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Late Miocene micromammals from the Harasib karst deposits, Namibia.
Part 1 - Large muroids and non-muroid rodents
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The Late Miocene karst locality at Harasib 3a, Otavi Mountains, Namibia, has yielded well over 10 000 rodent cheek teeth.  Few de-
posits of equivalent age are known in Africa and for this reason many of the genera and species found at the site are new to science.  This 
paper takes into account 2 329 cheek teeth assigned to non-muroid rodents (Thryonomyidae (Paraphiomys 2 new spp., Paraulacodus 
sp.)  Pedetidae sp., Sciuridae (Heteroxerus sp.), Gliridae (new genus and species) and Bathyergidae (Proheliophobius or Richardus sp.)) 
and large muroids (Rhizomyidae (Nakalimys sp., new genus and species)).  Comparisons of this fauna with material from East Africa 
(Nakali, Kenya, and Ch’orora, Ethiopia) indicate an age of ca. 10 Ma for Harasib 3a, equivalent to the Vallesian of Europe (MN 9) and 
Faunal Set P VI of East Africa.

Introduction

Harasib 3a is an abandoned vanadium prospect in the 
Otavi Mountainland, northern Namibia. Breccia blocks 
excavated from the prospect have been stacked along-
side the glory hole as being of no economic interest. 
These breccias represent fossiliferous infillings of a 
vertical shaft eroded into the Otavi Dolomites during 
the Upper Miocene. At the time of deposition the Hara-
sib shaft was open to the surface, but it did not form an 
open cave system. It was most probably the site of a 
‘disappearing stream’, down which sediment and bones 
and teeth were washed during episodic stream flow.

Several hundred kilograms of breccia were collected 
and treated in a 10% solution of acetic acid buffered 
with calcium phosphate. Initially, different blocks of 
breccia were treated as separate samples, but it became 
apparent as acid extraction proceeded that the faunal 
assemblages from all the blocks resembled each other. 
We therefore treat the Harasib 3a breccias as a single 
sample.

The Harasib breccia has yielded many thousands of 
teeth, principally of small mammals (Senut et al., 1992; 
Pickford et al., 1994) but there are a few medium sized 
mammals in the samples, including cercopithecids, car-
nivores and ruminants.

There are two generations of vanadium mineralisa-
tion at Harasib - there are crystals of descloisite which 
have been rounded and abraded during transportation, 
and there are fresh crystals which show no signs of 
transport. A few of the fossils collected show signs of 
abrasion, notably an isolated molar of Pedetidae, but 
the lion’s share of the microfaunal remains are fresh and 
unabraded, although many are cracked. Thus, even if 
the sedimentary fractions of the Harasib breccias have 
a complex or multicyclic history, the bulk of the fossils 
is considered to have accumulated during a relatively 
short time period, and not to represent a mixed or com-
posite fauna from diverse periods.

The age of the Harasib fauna based on rodents was 
estimated to be Late Miocene, ca 10 Ma by Senut et al. 
(1992) and Pickford et al. (1994), equivalent to the ba-

sal Vallesian of Europe. The fauna is younger than that 
from Ngorora, Kenya, and a correlation to Faunal Set 
VI of Pickford (1981) would accord with available data. 
It is not very different in age from Ch’orora, which has 
been dated between 10.7 and 10.5 Ma (Jaeger et al., 
1980).

We here describe and interpret 2329 cheek teeth of 
two species of large muroids and eight species of non 
muroid rodents from Harasib 3a.

Systematic descriptions

Order Rodentia Bowdich, 1821
Superfamily Thryonomyoidea Pocock, 1922

Family Thryonomyidae Pocock, 1922

Comment: There are two schools of thought concern-
ing the family relationships of the Miocene phiomorph 
rodents Paraphiomys, Apodecter and Paraulacodus. 
Some authors (Denys and Jaeger, 1992) classify genera 
such as Paraphiomys in the extinct family Phiomyidae, 
whereas others (De Bruijn, 1986; Flynn et al., 1983; 
Kawamura and Nakaya, 1984) include them in the ex-
tant family Thryonomyidae. The distinctions between 
the families are subtle (size of M1 relative to M2, size 
of M3, presence or absence of grooves in the incisors). 
Examination of the literature reveals that there is no 
universally accepted set of criteria by which these two 
families are defined. Without entering into a debate re-
garding the merits of each schema, we here follow de 
Bruijn (1986) and consider that these forms are all thry-
onomyids.

Genus Paraphiomys Andrews, 1914
Species Paraphiomys roessneri nov.

Synonymy: This species has been listed previously as 
cf. Apodecter (Senut et al., 1992).

Holotype: Upper left M1, Ari 2 (Fig. 1, No. 2).

Hypodigm: 399 complete, isolated cheek teeth com-



prising 71 P4s, 92 M1 and M2s, 48 M3s, 87 P4s, 62 M1 
and M2s and 39 M3s as well as numerous partial teeth.

Type Locality: Harasib 3a, Otavi Mountains, Namibia.

Derivatio nominis: The species is named for Mr Her-
bert Roesener of the Namibian Geological Survey who 
was responsible for finding the site.

Species diagnosis: Thyronomyid of small size with four 
complete lophs in the upper cheek teeth and three lophs 
in the lower cheek teeth; anterior and posterior lophules 
absent; anterolabial cingulum reduced or absent in P4 
but present in M3. No signs of tooth replacement.

Description.  Incisors: In the very large sample of ro-
dent incisors from Harasib, there are many that present 
the typical squared section that typifies the genus Para-
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phiomys. None of the specimens that would accord with 
P. roessneri on the basis of size and morphology pos-
sess channelled morphology, the only channelled inci-
sors  from the site belonging to dendromurines.

Upper cheek teeth: (Fig. 1, Nos. 1-4). Upper cheek 
teeth from Harasib consist of four transverse lophs 
(from anterior to posterior called the antero-, para-, 
meta-, and posterolophs) which join the entoloph (or 
mure) which is oriented longitudinally. In some thry-
onomyids, the metaloph subdivides lingually into two 
lophules (anterior and posterior) but this does not occur 
in the available sample from Harasib. Instead, there is 
occasionally a crest, the postmetaconule crista, which 
joins the metaloph to the posteroloph. Nomenclature of 
lophs in thryonomyids is confusing, with different au-
thors using different systems or names and even count-
ing the number of lophs differently (compare, for exam-
ple, Winkler, 1992, with De Bruijn, 1986).

The P4s of P. roessneri are trapezoidal in occlusal out-
line with the lingual border distinctly shorter than the 
labial edge. The anterior half of the crown is narrower 
than the posterior half. There are four transverse lophs. 
The paraloph is slightly oblique towards the anterior 
end, whereas the metaloph is strongly oblique towards 
the rear of the crown, the two converging towards the 
entoloph. The metaloph is not subdivided into metalo-
phules. The distal half is higher crowned than the ante-
rior half and the sinus is oriented very slightly obliquely 
anteriorly. The mesosinus (central valley) is deeper than 
the other two labial valleys, so that, with wear, the ante-
rior and posterior valleys disappear, while the mesosi-
nus persists. P4s are longer than the molars. In one of 
the figured specimens (Ari 18) and another individual, 
the metaloph is incomplete (it doesn’t join either the 
entoloph or the posteroloph) whereas in most of the 
available specimens the metaloph joins the entoloph in 
the region anterior to the hypocone, or sometimes the 
posteroloph.

