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ARTICLE
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ABSTRACT —The Topernawi area of west Turkana, northern Kenya, preserves a number of recently discovered vertebrate
fossil localities of mid-Oligocene age. The Topernawi fauna provides important new data on mammalian evolution in
equatorial eastern Africa during the mid-Cenozoic. Here, we describe five new species of hyracoids from Topernawi:
Nengohyrax josephi, Abdahyrax philipi, Geniohyus ewoii, Thyrohyrax lokutani, and Thyrohyrax ekaii. These species range
in reconstructed body mass from ~8 to ~150 kg, comparable to the body size range that has been observed at other
hyracoid-rich Paleogene sites. We use Bayesian tip-dating phylogenetic analyses to estimate hyracoid relationships. We
find that non-Thyrohyrax species from Topernawi are members of Geniohyidae, a clade of bunodont, Paleogene
hyracoids. Despite being approximately the same age as some of the youngest and best-sampled horizons in the Jebel
Qatrani Formation (Fayum, northern Egypt), the Topernawi hyracoid fauna is distinct, and shows no overlap at the
species level; it also shows no species overlap with the ~1.5-2.5 Ma younger Chilga localities in northern Ethiopia. The
hyracoid assemblage from Topernawi adds to a growing body of evidence which suggests that certain distinctive clades
known from earlier Oligocene horizons in northern Africa (Saghatherium, Selenohyrax, Titanohyrax) did not persist into

the late Oligocene.
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INTRODUCTION

Hyracoids are afrotherian mammals that once formed a domi-
nant component of terrestrial mammalian faunas in Africa and
Arabia (Rasmussen, 1989; Rasmussen & Gutierrez, 2009; Stan-
hope et al., 1998). Today, their diversity consists of at least five
species of relatively small, and closely related, terrestrial and
arboreal hyraxes (Hoeck, 2011; Huxley, 1869; IUCN, 2022;
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Oates et al., 2022). In the Paleogene, hyracoids were much
more diverse, with multiple species ranging in size from ~8 to
~1000 kg in a single community (Schwartz et al., 1995).

The reference point for Paleogene hyracoid diversity has long
been the Eocene and Oligocene localities of the Fayum
Depression in Egypt, which were the only pre-Miocene sites
with a large, well-studied sample of hyracoids in the 20th
century (Barrow et al., 2010, 2012; De Blieux & Simons, 2002;
Rasmussen, 1989; Rasmussen et al., 1990; Rasmussen &
Simons, 1988, 1991, 2000; Thewissen & Simons, 2001). In the
last three decades, additional fossils of Paleogene hyracoids
have been documented from Algeria (Benoit et al., 2016; Court
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& Mahboubi, 1993; Tabuce et al., 2001), Angola (Tabuce et al.,
2021), Ethiopia (Kappelman et al., 2003), Kenya (Ducrocq
et al., 2010; Rasmussen & Gutierrez, 2009), Libya (Coster
et al., 2015; Thomas et al., 2004), Namibia (Pickford et al.,
2008), Oman (Pickford, 1994), Tanzania (Stevens et al., 2009),
and Tunisia (Court & Hartenberger, 1992). These additions to
the Afro-Arabian hyracoid record suggest a Paleogene history
of high species richness and local endemism that cannot be suffi-
ciently characterized by any single fauna.

In particular, Oligocene records from eastern Africa are
important for understanding a major transition in hyracoid diver-
sity between the Paleogene and Neogene. The primary interval
of diversity loss in hyracoids occurred by the Early Miocene, in
association with faunal interchange between Afro-Arabia and
Eurasia (Kappelman et al., 2003; Rage & Gheerbrant, 2020; Ras-
mussen & Gutierrez, 2009). This Early Miocene record is rep-
resented in several Kenyan sites (Leakey et al., 2011; Lukens
et al., 2017, Whitworth, 1954). In contrast, pre-interchange Oli-
gocene sites in eastern Africa are scarce, principally including
the Ethiopian Chilga site and three Kenyan sites: Lokone,
Losodok (Lothidok), and Nakwai (Ducrocq et al., 2010; Kappel-
man et al., 2003; Rasmussen & Gutierrez, 2009).

Here, we describe specimens of Hyracoidea from Topernawi,
an area with several newly discovered mid-Oligocene vertebrate
fossil localities located approximately 25 km to the west of Lake
Turkana. The Topernawi localities are notable for being domi-
nated by hyracoid fossils. Members of this order comprise
almost 75% of identified specimens. In addition to recognizing
the Topernawi hyracoids as new species, we add them to an exist-
ing character-taxon matrix to estimate evolutionary relationships
with other living and extinct members of Hyracoidea using Baye-
sian tip-dating. We also estimate the body size of species from
Topernawi as a first-order approximation of ecological diversity
of hyracoids within the site (Schmidt-Nielsen, 1984; Schwartz
et al., 1995).

Geological Context

Topernawi is located in the western part of the Turkana
Depression approximately 25 km west of Lake Turkana in
Turkana County, Kenya (Fig. 1). Fossiliferous deposits are part
of the Topernawi Formation, exposed in the Ekitale Basin,
which currently crops out over an area limited to a few square
kilometers (Ragon et al., 2019; Sousa et al., 2022). The formation
records an episode of pyroclastic deposition and reworking
across a low-relief landscape. The initial description of these
strata by Ragon et al. (2019) described a 75 meter succession,
which they subdivided into five units (U1 to U5). “*Ar-*Ar geo-
chronology provides tight bracketing ages that constrain the
depositional age of the fossiliferous deposits of the Topernawi
Formation. A columnar jointed basaltic lava flow immediately
beneath the basal Topernawi Formation yields an age of 29.7 +
0.5 Ma (20), and a welded ignimbrite near the top of the
section is dated at 29.24 +0.08 Ma (20) (Sousa et al., 2022).
These dates constrain the depositional age of the fossiliferous
units in the Topernawi Formation to be deposited between 30.2
and 29.16 Ma (20). These rocks represent the oldest dated syn-
rift sedimentary section in the western Turkana Depression.

Vertebrate fossils from Topernawi were first found in 2019 as
part of field surveys conducted by the Topernawi Research
Project. Within the Topernawi Formation, the majority of hyra-
coid fossils come from two stratigraphic units. These units, U3
and U4, are primary and reworked volcaniclastic sedimentary
deposits. Unit 3 is dominated by meter-scale tabular beds of vol-
caniclastic sand to gravel, frequently reworked by decameter-
wide channels, and U4 is also composed of reworked volcaniclas-
tic sediments, locally showing evidence for ballistic pyroclastic
processes and airfall accumulation (Ragon et al., 2019).

The majority of fossils are preserved in a well-identified strati-
graphic zone circa 34 m thick near the U3/U4 conformity
(Fig. 1). Fossils are most frequently found in a silty sandstone
bed that we interpret as a reworked volcaniclastic lithology. The
mild reworking of volcaniclastic sediments in the fossil-bearing
strata, and the lack of articulated fossils in those beds, suggests
that the process that brought the fossils to the location we find
them today involved some physical movement (reworking) along
with their volcaniclastic host sediments. This reworking obfuscates
direct evidence for the paleoenvironment in which the fossil organ-
isms lived. However, the significant number of well-preserved
tooth fossils with complete crowns and minimal abrasion (Bac-
zynski et al., 2016; Behrensmeyer, 1975; Moore & Norman,
2009) suggests that the extent of reworking and distance traveled
must have been limited, inconsistent with the kind of taphonomic
transport damage expected from initial transport and deposition,
re-excavation from scouring, and subsequent further transport
that would be expected of reworking of sediments deposited else-
where prior to the deposition of U3. Pedogenic modification of the
sediments is extremely minimal, but leaf impressions are preserved
on clay laminae near the U3/U4 contact.

Institutional Abbreviations— AMNH, American Museum of
Natural History, New York, NY, US.A.; DPC, Duke Lemur
Center Museum of Natural History, Duke University, Durham,
NC, U.S.A.; KNM, Kenya National Museums, Nairobi, Kenya;
UMZC, University Museum of Zoology, Cambridge, UK.;
YPM, Yale Peabody Museum, New Haven, CT, US.A.

Anatomical Abbreviations—Terminology primarily comes
from Barrow et al. (2010) and Rasmussen and Simons (1988),
with additions where indicated in Figure 2 (Pickford, 2004). We
consider the cristae/ids to be homologous to loph/ids described
in other hyracoid taxa (for example, protocristid vs. protolophid).
We use the former term instead of the latter because in the speci-
mens described here, these structures are not always continuous
in all described taxa, and therefore -crista/-cristid is the more
conservative term that can be applied to all species.

MATERIALS AND METHODS
Fossil Identification

Very few teeth from Topernawi are associated. Therefore,
identification of teeth to species as well as tooth position required
some inference that we detail here. First, we separately studied the
lower molars, then the upper molars, to group them into broad
morphotypes. Similarity in size and similarity in overall morpho-
logical features served as grouping criteria.We assumed that
certain features of crown topology, such as the appression of
cusps or the degree to which two cusps on the crown are located
close together, were more likely to be similar within a species
than between species, based on developmental and quantitative
genetic studies supporting a model of significant shared underlying
genetic patterning between metameres in a dental field (Hlusko
et al., 2016; Koh et al., 2010). To avoid confusion of different meta-
meres for different species in this qualitative step, we minimized
reliance on features that we observed to vary between serial hom-
ologues in better-known hyracoid taxa, such as the position of the
parastyle (e.g., Pachyhyrax crassidentatus, DPC 4000), or overall
length and width proportions (Seiffert, 2007).

At this stage, we did not require upper and lower molars to
group into the same number of morphotypes in order to allow
each set of molars to be investigated independently. However,
after this step was completed, if we found that each morphotype
was reasonably abundant among upper teeth, then it was reason-
able to hypothesize that each should be represented at least once
in the collection of lower teeth and vice versa. Therefore, we
expected comparative study of upper and lower molars to
converge on the same number of morphotypes; this convergence
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FIGURE 1. Geographic and geological
summary of the Oligocene fossil site Toper-
nawi in the Turkana region of Kenya. A, map
of major fossil localities in Topernawi in
relation to remote-sensing-based mapping of
Ragon et al. (2019), draped over a digital
elevation model (DEM) of the region. Inset
shows map of the location of Topernawi in
relation to other nearby late Oligocene and
Early Miocene fossil sites in the Lake
Turkana region of Kenya. Heavy black lines
and lighter shading indicate the extent of the
field area. B, stratigraphic section summarizing
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major lithological units within Topernawi. Stra-
tigraphic section reproduced under a CC-BY
license from Sousa et al. (2022). Stars indicate
the stratigraphic levels of two radioisotopic
dates. Bones indicate the main horizons from
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occurred. After molar morphotypes were stabilized, we conducted
additional comparative work to associate premolars with molar
morphotypes based on size and similarity in features.

Then, we used previously proposed diagnostic differences in
proportions to separate molar positions within a morphotype
and between metameres (Butler, 1939; Novacek et al., 1985; Seif-
fert, 2007; Vitek & Princehouse, 2024). To help assign tooth pos-
itions of lower molars, we used the talonid width relative to
trigonid width as well as tooth size relative to teeth assigned to
m1 (Fig. 3). For premolars, we made the assumption that teeth
increased in size along the premolar field mesiodistally, matching
observations in hyracoid taxa with associated dentitions (e.g.,
Asher et al., 2017; Barrow et al., 2012; Rasmussen & Simons,
1988). For upper molars, we primarily used relative size (see Sup-
plementary Information, Fig. S1), distinctive features common to
hyracoid M3s such as closely appressed hypoconid and metaco-
nid with an expanded distocrista, and, where applicable, features
observed to metamerically vary in other taxa, such as the position
of the parastyle (Seiffert, 2007). To facilitate future independent
evaluations of our resulting identifications, we present illus-
trations of upper and lower teeth, with the exception of decid-
uous teeth, in a matrix-like format where species are in rows
and tooth positions are in columns, with each species-specific
position represented by two teeth where possible to illustrate

variation (Figs. 4-6). Isolated teeth with ambiguous combi-
nations of size and features were not assigned a particular pos-
ition, although these specimens are relatively few, and in most
cases ambiguity was due to wear or significant specimen
damage rather than transport. As an additional check on our
associations of specimens and evaluation of serial homologs,
we provide relative crown areas and coefficients of variation of
crown size in the context of other, more completely known
species from a previously published dataset (see Supplementary
Information Figs. S2, 3; Vitek & Princehouse, 2024).

Finally, we associated upper and lower teeth based on simi-
larity in size and morphological characters where applicable.
Our expectation was that associated upper and lower teeth
should share a size range and morphological arrangement of
cusps and crests that would permit precise occlusion (Crompton
& Hiiemae, 1970; Marshall & Butler, 1966). Notably, all but the
smallest two taxa differ distinctly in absolute size, and it was
logical to group the largest upper molar morphotype with the
largest lower molar morphotype, etc. Supplementary features
were consistent with this pairing. In one example, of all morpho-
types in the collection the medium-sized morphotype (here
described as Geniohyus ewoii) has the least strongly expressed
crests on both upper and lower molars. In a second example,
the relatively short trigonid basin of the second-largest lower
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FIGURE 2. Dental terminology diagram illustrating features of upper
and lower hyracoid tooth crowns described in this work. A, upper left
M3, anterior is to the left. B, lower left m2, anterior is to the top of the
image. Line drawings are amalgamations of different specimens com-
bined to illustrate all terms.

molar morphotype (here described as Abdahyrax philipi) should
correspond to a relatively more closely appressed paracone and
metacone in comparison to other morphotypes to facilitate
precise occlusion. The second-largest upper molar morphotype
has, correspondingly, a relatively mesiodistally compressed
tooth with a relatively shorter distance between the paracone
and metacone relative to the largest upper molar morphotype.
As an additional check on associations of upper and lower
molars, we evaluated whether upper and lower teeth had relative
proportions similar to those of more completely known species.
This visual evaluation was accomplished by plotting proportions
of corresponding teeth (e.g., m1 vs. M1) in morphotypes from
Topernawi and those of other species known from more com-
plete remains from a previously published dataset (see Sup-
plementary Information, Fig. S4; Vitek & Princehouse, 2024).

