal foramen, as in Myotis; in
Kerivoula this crestis weak and the lachrymal foramen opens on the face. The lachrymal
foramen is above the anterior end of M1/ as in Kerivoula and Myotis; in Natalus it is
above M2/. The infraorbital foramen is low on the face above the anterior end of P4/;in
Kerivoula and Myotis it is higher, nearly level with the lachrymal foramen; in Natalus it
is low but over P3/. The palate is proportionately longer and narrower than in Kerivoula
and Mpyotis, and also more arched; it resembles Natalus in proportions. Its anterior
border is not well preserved, but the emargination did not reach beyond mid-canine
level. Posteriorly, the lateral part of the palate ends immediately behind M3/; the
median part extended back under the nasopharynx, but its posterior edge is not
preserved.
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Fig. 25.
A, A’, Chamtwaria pickfordi, KNM.CA 2237. A, facial skull in dorsal, lateral and palatal views; A’,
dentition.
B, Kerivoula cuprosa (recent).
C, Natalus major (recent).
D, Myotis tricolor (recent).

To judge by its broken base, the canine seems to have been comparatively small. The
first two premolars (P2,3/) are proportionately larger than in Kerivoula, so that the total
length of the premolar series is 79% of the length of the molar series, compared with
55-65% in Kerivoula. In Myotis both'P2/ and P3/ are reduced, especially P3/ which in
some species is minute and displaced lingually. P2/ is larger than P3/ in Chamtwaria, as
in Kerivoula and Myotis, but in Natalusitis much smaller. Alveoli on the right side of the
specimen show that P2/ has two roots. The crown is broadly oval in outline, and less
compressed anteroposteriorly than in Kerivoula. There is a single cusp, blunted by wear,
and buccal and lingual cingula. P3/ is proportionately narrower than P2/, and not
compressed as in Kerivoula; it is separated from P4/ by a short space. In Natalus P3/ is
triangular. P4/ of Chamtwaria approaches an equilateral triangle in outline; it is much
shorter and less wide than M1/. The paracone is not elevated as in Kerivoula, but only
about as high as on P2/. As far as can be seen from their broken bases, M1/ and M2/
resemble those teeth in Kerivoula and Myotis. On M1/ the metastylar apex projects
farther laterally than the parastyle, and on M2/ parastylar and metastylar apices are
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equally prominent. The lingual region is more extended on M1/ than on M2/. The roots
of M3/ indicate a short, transverse tooth. In Natalus M1/ and M2/ are more quadrate
and M3/ is less reduced in length.

Relationships:

The fossil genus that is most like Chamtwaria is Stehlinia, from the U. Eocene-Oli-
gocene of Europe (Revilliod 1922, Sigé 1975). This agrees in having a long face, with
nasals extending above the canines, though the face is flatter and there is a median
dorsal concavity; the lower edge of the orbit is sharp; the infraorbital foramen is low,
near the teeth. Except the dorsal concavity, these characters are also shared with
Natalus. The premolars of Stehlinia resemble Natalus and differ from Chamtwaria: P2/
is small and one-rooted; P3/ is a larger, triangular tooth which frequently develops a
third root; P4/ is wider in comparison with M1/, and its paracone is elevated. Sigé (1975)
considers Stehlinia to represent a primitive vespertilionoid stock of which Natalus and
Kerivoula are the least modified living descendants. Kerivoula and Chamtwaria have
advanced beyond Stehlinia in the simplification of P3/ and enlargement of P2/. Myotis
also has P3/ smaller than P2/, but both teeth have diminished in size as the face has
shortened, leading to the disappearance of P3/ in other vespertilionids. Thus Kerivoula
and Chamtwaria show in their premolars an early stage in the development of a derived
vespertilionid character. Chamtwaria is more primitive than Kerivoula in skull charac-
ters in which it resembles Stehlinia and Natalus.

How to express these relationships taxonomically is mainly a matter of taste. Sigé
(1975) removed Kerivoula from the Vespertilionidae and included it with Stehlinia in a
family Kerivoulidae, but he retained the Natalidae as a separate family. Van Valen
(1979) combined Kerivoulidae and Natalidae with Thyropteridae, Furipteridae and
Myzopodidae into a single paraphyletic family Natalidae, noting that they lack derived
characters of Vespertilionidae, mostly characters of the humerus. Both these arrange-
ments have the disadvantage of obscuring the relationship of Kerivoula to Myotis. 1
would therefore retain Kerivoula in the Vespertilionidae, subfamily Kerivoulinae, but
would exclude Stehlinia. Chamtwaria, unlike Stehlinia but like Kerivoula, has advanced
in the vespertilionid direction in premolar organisation, and it may also be included in
the Vespertilionidae. It is provisionally placed in the Kerivoulinae, though a case might
be made for making it the type of new subfamily.