M1-2s have a squarer outline than the P4s with an al-
most transverse paraloph and a slightly oblique metalo-
ph. The anteroloph is longer than the posteroloph. One 
tooth shows a small longitudinal crest, the postmeta-
conule crista, joining the metaloph to the posteroloph. 
Another specimen shows a division in the entoloph be-
tween the protocone and hypocone.

The M3s have a rounded elliptical occlusal outline 
which is wider than long. In most unworn teeth there 
are four lophs, but in early wear the posteroloph, which 
is very short, fuses with the metaloph. Some teeth are 
three-lophed from the outset. The sinus is more oblique 
than in other cheek teeth, generally pointing strongly 
anteriorly. In contrast to the anterior teeth, the distal 
half of M3 is lower than, or equal in height to, the ante-
rior half. Because of the rounded outline of the crown, 
due to the diminution of the distal width, the hypocone 
is displaced labially with respect to the protocone.

Lower cheek teeth: (Fig. 1, Nos. 5-8). Thryonomy-
id lower cheek teeth from Harasib 3a consist of three 

transverse lophids (from anterior to posterior these 
are the meta-, hypo- and posterolophids) which join a 
longitudinal ectolophid (or mure) (Winkler, 1992; Ka-
wamura and Nakaya, 1984). The posterior arm of the 
protoconid is absent in the Harasib sample.

P4 is slightly larger than its counterpart in P. shipm-
ani of Fort Ternan (for measurements see Denys and 
Jaeger, 1992). Its anteroconid is always simple, im-
parting a pointed appearance to the front of the tooth, 
whereas in P. shipmani there is a labial cuspid attached 
to the anteroconid which makes the front of the tooth 
more rounded. In the Harasib sample there are various 
forms of the labial cingulum: it is either crestlike, de-
scending from the anterior corner of the protoconid, or 
is comprised of a low, small swelling at the base of the 
cuspid, or it is absent altogether. The sinusid is oriented 
transversely, whereas in P. shipmani this valleys leans 
posteriorly. In unworn P4s the protoconid is lower than 
the hypoconid.

In some of the lower M1-2s, the anterolabial cingulum 
descends from the anterior edge of the protoconid, while 
in a few specimens there is a basal swelling instead of 
a cingulum. Unlike the P4s, none of the specimens is 
devoid of these structures. The sinusid is transversely 
oriented in most of the sample, unlike the condition in 
P. shipmani.

The M3s are short distally, but are otherwise similar to 
the anterior molars. The anterolabial cingulum in most 
specimens is weak and it does not reach the apex of the 
protoconid. 

Measurements of the teeth of this species are given 
in Table 1.

Comparisons: Among the smaller thryonomyids, P. 
roessneri differs from Kochalia geespei (de Bruijn and 
Hussain, 1985), by the absence of dental replacement, 
by the labial anteroconid being weak or absent (present 
in Kochalia) and by the metaloph usually being com-
plete (usually absent in Kochalia).

The Harasib species is larger than P. shipmani Denys 
& Jaeger, 1992, and it also lacks the prominent labial 
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anteroconid. Unfortunately, no upper teeth of P. ship-
mani have been described. 

The basic morphology of the lower molars of P. roess-
neri is close to that of the holotype mandible with the 
three molars of Apodecter stromeri Hopwood, 1929. 
However, the M3 of A. stromeri is relatively reduced 
compared to the other molars, and the teeth are rela-
tively broad (length/width measures are close) whereas 
in P. roessneri, the M3 is only slightly reduced and the 
cheek teeth are appreciably longer than they are wide. 
It should be noted that in the large new samples of thry-
onomyids available from the northern Sperrgebiet, Na-
mibia, (where the holotype of A. stromeri was presuma-
bly collected), no new material assignable to A. stromeri 
has been found. Instead, all the new specimens are four 
lophed lower cheek teeth which contrast strongly with 
the three lophed holotype of A. stromeri.

Lavocat (1973) assigned material from Rusinga Is-
land, Kenya, to Paraphiomys stromeri stromeri. How-
ever, the Rusinga fossils are appreciably larger than the 
Namibian holotype and are closer in size to P. roessneri. 
Comparison of the samples reveals that the Rusinga and 
Harasib specimens do not belong to the same species. 
In the lower fourth premolar, the anterolabial cingulum 
of the Rusinga material is more developed than it is in 
the Harasib species while the Rusinga upper molars 
have a mesoloph in the P4 and M1 which is absent in the 
Harasib material.

In addition, the Harasib species has cheek teeth 
which are more hypsodont than the Rusinga material. 
The figured P4 (Fig. 1, No. 1), for example, has a height/
length index of 1 (height = 2.10 mm; length = 2.11 mm) 
whereas in the Rusinga specimens this index is lower. 
We follow the Lavocat (1973) method of determining 
this index using only unworn teeth.

Two teeth from Ngorora (Flynn et al., 1983) are com-
parable in size to P. roessneri but differ markedly from 
it morphologically. Firstly the Ngorora specimens show 
early, complete labial fusion of the metaloph and poster-
oloph - only the lingual part of the metaloph is retained 
and it cuts off a small fossette between the hypocone 
and the posteroloph, whereas in P. roessneri the meta-
loph and posteroloph are widely separated and more or 
less parallel to each other.

Species Paraphiomys australis nov.

Synonymy: This species was previously listed as 
Ch’orora sp. 2 (Senut et al., 1992).

Holotype: Lower right P4, Ari 13, (Fig. 1, No. 13).

Hypodigm: 317 isolated teeth and two specimens in 
maxillae comprising 26 P4s, 59 M1 and M2s, 38 M3s, 67 
P4s, 74 M1 and M2s and 55 M3s, plus a number of frag-
mentary crowns. In addition there are 11 isolated teeth 
which are appreciably larger than the main hypodigm, 
and these could conceivably belong to a large, rare spe-

cies. Alternatively, they may represent the uppermost 
limit of the range of variation of P. australis, the inter-
pretation preferred here.

Type locality: Harasib 3a, Otavi Mountains, Namibia.

Derivatio nominis: The species is named for the south-
ern latitude of its discovery locus.

Species diagnosis: P. australis is larger than P. roess-
neri, P. stromeri and P. shipmani, and smaller than P. 
pigotti and P. occidentalis. In most specimens of P4 the 
paraloph joins the anteroloph and the protocone pos-
sesses an accessory posterior crest which leads towards 
the paraloph, sometimes joining it. The longitudinal lo-
phs (ectolophid and entoloph) of the cheek teeth have 
a tendency to be subdivided into two portions by a 
groove or slight gap but not to the exaggerated extent 
that characterises the genus Paraulacodus. No signs of 
a posterior arm of the protoconid occur in any of the 
Harasib lower cheek teeth which are all composed of 
three lophs. Cheek teeth relatively hypsodont, with 
some specimens having crowns which are higher than 
long (height/length index ca 1.34). 