Phylogenetic Analyses

We developed a character-taxon matrix based on that in Cooper
et al. (2014), which is derived from Barrow et al. (2010, 2010, 2012),
Seiffert (2007), and Seiffert et al. (2012). We subsequently modified
it in Mesquite 3.70 (Maddison & Maddison, 2021). All species were

removed from the dataset except for hyracoids and three early
afrotherian taxa retained as outgroups, Ocepeia daouiensis, Erither-
ium azzouzorum, and Phosphatherium escuilliei. The five new hyr-
acoid species from Topernawi were added. Ten additional dental
characters were added because they helped differentially diagnose
taxa from Topernawi and were hypothesized to be phylogenetically
informative among hyracoids. A list of specimens and images from
the literature used to score existing taxa for these new characters is
included in Supplemental Data (Asher et al., 2017; Barrow et al.,
2010; Benoit et al., 2016; Court & Mahboubi, 1993; Gheerbrant,
2009; Gheerbrant et al., 2005, 2014; Kocsis et al., 2014; Matsumoto,
1921; Pickford, 1994, 2019; Pickford et al., 2008; Rasmussen &
Gutierrez, 2010; Rasmussen & Simons, 1988, 1991; Seiffert, 2006;
Tabuce, 2016; Tabuce et al., 2001; Yans et al., 2014) . The final char-
acter matrix contained 33 taxa and 413 characters. Of those charac-
ters, 172 were invariant and 57 were autapomorphic, or parsimony
uninformative.

In the original version of the matrix, polymorphic characters
were given unique character states, resulting in some characters
that had up to 20 character states (Seiffert, 2007). We revised
characters to treat polymorphic scores as the more standard com-
bination of two or more character states, resulting in a smaller
number of character states that could be accommodated by the
MrBayes analytical software (Ronquist et al., 2012). Characters
were equally weighted, and all characters that formed plausible
morphoclines were ordered following prior practice (Cooper
et al., 2014). Additional edits to the matrix are as follows. The
scores for upper teeth of Microhyrax lavocati were removed
because the fossils on which these scores were based do not
belong to this species (Tabuce & Benoit, 2014). Scores of lower
premolars of Titanohyrax angustidens were based on deciduous
teeth, so these scores were removed until observations are clari-
fied. A Mesquite-readable nexus file including taxa, character
scorings, character state descriptions, and decisions about charac-
ter ordering is included in Supplemental Data. An online-acces-
sible version of the NEXUS file is hosted on MorphoBank under
project P4786 (http://morphobank.org/permalink/?P4786).

Absolute ages of extinct species were modeled as age ranges
drawn from the literature in combination with the geological
time scale (Barido-Sottani et al., 2020; Walker et al., 2019). The
age ranges used and the sources for each estimate are provided
in Supplemental Data (Barrow et al., 2010; Coster et al., 2012;
Cote et al., 2018; Drake et al., 1988; Feibel & Brown, 1991;
Gheerbrant, 2009; Gheerbrant et al., 2005, 2014; Heritage
et al, 2021; Heritage & Seiffert, 2022; Kocsis et al., 2014;
Leakey et al., 2011; Mahboubi et al., 1986; Matsumoto, 1921,
1926; Michel et al., 2020; Pickford, 1994, 2009; Pickford et al.,
2008; Rasmussen & Gutierrez, 2010; Rasmussen & Simons,
1988, 1991, 2000; Seiffert, 2003, 2006; Sousa et al., 2022; Sudre,
1979; Tsujikawa & Pickford, 2006; Yans et al., 2014). The age
of the root, which in this case models the origin of crown
Afrotheria, was modeled as a half-normal distribution with a
minimum age of 60.1 Ma and 99.7% tail within 70.1 Ma (Heritage
et al., 2021; Heritage & Seiffert, 2022).

Bayesian phylogenetic analyses were run in the MrBayes
v. 3.2.6 parallel (MPT) version (Ronquist et al., 2012). These ana-
lyses were time-scaled using tip dates to help inform the par-
ameters of a fossilized birth-death (FBD) model (Heath et al.,
2014). The probability of sampling species was set to 16.7%
based on the proportion of extant hyracoid species sampled
(Gavryushkina et al., 2016; Zhang et al., 2016). The clock rate
prior was set as an approximately flat distribution. The three out-
groups were enforced by setting a topological constraint. Each
analysis was run for 50 million generations using two runs of
four chains each, one cold chain and three hot chains with temp-
erature set to 0.02. Chains were sampled every 1000 generations.

Two separate Bayesian analyses were conducted to account for
the potential impact of the large number of invariant characters
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FIGURE 3. Plot of ratio values that help diag-
nose hyracoid lower molar loci. Ratios were
measured in molars from Topernawi. Along-
side information from associated dentitions,
they were used to help evaluate which isolated 0.9
teeth belonged to which tooth position for each
species.
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in our matrix of morphological characters. The two analyses
differ only in modeling how the characters were sampled, and
are otherwise identical in all settings. The first analyses
implemented the gamma-distributed Markov k (Mk) model by
setting coding to the default ‘all’ (Lewis, 2001). The second
implemented the Markov k with ascertainment bias (Mkv)
model by setting coding to ‘variable.’

For each analysis, adequate sampling was checked in Tracer
(Rambaut et al., 2018), using the criterion of effective sample size
(ESS)>200 as a threshold for adequate convergence as well as
visual inspection of diagnostic plots (Drummond et al., 2006). Topo-
logical convergence between the two independent runs was
checked using the average standard deviation of split frequencies,
which was considered adequate if<(0.01. The first 25% of the
sample was discarded as burn-in. The post-burn-in sample of topol-
ogies was summarized as a 50% consensus tree with Bayesian pos-
terior probability (BPP) values indicating support for each node
using the ‘ggtree’ package (Wang et al., 2020; Yu, 2022).

To complement Bayesian analyses, a parsimony analysis using
implied weighting was conducted in TNT version 1.5 (Goloboff
& Catalano, 2016). The default implied weighting value of K =
3 was maintained because it balanced being higher than values
at which K shows undesirable properties in simulations (K <2)
while remaining as low as reasonably possible to avoid being
redundant with equal-weights parsimony (M. R. Smith, 2019).
We provide results of Bayesian analyses in the main text, but
also include results of parsimony with implied weighting analysis
in supplementary text to permit comparison as well as an initial
assessment of which relationships are robust to analytical
model choice. Scripts used to conduct analyses and summarize
results are reposited in an associated project on Dryad.

Body Mass Estimates

To estimate the body mass of each new taxon, we used
regression equations predicting mass from upper and lower m2

lengths of perissodactyls and hyracoids (Janis, 1990). Among
other published models, this one is preferred for estimating hyr-
acoid body size (Schwartz et al., 1995). We used the quasi-
maximum likelihood estimator correction factor to correct for
bias in detransformed logarithmic variables (R. J. Smith, 1993).
We include estimates based on all available, identifiable second
molars as well as including uncertainty within the model itself
through the 95% confidence intervals.

SYSTEMATIC PALEONTOLOGY

MAMMALIA Linnaeus, 1758
AFROTHERIA Stanhope et al. 1998
HYRACOIDEA Huxley, 1869
GENIOHYIDAE Andrews, 1906

Type Genus— Geniohyus

Included Taxa— Abdahyrax gen. nov., Brachyhyrax, Buno-
hyrax, Geniohyus, Nengohyrax gen. nov., Pachyhyrax.

Emended Diagnosis — Apomorphies of Geniohyidae: presence
of four roots on P1; presence of small metacone on P2; presence
of posthypocrista on upper molars; presence of entostyle on
upper molars; mesiobuccally inflated hypoconid on lower molars.

Remarks — Geniohyidae was previously characterized as a
group of dentally primitive taxa including Seggeurius, Geniohyus,
Bunohyrax, Pachyhyrax, and Brachyhyrax (Rasmussen &
Gutierrez, 2010). With the exception of Seggeurius, the mono-
phyly of this group has stood up to repeated phylogenetic assess-
ments of relationships in parsimony analyses (Barrow et al., 2010;
Cooper et al., 2014; Seiffert, 2007) as well as Bayesian analyses
(this study). We formally recognize apomorphies, rather than
plesiomorphic or primitive characters, that diagnose this clade
based on phylogenetic analysis. Although many geniohyids
have simplified premolars in terms of lower premolars lacking
entoconids and upper molars having small hypocones, not all
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FIGURE 4. Lower teeth of hyracoids from Topernawi in occlusal view. Anterior is to the left. Images are organized by tooth position in columns. Some
specimen images have been reversed as indicated to facilitate comparisons between taxa and tooth positions. A-G, Nengohyrax josephi. A, KNM-TP
102150, left p1; B, KNM-TP 102171, left p3; C, KNM-TP 102162, right p4 (reversed); D, KNM-TP 102109, left m1; E, KNM-TP 102172, holotype, left
m2 and partial m3; F, KNM-TP 102487, right p4 (reversed); G, KNM-TP 102739, right m3 (reversed). H-K, Abdahyrax philipi. H, KNM-TP 102936,
holotype, left p1-m3; I, KNM-TP 102207 right p3 (reversed); J, KNM-TP 102214 left m2; K, KNM-TP 102114, left m3. L-Q, Geniohyus ewoii. L, KNM-
TP 102459, left p1; M, KNM-TP 102186, left p2; N, KNM-TP 102527, left p4; O, KNM-TP 102104, left m1; P, KNM-TP 102518, right m2 (reversed); Q,
KNM-TP 102465, left m3, R-BB; Thyrohyrax lokutani. R, KNM-TP 102158, right p1 (reversed); S, KNM-TP 102163, right p2 (reversed); T, KNM-TP
102528, left p3; U, KNM-TP 102526 (in part), holotype, right p4 (reversed); V, KNM-TP, 102464, left m1; W, KNM-TP 102142, left m2, X, KNM-TP,
102463, left m3; 'Y, KNM-TP, 102130, left p2; Z, KNM-TP 102526 (in part), holotype, left p3; AA, KNM-TP 102504, left m1; BB, KNM-TP 102526 (in
part), holotype, left m3. CC-KK, Thyrohyrax ekaii. CC, KNM-TP 102513, left p1; DD, KNM-TP 102225, right p2 (reversed); EE, KNM-TP 102180, left
p3; FF, KNM-TP 102235, left p4; GG, KNM-TP 102456, left m1; HH, KNM-TP 102237, left m2; II, KNM-TP 102204, left m3; JJ, KNM-TP 102250, left
p4; KK, KNM-TP 102173, holotype, left dentary with m1-m3. Scale bars equal 1 cm. Codes at top indicate columns of tooth positions. Asterisk indi-
cates a holotype.
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FIGURE 5. Deciduous teeth of hyracoids from
Topernawi in occlusal view. Anterior is to the
left. Some specimen images have been
reversed as indicated to facilitate comparisons
between taxa and tooth positions. A, KNM-
TP 102177, left dP4; B, KNM-TP 102510,
right dp4 (reversed); C, KNM-TP 102228 left
dp2; D, KNM-TP 102202, left dP3; E, KNM-
TP 102157, left dP4; F, KNM-TP 102187, left
dP4; G, 102831 (in part), left dP4; H, KNM-
TP 102147, left dP4; I, KNM-TP 102501, left
dP4; J, KNM-TP 102261, right dP3 (reversed).
Scale bars equal 1 cm. The scale bar at top
applies to A-C. The scale bar at bottom
applies to D-J.

taxa share these traits and therefore we do not include them in
the diagnosis.

NENGOHYRAX JOSEPHI gen. et sp. nov.
(Figs. 4, 5, and 6; Table 1)

Holotype— KNM-TP 102172, left dentary fragment with m2
and a fragment of m3 (Fig. 4E).

Etymology —Genus named for Isaiah Nengo, who was instru-
mental in conducting early work at the site; species named for
Joseph Lokutan, who found the type specimen.

Referred Specimens—KNM-TP 102081 right P4, KNM-TP
102086 right m1, KNM-TP 102103 left P4, KNM-TP 102105 left
M3, KNM-TP 102109 right ml, KNM-TP 102110 left M3,
KNM-TP 102113 left m2, KNM-TP 102150 left pl, KNM-TP
102156 left M1 or M2, KNM-TP 102162 left p4, KNM-TP
102165 right M2, KNM-TP 102171 left p3, KNM-TP 102172 left
m2, KNM-TP 102174 right P1, KNM-TP 102177 left dP4,
KNM-TP 102190, left M2, KNM-TP 102193 left M2, KNM-TP
102208 left M3, KNM-TP 102244 left P2, KNM-TP 102458
right P3, KNM-TP 102467 left P1, KNM-TP 102468 right P2,
KNM-TP 102475 right P4, KNM-TP 102481 right P2, KNM-TP
102484 left P3, KNM-TP 102487 right p4, KNM-TP 102489 left
upper premolar, KNM-TP 102490 left M1, KNM-TP 102491
left P2, KNM-TP 102510 right dp4, KNM-TP 102522, right P4,
KNM-TP 102739, right m3.

Diagnosis— Apomorphies within Geniohyidae: spurs in trigo-
nid basin absent; molar prehypocrista terminates along mesial
wall of metacone. Differs from other geniohyids in combination
of: incipient p4 protolophid; molar trigonids enclosed by para-
cristid and premetacristid; absence of hypocones on premolars.

Description

Upper Premolars— The dentition increases distally in size,
from premolars to molars. Teeth are brachydont. The premolars
have weak or absent mesiobuccal cingula and lack hypocones.
The lingual part of the crown consists of a protocone with a pre-
protocrista ending at the mesial cingulum with a distinct cuspule
that may be a paraconule along its length. The postprotocrista
extends into a broad, flat shelf devoid of any cuspule or ridge
that might indicate a hypocone. The P1 (KNM-TP 102467,
KNM-TP 102489; Fig. 6A, H) has four roots and a relatively
small protocone. The paracone and metacone are closely
appressed, connected by a crista that continues in a straight
line through a postmetacrista. A parastyle approximately half
the size of the paracone is present. The P2 (KNM-TP 102468,
KNM-TP 102244; Fig. 6B, I) also has four roots, but a larger pro-
tocone than the P1. It is buccolingually wider than the P1 with
more distinct separation between the paracone and metacone.
Buccal cingula are variably present and discontinuous. P3s
(KNM-TP 102484, KNM-TP 102458; Fig. 6C, J) are similar to
P2s but larger in size and with a more strongly expanded distolin-
gual surface. P4s (KNM-TP 102475; Fig. 6D) are much wider than
long, in comparison to the more equilateral dimensions of
anterior premolars.