Vespertilionid humeri

There are two similar proximal ends of humeri from Chamtwara, KNM.CA 2155
(34/811) and 2189 (34/1418b) (fig. 22 D). The maximum width of KNM.CA 2155is 3.3 mm,
and the width of the head is 1.5 mm. In KNM.CA 2189 part of the trochin has broken off,
but more of the shaft remains; the head width is 1.5 mm and the shaft widthis 1.7mmata
distance of 3 mm below the head. These specimens agree in size and form with Myotis
daubentoni. The head is relatively large, and nearly spherical. The trocheter projects
proximally to a moderate degree, as in Myotis. The trochin is smaller than the trocheter,
and does not rise above the head. The deltoid crest is not very high; it is wide proximally,
where its medial edge overhangs the bicipital groove. The distal ridge of the trocheter
extends for most of the length of the deltoid crest. A supraglenoid fossa is present in the
proximal surface of the humerus.

There are two types of distal end. Type A, represented by a specimen from Chamt-
wara, KNM.CA 2191 (34/1418a) (fig. 23 D), may belong to the same species as the
proximal ends. The width of the joint is 2.4 mm, and that of the shaft is 1.4 mm. The
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epitrochlea is broken, but it seems to have had the same transverse development as in
Mpyotis. The groove of the trochlea is very shallow, and the trochlear keel and the
capitellar condyle are about equally prominent, together forming an almost cylindrical
surface. The ridge of the capitellum is clearly marked off by a groove, deeper than the
trochlear groove. The proximal part of the ridge of the capitellum (epicondyle) has
broken off. Proximally to the articular surface there is a fossa for the radius, on the
anterior side, and a shallower concavity posteriorly. The structure agrees well with
Myotis.

Type B is represented by a larger specimen from Songhor, KNM.SO 1399 (Sgr 2143.66)
(fig. 23 E): maximum width 4.4 mm, joint width 3.4 mm, shaft width 2.3 mm. It is of similar
size to Vespertilio murinus. It differs from type A in that the shaft is flattened anteropos-
teriorly as in Vespertilio and Eptesicus, the trochlear groove is somewhat deeper and the
posterior concavity is more pronounced. The epitrochlea is broken and the epicondyle
is missing.

Family MOLOSSIDAE PETERS, 1865

Humerus

The distal end of a humerus from Napak, M 43555, is the only specimen referred to
the Molossidae (fig. 23 H). Its maximum width is 3.5 mm, joint width 2.9 mm, shaft width
1.6 mm. It is about the size of Otomops martiensseni, and larger than Tadarida aegyptiaca
and the Stampian and Aquitanian species of Tadarida from Europe (Sigé 1971). It
closely resembles all these in structure. The shaft is deeper (anteroposteriorly) than
wide. The joint is in line with the shaft, so that the trochlear ridge is slightly medial, and
the ridge of the capitellum slightly lateral to the edges of the shaft when seen in anterior
view. The distal part of the epitrochlea, with the styloid process, has broken off, but it
was clearly strongly constructed. The trochlear groove is shallow, and the trochlear
ridge is hardly more prominent than the capitellum. The condyle of the capitellum
occupies about one-third of the width of the joint. The capitellar groove is deeper than
the trochlear groove. The lateral ridge of the capitellum is concave laterally, and at its
proximal end there is a moderately prominent epicondylar process. Proximally to the
condyle the anterior surface is excavated. The trochlear ridge is continued up the
posterior side of the bone beyond the smooth area of the joint; another, less prominent
ridge continues the lateral ridge of the capitellum, converging towards the trochlear
ridge. The area between these ridges is transversely, but not longitudinally, concave,
forming a groove that is continuous with the trochlear groove.

This is the oldest recorded African molossid. The family is represented at Beni Mellal
(Lavocat 1961) by some indeterminate molar teeth. Unfortunately the very uniform
morphology of the molossid humerus, going back to the Oligocene (Sigé 1971), pre-
cludes a generic identification of the Napak specimen.
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CONCLUSIONS

My previous report (Butler 1969) included material collected up to 1966. Nearly all of
it came from Rusinga and Songhor. Subsequent collecting has added several more
locations, including Meswa Bridge, Chamtwara, Mfwanganu, Maboko and Fort Ter-
nan, and many more specimens have been found at sites previously known. The total
number of identified specimens now approaches 500, almost three times as many as in
1969.

This additional material has provided further information about species already
known, but it has not resulted in the discovery of new species of macroscelideans and
insectivores, except in the oldest and youngest deposits: Meswa Bridge and Fort
Ternan. For the Kapurtay Agglomerates and the Hiwegi Formation the list of species
belonging to the two orders must be approaching completion. Knowledge of the
Chiroptera however is less complete, for additional collecting has raised the number of
species from 5 to at least 14.

The new material covers a range of about 9 Ma (23-14 Ma), but the great majority of
specimens are from the Legetet Formation, the Kapurtay Agglomerates and the Hiwegi
Formation, which are much closer in time, probably within 3 Ma. There is only one
specimen from Meswa Bridge, and only 11 have come from the Koru Formation.
Likewise the younger deposits at Maboko and Fort Ternan have produced very few
macroscelideans and insectivores, and no bats. Evidence of evolutionary change is
therefore limited. Miorhynchocyon meswae might be ancestral to M. rusingae. The Koru
specimen of Amphechinus has a two-rooted M/3, there is an increase in the size of A.
rusingensis between Legetet and Chamtwara, and the Fort Ternan form is more
advanced. The Propotto from Koru differs in some ways from specimens from Songhor
and Rusinga. Most differences between the faunas consist in the presence or absence of
species, due partly to immigration or extinction and partly to ecological differences.