Description.  Upper cheek teeth: (Fig. 1, Nos. 9-12, 
Fig. 2, Nos. 1-4). In general the upper cheek teeth re-
semble those of P. roessneri but are larger and often 
possess accessory crests and cusplets not observed in 
the smaller species. The anterior margin of the P4 is nar-
rower than the posterior part, and thus the occlusal out-
line is less trapezoidal than it is in P. roessneri. On the 
P4 the hypocone is in a more lingual position than the 
protocone, in contrast to that of the previous species in 
which the two cuspids are at the same level. The para-
loph usually joins the anteroloph near the mid points of 
the two lophs. There is often a posterior arm on the pro-
tocone, called the posterior paralophule. This structure 
is present in most of the specimens but in six individu-
als it joins the paraloph, thereby providing the paraloph 
with two connections to the protocone, between which 
lies a circular fossette. Comparable structures do not oc-
cur in P. roessneri. In two specimens (Fig. 1, No. 9, plus 
one other) the paraloph does not meet the anteroloph 
but would join the paracone when worn. The antero-
labial valley is relatively shallow so that in worn teeth 
the paraloph and anteroloph fuse together. The poster-
oloph is short and is occasionally swollen to develop 
a posterocone. The anterior half of the tooth is higher 
than the posterior half and the sinus is transversly ori-
ented. There are three roots, of which the lingual one 
is the largest, stretching almost the entire length of the 
crown.

The M1 and M2 are rectangular in occlusal outline and 
the anteroloph and posteroloph are subequal in length. 
The sinus is oriented obliquely, leaning anteriorly. The 
paraloph is oriented transversely and joins the entoloph 
behind the protocone and never joins the protoloph. 
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There is no posterior arm on the protocone. The meta-
loph joins the entoloph anterior to the hypocone. In 11 
of the specimens there is a small postmetaconule crista 
which joins the metaloph to the posteroloph thereby 
closing off a small posterior fossette.

The M3 has a rounded occlusal outline, some speci-
mens having very reduced distal borders while others 
are less reduced. The distal half is reduced both labially 
and lingually. The hypocone is less lingually positioned 
than the protocone. There are four lophs, but the ante-
rior and posterior valleys are so shallow that with wear 
they soon disappear, so that the crowns become trilo-
phed, or even bilophed. The posteroloph and metaloph 
fuse first, followed by the anteroloph-paraloph pair. 
None of the third molars have the accessory crests that 
occur in the M1-2. The paraloph joins the entoloph be-
hind the protocone, while the metaloph joins it anterior 
to the hypocone. A particularly large upper third molar 
is figured (Fig. 1, No. 12).

Lower cheek teeth: (Fig. 1, Nos 13-17, Fig. 2, No. 

5). In general the morphology of the teeth of P. austra-
lis resembles that of P. roessneri. The main difference 
between the species is the superior size of P. australis, 
but there are some minor characters such as the better 
developed anterolabial cingulum in P4s of P. australis 
which consequently imparts a more rounded outline to 
the anterior half of the tooth than is the case in P. roess-
neri. In three specimens of P4 there is a small lingual 
entostylid between the anteroconid and the entoconid. 
In two specimens, the anterolabial cingulum is enlarged 
and produces a doubled anteroconid similar to the con-
dition in P. shipmani from Fort Ternan. The sinusid is 
transversely oriented, the rear half of the crown is wider 
than the anterior half (widest at entoconid) and there are 
three roots.

M1 and M2 are rectangular in occlusal outline with 
parallel lingual and labial margins. The greatest width 
of M1 is at the entoconid, while in M2 the crown is 
widest at the protoconid. The labial cingulum usually 
reaches the apex of the metalophid where it enlarges to 
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form a small enteroconid but in a few specimens it does 
not reach so high and thereby forms a basal tubercle or 
cuspid. In unworn teeth the ectolophid reveals a groove 
separating the hypoconid portion from the hypolophid 
portion. There are four roots in the intermediate molars, 
the two largest being situated in diagonal arrangement 
below the posterolabial and anterolabial corners of the 
crown, while the two smaller roots occupy the other 
two corners of the tooth.

The M3 has a reduced posterior lobe which is nar-
rower than the anterior lobe. The anterior cingulum is 
less developed than it is in the anterior molars. In gen-
eral there are three roots, in which case the distal root is 
single, but a few specimens have four roots. 

In the collection there is an isolated M3 which differs 
from all the other teeth of this species by possessing an 
additional crest running from the protoconid to the en-
toconid which is doubled (Fig. 1, No. 17). We interpret 
this specimen as an aberrant individual. It has four roots 
as in some of the normal specimens of this species. 

Measurements of the cheek teeth of this species are 
given in Table 1.

Comparisons: Paraphiomys australis is close in size 
and morphology to Paraphiomys sp. 2 of Jaeger et al. 
(1980) from Ch’orora, Ethiopia, and to an isolated tooth 
from Maboko described by Flynn et al. (1983) as Para-
phiomys sp. indet. An incomplete lower molar from the 
Muruyur Beds (Winkler, 1992), KNM TH 19425, is 
somewhat larger than the largest specimen from Hara-
sib assigned to P. australis. Two teeth from Muruyur 
(KNM MY 19426, an upper molar, (probably M2) and 
KNM TH 19427, a fragment of molar) are similar in 
size and morphology to P. australis and could well be-
long to this species.  Geraads (1998) published a paper 
on the rodents of Ch’orora, Ethiopia, in which he erect-
ed the new species Paraphiomys chororensis which 
is  close to our species Paraphiomys australis. Further 
work may indicate that they are synonymous.

The Paraphiomys sp. from the Samburu Hills (Kawa-
mura and Nakaya, 1984) is appreciably larger than any 
of the thryonomyids from Harasib.

At Berg Aukas, Namibia, in breccia blocks from the 
Middle and Upper Miocene, there are also two size 
groups of thryonomyids whose detailed relationships 
remain to be studied. Upper molars from Berg Aukas 
retain the anterior arm of the hypocone (mesoloph of 
Winkler, 1992), a structure that does not occur in the 
Harasib sample. Thus, the thryonomyids from these 
two sites belong to different species, despite their geo-
graphic proximity.

An isolated lower molar from Fort Ternan (KNM FT 
3578) figured by Flynn et al. (1983) is considerably 
larger than any of the Harasib fossils and is larger than 
the other Fort Ternan thryonomyid, P. shipmani.

None of the thryonomyids from Asia and the Arabian 
Peninsula resemble the Harasib species. The material 
from Arabia, for example, possesses the posterior arm 

of the protoconid (Flynn et al., 1983).

Genus Paraulacodus Hinton, 1933
Species Paraulacodus cf johanesi Jaeger, 

Michaux & Sabatier, 1980

Material: 1 right M2 (Ari 43, Fig. 2, No. 6)

Description: The specimen is an upper right molar, 
2,96 mm long by 2,87 mm wide, and 3,30 mm high 
at the protocone. It is interpreted as an M2 rather than 
an M1 on account of the oblique sinus which accord-
ing to the description of Jaeger et al. (1980) increases 
from M1 to M2. It possesses a mesoloph distinct from 
the posteroloph which inserts on the distal surface at the 
limit between the hypocone and the posteroloph. The 
labial posterior valley is so shallow that with wear of 
about 1 mm the two lophs would fuse to form a single 
loph, thereby producing the classic occlusal morphol-
ogy of the genus Paraulacodus. In comparison with the 
figured specimen from Ch’orora, Ethiopia, the Harasib 
specimen is smaller, its mesoloph is slightly longer and 
it is possibly more hypsodont.

Discussion: The Harasib thryonomyids are as diverse 
as those from Ch’orora, Ethiopia, consisting of two spe-
cies of Paraphiomys and one of Paraulacodus. Among 
these the species Paraphiomys australis and Paraula-
codus cf johanesi are similar to the Ethiopian material, 
the age of which is between 10.7 and 10.5 Ma (Jaeger 
et al., 1980).