One partial upper cheek tooth (KNM-TP 102177; Fig. SA) is
smaller than other identified molars of this species, but otherwise
shares several anomalous features, including a cuspule on the
mesial cingulum anteromesial to the protocone, strong cristae
on the protocone oriented approximately continuously with
each other, and a distal continuation of the mesiolingual cingu-
lum that travels up the lingual face of the hypocone. The crown
is proportionally narrower than P4s (Table 1). We infer that
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M1

FIGURE 6. Upper teeth of hyracoids from
Topernawi in occlusal view. Anterior is to the
left. Images are organized by tooth position
in columns. Some specimen images have been
reversed as indicated to facilitate comparisons
between taxa and tooth positions. A—G, Nen-
gohyrax josephi. A, KNM-TP 102467, left P1;
B, KNM-TP 102468 right P2 (reversed); C,
KNM-TP 102484, left P3; D, KNM-TP
102484, left P4, KNM-TP 102475, right P4
(reversed); E, KNM-TP 102490, partial left
M1; F, KNM-TP 102193, left M2; G, KNM-
TP 102105 left M3; H, KNM-TP 102489, left
P1; I, KNM-TP 102244, left P2; J, KNM-TP
102458, right P4 (reversed); K, KNM-TP
102156, partial left M1; L, KNM-TP 102208,
left M3. M-U, Abdahyrax philipi. M, KNM-
TP 102169, left P1; N, KNM-TP 102183, left
P2; O, KNM-TP 102131, right P3 (reversed);
P, KNM-TP 102201, right P4 (reversed); Q,
KNM-TP 102198, left M1; R, KNM-TP
102191, right M2 (reversed); S, KNM-TP
102486, left M3; T, KNM-TP 102247, right
M1 (reversed); U, KNM-TP 102506, right M2
(reversed). V-DD, Geniohyus ewoii. V,
KNM-TP 102496, left P1; W, KNM-TP
102116, left P2; X, KNM-TP 102910, right P3
(reversed); Y, KNM-TP 102814, holotype,
partial left maxilla with P4A-M1; Z, KNM-TP
102457, left P2; AA, KNM-TP 102097, right
P4; BB, KNM-TP 102831 (in part), left M1;
CC, KNM-TP 102101, left M2; DD, KNM-TP
102089, partial left M3. EE-KK, Thyrohyrax
lokutani. EE, KNM-TP 102268, left P1; FF,
KNM-TP 102969, left P3; GG, KNM-TP
102460, left P4; HH, KNM-TP 102205, right
M1 (reversed); II, KNM-TP 102824, left M2;
JJ, KNM-TP 102479, left M3; KK, KNM-TP
102907, right M1 (reversed). LL-UU, Thyro-
hyrax ekaii. LL, KNM-TP 102260, right P1
(reversed); MM, KNM-TP 102259, right P2
(reversed); NN, KNM-TP 102248, left P4,
00, KNM-TP 102254, left M1; PP, KNM-TP
102868, left M2; QQ, KNM-TP 102223, left
M3; RR, KNM-TP 102220, left P1; SS, KNM-
TP 102158, left P2-M1; TT, 102205, right M2
(reversed); UU, KNM-TP 102734, right M3
(reversed). Scale bars equal 1 cm. Codes at
top indicate columns of tooth positions. Aster-
isk indicates a holotype.
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this specimen is a dP4 based on the combination of small size and
molar-like features.

Upper Molars—The internal mesial and distal margins of each
molar are relatively straight, rather than curved and interlocking
(Fig. 6E-G, K, L). The cusps on each crown are moderately con-
vergent, with the buccal cusps placed slightly internal resulting in
a well-developed, continuous buccal cingulum. The cingulum
crosses the mesostyle transversely. The distal pair of cusps are
consistently spaced more closely together than the mesial pair
of cusps. Incomplete molars imply the existence of a parastyle,
but its morphology is not preserved. The mesostyle is small,
approximately half the basal area of the paracone or less. It is
located approximately equidistant between the metacone and
protocone. The mesostyle is located far buccal to the para- and
metacone, but the parastyle and metastyle are closer to being
in line with the major cusps, emphasizing the center but not the
edges of a “w”-shaped centrocrista. Buccal ribs of enamel are
absent on this centrocrista and lingual spurs are absent on the
buccal cusps. The metacone has a small, distally oriented
postmetacrista.

The cusps on upper molars have relatively small, weakly devel-
oped cristae. This proportion is most apparent in the protocone.
The protocone has a relatively flat face buccally, and lingually its
apex extends only approximately as far as that of the hypocone,
not further lingually. The two lingual cusps are of approximately
equal size. A continuous cingulum is present around the lingual
boundaries of the protocone and is connected to a complete
mesial cingulum. The preprotocrista remains independent of
the paracone and mesiolabial cingulum. Approximately
midway along the preprotocrista, a small cuspule or peak is
expressed mesial to the crest. The orientation of the postproto-
crista is variable relative to the preprotocrista. On some speci-
mens the two cristae meet at a wide angle at the protocone. In
others they are oriented at approximately a 180° angle, forming
a continuous crest. Both crests are trenchant and strongly
expressed. Buccal spurs of enamel are variably present on the
protocone and hypocone. The valley between the protocone
and hypocone is relatively straight, oriented toward the mesos-
tyle. A thickening of enamel along a crest extending from
either major cusp is frequently present between the protocone
and hypocone, potentially identifiable as an entostyle. The hypo-
cone is distolingually expanded, forming a relatively flat lingual
wall and a curved, sharp posthypocrista that curves where it
joins the posterior border of the tooth. The mesiolingual
corner of the hypocone is also expanded, sometimes resulting
in a small crest that joins the lingual cingula. The prehypocrista
meets the lingual face of the metacone on the mesial side of
the cusp. An additional, weakly expressed crest or ridge in the
enamel starts on the lingual face of the hypocone and becomes
confluent with the lingual cingula around the protocone. Propor-
tionally, the M2 (Fig. 6F) is relatively square in contrast to the M3
(Fig. 6G, L), which is longer than wide. On the M3, the posthypo-
crista extends to join the postmetacrista forming a distocrista
enclosing the talon.

Lower Premolars—Lower premolars lack entoconids as well
as any cristids distal to the hypoconid. A partial tooth tentatively
interpreted as a pl (KNM-TP 102150; Fig. 4A) has one large
main cusp and a smaller, centrally located secondary cusp
without a strong cristid connecting the two. The p3 (KNM-TP
102171; Fig. 4B) has four roots. The paraconid is incorporated
into a strongly expressed paracristid. A protoconid and metaco-
nid are closely appressed, with the metaconid slightly smaller and
placed distolingually relative to the protoconid. A large hypoco-
nid is connected to the metaconid by a large cristid obliqua. The
p4 (KNM-TP 102487, KNM-TP 102162; Fig. 4C, F) has a similar
conformation to the p3, but is wider. The protoconid and meta-
conid are spaced further apart and the paracristid continues
down the mesial face of the crown. The cristid obliqua meets

TABLE 1. Measurements (in mm) of fossils of hyracoids from
Topernawi. All specimen numbers have the prefix KNM-TP.
Abbreviations: L, length; W M, mesial width; W D, distal width.

Species Locus  Specimen L WM WD
Abdahyrax ekuwomi  P1 102169 13.52 10.19 NA
Abdahyrax ekuwomi P2 102131 16.17 14.98 NA
Abdahyrax ekuwomi P2 102183 12.45 11.38 NA
Abdahyrax ekuwomi P2 102185 16.34 13.39 NA
Abdahyrax ekuwomi  P3 102210 15.44 NA NA
Abdahyrax ekuwomi P4 102201 14.95 18.5 NA
Abdahyrax ekuwomi M1 102198 17.73 18.7 NA
Abdahyrax ekuwomi M1 102247 17.64 19.13 NA
Abdahyrax ekuwomi M1 102812 15.82 17.94 NA
Abdahyrax ekuwomi M2 102191 17.9 20.79 NA
Abdahyrax ekuwomi M2 102506 20.93 18.35 NA
Abdahyrax ekuwomi M2 102921 19.16 21.48 NA
Abdahyrax ekuwomi M3 102486 17.5  20.264 NA
Abdahyrax ekuwomi  dp3 102228 13.18 52 6.3
Abdahyrax ekuwomi  pl 102936 13.74 7.7 NA
Abdahyrax ekuwomi  p2 102936 13.59 8.54 NA
Abdahyrax ekuwomi  p3 102207 14.2 9.2 10.5
Abdahyrax ekuwomi  p3 102936 14.43 9.95 NA
Abdahyrax ekuwomi  p4 102936 14.27 11.12 NA
Abdahyrax ekuwomi  m?2 102214 18.15 13.79 1352
Abdahyrax ekuwomi  m3 102095 27.15 16.1 14.7
Abdahyrax ekuwomi  m3 102114 28.4 15.44 NA
Geniohyus ewoi dP4 102831 9.43 9.36 NA
Geniohyus ewoi P1 102946 7.37 5.85 NA
Geniohyus ewoi P2 102116 8.12 6.3 NA
Geniohyus ewoi P3 102498 7.83 7.83 NA
Geniohyus ewoi P3 102910 7.86 7.33 NA
Geniohyus ewoi P4 102814 8.44 10.17 NA
Geniohyus ewoi M1 102512 11.55 10.11 NA
Geniohyus ewoi M1 102814 10.21 10.67 NA
Geniohyus ewoi M1 102831 10.22 10.62 NA
Geniohyus ewoi M2 102101 11.7 12.91 NA
Geniohyus ewoi M2 102246 11.97 11.31 NA
Geniohyus ewoi M2 102814 12.26 12.96 NA
Geniohyus ewoi M2 102814 11.53 13.29 NA
Geniohyus ewoi M3 102117 13.47 12.7 NA
Geniohyus ewoi M3 102814 11.73 13.29 NA
Geniohyus ewoi M3 102814 11.34 13.16 NA
Geniohyus ewoi p2 102459 8.14 3.9 42
Geniohyus ewoi p3 102186 8.3 4.42 4.93
Geniohyus ewoi p4 102503 8.37 5.7 5.81
Geniohyus ewoi p4 102527 9.6 6.7 7.27
Geniohyus ewoi ml 102104 9.5 7.46 7.4
Geniohyus ewoi ml 102115 9.26 7.48 743
Geniohyus ewoi ml 102125 9.66 NA 7.14
Geniohyus ewoi m2 102518 11.3 8.34 8.35
Geniohyus ewoi m3 102465 14.16 8.4 7.46
Geniohyus ewoi m3 102815 14.11 8.9 8.13
Nengohyrax josephi dP4 102177 17 16.64 NA
Nengohyrax josephi P1 102174 14 11.8 NA
Nengohyrax josephi P1 102467 12.839 NA NA
Nengohyrax josephi P2 102244 12.58 14.63 NA
Nengohyrax josephi P2 102468 13.32 14.2 NA
Nengohyrax josephi P2 102481 12.94 13.29 NA
Nengohyrax josephi P2 102491 13.24 NA NA
Nengohyrax josephi P2 102878 13.3 15.55 NA
Nengohyrax josephi P3 102458 14.13 19.34 NA
Nengohyrax josephi P3 102484 13.89 19.93 NA
Nengohyrax josephi P4 102081 14.27 17.92 NA
Nengohyrax josephi P4 102103 14.3 18.7 NA
Nengohyrax josephi P4 102721 16.5 17.62 NA
Nengohyrax josephi M2 102193 22.39 NA NA
Nengohyrax josephi M3 102105 21.15 23.81 NA
Nengohyrax josephi M3 102110 20.62 NA NA
Nengohyrax josephi M3 102208 23.75 21.75 NA
Nengohyrax josephi dp4 102510 15.8 10 10.3
Nengohyrax josephi p3 102171 14.31 10.58  10.75
Nengohyrax josephi p3 102779 8.99 32 3.56
Nengohyrax josephi p4 102162 16.7 131 12.85
Nengohyrax josephi p4 102487 17.41 13.96  13.49
Nengohyrax josephi ml 102086 19.7  14.272 NA

(Continued)
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TABLE 1. Continued.

Species Locus  Specimen L WM WD
Nengohyrax josephi ml 102109 19.56 NA  15.68
Nengohyrax josephi m2 102113 19.24 NA NA
Nengohyrax josephi m2 102172 20.33 17.6 17.4
Nengohyrax josephi m3 102739 31.75 16.16  16.16
Thyrohyrax ekaii dP4 102229 6.98 7.42 NA
Thyrohyrax ekaii P1 102121 4.98 4.48 NA
Thyrohyrax ekaii P1 102220 4.83 447 NA
Thyrohyrax ekaii P1 102260 52 55 NA
Thyrohyrax ekaii P1 102899 427 4.17 NA
Thyrohyrax ekaii P2 102960 4.95 531 NA
Thyrohyrax ekaii P3 102259 8.19 9.2 NA
Thyrohyrax ekaii P3 102816 5.88 6.2 NA
Thyrohyrax ekaii P4 102248 8.12 7.17 NA
Thyrohyrax ekaii M1 102194 7.11 7.67 NA
Thyrohyrax ekaii M1 102254 7.29 7.83 NA
Thyrohyrax ekaii M1 102818 6.91 7.51 NA
Thyrohyrax ekaii M2 102868 7.71 8.62 NA
Thyrohyrax ekaii M3 102223 7.38 8.9 NA
Thyrohyrax ekaii M3 102702 6.93 7.74 NA
Thyrohyrax ekaii M3 102734 8.1 8.4 NA
Thyrohyrax ekaii pl 102513 411 2.32 NA
Thyrohyrax ekaii p2 102225 5.81 3.51 3.82
Thyrohyrax ekaii p3 102083 6.73 3.88 4.19
Thyrohyrax ekaii p3 102180 6.21 4.52 NA
Thyrohyrax ekaii p3 102226 5.55 3.47 3.85
Thyrohyrax ekaii p3 102258 51 2.58 2.62
Thyrohyrax ekaii p4 102235 6.45 4.37 4.31
Thyrohyrax ekaii p4 102250 6.7 4.7 4.67
Thyrohyrax ekaii p4 102803 6.14 429 NA
Thyrohyrax ekaii ml 102219 7.81 5.15 5.39
Thyrohyrax ekaii ml 102456 7.79 5.26 5.7
Thyrohyrax ekaii ml 102708 7.4 4.84 443
Thyrohyrax ekaii ml 102810 7.75 53 5.4
Thyrohyrax ekaii m1 102841 7.24 4.83 4.88
Thyrohyrax ekaii m2 102173 7.73 5.23 513
Thyrohyrax ekaii m2 102237 7.79 5.47 5.63
Thyrohyrax ekaii m2 102735 7.86 5.21 5.17
Thyrohyrax ekaii m2 102766 7.79 5.4 4.98
Thyrohyrax ekaii m3 102166 10.59 5.32 5.19
Thyrohyrax ekaii m3 102173 9.52 5.21 4.69
Thyrohyrax ekaii m3 102204 9.94 5.72 5.55
Thyrohyrax ekaii m3 102218 10.3 5.33 4.62
Thyrohyrax ekaii m3 102745 10.43 5.26 525
Thyrohyrax ekaii m3 102786 9.27 4.85 4.6
Thyrohyrax lokutani ~ dP4 102187 9 8.91 NA
Thyrohyrax lokutani  P1 102268 13.44 14.53 NA
Thyrohyrax lokutani ~ P3 102969 6.79 81 NA
Thyrohyrax lokutani P4 102097 8.3 9.14 NA
Thyrohyrax lokutani P4 102470 7.47 8.72 NA
Thyrohyrax lokutani ~ M1 102205 9.12 7.83 NA
Thyrohyrax lokutani ~ M1 102907 7.63 NA NA
Thyrohyrax lokutani ~ M2 102824 8.33 9.27 NA
Thyrohyrax lokutani ~ M3 102479 10.15 10.69 NA
Thyrohyrax lokutani ~ dp4 102796 8.58 391 4.72
Thyrohyrax lokutani  pl 102130 5.77 2.99 3.52
Thyrohyrax lokutani  pl 102158 5.47 321 NA
Thyrohyrax lokutani ~ p2 102263 6.7 3.73 4.5
Thyrohyrax lokutani ~ p2 102879 6.722 5.193  4.848
Thyrohyrax lokutani ~ p3 102526 7.56 4.15 4.73
Thyrohyrax lokutani  p3 102526 7.38 438 4.84
Thyrohyrax lokutani  p3 102528 6.94 3.72 43
Thyrohyrax lokutani  p4 102526 7.69 4.64 471
Thyrohyrax lokutani ~ ml 102464 8.62 5.34 5.41
Thyrohyrax lokutani  ml 102504 8.32 5.49 5.72
Thyrohyrax lokutani  ml 102526 7.97 4.47 4.54
Thyrohyrax lokutani  ml 102075 8.44 4.47 5.9
Thyrohyrax lokutani ~ ml 102712 8.46 5.27 4.63
Thyrohyrax lokutani  ml 102722 9.2 NA 5.92
Thyrohyrax lokutani ~ ml 102782 9.94 5.92 53
Thyrohyrax lokutani ~ m?2 102142 8.95 6.4 6.35
Thyrohyrax lokutani ~ m3 102463 12.49 5.77 5.28
Thyrohyrax lokutani ~ m3 102526 11.2 5.17 5.17

the protoconid at the postvallid. One tooth has the same confor-
mation of cusps and crests but is much narrower than long
(KNM-TP 102510; Fig. 4B): it is identified as a dp4.