The Koru Formation contains, besides the Amphechinus and Propotto just mention-
ed, a problematic macroscelidean, perhaps related to Hiwegicyon. There are also
Miorhynchocyon clarki, Galerix africanus and Erythrozootes chamerpes, present again in
the Legetet Formation. There they are associated with Amphechinus rusingensis, pro-
bably derived from the Koru form, and with three more insectivores that have not yet
been found at Koru: Gymnurechinus leakeyi, Protenrec tricuspis and Prochrysochloris
miocaenicus. The Legetet fauna contains three bats: a pteropodid (distal humerus A),
Taphozous incognita, and a smaller emballonurid (distal humerus A), but not Propotto.
The list provided by Pickford & Andrews (1981, table 2) shows that 4 species of primate
and 8 rodents in the Legetet Formation have not been found in the Koru Formation,
and Proconsul africanus is subspecifically different in the two deposits. The apparent
absence of species from the Koru Formation is no doubt partly due to the small size of
the collection, but Evans et al. (1981) found evidence of an ecological difference:
whereas the Legetet fauna represents a forest community, that of Koru indicates a more
open habitat.

Superimposed on the Legetet Formation are the Kapurtay Agglomerates, contain-
ing the Chamtwara and Songhor faunas. All the macroscelideans and insectivores
known from Legetet are present,and also the bats, if the emballonurid distal humerus B
belongs to Taphozous incognita. Added to these are Miorhynchocyon rusingae, Gymnu-
rechinus camptolophus, Parageogale, Myohyrax (doubtfully present at Legetet), and
several bats: Propotto, three hipposiderids, a nycterid, Chamtwaria and two other
vespertilionids.
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Miorhynchocyon meswae 1
M. clarki 1 7 20 15 11 11 1
M. rusingae 10 1 6 1
Myohyrax oswaldi 1 30 3 1 22 4 many 1
Myohyrax sp. 1
Pronasilio ternanensis 3
Hiwegicyon juvenalis (?‘l:ﬂ 1 1
Galerix africanus 5 1 10 11
Amphechinus rusingensis ( le) 12 28 8 3 2 3 1 1
Amphechinus sp. 2
Gymnurechinus leakeyi 6 1 2 30 9 1 3
G. camptolophus 10 14 2
Protenrec tricuspis 1 9 10 2 1
Erythrozootes chamerpes 2 2 2 1
Parageogale aletris 1
Prochrysochloris miocaenicus 10 6 7
Chiroptera 1 4 13 11 1 3 1

Table 7 : Tally of specimens.
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Certain differences between the Songhor and Chamtwara faunas may be noted.
Present at Songhor but not Chamtwara are M. rusingae, G. camptolophus, Erythro-
zootes and five species of bat. At Chamtwara Myosorex is much commoner, and there
also occur Parageogale and four bats that have not been found at Songhor. Most of the
differences concern rare species whose absence may well be accidental, but M. rusingae
and G. camptolophus are fairly common at Songhor, with 10specimens each. Pickford &
Andrews (1981, table 2) show that some other mammals, common at Songhor, are
absent at Chamtwara: Rangwapithecus gordoni (71 specimens from Songhor), Simoni-
mys genovefae (42) and Notocricetodon petteri (29). Although ecological diversity analy-
sis (Andrews et al., 1979, Evans et al., 1981) indicates that both Songhor and Chamtwara
represent predominantly forest faunas like Legetet, the method is insufficiently sensi-
tive to prove that the environment was uniform.

Radiometric data indicate that the Hiwegi Formation on Rusinga Island is younger
than the Kapurtay Agglomerates, though the relationship cannot be demonstrated
stratigraphically. The fauna contains 4 macroscelideans, 6 insectivores and 3 bats. All
are shared with Songhor or Chamtwara or both, except the megadermatid and Hiwegi-
cyon juvenalis, known by one or two specimens only. Differences from the Kapurtay
faunas that may be significant are the abundance of Gymnurechinus leakeyi, the rarity
of Galerix and Protenrec, and the absence of Prochrysochloris and Erythrozootes. Bats
are also scarce: 10 species known from Songhor and Chamtwara have not been found at
Rusinga. These differences may be at least partly due to the different modes of
deposition: whereas at Songhor and Chamtwara the fossils are mainly from palaeosols,
the Rusinga deposits are mainly water-laid silts and sands indicating floodplain and
lake-margin conditions (Van Couvering 1972, Andrews & Van Couvering 1975, Pick-
ford 1981).

Within the Hiwegi Formation there are local differences of fauna, particularly
between the Hiwegi area (R I, R 3 etc.) on the eastern side of the island and the
Kaswanga area on the western side. The Kaswanga area is characterised by the large
form of Miorhynchocyon clarki and by Gymnurechinus camptolophus, whereas Miorhyn-
chocyon rusingaeis known only from the Hiwegiarea, from which come most specimens
of Myohyrax and Gymnurechinus leakeyi. Andrews & Van Couvering (1975), from an
intensive study of a site in the Kaswanga area, concluded that successive layers were
environmentally different. They collected the large form of M. clarkifrom layers KB, KF
and KG, of which the faunal diversity showed most resemblance to forest (Andrews et
al. 1979), but not from KH, which represented a more open habitat. Verdcourt (1963)
found evidence from the gastropods for the existence of drier conditions (woodland,
bush, savanna) at some localities on Rusinga, especially in the Hiwegi area, but species
characteristic of forest also occurred at some of the same localities. Mixing of faunas
due to flood-plain deposition might explain the occurrence of M. rusingae together with
the typical form of M. clarki at R 1 and R 3. Closely related sympatric species, such as
those of Miorhynchocyon and Gymnurechinus, would be expected to have different
habitat preferences. Although the living Rhynchocyon is confined to closed forest, this
was not necessarily the case with the Miocene form.