Superfamily Pedetoidea, Owen, 1847
Family Pedetidae Owen, 1847

Genus indet.

Specimen: Ari 42, is a worn and slightly abraded left 
M1 (Fig. 3, No. 13) which is similar in morphology to 
a new genus of pedetid from the Tsondab Sandstone 
Formation, Namib Desert. The crown consists of two 
transverse lophs which with wear would become fused 
labially. The crown is hypsodont, but the tooth was still 
rooted, unlike cheek teeth of the genus Pedetes in which 
there are no roots. The labial valley is considerably shal-
lower than the lingual valley, the difference in heights 
of the valleys being 3.25 mm. The distance between the 
rootward end of the lingual valley and the cervix is 2.65 
mm. In occlusal view the crown is 3.00 by 3.50 mm.

Comparisons: The Harasib pedetid tooth is smaller but 
more hypsodont than any known cheek tooth of Mega-
pedetes MacInnes, 1957. Even though the roots are 
missing, the broken surfaces where they were situated 
are preserved, and there are no signs of cementum, in-
dicating that it does not belong to Pedetes. The Harasib 
tooth differs from Parapedetes Stromer, 1926, by pos-
sessing two valleys (labial and lingual) whereas Para-
pedetes has only one valley on the labial aspect of the 
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lower teeth, the opposite of Pedetes in which the valley 
occurs on the lingual side of the crown. Furthermore, 
the labial valley in the Harasib tooth is shallow,while in 
Parapedetes it is extremely deep. The occlusal outline 
of the crowns are different, the Harasib tooth having 
subequal lophs which are parallel and not offset from 
one another, while in Parapedetes the two lophs are off-
set, the distal loph being more lingually placed than the 
anterior one (Stromer, 1926).

The Harasib tooth closely resembles teeth of an un-
described genus of pedetid known from abundant mate-
rial from the Rooilepel aeolianites in the southern Sper-
rgebiet. In particular, it recalls specimens associated 
with eggshells of Diamantornis wardi, a species which 
occurs near the Middle to Upper Miocene boundary 
(Pickford et al., 1995).

Superfamily Sciuroidea, Gray, 1821 
Family Sciuridae Gray, 1821

Genus Heteroxerus Stehlin & Schaub, 1951
Species H. karsticus nov.

Synonymy: This species was previously listed as Vul-
canisciurus (Senut et al., 1992).

Holotype: Ari 31, left M1 (Fig. 3, No. 9)

Material:  151 isolated teeth comprising 17 dP4s, 8 P4s, 
35 M1 and M2s, 14 M3s, 8 dP4s, 1 P3, 11 P4s, 43 M1 and 
M2s, and 14 M3s.

Type locality: Harasib 3a, Otavi Mountains, Namibia.

Derivatio nominis: The species name refers to the dep-
ositional environment of the fossil sample.

Species diagnosis: A primitive species of Heteroxerus 
of small size. Presence in most individuals (90%) of 
a reduced, almost absent entolophid in lower molars. 
Occasional presence of a small mesoconid, unknown 
in other species of Heteroxerus except the oldest Euro-
pean species H. paulhiacensis and H. lavocati. P3 is uni-
cuspid and tiny in comparison with the molars. In upper 
molars the metaloph is oblique and is directed towards 
the protocone and usually possesses a small swelling, 
the metaconule, as in H. paulhiacensis and H. lavocati. 
More rarely, the protoloph may have a small swelling, 
the protoconule. The hypocone is indistinct or weak.

Description.  Upper cheek teeth: The dP4 (Fig. 3, No. 
1) is triangular in occlusal view. It has a single, well-
developed anteroloph but no hypocone. The posterior 
crest of the protocone blends into the posteroloph. One 
specimen shows a posteroloph which is reduced lin-
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gually. The metaloph reaches towards the base of the 
protocone but narrows and decreases in height on its 
way. The tooth has three well splayed roots as is normal 
for milk teeth.

There is a single right P3 in the sample (Ari 34, Fig. 
3, No. 12). It has a circular outline with a single central 
cusplet from which two crests lead towards the cingular 
margin. It measures 0,66 by 0,71 mm. It is proportion-
ally smaller compared to the molars than is the case in 
extant Paraxerus.

The P4 has a rectangular occlusal outline. It has a low, 
reduced anteroloph, a distinct protocone lingually, a 
transverse paraloph and the oblique metaloph may end 
before joining the protocone. In most specimens (6 out 
of 8) the metaloph bears a metaconule. Only one speci-
men (Ari 24, Fig. 3, No. 2) has a hypocone.

M1 and M2 are appreciably larger than the P4. On the 
labial margin there is a mesostylar crest which joins the 
paracone or the metacone or both. In one specimen, this 
crest leads a short way towards the central basin. The 
metaloph usually leads transversely towards the meta-
conule after which it bends anteriorly towards the base 
of the protocone. In several teeth (5 out of 34) there 
is a postmetaconule crista which joins the metaloph to 
the posteroloph. In one specimen (Ari 25, Fig. 3, No. 
3), the metaloph leads directly towards the posteroloph 
and then swings towards the metacone. The paraloph is 
usually transversely oriented but in one tooth (Ari 26, 
Fig. 3, No. 4) it is joined by a low crest to the anter-
oloph. The same tooth has a small paraconule. On the 
lingual side of M1+2s the hypocone is either indistinct or 
appears as a small swelling on the lingual crest but it is 
always lower than the protocone.

In the M3 the labial margin is more developed than 
the lingual side which imparts a rounded triangular as-
pect to the crown. There is only a single cusplet, the 
paracone, labially, the metacone being absent. The 
metaloph is an arcuate crest reaching from the lingual 
wall towards the middle of the posteroloph. In some 
specimens (Ari 27, Fig. 3, No. 5) the metaloph is very 
reduced and swings towards the posteroloph while in 
some specimens it does not even reach it. The central 
basin of M3 is flatter than it is in the anterior molars. 
In one tooth (Ari 27), the paraloph has a small crest 
directed towards the anteroloph.

Lower cheek teeth: The dP4 differs from P4 by being 
narrower distally and by possessing an anteroconid and 
a shallower talonid basin. Its roots are also splayed out. 
However, a single tooth identified as a dP4 lacks an an-
teroconid. The teeth have no anteroconid or entoconid. 
The height of the crown diminishes abruptly between 
the protoconid and the metaconid creating a longitudi-
nal valley which enters the trigonid basin.

In P4 there are two roots only and the distal margin 
of the tooth is wider than the mesial one. The trigonid 
basin is deeper than it is in the deciduous teeth. There is 
no mesoconid. One specimen has a hypoconulid. In two 
individuals the posterolophid ends lingually in a swell-

ing to form an entoconid (Ari 29, Fig. 3, No. 7) but this 
cuspid is usually not present. The anterior arm of the 
protoconid usually joins the metaconid but it can swing 
obliquely distally, ending in the trigonid basin in which 
case a deep longitudinal valley separates the protoconid 
from the metaconid.