Lower Molars—An increase in crown area along the lower
molar row is strong: the m2 is ~1.3 times the area of the ml,
and the m3 ~1.8 times the area of the m1 (Figs. 4D-E, 7). The
talonid of m1-2 is slightly longer than the trigonid. The crown
base is inflated buccally and lingually, though the walls of the
cusps themselves are subvertical. Lower molars lack mesoconids
and spurs of enamel. Both main cusp pairs on the trigonid (pro-
toconid and metaconid) and talonid (hypoconid and entoconid)
are transversely oriented, the line connecting each pair being
approximately perpendicular to the long axis of the tooth (Fig.
4D, E, G).

The trigonid basin is enclosed by a combination of the para-
cristid and premetacristid. The paracristid is continuous and
curves gently, rather than sharply, around the trigonid. It lacks
a cuspidate paraconid. The metaconid is slightly distally offset
from the protoconid and elevated above the protoconid. The
postmetacristid is small such that it does not extend much past
the postvallid. A buccal cingulid is present, strongly expressed
around the hypoflexid but discontinuous around the hypoconid.

The cristid obliqua ascends the postvallid, terminating
between the metaconid and protoconid. The entoconid and
hypoconid are distinct cusps with a small cristid that is lost
early as the tooth wears. The cristid obliqua and the small hypoc-
ristid both meet at the hypoconid, but the junction is gently
rounded rather than “v”-shaped. The hypoconid is slightly
larger than the entoconid. It is also mesiobuccally inflated, and
accordingly more rounded than triangular in its footprint on
the crown. The mesiobuccal face of the entoconid is flat or
expanded, limiting the size of the talonid basin. The entocristid
is weakly expressed relative to the size of the entoconid even
though the entocristid and postmetacristid together nearly
enclose the talonid basin. A small peak in the postcingulid is
all that remains of a hypoconulid on the m1 and m2, but it is con-
nected to the hypoconid by a narrow cristid.

Type Locality—Hill 2, Topernawi, Ekitale Basin, west of Lake
Turkana, Kenya; stratigraphic unit U4, Topernawi Fm., mid-
Oligocene.

Remarks and Comparisons— Nengohyrax josephi differs from
other taxa assigned to Geniohyidae by features beyond those
listed in the diagnosis. It differs from established species of Buno-
hyrax, such as Bunohyrax fajumensis, in having a more fully
enclosed trigonid basin and a stronger postmetacristid on the
lower molars. The connection between the entoconid and hypo-
conid is also stronger, and the basins themselves lack spurs of
enamel. On the upper molars, the two taxa share similarities in
the relative size and placement of the mesostyle, but differ in
molar dimensions and in the reduction of central spurs of
enamel on the major cusps.

It differs from the unnamed species of Bunohyrax from Chilga
in having a less distinct, shorter, non-recurved paracristid; a
reduced preentocristid; weaker postmetacristid; and absence of
spurs on major cusps of the lower molars. It also has more
equal-length trigonid and talonid, in contrast to the species
from Chilga which has a relatively shorter trigonid, resulting in
shorter and wider lower molars in N. philipi (Rasmussen &
Gutierrez, 2010).

Nengohyrax differs from Geniohyus in being distinctly larger
in size, in addition to multiple features of upper and lower
teeth. On the lower molars of Nengohyrax, the m2 entoconid is
also distinctly smaller than the hypoconid in constrast to the
more equally sized cusps on the m2 of Geniohyus. On the
upper molars of Geniohyus, the prehypocristae on the upper
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M1-2 are oriented mesial to the mesial wall, versus meeting the
mesial wall of the metacone in Nengohyrax. The M2 mesostyle is
small, less than half the area of the protocone in Geniohyus, but
relatively larger in Nengohyrax. Finally, the M2 and M3 are simi-
larly sized in Geniohyus, whereas the M3 is larger in Nengohyrax.

Nengohyrax differs from Pachyhyrax in having less molarized
premolars and lacking pre- and posthypocristids on the ml, as
well as in having entoconids on the p3 and p4. Nengohyrax
lacks the continuous buccal cingulum and relatively strong post-
metacristid that are seen on lower molars of Pachyhyrax. Like
Geniohyus, Pachyhyrax differs from Nengohyrax in lacking a
strong premetacristid that encloses the trigonid. The entoconid
is more posteriorly placed in Pachyhyrax. On upper teeth, Nen-
gohyrax lacks the more molarized features of the premolars,
specifically the P2, P3, and P4 hypocone and P4 entocristia. It
also lacks lingual spurs on M1-2 buccal cusps, and interlocking
mesial and distal walls of the upper molars. The prehypocristae
on the M1-2 of Pachyhyrax are oriented mesial to the mesial
wall of the metacone, unlike those of Nengohyrax that meet
the mesial wall. The M2 mesostyle of Pachyhyrax is small and
closer to the metacone than paracone, but that of Nengohyrax
is large and more equidistant between the two cusps.

Nengohyrax differs from Brachyhyrax in all of the ways in
which it differs from Abdahyrax philipi: Nengohyrax has more
strongly expressed buccal cingula on the lower molars, more
rounded entoconids that expand further into the talonid basin,
and smaller postmetacristids. On the upper molars Nengohyrax
has a relatively more crestiform appearance, a smaller mesostyle,
lacks the weak mesially directed crest on the lingual face of the
hypocone that is distinctive in Abdahyrax philipi, and has a
more buccally placed protocone. On the upper posterior premo-
lars, Brachyhyrax has hypocones that are lacking in A. josephi.

Compared with the unnamed species of pachyhyracine from
Losodok and Nakwai, N. philipi has more robust and wider
upper molars with cusps arranged in a more rectangular shape,
as well as a less buccally directed postprotocrista on the upper
molars. No definitive lower molars have yet been figured, but
the lower premolars of the Nakwai pachyhyracine are more
elongate with well-developed entoconids connected to hypoco-
nids by strong crests, both of which are completely lacking in
the premolars of N. philipi.

ABDAHYRAX PHILIPI gen et. sp. nov.
(Figs. 4, 5, and 6; Table 1)

Holotype—KNM-TP 102936,
(Fig. 4H).

Etymology— Genus named for Abdullah Ekuwom, who pre-
pared some of the first specimens of the genus; species named
for Philip Ekadeli, who found some of the first specimens of
this species.

Referred Specimens—KNM-TP 102078 right m3, KNM-TP
102095 right m3, KNM-TP 102114 left m3, KNM-TP 102123
upper molar, KNM-TP 102131 right P3, KNM-TP 102141 left
upper premolar, KNM-TP 102169 left P1, KNM-TP 102183 left
P2, KNM-TP 102185 left P2, KNM-TP 102191 right M2, KNM-
TP 102198 left M1, KNM-TP 102201 right P4, KNM-TP 102207
right p3, KNM-TP 102210 right P3, KNM-TP 102214 left m2,
KNM-TP 102228 left dp3, KNM-TP 102231 right upper molar,
KNM-TP 102232 left dP4, KNM-TP 102238 right upper molar,
KNM-TP 102247 right M1, KNM-TP 102249 left m3, KNM-TP
102266 right upper molar, KNM-TP 102272 right ?p4, KNM-TP
102486 left M3, KNM-TP 102506 right M2, KNM-TP 102509
left P1, KNM-TP 102511 left m3.

Diagnosis— Apomorphies within Geniohyidae: p4 hypoconid
reduced, less than half height of protoconid; metaconid distal
to protoconid; lower molar buccal cingulids absent; cristid

left dentary with pl-m3

obliqua-hypoconid junction meets at sharp angle; recurved para-
cristid; hypoconid triangular; P4 protocone shifted mesial to
paracone; labial bulge of protocone on M1-2; M2 approximately
equal in size to M1; M2 mesostyle large; molar mesostyles closer
to metacone than protocone; similar distance between distal and
mesial cusp pairs on M1. Differs from other non-Brachyhyrax
geniohyids: presence of reduced parastyle; weak metastyle on
upper molars; strong and relatively continuous pre- and postpro-
tocristae and pre- and posthypocristae; strongly expressed mesio-
lingual cingulum; frequent appearance of entostyle or additional
small crests of enamel in that region of crown; protocone with
distobuccally oriented expansion, called a mesoprotocrista by
Pickford (2004); trigonid proportionally short compared with
talonid; notch separating entoconid and hypoconid; strong ento-
cristid. Differs from Brachyhyrax: lingual space between upper
molar protocone and hypocone more deeply emarginated; com-
pletely enclosed m3 trigonid; presence of weakly expressed
hypocone on upper premolars, absence of mesostyle on upper
premolars.

Description

Upper Premolars—On the premolars, a hypocone is present
but weakly expressed. On worn teeth, it can only be recognized
through an expansion of worn enamel on the distolingual
margin of the crown. Cusps are internalized, and there is a
broad, nearly continuous cingulum around the entire crown.
This cingulum is expanded in the region of the parastyle,
though it is not clear whether a distinct parastyle itself is
present. Each premolar has a large protocone. A paracone and
metacone are also present but smaller and closely appressed to
each other. The paracone and protocone are located at approxi-
mately the same point along the mesiodistal axis of the tooth.
Mesostyles and centrocristae are absent. Compared with other
premolars in the tooth row, the P1 (KNM-TP 102169; Fig. 6M)
and P2 (KNM-TP 102183; Fig. 6N) is smallest and most antero-
posteriorly elongate relative to its buccolingual width. The P3
(KNM-TP 102131. Fig. 60) is similarly longer than wide, but
not to as great an extent. The P4 (KNM-TP 102201; Fig. 6P) is
wider than long. The P4 is the only locus with preserved bases
of roots, indicating that it has four or more.

Upper Molars—The increase in crown area along the upper
molar row is slight: the M2 is only ~1.2 times the area of the
M1, and the M3 only ~1.1 times the area of the m1 (Fig. 7).

Upper teeth and lower teeth are generally brachydont (Fig.
6Q-U). The mesial margin of each molar is concave, interlocking
with distal margins of preceding teeth. Buccal and lingual cusps
are moderately convergent and slightly internalized, leaving dis-
tinct cingula around the crown, including a well-defined mesial
cingulum. The buccal cingulum is continuous. It traverses the
mesostyle without ascending. The distobuccal margin of the
tooth around the metacone is convex. Cusps lack lingual or
buccal spurs of enamel.

The parastyle is small, slightly over half the area of the para-
cone. It is situated mesial to the paracone and is not strongly
hook-like in structure. Each of the buccal cusps are rounded
and inflated, resulting in the presence of buccal folds between
parastyle, paracone, mesostyle, and metacone. The mesostyle is
large, greater than half the basal area of the paracone, and is
located closer to the metacone than it is to the paracone. The
metastyle is small and distally oriented.

The lingual cusps have flattened buccal faces bounded by
cristae. A strong mesiolingual cingulum is present around the
protocone. The protocone is pinched, much longer along a
mesiolingual-distobuccal axis than a mesiobuccal-distolingual
axis. This shape results in a mesiolingual extension of the cusp
beyond the preprotocristae as well as a distobuccally oriented
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FIGURE 7. Proportions of molar crown area for each species of hyracoid
found at Topernawi. X-axis shows second molar area relative to first
molar area. Y-axis shows third molar area relative to first molar area.
Upper molar proportions are in triangles, lower molar proportions are
in circles. Some species are missing upper or lower proportions because
of lack of specimens representing certain loci. The line through the
graph shows the molar proportions predicted by the inhibitory cascade
model for lower teeth, where 1+ (m3/m1) =2(m2/m1).

expansion that is distinct, but less trenchant and sharp than a
spur of enamel. The pre- and postprotocrista are large and
well-developed, giving the structure a more crestiform appear-
ance. A small expansion of enamel along the preprotocrista is
interpreted as a paraconule, best visible on the M3 (KNM-
TP 102468; Fig. 6S). The preprotocrista itself remains distinct,
confluent with neither the mesiolabial cingulum nor the
parastyle. The well-developed preprotocrista-postprotocrista
pair and prehypocrista-posthypocrista pair each meet at their
respective protocone and hypocone, forming a wide-angled
“v” shape.

The lingual margin between the protocone and hypocone is
moderately emarginated. An entostyle is frequently present
along the lingual crown margin at this emargination. The hypo-
cone and protocone are similar in size. The prehypocrista is
oriented toward the paracone, ending mesial to the mesial wall
of the metacone. The posthypocrista is present and sharp.

On the M1 (Fig. 6Q, T), the distance between the distal cusp
pairs (hypocone and metacone) is approximately equal to the
distance between the mesial cusp pairs (protocone and para-
cone). The M2 (Fig. 6R, U) is notably wider than long. The M2
and M3 are similar in size.