At Karungu Myohyrax oswaldi is abundant, and Amphechinus rusingensis, Gymnure-
chinus leakeyi and Miorhynchocyon clarkiare present. These four species occur together
at Chamtwara, Songhor and Hiwegi, but the fauna as a whole bears most resemblance
to Hiwegi (Pickford 1981, 1983). The Karungu sediments are of fluviatile origin, and
represent a wet flood-plain facies. Evans e al. (1981) point to the hypsodonty of
Mpyohyrax and of the abundant lagomorph Kenyalagomys, which to them suggest a



194

grazing adaptation and thus indicate an environment in which ground vegetation was
dominant. Such conditions might occur in wet as well as in drier areas. If Myohyrax fed
on seeds and shoots rather than grass it would still be dependent on low vegetation, for
its foot bones show that it was a ground-runner like the living macroscelids. Kenyalago-
mys and Myohyrax both occur at Rusinga, but whereas Myohyraxis found mainly in the
Hiwegi area, Kenyalagomys is equally abundant in the Kaswanga area. At Chamtwara,
where Myohyrax is common, Kenyalagomys has not been reported.

Mpyohyrax survived into the Middle Miocene at Fort Ternan, where it is accompanied
by Amphechinus and Miorhynchocyon. A new appearance is Pronasilio, the oldest
member of the Macroscelidinae. The living members of this subfamily, with the
exception of Petrodromus, inhabit savanna and grassland, and its occurrence at Fort
Ternan is consistent with the change to a more open habitat, postulated by Andrews et
al. (1979).

Myohyrax, Protenrec and Erythrozootes have been found at Napak. The Myohyrax
has proportionately smaller premolars than at Chamtwara and Karungu and it may be
more primitive. The Protenrec is a little larger than at Chamtwara and Songhor, and
there are minor differences in the teeth, but these may be merely individual variations.
The mandible of Erythrozootesfrom Napak does not differ significantly from fragments
found at Koru and Songhor. The Myohyrax suggests that Napak may be somewhat
older than the Kapurtay Agglomerates, but the difference might be geographical. The
molossid humerus cannot be matched at the Kenyan localities.

The Early Miocene of East Africa provides a picture of the small mammal fauna of
Africa which is equalled only in the Late Pliocene and Pleistocene. Four of the five
existing familities of African macroscelideans and insectivores were present. The
Soricidae, now by far the most numerous in species, appear to have been absent: the
specimen of Crocidura from Rusinga is now regarded as Pleistocene or Recent. Of the
bats, seven of the nine African families are now recognised.

The only known Oligocene macroscelidean (Metoldobotes) already possessed deriv-
ed characters, and the order had evidently undergone much diversification prior to the
Miocene. Rhynchocyoninae and Myohyracinae were clearly differentiated by Early
Miocene time. Macroscelidinae appear only in the Middle Miocene, but they represent a
third line of evolution, perhaps going back to a common ancestry with the Myohyra-
cinae in the Oligocene. The Tenrecidae and Chrysochloridae are confined to Africa and
must have been present in the Oligocene. The three Miocene genera of Tenrecidae are
evidence of an earlier radiation, which would also have produced the ancestor of the
Potamogalinae. Prochrysochloris already possessed most of the distinctive characters of
the Chrysochloridae, and it is widely different from the contemporary tenrecids.

In contrast with these endemic families, the Erinaceidae are clearly an immigrant
group. Of the three Early Miocene genera, Galerix is represented in the Miocene of
Europe, and it is probably related to the Oligocene genus, Tetracus, Amphechinus was
widely distributed in Eurasia in the Oligocene; Gymnurechinus, though unknown
outside Africa, must have had a common ancestor with Amphechinus and Palaeoscaptor
in Asia, probably in the Early Oligocene. Galerix and Amphechinus appear in Africa at
Koru, in association with other forms of Asiatic origin, including cricetodontids,
chalicotheres, rhinoceroses, pigs and tragulids. Their entry indicates the formation of a
land-bridge, dividing the Tethys Sea from the Indian Ocean (Bernor 1983), early in the
Miocene, perhaps shortly before 20 Ma. This is in accordance with the European
appearance of Brachyodusin zone MN 3a (Mein 1979), and earlier than the appearance of
Proboscidea (MN 3b; 17.5 Ma according to Berggren & Van Couvering 1974) and of
hominoid primates (MN 5; 16-15 Ma).
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The subsequent history of African macroscelideans and insectivores may be inferred
in outline by comparing the Plio-Pleistocene fauna with the Early Miocene fauna
(Butler 1978). The Miocene erinaceids died out; the living hedgehogs of the subgenus
Erinaceus (Atelerix) represent a late invasion from the north (Butler & Greenwood
1973). Miorhynchocyon is ancestral to Rhynchocyon, but the Myohyracinae are extinct.
The Macroscelidinae underwent an expansion in the Late Tertiary, with three Plio-
Pleistocene genera. The Tenrecidae have survived as the Potamogalinae, but these were
not directly derived from known Miocene genera. The nearest living relative of Para-
geogale is Geogale, in Madagascar. The Chrysochloridae have diversified. The most
significant change in the insectivore fauna was the introduction of Soricidae, which are
first known at Beni Mellal, and are now represented by six genera and over 100 species.
Their expansion may account for the decline of Tenrecidae.