M1 and M2 are tentatively distinguished by their 
occlusal outline - M1 is enlarged distally while M2 is 
enlarged anteriorly. Both M1 and M2 have four roots. 
In both teeth the metaconid is the highest cusp and is 
located anteriorly to the protoconid. An anterior crest 
descends from the metaconid and swells into an ante-
roconid, beyond which it extends labially into a moder-
ately developed cingulum. The protoconid sends a pos-
terior arm towards the metaconid which may or may not 
reach this cusp. In a few teeth the metaconid also has 
an arm reaching towards the protoconid arm. None of 
the teeth has a mesostylid. The connection between the 
protoconid and metaconid is more common in M1 than 
in M2. The ectostylid between the protoconid and hy-
poconid is relatively low and straight and swells to form 
a mesoconid in six out of 43 specimens. The sinusid 
is most often median or leans slightly towards the rear 
and in most cases is not deeply excavated. The lingual 
extremity of the posterolophid swells to form an ento-
conid. The entolophid appears as a low crest located in 
the posterolingual half of the crown. It is joined neither 
to the posterolophid nor to the entoconid. This crest dis-
appears with wear. A few teeth possess a crest running 
from the hypoconid into the basin and, in one case (Ari 
33, Fig. 3, No. 11), it joins the entolophid thereby form-
ing a complete endolophid.

The M3 can be identified due to its rapidly narrow-
ing distal half. This tooth is not particularly elongated 
being subequal to M2 in length. It has four roots. The 
posterior arm of the protoconid never reaches the meta-
conid. The anterior cingulum is well developed. The 
sinusid is inclined to the rear. In unworn teeth there are 
tiny entolophids which extend only a short way into the 
basin, except in one individual in which it reaches the 
hypoconid.

Measurements of the cheek dentition of Harasib Sciu-
ridae are given in Appendix 1.

Comparisons: The Harasib sciurid differs from At-
lantoxerus by the presence of the anteriolabial cingu-
lum in the lower molars and by the absence of the ante-
roconule and hypoconule in the upper molars. It differs 
from Vulcanisciurus by the presence of an entolophid 
and the absence of a mesostylid. Rather than creating 
a new genus, we prefer to classify this material in the 
genus Heteroxerus Stehlin & Schaub, 1951.

Among the eight described species of Heteroxerus 
there are three European species with anterior cingula 
(H. rubricati, H. grivensis and H. molinensis). H. lavo-
cati, H. paulhiacensis, H. costatus and H. wintershofen-
sis differ from the Harasib lineage by the total absence 
of the anterior cingulum. H. rubricati, H. grivensis and 
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H. molinensis differ by having an entolophid which is 
strong and complete as well as a strong metaconulid 
and they are entirely devoid of mesoconids. The Hara-
sib species is smaller than H. grivensis and H. molinen-
sis but is equal in size to H. rubricati. In the upper mo-
lars these three species have a strong hypocone aligned 
with the protocone, which is not the case in the Harasib 
species. In comparison with the European forms, the 
Harasib species has retained several archaic characters 
known only in the species H. paulhiacensis from Paul-
hiac (Zone MN 1) (Black, 1965).

H. karsticus is considerably smaller than Kubwaxerus 
pattersoni Cifelli et al., 1986 from the Late Miocene 
of Lothagam, Kenya. An isolated dP4 from the Muru-
yur Beds, Kenya (Winkler, 1992) is the same size as 
material from Harasib but it differs from it by having 
an incomplete paraloph isolated from a paraconule. Its 
metaloph is strongly connected to the protocone. In ad-
dition, it has a protoconule. For the moment, the Mu-
ruyur specimen remains indeterminate. A small squirrel 
from Fort Ternan (Denys and Jaeger, 1992) identified as 
Vulcanisciurus has a mesoconid and a mesostylid and is 
devoid of an anterior cingulum and has no entolophid. 
Furthermore, it is smaller than the Harasib fossils. Un-
described sciurid teeth from the late Middle Miocene at 
Berg Aukas, Namibia, are different from H. karsticus, 
more closely resembling the genus Vulcanisciurus. This 
suggests that there was a significant faunal change in 
the Otavi region between the late Middle Miocene and 
early Upper Miocene, already noted on the basis of oth-
er mammals (Pickford, 1996). The diversity of sciurids 
in the Middle and Late Miocene of Africa is thus greater 
than hitherto realised, there having been a tendency to 
assign isolated specimens to the genus Vulcanisciurus.

The cheek teeth of Heteroxerus karsticus differ from 
those of the extant genus of African ground squirrels, 
Xerus, which have higher crowns with narrower val-
leys. Furthermore P3 is no longer present in Xerus. Nev-
ertheless, the Harasib species could represent an ances-
tral stage of the Xerus lineage.

Superfamily Gliroidea Thomas, 1897
Family Gliridae Thomas, 1897

Genus Otaviglis nov.
Type species O. daamsi sp. nov.

Generic diagnosis: Graphiurines in which the meta-
loph is complete in contrast to Graphiurus in which it 
is incomplete.

Species O. daamsi nov.

Holotype: Ari 36, upper left M1 or M2 (Fig. 3, No. 15).

Hypodigm: 15 isolated teeth comprising 1 P4, 2 M1 and 
M2, 4 M3, 1 dP4, 1 P4, 2 M1, 3 M2 and 1 M3. 

Type Locality: Harasib 3a, Otavi Mountains, Namibia.

Derivatio nominis: The generic name combines the 
name Otavi with the generic name Glis, the common 
dormouse. The species name honours Dr Remmert 
Daams who has contributed greatly to our understand-
ing of Gliridae.

Specific diagnosis: A species of Otaviglis similar in 
size to the extant Graphiurus. Upper molars conserve 
a classic structure of Gliridae - presence of complete 
paraloph and metaloph, presence of an anterior centro-
loph reaching the protocone and a posterior centroloph 
reaching the metacone. In addition, there is an anter-
oloph meeting the endoloph forming a lingual wall, the 
endoloph joining the posteroloph. There is a small ac-
cessory crest in the trigone basin. Lower molars closely 
resemble teeth of Graphiurus by possessing an anterol-
ophid which joins the ectolophid then the posterolophid 
but, in addition, have a metalophid and a mesolophid 
which do not reach the entolophid.

Description: Apart from their tiny size, graphiurine 
teeth are characterised by their concave crowns bor-
dered by elevated walls (endoloph and endolophid).

The P4 is very short but wide and oval in outline, dif-
fering from Glis which has a concave anterior margin. 
There are two labial cusps, the paracone, which is the 
higher, and the metacone. The metaloph is continuous 
and joins the endoloph. The morphology in front of the 
metaloph and between the metaloph and the anteroloph 
is indistinct due to excessive wear, which makes this 
specimen difficult to interpret.

The upper molars are rectangular in occlusal outline 
and have complete major crests. The anterior centro-
loph is longer than the posterior one and it possesses 
a small accessory crest between the paraloph and the 
anterior centroloph. 

The M3 are similar in structure to the M1 and M2 but 
has a more rounded distal margin and its labial border 
is reduced distally. In one specimen the endoloph is dis-
continuous and does not touch the posteroloph.

Lower cheek teeth:  The dP4 is identified as such be-
cause there is very little relief between the crests and 
the valleys. It has a crest which almost entirely sur-
rounds the tooth. There is a diagonal mesolophid which 
reaches the metaconid. The teeth also possesses a short 
posterior crest and in the anterolabial portion there are 
two short crests. The cervix is undercut.

The P4 is similar in size to the milk tooth but has a 
more developed relief, especially on the distal, lingual 
and anterior margins. The labial side has a groove which 
enters the central depression. There is a small accessory 
crest in the posterior part of the basin.