Lower Premolars—A single lower premolar is tentatively
identified as a p3 (KNM-TP 102207; Fig. 4I). It has at least

three roots. On the worn crown surface there is evidence for a
mesially oriented paracristid. It is connected to either a protoco-
nid or a closely appressed protoconid-metaconid pair. A cen-
trally located cristid obliqua is present in addition to lingual
and buccal cristids extending distally from the main cusp on
the trigonid. The cristid obliqua ends on the distal margin of
the tooth in a centrally placed hypoconid. A tooth of much nar-
rower width, but with a similar length and with a similar arrange-
ment of cusps, is tentatively identified as a dp2 (KNM-TP 102228;
Fig. 5C).

On the hemi-mandible with associated premolars (KNM-TP
102936; Fig. 4H), the pl has a large, midline protoconid cusp
bearing a distally oriented central crest ending in a much
smaller, midline cuspid identified as the hypoconid. The crest
branches into an additional distobuccal fork and a weaker disto-
lingual fork. The p2 has a similar suite of features, plus a small
but distinct paraconid connected to the protoconid by a crest.
On the p3, the paraconid is relatively more strongly developed,
the hypoconid is located more buccally compared with the p2.
Either a small metaconid is present closely appressed to the pro-
toconid, or the protoconid is wide with two distinct crests on the
buccodistal and linguodistal corners.

The p4 bears a distinct metaconid placed slightly further dis-
tally than the protoconid. The paracristid remains mesial to the
protoconid. Like other premolars, the protoconid retains a dis-
tinct distobuccal crest. The hypoconid is buccally placed, con-
nected by the cristid obliqua to the postvallid at the notch
between the protoconid and metaconid. Entoconids are absent
on all premolars.

Lower Molars—The lower molar trigonids and talonids are
about equal in height. The trigonid is relatively short in com-
parison to the length of the talonid. The lingual and buccal
walls of the cusps are basally inflated, with the hypoconid and
protoconid still placed relatively peripherally on the crown
surface. Spurs of enamel protrude from the protoconid and
metaconid into the trigonid basin. The trigonid is fully enclosed,
anteriorly by the paracristid and premetacristid and posteriorly
by the protoconid and metaconid, although the cristid between
the latter cusp pair is incomplete. The paraconid is placed
slightly lingual relative to the protoconid. The protocristid is
low and narrow, approximately perpendicular to the long axis
of the tooth. The metaconid is higher than the protoconid.
The presence of both a strong premetacristid and strong post-
metacristid gives the metaconid an appearance of a small cusp
traversed by a single, strong, continuous cristid. The strong
postmetacristid nearly meets an equally strong entocristid to
enclose the talonid basin.

Buccal cingulids are absent, although an anterobuccal cingulid
is present. The cristid obliqua connects to the postvallid between
the protoconid and metaconid. It meets the hypocristid on the
hypoconid at a sharp angle. The entoconid and hypoconid are
similar in size. They are approximately as strongly connected to
each other as the hypoconid is to the cingular peak on the
distal face of the molar, resulting in a notch, or flexid, around
the distobuccal face of the entoconid. The mesiobuccal face of
the entoconid is concave, contributing to the appearance of an
expansive talonid basin. Both cristids are low and poorly devel-
oped. The entoconid and hypoconid form a line that is approxi-
mately perpendicular to the long axis of the tooth. The
hypoconid is relatively small and uninflated relative to the size
of the connecting cristids, resulting in a relatively triangular
shape to the cusp in occlusal view. The postcingulid is peaked
centrally where a hypoconulid might be. The m2 entoconid is
similar in size to the hypoconid.

On the m3, the trigonid is completely enclosed by a combi-
nation of the paracristid and premetacristid. Strong buccal,
anterior cingulids are present. The hypoconulid lobe on the m3
is wide, more than half the width of the talonid, and is
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surrounded by a continuous, low crest. A single, large cusp is
present on the distobuccal corner of the lobe.

Type Locality—Blue Hill, Topernawi, Ekitale Basin, west of
Lake Turkana, Kenya; stratigraphic unit U4, Topernawi Fm.,
mid-Oligocene.

Remarks and Comparisons—An analytically based assign-
ment of A. philipi to Brachyhyrax is not yet possible because
other species of Brachyhyrax have not yet been included in phy-
logenetic character-taxon matrices. The addition of these taxa
from other sites is beyond the scope of this current study.
However, similarities are intriguing and should be investigated
further.

Abdahyrax shares with other species of Brachyhyrax the pres-
ence of a reduced parastyle; a weak metastyle; strong and rela-
tively continuous pre- and postprotocristae and pre- and
posthypocristae; a mesostyle located closer to the metacone
than the paracone, a strongly expressed mesiolingual cingulum;
the frequent appearance of a pericone or additional small
crests of enamel in that region of the crown; a protocone with
a distobuccally oriented expansion (=mesoprotocrista); a notch
separating the entoconid and hypoconid; a trigonid notably ante-
roposteriorly shorter than the talonid; and a strong entocristid.
Abdahyrax differs from Brachyhyrax in having a more deeply
emarginated lingual space between the protocone and hypocone;
a completely enclosed m3 trigonid, and in having premolars that
are less molarized in terms of a very weak hypocone being
present.

Abdahyrax differs from Bunohyrax in having less molarized
premolars, specifically lacking a p2 metaconid and p2—p4 entoco-
nid, as well as having a relatively smaller p2 and p3 hypoconid
and less strongly expressed p4 protolophid. The metaconid is
more distally placed on the p4 and the p4 talonid is wider in
Abdahyrax. Lower molars of Abdahyrax differ in having a
sharp junction of the cristid obliqua, a relatively larger premeta-
cristid, and an uninflated, triangular hypoconid. Upper molars
differ in having a more mesially shifted protocone, a parastyle
situated mesially, and a proportionally smaller M3.

Abdahyrax differs from Geniohyus in having a relatively
smaller p2 hypoconid and metaconid. Geniohyus has a more
rounded cristid obliqua junction and a mesially open trigonid
basin without a recurved paracristid. In Geniohyus, the entoco-
nid is comparatively much smaller than the hypoconid, and the
hypoconid itself is inflated and rounded. Abdahyrax lacks a
hypocone on the P3. On upper molars, Abdahyrax differs from
Geniohyus in having a mesially shifted protocone and parastyle,
interlocking mesial and distal walls of molars, and a relatively
large M2 mesostyle located closer to the metacone than
paracone.

Abdahyrax differs from Pachyhyrax in having less molarized
premolars, specifically a less strongly expressed p2 hypoconid,
metaconid, and entoconid; p3 hypoconid, entoconid, and metas-
tylid; and p4 entoconid. Unlike Pachyhyrax, Abdahyrax lacks a
lower molar buccal cingulum. It has a sharp cristid obliqua junc-
tion, an enclosed lower molar trigonid, and an uninflated, tri-
angular hypoconid. On upper molars, Abdahyrax differs in
having a mesially shifted protocone, a mesially shifted parastyle,
and a relatively larger M2 mesostyle.

GENIOHYUS EWOII sp. nov.
(Figs. 4, 5, and 6; Table 1)

Holotype— KNM-TP 102814, left partial maxilla P4-M3, and
right partial maxilla, M2-M3, associated (Fig. 6Y, SSA-B).

Etymology—Named for Francis Ewoi, who discovered the
type specimen.

Referred Specimens—KNM-TP 102089 left M3, KNM-TP
102097, right P4, KNM-TP 102101 left M2, KNM-TP 102104

left m1, KNM-TP 102115 right m1, KNM-TP 102116 left P2,
KNM-TP 102117 left M3, KNM-TP 102120 right M3, KNM-TP
102125 left m1, KNM-TP 102157 right dP4, KNM-TP 102164
right lower molar, KNM-TP 102186 left p3, KNM-TP102187,
left dP4, KNM-TP 102202, left dP3, KNM-TP 102246 left M2,
KNM-TP 102253 left m2, KNM-TP 102457 left P3, KNM-TP
102459 right p2, KNM-TP 102465 right m3, KNM-TP 102498,
left P3, KNM-TP 102502 right lower molar, KNM-TP 102503
right p4, KNM-TP 102512 left M1, KNM-TP 102518 right m2,
KNM-TP 102527 right p4, KNM-TP 102814, left partial maxilla
with P3-M3, right partial maxilla with M2-M3, KNM-TP
102831, left partial maxilla with dP4-M1, KNM-TP 102910,
right P3, KNM-TP 102946, left P1.

Diagnosis— Apomorphies within Geniohyidae: P2 protocone
small; m3 hypoconid reduced, unicuspid. Differs from other gen-
iohyids: reduction in relative size of premolar hypoconids con-
current with widened premolar talonid basins with small but
distinctly present entoconids; absence of spurs in trigonid
basins and upper molar buccal cusps; protocone with labial
extension; interlocking molar walls.

Description

Upper Premolars—Teeth are generally brachydont. Premolars
lack mesostyles, but have small parastyles. The P1 and P2 (KNM-
TP 102496, KNM-TP 102116; Fig. 6V, W) have a metacone that is
closely appressed to the paracone. More distal premolars have a
larger, more distinct metacone. All premolars have a parastyle
and a large and well-developed protocone. The hypocone is
absent. The P3 has at least four roots (Fig. 6X, Z). A P4 is pre-
served in a partial maxilla along with all three left upper
molars (KNM-TP 102814; Fig. 6Y, AA). Parts of at least four
roots are exposed above the alveolar face of the maxilla. The
paracone and metacone each bear a weak ridge on the lingual
face. A straight, distally directed postmetacrista extends from
the cusps. The protocone and paracone are arranged in a line
approximately perpendicular to the long axis of the tooth row.

Some specimens appear superficially similar to upper molars
but are notably smaller, with four approximately equally sized
cusps, a relatively small parastyle, a prominent mesostyle, and
an entostyle, similar to the molars of this taxon. We identify
these teeth as deciduous premolars (dP3, dP4; KNM-TP
102202, KNM-TP 102157, KNM-TP 102187, anterior tooth of
KNM-TP 102831; Fig. 5SD-G).

Upper Molars—Increase in crown area along the upper molar
row is moderate: the M2 is ~1.3 times the area of the M1, and the
M3 ~1.4 times the area of the M1 (Figs. 6Y, BB-DD, 7). The
molars have mesial and distal walls that interlock between adja-
cent teeth, with distinctly concave mesial margins. The cusps are
large and rounded relative to the size of connecting crests. Their
size and shape results in buccal folds between the cusps and
smaller structures such as the parastyle and mesostyle. The
four main cusps, the protocone, paracone, metacone, and hypo-
cone, are similar in size. Metaconules are absent.

The buccal cusps and structures are placed far on the periphery
of the crown, such that the cingula present are small and discon-
tinuous, and there is little space between the metacone and the
very small metastyle, which is distally oriented. The parastyle is
relatively small compared with the size of the paracone, and is
weakly buccally oriented. No ribs are present on the centrocrista.
The mesostyle is approximately one-third to one-half the basal
area of the paracone. It is located approximately equidistant
between the paracone and metacone. The buccal cingulum is
continuous, and crosses the mesostyle transversely. The bucco-
distal margin around the metacone between the mesostyle and
metastyle is relatively straight.
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The protocone bulges labially. A thickening on the preproto-
crista is interpreted as a small, weakly expressed paraconule
(Court & Hartenberger, 1992). The preprotocrista itself remains
distinct from the parastyle and mesiolabial cingulum throughout
its length. The postprotocrista is equally well expressed as the pre-
protocrista and is variably oriented distally or buccodistally. The
lingual cingulum is continuous around the protocone and con-
nects a complete mesial cingulum to the postcingulum. A small
entostyle is present on the lingual cingulum between the proto-
cone and hypocone on some specimens. The valley between the
protocone and hypocone is crescent-shaped and oriented
toward the distal face of the paracone. The prehypocrista is
oriented toward the mesostyle, mesial to the mesial wall of the
metacone. The posthypocrista is distinct and oriented distally.

The distance between the distal cusp pair on the Ml
(KNM-TP 102512; Fig. 6Y, BB) is shorter than the distance
between the mesial cusp pair. A distobuccally oriented spur
of enamel is present on the hypocone, and is particularly
strongly expressed on the M3. An additional lingual spur, or
small crest of enamel, variably extends distolingually from
the metacone or metastyle of the M3 (KNM-TP 102814
Fig. 6Y, DD). The posterior cingulum is variable in the pres-
ence of cuspules or bumps, especially on the M3. The posthy-
pocrista extends around the distal margin of the tooth to form
a low distocrista.

Lower Premolars—One of the isolated lower premolars in the
hypodigm could be either a pl or a p2 (KNM-TP 102459;
Fig. 4L), while another could be a p2 or a p3 (KNM-TP
102186, Fig. 4M). The first is provisionally identified as a pl
based on its similarity in size to KNM-TP 102186, which is provi-
sionally identified as a p2 based on the gap in size between it and
a p4, KNM-TP 102527 (Fig. 4N). However, the pl may be a dp1 if
the root pattern is similar to that of the extant Procavia capensis
(McKay et al., 2022). The p1 has two roots. The crown has a large
main cusp, identified as the protoconid, a smaller anterior cusp
identified as the paraconid, and a single cusp on the talonid ident-
ified as the hypoconid. The protoconid has prominent buccal and
posterolingual ridges, as well as a cristid obliqua extending up the
distal wall of the protoconid. The p2 (KNM-TP 102186) has four
roots. The trigonid has a closely appressed protoconid and meta-
conid, and a mesially oriented paracristid. The talonid has a
hypoconid connected to the metaconid by a strong cristid
obliqua. Distal expansions on both the protoconid and metaco-
nid give the impression that there are furrows on either side of
the cristid obliqua. The hypoconid is located slightly lingual to
the central axis of the tooth.

The p4 (KNM-TP 102527; Fig. 4N) talonid is wider than the tri-
gonid. The trigonid contains three cusps, a small paraconid and
larger, similarly sized protoconid and metaconid. The two
cusps are arranged in a transverse line approximately perpen-
dicular to the long axis of the tooth. The paracristid on the p4
is straight and mesially oriented. On the trigonid, both a hypoco-
nid and entoconid are present and similar in size. The hypoconid
is more buccally placed, closer to the periphery of the crown,
than it is on preceding premolars. The cristid obliqua is relatively
small and connects to the postvallid between the protoconid and
metaconid. An incipient protocristid connects the two cusps. No
lower deciduous premolars have yet been recognized.

Lower Molars—Increase in crown area along the lower
molar row is substantial: the m2 is ~1.3 times the area of
the ml, and the m3 ~1.8 times the area of the ml (Figs.
40-Q, 7). Molar cusps are conical, round, with very weakly
developed crests, making cusps appear to be more clearly dis-
crete structures. The conical form of the cusps leads the bases
to expand into the trigonid and talonid basins. The buccal and
lingual molar walls are subvertical, with most cusps located on
the periphery of the crown base. The protoconids of anterior
molars are more centralized. The mesiobuccal cingulid is

distinct. The trigonid and talonid are similar in height. Both
the mesial and distal cusp pairs are oriented approximately
perpendicular to the long axis of the tooth. Mesoconids and
spurs on the trigonid basin are absent.