Less can be said about the history of the Chiroptera. Four families of Microchirop-
tera appear in Europe, probably as immigrants from Asia, at 44-40 Ma in the Late
Eocene (Emballonuridae, Rhinolophidae, Hipposideridae, Vespertilionidae), with the
addition of Megadermatidae and Molossidae at 40-37 Ma (Sigé & Legendre 1983). The
few bats from the Oligocene of Africa give the impression of endemism: Provampyrus,
known only by the humerus, is of uncertain affinities, and two vespertilionoids are
considered by Sigé (unpub.) to belong to a new family. It would seem that the Tethys
Sea prevented the migration of bats from Eurasia to Africa, despite their powers of
flight. However, all the families present in the Oligocene of Europe had appeared in
Africa by the Early Miocene, with the exception of Rhinolophidae. Nearly all living
rhinolophids are found in open country, and this may explain their absence from the
Early Miocene deposits, which represent predominantly forest environments. Rhinolo-
phus occurs in the Middle Miocene of Beni Mellal. The Nycterididae are unknown in
Europe, and they may have evolved in Africa, where all the living species except one are
found. The Pteropodidae, to judge from their present distribution, probably evolved in
southern Asia. They reached Europe in the Oligocene, if Archaeopteropus is a pteropo-
did. There seems to have been more than one invasion of Africa, including Propotto
which represents a primitive side-branch of the family.

ACKNOWLEDGEMENTS

I am most grateful to Dr. Martin Pickford for proposing the work and providing
facilities for examination of the collections in Nairobi. I am also much indebted to Dr.
J.J. Hooker and to the staff of the Mammal Section at the British Museum (Natural
History) for help with the study of specimens under their charge; also to Dr. Malcolm
McKenna at the American Museum of Natural History, and Dr. William D. Turnbull
at the Field Museum of Natural History, Chicago, for permission to examine fossil
erinaceids. I thank Dr. Thomas H.V. Rich for sending casts, and Dr. Bernard Sigé for
the loan of specimens. Dr. T. Harrison most generously allowed me to make use of his
check-list of Miocene African insectivores. Mr. J.E. Hill and Dr. K.F. Koopman gave
valuable advice on bats, and discussions with Dr. Martin Pickford and Dr. Peter
Andrews were greatly appreciated. The visit to Nairobi was financed by the Boise Fund.



196

BIBLIOGRAPHY

ANDREWS C.W., 1914. — On the lower Miocene vertebrates from British East Africa collected by Dr. Felix Oswald.
Quart. J. geol. Soc. Lond., 70, p. 163-186.

ANDREWS P., 1981. — A short history of Miocene field palaecontology in Western Kenya. J. hum. Ecol., 10, p. 3-9.

ANDREWS P. and EVANS E.M.N., 1979. — The environment of Ramapithecus in Africa. Palaeobiology, 5, p. 22-30.

ANDREWS P., LORD J.M. and EVANS E.M.N., 1979. — Patterns of ecological diversity in fossil and modern
mammalian faunas. Biol. J. Linn. Soc., 11, p. 177-205.

ANDREWS P., MEYER G.E., PILBEAM D.R., VAN COUVERING J.A.and VAN COUVERING J.H., 1981. — The
Miocene fossil beds of Maboko Island, Kenya. Geology, age, taphonomy and palaeontology. J. hum. Evol., 10, p.
35-48.

ANDREWS P. and VAN COUVERING J.H., 1975. — Palacoenvironments in the East African Miocene. In Approa-
ches to Primate Paleobiology, F.S. Szalay (ed) (Contributions to Primatology, 5). Karger, Basel, p. 62-103.
BARGHOORN S.F., 1977. — New material of Vespertiliavus Schlosser (Mammalia, Chiroptera) and suggested rela-

tionships of emballonurid bats based on cranial morphology. Am. Mus. Novir. 2311, p. 1-29.

BAUDELOT P., 1973. — Etude des chiroptéres, insectivores et rongeurs du Miocéne de Sansan (Gers). Thesis, Univ. P.
Sabatier, Toulouse.

BAUDELOT P. and CROUZEL F., 1976. — Insectivore et rongeur lagomorph a Navére (Lectoure), Burdigalien infé-
rieur du Gers. Bull. Soc. Hist. nat. Toulouse, 112, p. 47-52.

BERGGREN W.A. and VAN COUVERING J.A., 1974. — The late Neogene. Biostratigraphy, geochronology and
paleoclimatology of the last 15 million years in marine and continental sequences. Palaeogeog. Palaeoclimat.
Palaeoecol., 16, p. 1-216.