The M1s are more or less rectangular, being wider than 
they are long. The greatest width is in the distal half of 
the crown. There are four parallel lophids as in extant 
graphiurines and the anterolophid curves lingually and 
touches the posterolophid to form an endolophid. The 
metalophid and the mesolophid cross the crown, do not 
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reach the endolophid but do fuse with the labial border. 
In addition, there is an isolated transverse accessory 
posterior crest between the mesolophid and posterolo-
phid. Furthermore, it possesses an oblique, curved crest 
which could represent the vestige of a centrolophid, a 
structure which has disappeared in extant graphiurines.

The M2s are closely similar to the M1s but are slightly 
larger.

Lower third molars are square with rounded corners 
and the distal end is not elongated as it is in European 
glirids. The basic structure of the crown is similar to 
that of M2 but it has lost the centrolophid. 

The upper cheek teeth have three roots, as is habitual 
in Gliridae. The lower cheek teeth from Harasib have 
two roots which are fused near the cervix.

Measurements of Harasib Gliridae are given in Table 
2.

Discussion: In summary, the upper teeth of Otaviglis 
differ substantially from those of Graphiurus, while the 
lower teeth of the two genera are reasonably similar. We 
interpret this to mean that Otaviglis, which is the old-
est known graphiurine, could be ancestral to the extant 
African dormice and is itself a possible descendant of 
European forms such as Eliomys as was suggested by 
Stehlin and Schaub (1951) and reiterated by Daams and 
de Bruijn (1995) or, as we think, possibly from the ge-
nus Microdyromys which was already in Africa (at Beni 
Mellal, Morocco - Lavocat, 1961) in the Middle Mi-
ocene. Additional support for a graphiurine origin from 
Microdyromys comes from the root structure, Eliomys 
having three roots in the lower molars, whereas Micro-
dyromys has only two. Both of these hypotheses indi-
cate an Upper Miocene origin of the graphiurines, in 
contradiction to the suggestion of Wahlert et al. (1993) 
who considered that graphiurines already existed in the 
Eocene on the basis of the size of the infraorbital fo-
ramen.

Fossil graphiurines are still poorly known, mainly be-
cause of their minute size. Nevertheless, Graphiurus sp. 

has been recorded from several localities of Plio-Pleis-
tocene age in Angola, Botswana, Namibia (Pickford et 
al., 1992) and South Africa and Tanzania (Denys, 1990) 
and from the Latest Miocene at Langebaanweg, South 
Africa (Denys, 1990).

Superfamily Bathyergoidea Waterhouse, 1841
Family Bathyergidae Waterhouse, 1841
Genus Proheliophobius Lavocat, 1973 or 

Richardus Lavocat, 1988
Species indeterminate A

Material: 530 isolated teeth of which two are in jaw 
fragments comprising 1 dP4, 103 P4s, 152 M1 and M2s, 
43 M3s, 58 P4s, 135 M1 and M2s and 38 M3s.

Description: Harasib has yielded a large number of 
bathyergid teeth, only two of which were in jaw frag-
ments, a mandible containing the P4 and the alveoli of 
three other jugal teeth, and a maxilla with a P4. The low-
er tooth row of the Harasib specimen is 5,65 mm long.

Upper cheek teeth: These have one lingual and two 
labial roots which tend to be fused near the cervix. The 
lingual wall is higher than the labial one. As in most 
bathyergids, little worn teeth from Harasib have two si-
nuses. The lingual sinus is shorter than shallower than 
the labial one and it leans slightly obliquely towards 
the front of the tooth. The external sinus is longer and 
deeper and is oriented more transversely. Intermediate 
molars have interproximal contact facets.

The upper P4 is smaller than the molars and have an 
oval occlusal outline. The lingual sinus is simplified as 
in recent forms. The M1 (Ari 49, Fig. 4. No. 2) shows 
most clearly the detailed morphology of the crown 
in this bathyergid. It consists of three labial and two 
lingual cusps tentatively interpreted as forming an an-
teroloph anteriorly joining the protocone, a paraloph 
oriented transversely reaching the endoloph behind the 
protocone, a large isolated metacone and a short poster-
olph reaching the hypocone.

In the other upper teeth illustrated, the anteroloph and 
the paraloph are partly or completely fused due to ad-
vancing wear. In the same way, the metacone also fus-
es with the hypocone and posteroloph to form a large 
posteroloph. In very worn teeth the occlusal outline 
becomes U-shaped with fusion of the anteroloph, end-
oloph and posterloph.

The M3 are slightly reduced distally and are conse-
quently smaller than M2.

Lower cheek teeth:  These usually have three roots, 
one anterior and two distal, but these are fused for most 
of their depth, only subdividing near the root apex. The 
labial wall of the crown is higher than the internal one. 
There are two sinusids, the labial one being deeper and 
slightly longer than the internal one and being strongly 
inclined towards the rear. The inclination of the labial 
sinusid diminishes from M1 to M3. The lingual sinusid 
is more or less transversely oriented. The intermediate 
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molars possess interproximal contact facets.
The lower P4 are more complex than the molars. In 

Ari 53 (Fig. 4, No. 6) there are two anterior cuspids 
separated by an anterior groove. In another, less worn 
specimen, the anterior part of the crown is composed 
of three cuspids, anteroconid and metaconid which 
would fuse together with wear, and a protoconid which 
is slightly behind the other cusps. With advancing wear 
these three cusps fuse to form a lophid. The posterior 
portion of the tooth has two cuspids, the hypoconid la-
bially and the entoconid lingually which coalesce.

The right M2 (Ari 56, Fig. 4, No. 9) has a metalo-
phid and a hypolophid which join the ectolophid be-
hind which is a posterolophid which swings lingually 
to reach the entoconid.

The lower M3 is smaller proportionally than the M3 
in particular in its distal portion. M3s from Harasib are 
smaller than those assigned to Proheliophobius leakeyi 
from the Lower Miocene of Western Kenya (Lavocat, 
1973).

Measurements of Harasib Bathyergidae are given in 
Table 3.

Discussion:  The isolated bathyergid teeth from Hara-
sib present extremely variable morphology and meas-
urements, depending on the stage of wear, well worn 
specimens being little more than a ring of enamel sur-
rounding a dentine core. In the absence of suitable com-
parative data from other fossil bathyergids, it is difficult 
to determine the position of most of the isolated teeth 
in the jaws. However, the unworn specimens possess 
relatively complicated crown morphology in contrast 
to extant bathyergids which have very simplified teeth. 
The Harasib species thus probably belongs to an extinct 
genus. The structures observed exist in Proheliophobius 
from the Lower Miocene of Kenya, the species from 
Arrisdrift, Richardus from Fort Ternan, Kenya and the 

Langebaanweg bathyergid which is, however, appreci-
ably larger than the others.

The main distinguishing features that separate Pro-
heliophobius from Richardus are confined to the skull 
and mandible (Lavocat, 1988, 1989) and number of ju-
gal teeth - 4 in Proheliophobius and 3 in Richardus. In 
extant bathyergids, the number of teeth varies with age 
from 3 to 4, and this criterion should thus be used with 
caution when interpreting fossil species. In Prohelio-
phobius the widest tooth is the second molar, whereas 
in Richardus it appears to be the first molar. Determina-
tion of isolated teeth presupposes knowledge of their 
position which means that it is virtually impossible to 
identify the generic status of isolated bathyergid teeth in 
the present state of our knowledge.