The paracristid is short and weakly expressed, much lower
and less sharp than other cristids or cusps on the tooth. It
appears as a relatively straight mesiolingual extension from
the protoconid. The protocristid is weak, resulting in the
appearance of variably present indentations in the crest
where the two molars are closely spaced from one another
but not connected (KNM-TP 102104; Fig. 40). The metaconid
is elevated above the protoconid. The metaconid and entoco-
nid are similar in height. A postmetacristid is present, though
much smaller than the area of the metacristid.

Internal spurs or large crenulations of enamel are present
within the talonid basin. The cristid obliqua ascends the postval-
lid either on the protoconid or between the metaconid and pro-
toconid. The hypocristid is present but low and thin relative to
the cusps it connects. It connects the cusps relatively mesially,
resulting in the appearance of a distal indentation or flexid
around the entoconid. The hypocristid and cristid obliqua both
connect to a relatively large hypoconid, but do not meet; there
is no distinct “v” shape where the two cristids meet. An entocris-
tid expands mesially from the entoconid for greater than half the
length of the pre-entoconid talonid basin, although the basin
remains open. A crest connects the hypoconid and hypoconulid,
even when the hypoconulid is a small peak on the distal cingulum
of the tooth in more anterior molars.

The m1 talonid is longer than the trigonid. A strong buccal cin-
gulid is present on the m2. The m2 entoconid is much smaller
than the hypoconid. In contrast to the m1, the protoconid and
hypoconid are much larger than their lingual cusp pairs, the
metaconid and entoconid, on the m2 and m3. This relative size,
as well as a relatively short talonid, results in a short cristid
obliqua. The entocristid is weakly expressed on the m3 (KNM-
TP 102456, Fig. 4Q) such that the small talonid basin is lingually
open. On the hypoconulid lobe there is a single, strong central
crest connecting the hypoconid and a similarly sized hypoconu-
lid, forming a buccal border to the lobe. The hypoconulid is the
sole cusp on the structure. The presence of the central crest
results in a deep flexid between the hypoconid and hypoconulid.
The rest of the crown surface of this lobe is open, including a
small indentation or flexid between the hypoconid and
entoconid.

Type Locality—Hill 4, Topernawi, Ekitale Basin, west of Lake
Turkana, Kenya; stratigraphic unit U4, Topernawi Fm., mid-
Oligocene.

Remarks and Comparison—The holotype consists of two frag-
ments of maxilla that do not physically articulate, leaving open
the question of whether they are associated elements from the
same individual. We work under the hypothesis that these
elements are associated for the following reasons. First, the speci-
mens were found within centimeters of each other in the field.
Second, the bone of both specimens is a similar tan color and
the enamel is a similar pattern of white with blue and brown
regions, consistent with similar preservation history. Third, the
assembled teeth contain non-overlapping elements (e.g., no
duplicate right M2s). Fourth, antimeres are nearly identical in
size and wear stages, in addition to having similar overall
morphology.

Geniohyus ewoii is similar to other species of Geniohyus in its
relatively small mesostyle and parastyle, as well as its conical
lower molar cusps, relatively small entoconid, and strong cristid
connecting the hypoconid to the hypoconulid. In the last charac-
ter it is also similar to the lower molars of Bunohyrax sp. from
Chilga (Rasmussen & Gutierrez, 2010). However, Geniohyus
ewoii differs from other species of Geniohyus in the presence
of more elongate anterior premolars, a more molarized p4 with
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entoconid and incipient hypolophid, absence of a distinct hypo-
conulid, and relatively larger upper molar cusps compared with
upper molar cristae. It further differs from Geniohyus dartevellei
from Malembo (Angola) in the absence of a distal wall on the
hypoconulid loop, and the presence of a stronger paracristid
forming a more distinct trigonid basin on the m3. Its entoconid
is smaller than those of Bunohyrax sp. from Chilga, and overall
the teeth are more brachydont than those described for the
unnamed pachyhyracine from Losodok and Nakwai (Rasmussen
& Gutierrez, 2009). Further work will be necessary to more
clearly differentiate Geniohyus ewoii from unnamed eastern
African material, including specimens from Chilga and the
pachyhyracine from Losodok/Nakwai (Kappelman et al., 2003;
Rasmussen & Gutierrez, 2009).

Geniohyus ewoii differs from Bunohyrax and Nengohyrax in
its smaller size, and in the following details. On the lower pre-
molars, Geniohyus ewoii has a pl paraconid and a relatively
wider p4 talonid. On the lower molars, Geniohyus ewoii has
a straight paracristid (in contrast to a recurved paracristid);
an entoconid smaller than the hypoconid (in contrast to a
large entoconid); subvertical lingual molar walls with a periph-
erally placed entoconid and metaconid (in contrast to more
centrally placed cusps); and a reduced, unicuspid m3 hypoco-
nulid (in contrast to a more strongly developed hypoconulid).
On upper premolars, Geniohyus has a poorly differentiated P2
metacone and small P2 protocone. On the upper molars it has
interlocking mesial and distal upper molar margins and a
labial bulge on the protocone. In contrast, these features are
absent or reduced in Bunohyrax and Nengohyrax with few
exceptions.

Geniohyus ewoii differs from Brachyhyrax and Abdahyrax in
smaller size as well as more molarized premolars, specifically in
terms of having a pl paraconid, p2 metaconid, well-developed
p4 entoconid, and an incipient p4 hypolophid. On the lower
molars, Geniohyus ewoii has a straight (unrecurved) paracristid;
a more rounded, inflated hypoconid with a proportionally
smaller entoconid; subvertical lingual molar walls with a periph-
erally placed entoconid and metaconid; and a reduced, unicuspid
m3 hypoconulid. Its upper premolars are less molarized, specifi-
cally in terms of lacking a P3 and P4 hypocone and in having a
poorly differentiated P2 metacone and small P2 protocone.
Upper molars of Geniohyus ewoii have a proportionally
smaller M2 mesostyle equidistant between the paracone and
metacone, a proportionally shorter distance between the M1
distal cusp pair than the mesial cusp pair, a M3 proportionally
larger than M2, and a buccally oriented M1-2 parastyle.

Geniohyus ewoii differs from Pachyhyrax in its smaller size; in
lacking a p4 entoconid and entocristid; in having a reduced, uni-
cuspid m3 hypoconulid; in having a gently rounded cristid
obliqua-hypocristid junction (as opposed to a sharp angled junc-
tion); in having an entoconid much smaller than the hypoconid
and in the chord between the two perpendicular to the long
axis of the tooth (in contrast to a larger, distally shifted entoconid
in Pachyhyrax); and in having subvertical lingual molar walls
with a peripherally placed entoconid and metaconid. Geniohyus
has less molarized premolars, particularly in terms of lacking a P3
and P4 hypocone, and having a poorly differentiated P2 meta-
cone with a small P2 protocone. The M2 mesostyle is equidistant
between the paracone and metacone, and the protocone and
paracone form approximately a right angle to the buccal face
of upper molars, in contrast to the mesostyle and protocone pla-
cement in Pachyhyrax.

HYRACOIDEA INCERTAE SEDIS
THYROHYRAX Meyer, 1973
THYROHYRAX LOKUTANI sp. nov.
(Figs. 4, 5, and 6; Table 1)

Holotype — KNM-TP 102526 right canine or upper incisor, p3,
p4, left p2 trigonid, p3, m1, m3 (Figs. 4U, Z, BB, S5C-L).

Etymology— Named for Joseph Lokutan, who discovered
multiple important specimens of this species.

Referred Specimens—KNM-TP 102075 right m1, KNM-TP
102091 left upper premolar, KNM-TP 102130 left p2, KNM-TP
102142 right m2, KNM-TP 102147 left dP3, KNM-TP 102149
left upper deciduous premolar, KNM-TP 102158 right pl,
KNM-TP 102187 left dP4, KNM-TP 102205, right M1, KNM-
TP 102222 right lower molar, KNM-TP 102263 right p2, KNM-
TP 102268, left P1, KNM-TP 102463 left m3, KNM-TP 102464
left m1, KNM-TP 102470 left P4, KNM-TP 102479 left M3,
KNM-TP 102501 left dP4, KNM-TP 102504 right m1, KNM-TP
102528 left p3, KNM-TP 102824, left M2, KNM-TP 102907,
right M1, KNM-TP 102969, left P3,

Diagnosis— Diagnosed as Thyrohyrax based on apomorphies:
small size, molarized premolars with distinct entoconids, seleno-
lophodont cheek teeth with zig-zag lophs. Apomorphy within
Thyrohyrax: large P4 mesostyle. Differs from Thyrohyrax kenya-
ensis in: less frequent incidence of entostyle; valley between pro-
tocone and hypocone oriented away from mesial margin of tooth;
more strongly recurved p4 paracristid; enclosed trigonid basin on
m?2 and m3. Differs from Thyrohyrax ekaii and T. microdon: rela-
tively larger p4 in comparison to m1; metaconid distal to proto-
conid; entoconid distal to hypoconid; proportionally longer
molars; relatively larger upper molar distal cusps; more strongly
expressed lophs between buccal crown features; valley between
protocone and hypocone offset distally from mesostyle; M1
distal cusp pairs closer to each other than mesial cusp pairs;
less continuous labial cingulum around base of M2 protocone;
more labial extension of protocone; relatively larger M2 than
M1; mesostyle equidistant between protocone and metacone.

Description

Upper Premolars—P2s of this taxon have not yet been ident-
ified among the fossils from Topernawi. Teeth are relatively bra-
chydont. P1 (Fig. 6EE) and P3 (Fig. 6FF) are relatively
buccolingually elongate in proportions, in contrast to the P4
which is approximately mesiodistally long as buccolingually
wide. The P1, P3, and P4 have four or five roots, a distinct proto-
cone, paracone, metacone, and hypocone. A small parastyle is
present on P1 and P3. The parastyle on P4 (Fig. 6GG) is propor-
tionally much larger and mesiobuccally oriented. The P4 also
bears a small, but distinct, mesostyle connected to the metacone
and paracone by a pair of peaked crests. The paraconule, meta-
conule, and mesostyle are absent. The protocone is flanked by
both a preprotocrista and postprotocrista. The protocone is
approximately buccolingually in line with the paracone.

Two teeth are identified as deciduous premolars (KNM-TP
102147, KNM-TP 102501, Fig. SH, I). Each has a well-developed
hypocone only slightly smaller than the other three main cusps,
but is smaller than those on the M1s of this species. They also
have a more strongly expressed postprotocrista, and sharper or
more gracile cusps compared with upper molars.

Upper Molars —The dentition increases in size from premolars
to molars. Increase in crown area along the upper molar row is
distinct: the M2 is ~1.1 times the area of the M1, but the M3
~1.5 times the area of the M1 (Figs. 6HH-KK, 7). Some upper
molars have concave mesial margins consistent with interlocking
mesial and distal molar walls, though this character varies
between specimens. Buccal and lingual cusps are moderately
convergent. The distal cusp pair (the hypocone and metacone)
are spaced closer to each other than the mesial cusp pair (proto-
cone and paracone) is. Buccal cusps are slightly internalized, such
that the paracone is only slightly offset from the buccal margin of
the tooth and a buccal cingulum is well-developed. The cingulum
traverses the lingual wall of the mesostyle. Entostyles,
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metaconules, spurs on the ectoloph, and lingual spurs on the
buccal cusps are absent, although there is frequently an
expanded lip of enamel on the cingulum where an entostyle
might be located.

The cusp of the protocone itself is small, as or less prominent
than the preprotocrista and postprotocrista. This pattern of rela-
tive size gives the protocone a crestiform appearance. The proto-
cone has a distinct lingual expansion or placement of the cusp
relative to the preprotocrista, and it is surrounded on that side
by a nearly continuous cingulum. The preprotocrista is oriented
buccomesially with respect to the paracone, but neither con-
verges with the paracone nor with the mesial cingulum. A swel-
ling along the preprotocrista is interpreted as a paraconule,
weakly developed (Seiffert, 2003). The postprotocrista is
present, but weakly expressed. The parastyle is only slightly
smaller than the paracone, and is weakly buccally oriented.

The metacone is present and distinct, much larger than associ-
ated crests. The postmetacrista is small and distally oriented. The
mesostyle is approximately equidistant between the paracone
and metacone. It is large, approximately greater than half the
area of the paracone. Its placement is relatively close to being
in line with the long axis of the tooth row, reducing the
expression of a “w” shape among the buccal crests. The hypocone
is slightly smaller than the metacone in footprint, but approxi-
mately equal to the protocone. A prehypocrista is oriented
mesiobuccally and terminated mesial to the metacone. The post-
hypocrista on the M1 is variably weak or indistinct. The posthy-
pocrista is variably present on the M3 (KNM-TP 102479; Fig.
6JJ). When present, it extends into a low distocrista around the
distal margin of the tooth.

Lower Premolars — On lower teeth, all premolar cusps are con-
nected by strong, continuous crests to adjacent cusps. The pl is
double rooted (KNM-TP 102158; Fig. 4R). The trigonid has
two cusps, a small paraconid and a large, wide protoconid. On
the talonid, a hypoconid is present and its position is variably
central or buccal on the crown. A strong cristid obliqua connects
either centrally or buccally to a wide postvallid that is inflated
around the cristid obliqua on both lingual and buccal sides.

The p2 has at least three roots, if not more (KNM-TP 102130;
KMN-TP 102263; Fig. 4S, Y). The tooth position is molarized,
with a paraconid, protoconid, metaconid, hypoconid, and ento-
conid all present. The metaconid and paraconid are slightly
smaller than the protoconid. The protoconid and paraconid are
connected by a large paracristid. The protoconid and metaconid
are connected to each other by a large, complete protocristid.
The metaconid is distally expanded along a postmetacristid, but
a premetacristid is absent. A cristid obliqua extends from the
postvallid between the protocone and metacone to the hypoco-
nid, which then connects to the entoconid through a hypocristid.
The entoconid is slightly smaller than the hypoconid. The hypo-
conid and protoconid are similar in size to one another, with the
hypoconid at least half the height of the protoconid.

The p3 has crown morphology similar to the p2, but differs in
its larger crown size and distinct presence of a mesiobuccal cingu-
lid as well as a postcingulid (KNM-TP 102526, KNM-TP 102528,
Fig. 4T, Z). At approximately the midpoint of the postcingulid is
a peak that may correspond to the hypoconulid. Compared with
the p2, the p3 has a relatively larger metaconid and entoconid
which are similar in size to their buccally placed counterpart
cusp. No stylids or cuspules are present.