BERNOR R.L., 1983. — Geochronology and zoogeographic relationships of Miocene Hominoidea. In New Interpre-
tations of Ape and Human Ancestry. R.L. Ciochon and R.S. Corruccini (eds.) (Advances in Primatology), New
York and London, Plenum Press., p. 21-64.

BISHOP W.W., 1968. — The evolution of fossil environments in East Africa. Trans. Leicester Lit. Phil. Soc., 62, p. 22-24.

BISHOP W.W., MILLER J.A. and FITCH F.J., 1969. — New potassium-argon age determinations relevant to the
Miocene fossil mammal sequence in East Africa. Am. J. Sci., 267, p. 669-699.

BOHLIN B., 1942, — The fossil mammals from the Tertiary deposit of Taben-buluk, western Kansu. Part 1. Insectivora
and Lagomorpha. Paleont. Sinica, n.s. C., N° 8a, p. 1-113.

BROOM R., 1908. — A contribution to the knowledge of the Cape golden moles. Trans. S. Afr. phil. Soc., 18, p. 283-311.

BUTLER P.M., 1948. — On the evolution of the skull and teeth in the Erinaceidae, with special reference to fossil
material in the British Museum. Proc. Zool. Soc. Lond., 118, p. 446-500.

BUTLER P.M., 1956. — Erinaceidae from the Miocene of East Africa. Fossil Mammals of Africa, 11. London, British
Museum (Natural History), p. 1-75.

BUTLER P.M., 1969. — Insectivores and bats from the Miocene of East Africa: new material. /n Fossil Vertebrates of
Africa, Vol. 1, L.S.B. Leakey (ed.). London and New York, Academic Press., p. 1-37.

BUTLER P.M., 1972. — The problem of insectivore classification. /n Studies in Vertebrate Evolution, K.A. Joyseyand
T.S. Kemp (eds.). Edinburgh, Oliver & Boyd, p. 253-265.

BUTLER P.M., 1978. — Insectivora and Chiroptera. /n Evolution of African Mammals, V.J. Maglio and H.B.S. Cooke
(eds.). Cambridge (Mass.) and London, Harvard University Press, p. 56-68.

BUTLER P.M., 1980. — The giant erinaceid insectivore, Deinogalerix FREUDENTHAL, from the upper Miocene of
Gargano, Italy. Scripta geol., 57, p. 1-72.

BUTLER P.M. and GREENWOOD M., 1973. — The early Pleistocene hedgehog from Olduvai, Tanzania. /n Fos-
sil Vertebrates of Africa, Vol. 3. L.S.B. Leakey, R.J.G. Savage and S.C. Coryndon (eds.). London and New York,
Academic Press, p. 7-42.

BUTLER P.M. and GREENWOOD M., 1976. — Lower Pleistocene elephant-shrews (Macroscelididae) from Olduvai
and Makapansgat. In Fossil Vertebrates of Africa, Vol. 4. R.J.G. Savage and S.C. Coryndon (eds.). London, New
York and San Francisco, Academic Press, p. 1-56.

BUTLER P.M.and HOPWOOD A.T., 1957. — Insectivora and Chiroptera from the Miocene rocks of Kenya Colony.
Fossil Mammals of Africa, 13. London, British Museum (Natural History), p. 1-35.

CRUSAFONT M., DE VILLALTA J.F. and TRUYOLS J., 1955. — El burdigaliense continental de la cuenca del
Vallés-Penedés. Mem. Comun. Instit. geol. Barcelona, 12, p. 1-272.

DAL PIAZ G., 1937. —1 mammiferi dell’Oligocene Veneto, Archaeopteropus transiens. Mem. Ist. geol. Univ.
Padova, 11 (6), p. 1-8.

ENGESSER B., 1980. — Insectivora und Chiroptera (Mammalia) aus dem Neogen der Tiirkei. Schweiz. paliont. Abh.,
102, p. 47-149.

EVANS E.M.N., VAN COUVERING J.A.H. and ANDREWS P., 1981. — Palaeoecology of Miocene sites in western
Kenya. J. hum. Evol., 10, p. 99-116.

HAYMAN R.W., 1967. — Chiroptera. In The Mammals of Africa: an identification manual, J. Meester and H.W. Setler
(eds.), Part 11. Washington, Smithsonian Institution Press.

HOPWOOD A.T., 1929. — New and little-known mammals from the Miocene of Africa. Am. Mus. Novit., 344, p. 1-9.



197

HURZELER J., 1944. — Uber ecinen dimyloiden Erinaceiden (Dimylechinus nov. gen.) aus dem Aquitanien der
Limagne. Ecl. geol. Helv., 37, p. 460-467.

KINDAHL M.E., 1959. — The tooth development in Erinaceus europaeus. Acta Odont. Scand., 17, p. 467-489.

KOERNER H.E., 1940. — The geology and vertebrate paleontology of the Fort Logan and Deep River Formations of
Montana. Part I: new vertebrates. Amer. J. Sci., 238, p. 837-862.