The teeth of Richardus, albeit limited in quantity, are 
larger than Harasib species A whereas those of Prohe-
liophobius are smaller.

Species indeterminate B

Material: 20 isolated teeth comprising 1 P4, 4 M1 and 
M2s, 3 M3s, 3 P4s, 4 M1 and M2s, and 8 M3s.

Description:  Several bathyergid teeth from Harasib are 
larger than species A, in particular the upper M3 which 
appears to be the largest tooth in the jaws. The upper M1 
(Ari 58, Fig. 4, No. 11) has an anterior loph comprising 
fused anteroloph and paraloph, behind which is a meta-
cone with two connections with the entoloph and the 
posteroloph, thereby closing off a small fossette. The 
posteroloph projects distally.

A lower P4 (Ari 61, Fig. 4, No. 14) is essentially bilo-
phodont with a groove separating the protoconid from 
the fused anteroconid and metaconid.

Discussion:  Denys and Jaeger (1992) provide measure-
ments of a bathyergid (AD 1638) from Arrisdrift, Na-
mibia which they identify as Paracryptomys macken-
nae, citing Hamilton and Van Couvering (1977) as the 
source of these measurements. There are two points that 
should be made, firstly, the Arrisdrift species is far too 
small to belong to Paracryptomys mackennae which is 
a giant bathyergid, possibly synonymous with Bathy-
ergoides neotertiarius Stromer, and secondly, the site 
of Arrisdrift was unknown to Hamilton and Van Cou-
vering as it was discovered in 1976 after they had sub-
mitted their manuscript for publication. In our opinion 
the Arrisdrift species is close to Proheliophobius but is 
slightly larger than the type species P. leakeyi Lavocat, 
1973.

The least worn bathyergid teeth from Harasib show 
vestiges of at least four lophs and lophids which plead 
in favour of a relationship between Bathyergoidea and 
Thryonomyoidea as Lavocat (1988) has already pro-
posed on the basis of cranial anatomy. Thus dental and 
cranial evidence point in the same direction.
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Superfamily Muroidea Miller & Gidley, 1918
Family Rhizomyidae Miller & Gidley, 1918 or 

Spalacidae Gray, 1821
Genus Nakalimys Flynn & Sabatier, 1984

Species N. cf lavocati Flynn & Sabatier, 1984

Synonymy: Senut et al. (1992) listed this species as N. 
lavocati.

Material: 10 isolated cheek teeth and 6 fragmentary 
teeth, comprising 4 M1s, 1 M2, 1 half M3, 4 complete 
and 1 half M1s, 1 half M2, 1 complete and three halves 
M3s.

Description:  Upper cheek teeth: The Harasib sam-
ple of teeth consists of specimens which are generally 
slightly smaller than material from Nakali, Kenya. From 
the morphological point of view, the teeth from Harasib 
have more reduced mesolophs and mesolophids. The 
tooth that is most distinctive is an upper M2 (Ari 45, 
Fig. 2, No. 8) which is slightly shorter but somewhat 
wider and has a more simple structure than its counter-
part from Nakali in that it has a posterolabial fossette 
which is shallower, shorter and narrower. This makes 
the Harasib tooth wider than it is long, whereas the 
Nakali M2s are longer than they are wide, except one 
specimen which has the same length and width meas-
urements (Flynn and Sabatier, 1984). The Harasib M2 
has four roots, the lingual root being doubled, whereas 
the upper first molar has only three roots (cf.  Flynn 
and Sabatier, 1984). Out of four upper first molars from 
Harasib, one has a short mesoloph and the other three 
have no signs of it. The anterocone of M1 is extremely 
reduced in width, occupying less than 2/3 (nearly half) 
of the labial side and shows a slight tendency to have 
a bifurcate summit of the anterocone, which is absent 
in most of the teeth, even in lightly worn ones. This 
represents a difference from the Kenyan forms (Flynn 
and Sabatier, 1984). This reduction of the anterocone 
imparts to the tooth a certain resemblance to the P4 of 
Thryonomyidae.

Lower cheek teeth: The Harasib lower cheek teeth 
are slightly smaller than their counterparts from Nakali. 
The metaconid connection is variable - two of the M1s 
(Ari 46, Fig. 2, No. 9, plus one other specimen) have a 
metaconid which reaches the metalophid which joins 
the anterolophid. Three specimens possess a double 
connection, one with the anterolophid, another with the 
posterior part of the protoconid, thereby closing off a 
fossette. These connections are not similar to those fig-
ured by Flynn and Sabatier (1984) for the Nakali sam-
ple. In the latter teeth, the anterior connection is made 
with the anteroconid and not the anterolophid, whereas 
the posterior connection is more anteriorly situated on 
the protoconid well forward of the beginning of the 
mesolophid.

A fragmentary but unworn M2 has no anterolingual 
cingulum.

The M3 has a short mesolophid with a reduced an-
terolingual cingulum and the anterolabial cingulum is 
absent, as in the holotype of N. lavocati, but unlike the 
other material from Nakali. 

Measurements of the cheek teeth of Nakalimys from 
Harasib are given in Appendix 2.

Discussion: The smaller dimensions of the Harasib sam-
ple compared with those from Nakali and the absence 
of metalophid reduction in M3 suggest an earlier age for 
the former site. The mandible from Nakali KNM NA 
321 has an M3/M1 ratio of 1.2 whereas at Harasib, the 
same ratio calculated from the M3 over the mean of four 
M1s is 0,92. The Harasib ratio is the same as that cal-
culated for Pronakalimys andrewsi from Fort Ternan, 
Kenya, (Tong and Jaeger, 1993) the teeth of which are 
smaller. Through the geologic column the dimensions 
of rhizomyid M3s tend to increase faster than those of 
the M1. The M3/M1 ratio would also suggest an earlier 
age for Harasib than for Nakali. Until more compre-
hensive samples are forthcoming, we prefer to identify 
the Harasib species as Nakalimys cf lavocati, despite 
the various differences in size and morphology that we 
observe.

Genus Harasibomys nov.
Type species H. petteri gen. et sp. nov.

Synonymy: In the article by Senut et al. (1992) this new 
species was listed as cf Nesomyinae and in Pickford et 
al. (1994) as Cricetidae cf. Brachyuromys on account of 
its resemblance to this Madagascan rodent.

Derivatio nominis: The generic name combines Hara-
sib for the discovery locus with mys, Greek for mouse.

Generic diagnosis: Burrowing muroid rodent of me-
dium size related to Rhizomyidae and Spalacidae - larg-
er than Prokanisamys, smaller than Tachyoryctes and 
Spalax; tendency for hypsodonty in cheek teeth; molars 
relatively narrow in comparison to their length; M3 and 
M3 reduced in size. The last character differentiates this 
genus from the Rhizomyinae.

Harasibomys has a simpler muroid dental structure 
than Nakalimys, in particular the lower molars which 
lack the mesolophid and the M3 is smaller. The outline 
of M1 closely resembles  classic Miocene cricetids and 
by its large anterocone it recalls Democricetodon. The 
lower molars are close to those of Nakalimys with a sim-
pler structure (loss of the mesolophid) and the strong re-
duction of M3. The upper molars are more elongated, in 
particular by the development of the anterocone of M1.