The topology of the p4 matches that of the p3, but the tooth is
larger in overall size (KNM-TP 102526; Fig. 4U). The talonid is
narrower than the trigonid. In comparison to the ml, the p4
has a relatively narrower crown and more distally placed metaco-
nid relative to the protoconid. No lower deciduous premolars
have yet been recognized.

Lower Molars—Increase in crown area along the lower molar
row is substantial: the m2 is ~1.3 times the area of the m1, and the

m3 ~1.5 times the area of the m1 (Figs. 4V-AA, 7). The trigonid
and talonid are approximately equal in height, but the talonid is
longer than the trigonid. Buccolingual pairs of cusps (protoco-
nid-metaconid and hypoconid-entoconid) are offset from one
another, such that the lingual cusps, the metaconid and entoco-
nid, are distally offset from their buccal pair. The buccal and
lingual molar walls are subvertical, resulting in cusp placement
at the periphery of each crown surface. The large size of cristids
and lophids in comparison to the size of cusps gives the cusps
themselves a more triangular, less conical appearance in occlusal
view. This triangular appearance gives the trigonid and talonid
basins the appearance of being larger, with walls that excavate
into the cusp. Mesoconids, premetacristids, and spurs are absent.

The paracristid of each lower molar is short, continuous and
recurved, forming an acute angle with the long axis of the
tooth. This relationship is most visible on the m3. No cuspidate
paraconid is visible. The metaconid is elevated above the proto-
conid. The metaconid and protoconid are joined in a tall proto-
cristid. The buccal cingulid is often distinct between the
protoconid and hypoconid, and an anterobuccal cingulid is
present. Otherwise, buccal cingulids are discontinuous around
the crown.

The cristid obliqua ascends the trigonid and terminates
between the metaconid and protoconid. The hypoconid and
entoconid are distinctly present and cuspidate, although they
are connected by a strong hypocristid. The cristid obliqua and
the hypocristid meet at the hypoconid at a sharp angle. The ento-
cristid is weakly expressed, if at all, and the entoconid cusp is not
expanded mesially, leaving a large, open lingual margin of the
talonid basin that is at least half as along as the entoconid
itself. On the m1 (KNM-TP 102504, KNM-TP 102464; Fig. 4V,
AA) and m2 (KNM-TP 102142; Fig. 4W), the hypoconulid is
not a distinct cusp but instead a small, central peak on the post-
cingulid. The hypoconulid on the m3 is reduced to a small
depression with a single cusp at the distobuccal margin of the
depression (KNM-TP 102463; Fig. 4X).

Type Locality—Hill 3, Topernawi, Ekitale Basin, west of Lake
Turkana, Kenya; stratigraphic unit U4, Topernawi Fm., mid-
Oligocene.

Remarks & Comparisons—The specimen chosen as the holo-
type consists of seven teeth and three indeterminate bone frag-
ments (Figs. 4, S5). Although the individual teeth do not
articulate directly with one another, we consider them associated
and representative of a single individual for the following
reasons. First, they were all recovered in a single, small block
of matrix approximately 5 cm in its longest dimension. Individual
teeth became separated during preparation of the matrix block.
Second, all teeth have similar color and quality of preservation,
consistent with a single preservational history. Third, no single
element is duplicated, consistent with a single individual (e.g.,
no duplicate left m3). Fourth, approximate sizes of the teeth rela-
tive to one another, including the size of the upper incisor rela-
tive to lower molars, are consistent with tooth proportions of
other individual hyracoids (Barrow et al., 2012; McKay et al.,
2022). Fifth, the relative amount of wear on each tooth is consist-
ent with a single individual. The right and left representatives of
the same tooth position (p3) are very similarly worn in both
pattern and degree. The p4 is the least worn tooth, the m3 is
the next least worn tooth, and the p3 and m1 are comparatively
more worn, consistent with an eruption sequence of m1, p1-3,
m3, p4 in other hyracoids (Asher et al., 2017).

The pair of species of Thyrohyrax from Topernawi (Thyro-
hyrax ekaii and Thyrohyrax lokutani) differ from each other in
ways that the pair of Thyrohyrax from slightly younger sites in
Kenya also differ from one another: i.e., Thyrohyrax kenyaensis
and Thyrohyrax microdon from Losodok and Nakwai (Rasmus-
sen & Gutierrez, 2009). Future phylogenetic analyses should
incorporate these younger taxa and test more explicitly for the
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possibility of direct ancestry between species from Topernawi to
Losodok/Nakwai. As the larger of the pair of taxa at Topernawi,
Thyrohyrax lokutani differs from Thyrohyrax kenyaensis, its
analog at Losodok/Nakwai, in less frequently having an entos-
tyle; in the valley between the protocone and hypocone being
oriented away from the mesial margin of the tooth; in having a
more strongly recurved paracristid on the p4; and in having an
enclosed trigonid basin on the m2 and m3. It differs from slightly
older species from the Fayum, Thyrohyrax domorictus (the geo-
logically youngest species of Thyrohyrax known from the
Fayum), in having a longer, more trapezoidal trigonid on the
ml; an even more posteriorly placed entoconid; a smaller para-
style and mesostyle; and a wider cingulum (Meyer, 1973). The
premolars of Thyrohyrax domorictus are also more molarized
with larger hypocones.

The unnamed saghatheriine from Lokone bears some resem-
blance to Thyrohyrax lokutani in its small size, selenodont
shape, and a mesostyle equidistant between paracone (Ducrocq
et al., 2010). These descriptions of taxa from Topernawi will
enable more detailed comparisons between Kenyan taxa in a
future study.

Thyrohyrax lokutani differs from Selenohyrax and Saghather-
ium in the presence of a well-developed entoconid on the p2,
p3, and p4, as well as in having a complete p4 protolophid
and hypolophid. On lower molars, Thyrohyrax lokutani has a
shorter paracristid, a sharp-angled cristid obliqua-hypoconid
junction, and a relatively larger entoconid, that is, one that is
similar in size to the hypoconid. Correspondingly, on the
upper premolars Thyrohyrax lokutani has a distinct and well-
differentiated metacone on the P1, P2, P3, and P4, as well as
a large P4 hypocone and a distinct P4 mesostyle. On the
upper molars, it lacks lingual spurs on the M1-2 buccal cusps
and buccal “ribs” on the M1-2 centrocrista, as well as a distinct
posthypocrista on the M1. Its mesial cingulum on the M1-2 is
complete, and it has a more strongly “w”-shaped centrocrista.
The buccal and lingual cusps are more widely separated and
less internalized. The cusps are, overall, less prominent than
the preprotocrista and postprotocrista, giving the region an
overall more crestiform appearance than the corresponding
region in Saghatherium and Selenohyrax, which have more pro-
minent cusps.

Thyrohyrax lokutani differs from Megalohyrax principally in
its much smaller size. It also has more molarized lower premo-
lars, specifically by having a pl-p4 paraconid, a well-developed
p2-p4 entoconid, and a complete p4 protolophid and hypolo-
phid. Thyrohyrax lokutani also has a p4 much closer in size to
the m1. On the lower molars, its paracristid is recurved rather
than straight, its cristid obliqua-hypoconid junction is sharp-
angled rather than rounded, its entoconid is relatively large
and similar in size to the hypoconid, and the m3 hypoconulid is
reduced. The protocristid is oblique rather than perpendicular,
with the metaconid shifted distally. Upper premolars are also
more molarized, specifically in terms of having a distinct, well-
differentiated P1-P4 metacone, a hypocone that is present on
the P2-P3 and large on the P4, and a mesostyle that is present
on the P4. On premolar protocones, Thyrohyrax lokutani has
spurs of enamel that Megalohyrax lacks. On the upper molars,
the mesial cingulum is more complete but the M1 posthypocrista
is distinct, rather than the trenchant condition in Megalohyrax.

THYROHYRAX EKAII sp. nov.
(Figs. 4, 5, and 6; Table 1)

Holotype —KNM-TP 102173, left partial dentary with m1-m3
(Fig. 4KK).

Etymology—Named for Ekai Ekes, who discovered the type
specimen.

Referred Specimens—KNM-TP 102083 right p3 and p4,
KNM-TP 102121 left maxilla C-P1, KNM-TP 102122 right
lower premolar, KNM-TP 102152 left upper premolar, KNM-
TP 102159 left maxilla P2-P4, M1, KNM-TP 102166 left m3,
KNM-TP 102173 left dentary m1-m3, KNM-TP 102180 right
p3, KNM-TP 102194 right M1, KNM-TP 102204 right m3,
KNM-TP 102205 right M2, KNM-TP 102218 right m3, KNM-
TP 102219 left m1, KNM-TP 102220 left P1, KNM-TP 102223
left M3, KNM-TP 102225 right p2, KNM-TP 102226 left p3,
KNM-TP 102229 right dP4?, KNM-TP 102235 left p4, KNM-
TP 102237 right m2, KNM-TP 102248 left P4, KNM-TP 102250
left p4, KNM-TP 102254 left M1, KNM-TP 102258 right p3,
KNM-TP 102259 right P2 or P3, KNM-TP 102260 right P1,
KNM-TP 102261 right dP3 or dP4, KNM-TP 102262 right
lower molar, KNM-TP 102456 left m1, KNM-TP 102513 right
pl, KNM-TP 102734, right M3, KNM-TP 102868, left M2.

Diagnosis— Diagnosed as Thyrohyrax based on apomorphies:
small size, molarized premolars with distinct entoconids, seleno-
lophodont cheek teeth with zig-zag lophs. Apomorphies within
Thyrohyrax: p4 entocristid absent; mesiobuccally inflated,
rounded base of hypoconid. Differs from all except Thyrohyrax
microdon: P3 mesostyle present. Differs from Thyrohyrax
microdon: more distinct, cuspate metaconid; relatively larger
m3; more lingually placed apex of hypocone; mesostyle
ending more lingually. Differs from Thyrohyrax lokutani and
Thyrohyrax kenyaensis: metaconid in line with protoconid,
entoconid in line with hypoconid, presence of buccally oriented
spur on premolar protocone, proportionally shorter molars,
relatively smaller upper molar distal cusps, more weakly
expressed crests between buccal crown features, valley
between protocone and hypocone in line with the mesostyle,
M1 distal cusp pairs similarly spaced relative to mesial cusp
pairs, more continuous, larger labial cingulum around base of
M2 protocone, weaker gradient of size increase along molar
row with first and second molars more equally sized, mesostyle
closer to metacone than protocone.

Description

Upper Premolars—P1 has four roots (KNM-TP 102220; Fig.
6RR). The P1 crown is multi-cusped with a distinct protocone,
paracone, and metacone (KNM-TP 102260; Fig. 6LL). The
paracone and metacone are connected by a low, straight
crista that continues as a postmetacristid to the distal margin
of the crown. A small, distinct parastyle lies directly mesial
to the paracone. A precingulum is present and continuous
along the mesial margin of the tooth. A preprotocrista
extends nearly continuously straight from the protocone to
the paracone. No hypocone is apparent. The distal margin of
the crown is rounded and expanded far past the distal edge
of the metacone, giving the tooth a more rounded appearance
overall.

P2 (KNM-TP 102259; Fig. 6MM) has a distinct protocone,
paracone, metacone, mesial precingulum, and parastyle. Similar
to the P1, it has a connection between the paracone and meta-
cone and no mesostyle between the two cusps. A preprotocrista
extends to the base of the paracone and is curved mesially. Short
lingual spurs are present on both the paracone and metacone, but
do not connect to any other cusp. A wide lingual ridge, poten-
tially a distally directed postprotocrista, extends from the proto-
cone toward a small, weakly expressed hypocone. The
distolingual and distobuccal corners of the crown area are
expanded, giving the tooth a more rectangular appearance then
the P1. This expansion also puts the buccal pair of cusps on a
line offset from the buccal margin of the tooth.

The single proposed P4 is highly molarized, with a hypocone
similar in size to the other three main cusps and small mesostyle
weakly differentiated from the centrocrista (KNM-TP 102248;
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Fig. 6NN). The paracone and metacone are in line with each
other buccolingually along with a parastyle. One isolated tooth
is identified as a deciduous premolar (KNM-TP 102261;
Fig. 5J). The tooth has a distinct mesostyle buccally displaced
from the paracone and metacone, and a distal cusp pair more
closely appressed to one another than are corresponding cusp
pairs in upper molars.

Upper Molars—The dentition increases in size from premolars
to molars. Increase in crown area along the upper molar row is
slight: the M2 is only ~1.2 times the area of the M1, and the
M3 only ~1.1 times the area of the M1 (Fig. 600-UU; Fig. 7).
Teeth are relatively brachydont. Upper teeth are generally
quadritubercular.

The mesial cingulum is continuous along the margin of the
crown. The lingual cingulum is variable between molar positions,
well developed in the M1 and poorly developed in the M3. In
general it is present around the protocone and expanded
around the emargination between protocone and metacone, pro-
viding a straighter lingual outline. The buccal cingulum is narrow
and variably continuous along the crown margin. In combination
with the presence of cingula, the placement and slopes of cusps
make them appear slightly internalized, or offset from the edge
of the crown surface. Conules and “ribs” or mesial or lingual
spurs, cf. Rasmussen and Simons (1988) and Pickford (2004)
are absent.

The lingual face of the protocone is flattened and steeply
sloping, neither convex and inflated nor shallowly sloping. The
preprotocrista remains separate from the mesial cingulum and
parastyle. It ends along the mesial face of the paracone. The post-
protocrista is also variably present. Where present, it is usually
oriented toward the distolingual border of the crown. The para-
cone is offset lingually from the buccal margin of the tooth such
that almost the entirety of the cusp is located lingual to the para-
style and mesostyle. The parastyle is mesiobuccally oriented,
with increasingly buccal orientation in successive tooth loci. A
centrocrista extends from the parastyle to the metacone and is
W-shaped. Along the centrocrista, the mesostyle is located
closer to the metacone than the paracone. The mesostyle is rela-
tively large, with the length of the base of the style at least half
the length of the metacone. It becomes a proportionally
smaller part of the tooth crown on successive molar loci. The
hypocone occupies a larger surface area than the metacone,
and is more similar in size to the protocone. The prehypocrista
is oriented toward the notch between the paracone and meta-
cone. The posthypocrista is not distinctly present on three out
of four upper molars, but is expressed on a fourth (KNM-TP
102194). The cusps are equally or less prominent than the
cristae, particularly the preprotocrista and postprotocrista,
giving the region an overall crestiform appearance. Entostyles
are absent.

The M1 (Fig. 600, SS) is approximately as mesiodistally long
as it is buccodistally wide, with the four main cusps located
approximately equidistant from one another forming a relatively
square-shaped crown. Aside from the two characters generally
used to assign isolated teeth to Mls, representatives of this
tooth position tend to have a premetacrista and weakly devel-
oped postmetacrista more directly distally oriented, versus the
more distolingual orientation of the pre- and postmetacrista on
the M2 (Fig. 6PP, TT). This orientation results in a metacone
that appears more compressed on the M1 and more elongate
on the M2. The M2 mesostyle is less than half the area of the
paracone.