KOOPMAN K.F. and JONES J.K., 1970. — Classification of bats. Jn About Bats: a Chiropteran Biology Symposium,
B.H. Slaughter and D.W. Walton (eds.). Dallas, Southern Methodist University Press, p. 22-28.

KORTLAND A., 1983. — Facts and fallacies concerning Miocene ape habitats. /n New Interpretations of Ape and
Human Ancestry, R.L. Ciochon and R.S. Corruccini (eds.) (Advances in Primatology). New York and London,
Plenum Press, p. 465-514. i

LAVOCAT R., 1961. — Le gisement de vertébrés miocénes de Beni Mellal. Etude systématique de la faune de
mammiféres. Notes Mém. Serv. Mines Carte géol. Maroc, 155, p. 29-94.

LECHE W., 1895. — Zur Entwicklungsgeschichte des Zahnsystems der Sdugethiere... 1. Theil: Ontogenie. Bibl. Zoolo-
gica, 17, p. 1-160.

LECHE W., 1904. — Uber Zahnwechsel bei Sidugetieren im erwachsenen Zustand. Zool. Anz., 27, p. 219-222.

LEGENDRES., 1980. — Un chiroptére emballonuridé dans le Néogéne d’Europe occidentale: considérations paléobio-
géographiques. Géobios, 13, p. 839-847.

LEGENDRES., 1982. — La faune de micromammiféres du gisement burdigalien de Port-la-Nouvelle. Compléments et
indications paléoécologiques. Bull. Soc. géol. Fr., T° sér., 24, p. 383-387.

McKENNA M.C., 1975. — Toward a phylogenetic classification of the Mammalia. /n Phylogeny of the Primates: a
multidisciplinary approach, W.B. Luckett and F.S. Szalay (eds.). New York and London, Plenum Press, p. 21-46.

McKENNA M.C.and HOLTON C.P., 1967. — A new insectivore from the Oligocene of Mongolia and a new subfamily
of hedgehogs. Am. Mus. Novit., 2311, p. 1-11.

MAJOR C.J.F., 1897. — On the change and form of the teeth in the Centetidae. 4nn. Mag. nat. Hist., ser. 6, 20, p. 525-
544,

MATTHEW W.D. and GRANGER W., 1924, — New insectivores and ruminants from the Tertiary of Mongolia, with
remarks on the correlation. Am. Mus. Novit., 105, p. 1-7. :

MEIN P., 1979. — Rapport d’activité du groupe de travail vertébrés. Mise a jour de la biostratigraphie du Néogéne
basée sur les mammiféres. Ann. Géol. Pays Hellen., Tome hors série, fasc. 3, p. 1367-1372.

MENU H. and SIGE B., 1971. — Nyctalodontie et myotodontie, importants caractéres de grades évolutifs chez les chi-
roptéres entomophages. C.R. Acad. Sci. Paris, 272, p. 1735-1738.

MUNTHE J. and WEST R.M., 1980. — Insectivora of the Miocene Daud Khal local fauna, Mianwali District, Pakis-
tan. Contr. Biol. Geol. Milwaukee pub. Mus., 38, p. 1-17.

PATTERSON B., 1965. — The fossil elephant shrews (Family Macroscelididae). Bull. Mus. comp. Zool. Harv., 133, p.
295-335.

PETTER F., 1981. — Remarques sur la syst¢ématique des chrysochloridés. Mammalia, 45, p. 49-53.

PICKFORD M., 1981. — Preliminary Miocene mammalian biostratigraphy for western Kenya. J. hum. Evol., 10, p.
7397

PICKFORD M., 1983. — Sequence and environments of the Lower and Middle Miocene hominoids of western Kenya.
In New Interpretations of Ape and Human Ancestry. R.L. Ciochon and R.S. Corruccini (eds.) (Advances in Pri-
matology). New York and London, Plenum Press, p. 421-429

PICKFORD M. and ANDREWS P., 1981. — The Tinderet Miocene sequence in Kenya. J. hum. Evol., 10, p. 11-33

RATHBURN G.B., 1979. — The social structure and ecology of elephant shrews. Z. Tierpsychol., Suppl. 20 (Fortschr.
Verhaltenforschung 20), p. 1-77.

REVILLIOD P., 1920. — Contribution a I'étude des chiroptéres des terrains tertiaires. 2° partie. Mém. Soc. Pal. Suisse,
44,, p. 61-129.

REVILLIOD P., 1922. — Contribution a ’¢tude des chiroptéres des terrains tertiaires. 3 et fin. Mém. Soc. Pal. Suisse,
45, p. 133-195.

RICH T.H.V., 1981. — Origin and history of the Erinaceinae and Brachyericinae (Mammalia, Insectivora) in North
America. Bull. Am. Mus. nat. Hist., 171, p. 1-116.

RICH T.H.V.and RASMUSSEN D.L., 1973. — New North American erinaceine hedgehogs (Mammalia: Insectivora).
Occ. Pap. Mus. nat. Hist. Univ. Kansas, 21, p. 1-54.

RUSSELL D.E. and SIGE B., 1970. — Révision des chiroptéres lutétiens de Messel (Hesse, Allemagne). Palaeoverte-
brata, 3, p. 83-182.