Harasibomys differs from Pronakalimys by the ab-
sence of the mesolophid in the lower molars and the 
reduction in size of the M3. The same applies to the 
upper molars. In addition, the Namibian form is more 
hypsodont than the East African ones (Tong and Jaeger, 
1993).
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The extant forms such as Tachyoryctes from Ethiopia 
and Brachyuromys from Madagascar (Petter, 1961) are 
even more hypsodont and above all show fissures in the 
longitudinal crest (entoloph/ectolophid). In the absence 
of the skull, it is difficult to evaluate the precise rela-
tionships between the different genera.

The Spalacidae recently described from the lower 
Miocene of Turkey (Ünay, 1996) could possibly rep-
resent an ancestral form for the African burrowing ro-
dents. Relationships between Rhizomyidae, Spalacidae 
and Nesomyidae are still actively debated. After revi-
sion, Carleton and Musser (1984) opted for the assem-
bling all the Muroidea into the Muridae, a position not 
adopted here.

Species H. petteri sp. nov.

Holotype: Ari 64, left M1 (Pl. 4 fig. 17) 

Hypodigm: 880 isolated cheek teeth comprising 130 
M1s, 138 M2s, 194 M3s, 135 M1s, 134 M2s and 149 
M3s.

Type locality: Harasib 3a, Otavi Mountains, Namibia.

Derivatio nominis: The species name is in honour of 
Dr. F. Petter whose work has contributed much to our 
understanding of extant African rodents.

Species diagnosis: Molars virtually devoid of mesol-
ophs and mesolophids. Anterocone of M1 simple and 
wide. The crown widens distally, but not abruptly as in 
Pronakalimys Tong & Jaeger, 1993. General tendency 
for the crests to be disposed obliquely, the first oblique 
crest is composed of the anterocone and protocone, the 
second one of the paracone and hypocone, and between 
the two the sinus is very oblique towards the front. The 
posterolabial valley is transformed into a small closed 
fossette. Lower first molar has an arcuate anteroco-
nid which conjoins the labial cingulum which can be 
slightly swollen to form a small secondary cuspid, the 
labial anteroconid. The other lower molars have a sim-
ple anteroconid, two large oblique lophids comprising 
the protoconid-entoconid crest and the hypoconid-pos-
terolophid crest. Sinusids very oblique towards the rear. 
The metalophid inserts in front of the protoconid. It is 
generally transverse and sometimes swings forwards. 
The posterolophid forms a crest which lowers gradually 
and ends in a swollen posteroconid. In unworn molars 
the front of upper molars and the rear of lower molars 
are lower than their opposite ends, i.e. in upper molars 
the hypocone is the highest cusp, whereas in lower mo-
lars it is the anteroconid which is highest. In addition, 
the lingual side of the upper molars is slightly higher 
crowned than the labial side, whereas in lower molars it 
is the labial side which is the higher.

Description.  Upper cheek teeth: In the upper M1 the 

anterior crest of the protocone, the proteroloph, reaches 
the labial extremity of the anterocone. In a few cases the 
posterior edge of the anterocone is marked by a valley 
which divides the loph into two moieties. Occasionally 
this valley is blocked off distally by a small crest, the 
anterolophule, which closes off a small fossette. The 
longitudinal crest (endoloph) normally starts at the pos-
terior end of the protocone but in several specimens, in-
cluding the holotype (Ari 64, Fig. 4, No. 17), it reaches 
the middle of the protocone, thereby greatly increasing 
the invasion of the sinus forwards into the crown. This 
has the effect of increasing the length and obliquity of 
the sinus. The paracone has a small distolingual fold 
which disappears with wear, also seen well in the hol-
otype. In unworn teeth there is a small posterior fos-
sette between the posteroloph and the metacone but this 
wears away quickly with use. In the lingual end of the 
sinus between the protocone and hypocone there is a 
small basal pillar, the enterostyle.

In unworn upper M2 there is a swollen anterocone 
which joins the labial cingulum but as the teeth wear 
down these structures fuse to form the anteroloph. There 
is no sign of an anterolingual cingulum. The rest of the 
crown is similar to the rear two thirds of the M1.

In M3 the oblique protocone joins the anteroloph. The 
paraloph inserts at the junction of the anteroloph and 
the protocone. The valley between the paracone and 
the anteroloph is narrow and disappears with wear. The 
metacone joins the posteroloph and endoloph, isolating 
a small posterior fossette which disappears with wear. 
All upper molars have three roots.

Lower cheek teeth: Two of the first lower molars 
show a short mesolophid, a structure which is lacking 
in the vast majority of the specimens. The metalophid is 
very narrow where it inserts into the proterolophid (Ari 
23, Fig. 4, No. 23). Similarly, the connection between 
the hypoconid and entoconid is pinched, foreshadowing 
the separation of the longitudinal crest into two halves, 
as typifies the genus Tachyoryctes. Three of the Harasib 
teeth show a complete separation of the entoconid and 
hypoconid. The posterior part of the crown swells into 
a low posteroconid which with wear extends as a crest 
towards the lingual margin.

Unworn M2s show a small anteroconid and a tiny lin-
gual cingulum, and a more robust labial cingulum. With 
wear these fuse to form the anterolophid. None of the 
teeth show any trace of a mesolophid. A few specimens 
show a division of the hypoconid from the entoconid.

M3 has a protoconid which occupies the extreme 
mesiolabial corner of the crown. The metaconid joins 
the anteroconid on its medial edge. The anteroconid is 
joined to the lingual cingulum which also has an arm 
reaching the metaconid thereby closing off a small 
fossette. With wear the protoconid, anteroconid and 
metaconid fuse to form a transverse lophid. In a few 
cases the metaconid may connect posteriorly with the 
diagonal crest formed by the protoconid and entoconid. 
The hypoconid joins the distal crest by way of the pos-
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terolophid which touches the entoconid. With medium 
wear the tooth becomes sigmodont, forming the letter S 
in left teeth and the letter Z in right teeth. All the lower 
molars have two roots.

Measurements of the cheek teeth of Harasibomys are 
given in Appendix 2.

Conclusions

Of the entire rodent fauna from Harasib 3a, there 
remain to be described 14 species of Muroidea which 
are represented by more than 10,000 teeth. This part of 
the study is based on the study and description of 2329 
cheek teeth (Table 4).

The two Thryonomyidae (Paraphiomys australis and 
Paraulacodus cf. johanesi) suggest an age for Harasib 
3a close to that of Ch’orora (Ethiopia), an estimate that 
is strengthened by the presence of Nakalimys cf. lavoca-
ti of which the morphology and dimensions are slightly 
different from the specimens from Nakali, indicating 
a slightly earlier age for Harasib than for the Kenyan 
site which is ca 9.5 Ma (Flynn et al., 1983). Compared 
to the specimens from Fort Ternan (Kenya) aged about 
12.5 to 13 Ma (Pickford, 1991), Nakalimys cf. lavocati 
is more derived and confirms a younger age for Hara-
sib. In addition, the Pedetid is very similar to a new ge-
nus known from the Rooilepel aeolianites (Sperrgebiet, 
Namibia) which have yielded Diamantornis wardi the 
age of which has been estimated to be about 12-11 Ma 
(Senut and Pickford, 1995). All the data from Harasib 
is coherent and indicates that the site is close in age to 
Ch’orora, is older than Nakali and younger than Fort 
Ternan. We estimate its age to be 10-11 Ma, equivalent 
to the lower Vallesian of Europe, zone MN 9.

The palaeoecology of the site will be treated in the 
second part of this study when the remaining taxa, 
which represent 2/3 of the rodent diversity, have been 

described.
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