In comparison to the first two molars, the paracone and meta-
cone on the M3 (Fig. 6QQ, UU) is notably inset lingually from
the buccal margin. The parastyle is relatively larger and more lin-
gually expanded than in preceding molars but the rest of the cusp
defined by the position of the four major cusps retains a relatively
equilateral shape. The hypocone and metacone remain relatively

transversely, or buccolingually, oriented. The hypocone and post-
hypocrista on the M3 form a low distocrista.

Lower Premolars—The lower premolar field transitions along
its length from a relatively simplified p1 to a molarized p4. The p1
contains only three distinct cusps arranged along a single line.
The main cusp is interpreted as the protoconid, with a smaller
paraconid anteriorly and a hypoconid posteriorly, connected to
the paraconid by a small cristid obliqua. The p2 has a distinct tri-
gonid with three cusps, a small paraconid, a protoconid, and a
metaconid. They are arranged in a triangle and connected to
each other through a paracristid and protocristid (KNM-TP
102225; Fig. 4CC). The talonid has a distinct hypoconid at least
half as tall as the protoconid, with both a cristid obliqua and a
posthypocristid. The p2 (Fig. 4DD) has at least three roots,
although some are still partially encased in bone and the total
number cannot be determined. The p3 has a crown topology
similar to the p2, but the crown surface is relatively wider
(KNM-TP 102180; Fig. 4EE). The protoconid and metaconid
are also less offset from each other mesiodistally than they are
on the p2.

The p4 trigonid and talonid are of approximately equal widths
(KNM-TP 102250, KNM-TP 102235; Fig. 4FF, 1J). The trigonid
retains all three trigonid cusps, among which the paraconid is
smaller than the other two. The metaconid and protoconid
form a transverse line approximately perpendicular to the long
axis of the tooth. A premetacristid is absent. On the talonid
there is a distinct entoconid similar in size to the hypoconid.
The hypoconid is placed buccally on the tooth, and the two
cusps are connected by a complete hypocristid. A strong cristid
obliqua extends from the hypoconid to the postvallid, where it
terminates between the metaconid and protoconid. The entoco-
nid is mesially expanded, terminating in a preentocristid that par-
tially encloses a talonid basin. No lower deciduous premolars
have yet been recognized.

Lower Molars—Increase in crown area along the lower molar
row is slight. The m2 is ~1.1 times the area of the m1, and the m3
only ~1.3 times the area of the m1 (Figs. 4GG-1I, KK, 7). The tri-
gonid and talonid are similar in height. The talonid is longer than
the trigonid. The buccal and lingual molar walls are subvertical
with cusps located at or near the margins of the crown. A
buccal cingulid is absent. The paraconid is not recognizable as
a distinct cusp but a short paracristid is present. It is continuous
and unbroken, nearly perpendicular with the long axis of each
tooth. The metaconid is elevated above the protoconid. The
two are connected by a continuous protocristid. The metaconid
is slightly distally offset from the protoconid, although overall
the protocristid remains approximately perpendicular to the
long axis of the tooth. The premetacristid is weakly expressed
or absent, depending on the tooth. Mesoconids and spurs are
absent.

The cristid obliqua is variably oriented toward either the meta-
conid apex or the space between the metaconid and protoconid.
The hypoconid and entoconid are paired, distinct cusps in a line
with one another perpendicular to the long axis of the tooth.
They are connected to one another by a continuous hypocristid.
The hypocristid and cristid obliqua together form a ‘v’ shape with
the hypoconid at the vertex. The entoconid is expanded mesially
and also bears a small, but distinct entocristid, resulting in a
talonid basin that is nearly completely enclosed lingually. The
ml (KNM-TP 102456, KNM-TP 102173; Fig. 5GG, KK) and
m2 (KNM-TP 102237, KNM-TP 102173; Fig. 6HH, KK)
contain no distinct hypoconulid, but the postcingulid has a
small mesial peak. No crest connects the hypoconid and this
peak. The hypoconulid on the m3 (KNM-TP 102204, KNM-TP
102173; Fig. 611, KK) forms a lobe projecting from a relatively
flat wall formed by the hypoconid and entoconid. The lobe con-
tains a single, strongly expressed cristid connecting this wall to a
distinct hypoconulid cusp on the distobuccal tip of the lobe. The



Vitek et al. —New hyracoids from Topernawi (€2409326-19)

lingual edge of the lobe is much lower, with no distinct cristid
along the margin.

Type Locality— Hill 2, Topernawi, Ekitale Basin, west of Lake
Turkana, Kenya; stratigraphic unit U4, Topernawi Fm., mid-
Oligocene.

Remarks & Comparisons— As the smaller of the pair of taxa at
Topernawi, Thyrohyrax ekaii differs from Thyrohyrax microdon,
its analog at Losodok/Nakwali, in having a more distinct, cuspate
metaconid, a relatively larger m3, a more lingually placed apex of
the hypocone, and a mesostyle that does not extend as far
buccally.

Thyrohyrax ekaii differs from Thyrohyrax libycus, a related
species from slightly older deposits in Libya, in having a
more molarized P4 with a more distinct hypocone, a larger
mesostyle, and larger parastyle (Coster et al., 2015). It also
differs from the slightly older or contemporaneous species
from the Fayum, Thyrohyrax domorictus, the geologically
youngest species of Thyrohyrax known from the Jebel
Qatrani Formation, in having a more molarized P2 with a
hypocone present, a more elongate M3, lacking a recurved
paracristid and buccal cingulum, and having a more anteriorly
placed entoconid.

Thyrohyrax ekaii differs from Saghatherium, Selenohyrax,
and Megalohyrax in all the ways that Thyrohyrax lokutani
also differs, with the following exceptions: Thyrohyrax ekaii
lacks a p2 entoconid and has a smaller p4 relative to the ml,
similar to the other genera. It differs in having a mesiobuccally
trending prehypocrista on upper molars. It differs from both
Saghatherium and Thyrohyrax lokutani in having a straight,
rather than recurved, paracristid and a perpendicular protocris-
tid on lower molars and in lacking spurs on upper premolar
protocones.

RESULTS
Phylogenetic Analyses

Choice of character sampling Markov model for the Bayesian
tip-dating analysis (correcting for invariant characters observed
or not) or burn-in percentage (25% vs. 50%) did not affect tree
topology, nor estimated divergence dates, nor posterior prob-
ability values by more than 0.02 at any given node, nor ESS rela-
tive to the acceptance threshold (>200). We present the 50%
consensus tree from the optimal Bayesian tip-dating topology
(Mkv-based analysis; Fig. 8). Overall topology is similar to the
topology resulting from previous, parsimony-based analyses of
a similar matrix (Barrow et al., 2012; Cooper et al., 2014; Seiffert,
2007). The clades Geniohyidae, Titanohyracidae, and Megalo-
hyrax are all recovered with high posterior probability (>0.98),
as are a clade of Selenohyrax + Saghatherium. The genera Nengo-
hyrax, Abdahyrax, and Geniohyus are all recovered as members
of Geniohyidae, although interrelationships between species are
not well supported within the clade. The species Thyrohyrax
lokutani and Thyrohyrax ekaii are both recovered among other
species of Thyrohyrax in a paraphyletic grade receiving mixed
support at various nodes.

The single topology produced by a parsimony analysis with
implied weights (Fig. S6) produced largely congruent results
with Bayesian analyses, specifically in recovering the clade Gen-
iohyidae including Geniohyus, Nengohyrax, and Abdahyrax,
albeit with different interrelationships; a clade Titanohyracidae,
again with different interrelationships; and a Selenohyrax +
Saghatherium clade. The two trees differ in the hypothesized
relationships of species of Thyrohyrax, which is a polyphyletic
group ranging widely across the tree resulting from the parsi-
mony analysis.

Body Mass Estimates

Use of upper and lower second molars to estimate body mass
of each species produced largely congruent results (Fig. 9, Table
2). Estimates for larger-bodied species based on individual teeth
ranged widely, but not systematically by upper vs. lower teeth.
The largest hyracoid species at Topernawi, Nengohyrax josephi,
weighed on average between 130 and 173 kg, comparable to
reconstructions for Titanohyrax angustidens, Megalohyrax eocae-
nus, Bunohyrax major, and Pachyhyrax crassidentatus (Schwartz
et al., 1995). The smallest species, Thyrohyrax ekaii, weighed on
average 7.9-11.9 kg, larger than the extant Procavia capensis but
of the same general size as Thyrohyrax meyeri and Saghatherium
bowni.

DISCUSSION

Hyracoids from Topernawi are a relatively diverse assemblage
of five known species, but phylogenetically represent only two
clades: Geniohyidae and Thyrohyrax. The systematics of
extinct Hyracoidea are still unsettled. A long-standing incongru-
ity between traditional systematic organization (Rasmussen &
Gutierrez, 2010) and results of phylogenetic analyses remains
unresolved (Barrow et al., 2010, 2012; Cooper et al., 2014; Seif-
fert, 2007).

Geniohyidae is one of the clades that is more stable and con-
sistent between systematic schemes. Our proposed dental apo-
morphies for this clade may help resolve the situation of
Geniohyidae being considered a problematic group of primi-
tive-looking hyracoids (Tabuce et al., 2021). As recognized in
this study, without Seggeurius, it is a monophyletic group receiv-
ing high posterior probability support (Court & Mahboubi,
1993). The same clade is recovered when other analytical
models are used, and it received weak bootstrap support and
Bremer support (Barrow et al., 2012; Cooper et al., 2014). Its
composition is largely consistent with the phenetically recog-
nized concept of Geniohyidae (Rasmussen & Gutierrez, 2010).
Within Geniohyidae, relationships between species are not well
resolved, which is one of the reasons why we do not assign Nen-
gohyrax josephi and Abdahyrax philipi to existing genera. Work
remains to add other African taxa, especially additional species
of Brachyhyrax, and better resolve interrelationships between
members of the clade.

In contrast, Saghatheriidae, a clade traditionally composed of
Saghatherium, Microhyrax, Selenohyrax, Thyrohyrax, and Mega-
lohyrax, has met with very little phylogenetic support (Barrow
et al., 2012; Seiffert, 2007). Even individual genera within
Saghatheriidae, principally Thyrohyrax, are not resolved as
monophyletic groups (Fig. 8; Barrow et al., 2012). Thyrohyrax
is a morphologically coherent and identifiable set of taxa
within faunas. Phylogenetically, it resolves as paraphyletic with
respect to Neogene and extant hyracoids (Barrow et al., 2012),
although support values for this hypothesized relationship are
not high regardless of analysis type (Fig. 8, Barrow et al., 2012;
Cooper et al., 2014). The presence of two species of Thyrohyrax
at Topernawi closely mirrors the two species of Thyrohyrax at
the younger Kenyan sites of Losodok and Nakwai (Rasmussen
& Gutierrez, 2009). The teeth also bear resemblance to the inde-
terminate sagatheriids at Lokone (Ducrocq et al., 2010). Given
the difficulty of assigning isolated incisors to species in an assem-
blage of multiple hyracoids, it is difficult to compare fossils from
Topernawi to those of Rukwalorax from Rukwa, Tanzania
(Stevens et al., 2009). Future work should more closely investi-
gate potential relationships between these taxa.

Based on the five new hyracoid taxa described here, Topernawi
compares favorably to Paleogene communities from Kenya,
Ethiopia, Angola, and Egypt in terms of raw hyracoid diversity
(Kappelman et al., 2003; Rasmussen & Gutierrez, 2009, 2010;
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FIGURE 8. Majority rule consensus tree of hyracoid relationships based on Bayesian tip-dated analysis. C indicates the node constrained to enforce
outgroup taxa. G indicates clade Geniohyidae. T indicates the note containing Thyrohyrax and most closely related taxa. Values at nodes indicate

Bayesian posterior probabilities (BPP). Horizontal bars indicate estimated age ranges of nodes and input age ranges of tips. Vertical, dashed gray
lines indicate epoch boundaries.
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FIGURE 9. Estimated body masses for hyracoids from Topernawi based
on lengths of upper and lower second molars.

Tabuce et al., 2021). Those communities all contain 4-6 species of
hyracoids occupying a range of body sizes (Schwartz et al., 1995).
Unlike the sites of Chilga, Ethiopia, and Malembo, Angola, both
small-bodied and large-bodied hyracoids are recovered among
the fossils at Topernawi. Compared to Eocene and Oligocene
sites at the Fayum quarries, one of the most characteristic
missing taxa are any very large species rivaling the largest-
bodied (and exceedingly rare) Titanohyrax ultimus, which is
found at the youngest quarries (I and M) and is reconstructed
to be ~1000 kg (Gagnon, 1997, Schwartz et al., 1995).
However, in total the body size range at Topernawi is compar-
able to the rest of body size diversity at other sites, including
smaller-bodied members of Titanohyrax (Schwartz et al., 1995).
Topernawi is also missing some characteristic Neogene or late
Paleogene, high-crowned taxa such as Afrohyrax and Meroe-
hyrax (Rasmussen & Gutierrez, 2009; Whitworth, 1954). All
taxa at Topernawi qualitatively have relatively brachydont,
low-crowned teeth. More detailed analyses of diversity, including
functional analyses, are beyond the scope of this descriptive
study, but are a line of ongoing research.

Lower molar proportions in both clades are similar to the pre-
diction of the inhibitory cascade model, as was also found for
other species of Throhyrax and extant hyracoids in previous
studies (Kavanagh et al., 2007; McKay et al., 2022; Polly, 2007).
Hyracoids in general are conservative in having lower molars
that increase in size down the tooth row (Vitek & Princehouse,
2024), and it may be that they are a clade that hews closely to
the specific predictions of the inhibitory cascade model, although
further statistical tests are needed.

Overall, these new taxa support the traditional characteriz-
ation of hyracoids as being major components of Paleogene
African faunas (Gagnon, 1997; Rasmussen, 1989). Some taxo-
nomic similarity at higher levels belies the observation that
there is significant turnover between sites that remains unex-
plained. The continued discovery of new taxa with each new
site also suggests that much of hyracoid diversity on the continent
still remains to be found.

TABLE 2. Mean of individual specimen-based estimates of body
masses for hyracoids from Topernawi.

Species Tooth Mean estimated body mass (kg)
Nengohyrax josephi m2 130.2
Nengohyrax josephi M2 173.1
Abdahyrax philipi m2 100.2
Abdahyrax philipi M2 114.3
Geniohyus ewoi m?2 22.4
Geniohyus ewoi M2 27.5
Thyrohyrax lokutani m?2 11.9
Thyrohyrax lokutani M2 9.8
Thyrohyrax ekaii m2 79
Thyrohyrax ekaii M2 7.9
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