SHIPMAN P., WALKER A., VAN COUVERING J.A., HOOKER P.J. and MILLER J.A., 1981. — The Fort Ternan
hominoid site, Kenya: geology, age, taphonomy and palaeontology. J, hum. Evol., 10, p. 49-72.

SIGE B., 1968. — Les chiroptéres du Miocéne inférieur de Bouzigues. 1. Etude systématique. Palaeovertebrata, 1, p.
65-133.

SIGE B., 1971. — Anatomie du membre antérieur chez un chiroptére molossidé (Tadarida sp.) du Stampien de Céreste
(Alpes de Haute-Provence). Palaeoveriebrata, 4, p. 1-38.

SIGE B., 1975. — Données nouvelles sur le genre Stehlinia (Vespertilionoidea, Chiroptera) du Paléogéne d’Europe.
lfalaeavertebrala, 6, p. 274-303.

SIGE B. and LEGENDRE S., 1983. — L’histoire des peuplements de chiroptéres du bassin Méditerranéen: I'apport
comparé des remplissages karstiques et des dépdts fluviolacustres. Rev. Biospéol. X, p. 209-225.

SIMPSON G.G., 1967. — The Tertiary lorisiform primates of Africa. Bull. Mus. comp. Zool. Harv., 136, p. 39-62.

SLAUGHTER B.H., 1970. — Evolutionary trends of chiropteran dentitions. /n About Bats: a chiropteran biology
symposium, B.H. Slaughter and D.W. Walton (eds.). Dallas, Southern Methodist University Press, p. 51-83.



198

SMITH J.D. and STORCH G., 1981. — New Middle Eocene bats from ‘Grube Messel’ near Darmstadt, W. Germany
(Mammalia, Chiroptera). Senckenb. Biologica, 61, p. 153-168.

STROMERE., 1922. — Erste Mitteilung tiber tertidre Wirbeltier-Reste aus Deutsch-Siidwestafrika. Sber. Bayer. Akad.
Wiss., 1921, p. 331-340.

STROMER E., 1926. — Reste Land- und Siisswasser-bewohnender Wirbeltiere Deutsch-Siidwestafrikas, /n Die Dia-
mantenwiiste Sudwestafrikestafrikas, E. Kaiser (ed.). Berlin, Dietrich Riemer. Vol. 2, p. 107-153.

SULIMSKI A., 1970. — On some Oligocene insectivore remains from Mongolia. Paleont. polon., 21, p. 53-72.

SZALAY F.S., 1977. — Phylogenetic relationships and a classification of the eutherian Mammalia. /n Major Patterns
of Vertebrate Evolution, M.K. Hecht, P.C. Goody and B.M. Hecht (eds.). NATO Advanced Study Inst., Ser A, 14,
p. 315-374.

TEILHARD DE CHARDIN P., 1926. — Description de mammiféres tertiaires de Chine et de Mongolie. Ann. Paléont.,
15, p. 1-52.

THOMAS O. and SCHWANN H., 1905. — The Rudd Exploration of South Africa. III. List of the mammals obtained
by Mr Grant in Zululand. Proc. Zool. Soc. Lond., 1905, vol. 1, p. 254-276.

TROFIMOV B., 1960. — [The insectivore genus Palaeoscaptor from the Oligocene of Asia.] Trudy Pal. Inst. Nauk.
SSSR, 77, p. 35-40.

VAN COUVERING J.A., 1972. — Radiometric calibration of the European Neogene. /n Calibration of Hominoid
Evolution, W.W. Bishop and J.A. Miller (eds.). Edinburgh, Scottish Academic Press, p. 247-271.

VAN COUVERING J.A. and MILLER J.A., 1969. — Miocene stratigraphy and age determination, Rusinga Island,
Kenya. Nature, Lond., 221, p. 628-632.

VAN COUVERING J.H. and VAN COUVERING J.A., 1976. — Early Miocene mammal fossils from East Africa:
aspects of geology, faunistics and paleoecology. /n Human Origins, G.L. Isaac and E.R. McCown (eds.). Menlo
Park, W.A. Benjamin, p. 155-207.

VAN VALEN L., 1979. — The evolution of bats. Evolutionary Theory, 4, p. 103-121.

VERDCOURT B., 1963. — The Miocene non-marine Mollusca of Rusinga Island, Lake Victoria, and other localities
in Kenya. Palacontographica, 121, Abt. A, p. 1-137.

VIRET J., 1938. — Etude sur quelques Erinacéidés fossiles spécialement sur le genre Palerinaceus. Trav. Lab. Géol.
Univ. Lyon, fasc. 34, mém. 28, p. 1-32.

WALKER A., 1969. — True affinities of Propotto leakeyi SIMPSON, 1967. Nature, Lond., 223, p. 647-648.

WHITWORTH T., 1954. — The Miocene hyracoide of East Africa. Fossil Mammals of Africa, 5. London. British
Museum (Natural History), p. 1-58.

ZIEGLER R., 1983. — Odontologische und osteologische Untersuchungen an Galerix exilis (BLAINVILLE) (Mam-
malia, Erinaceidae) aus den Miozdnen Ablagerungen von Steinberg und Goldberg im Nérdlinger Ries (Siid-
deutschland). Inaug.-Diss., Ludwig-Maximilians-Univ., Miinchen.





