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1 | Introduction

We introduce here two new assemblages of cercopithecin fossils from the later Pleistocene of
eastern Africa. These fossils belong to a Linnaean tribe with several challenging characteristics,
namely: 1) an extensive amount of hybridization (Aldrich-Blake, 1968; de Jong & Butynski,
2010; Detwiler, 2004; 2010, Detwiler, Burrell, and Jolly, 2005; Struhsaker, Butynski, & Lwanga,
1988; Tapanes, 2016, Tosi, 2017); 2) remarkably conserved skeletal morphology (Arenson et al.,
2020; Cardini & Elton, 2008; Sargis, Terranova, & Gebo, 2008; Gilbert et al., 2021; Szalay &
Delson, 1979; Verheyen, 1962); and 3) a sparse fossil record. Before providing the
paleontological description of these new fossils from the Middle Awash study area of Ethiopia’s
Afar Rift (Figure 1), we review the challenges that this tribe presents in both the neontological
and paleontological realms.

1.1 | Extant guenons and their classification

Cercopithecin monkeys are among the most geographically widespread and taxonomically
diverse primate groups alive today. These monkeys were some of the first to be extensively
studied by primatologists (Elliot, 1911; Haughton, 1864; Jentink, 1886; Reuvens, 1890; Sclater,
1893; Stiles & Orleman, 1926). Tribe Cercopithecini contains ~35 species across six extant
genera: Allenopithecus, Allochrocebus, Cercopithecus, Chlorocebus, Erythrocebus, and
Miopithecus (Rowe & Myers, 2016; Turner, Schmitt, & Cramer, 2019). Often collectively
referred to as the African guenons, this tribe is relatively diverse in its pelage (especially facial
and genital coloration) and karyotype (Turner et al., 2019). The molecular phylogeny of this
taxon has proven difficult to resolve (Arenson et al., 2020; Guschanski et al., 2013; Lo Bianco,
Masters, & Sineo, 2017; Perelman et al., 2011; Tosi & Detwiler, 2016; Turner et al., 2019; Tosi,
2017; Xing et al., 2007), apparently the result of a long history of hybridization that occurs at
both generic and specific levels of classification (Detwiler, 2004; Detwiler et al., 2005; de Jong
& Butynski, 2010; Groves, 2018; Shurtliff, 2013).

Cercopithecin species also vary in their preferred habitat and locomotor substrates. The
genera occupy three major ecological zones: semi-arid open savannah (Erythrocebus), swamp
forests (Allenopithecus), and savannah woodland/shrub/gallery forest
(Allochrocebus/Cercopithecus/Chlorocebus/Miopithecus) (Rowe & Myers, 2016). Erythrocebus
is the largest genus in terms of body size and is almost completely terrestrial, and, consequently,
this genus has the most distinctive postcranial morphology (Gebo & Sargis, 1994; Sargis et al.,
2008).

The shrub/gallery forest group of genera are in the middle of the range of body size and
fall into three subgroups that exhibit variation in locomotor behavior. The first and most distinct
of these subgroups is often referred to as the ‘L’ hoesti’s monkey group.” The species within this
subset are largely terrestrial and have variably been assigned to Chlorocebus (Elton et al., 2016;
Tosi, 2008), Cercopithecus (Cardini & Elton, 2008; Disotell, 2000; Grubb et al., 2003; Harrison,
1988; Motsch et al., 2015), and Allochrocebus (Lo Bianco et al., 2017; Rowe & Myers, 2016).
The second subgroup, commonly referred to as ‘vervets’ or ‘savannah monkeys,’ are usually
considered semi-terrestrial; they were first placed into their own separate genus (Chlorocebus) in
1870 (Gray, 1870) based primarily on fur and soft tissue differences, and on their semi-terrestrial
habits. Now, species are usually assigned to Chlorocebus based on pelage, soft tissue, behavior,
and genetic data. Though still often classified in their own genus, some researchers have grouped



the vervets with the third and most arboreal subgroup, Cercopithecus. While there is some
variation in the taxonomy applied to these monkeys, most researchers today place the most
terrestrial subgroup (L hoesti’s monkey group) into Allochrocebus, the semi-terrestrial savannah
monkeys into Chlorocebus, and the most arboreal species into Cercopithecus. But, of course,
there are exceptions.

While it is generally accepted that the more arboreal species of the savannah
woodland/shrub/gallery forest group all belong in Cercopithecus, with the exception of the much
smaller and genetically distinct Miopithecus (Lo Bianco et al., 2017), multiple species within
Cercopithecus are consistently classified as semi-terrestrial (i.e., Cercopithecus neglectus,
McGraw, 1994) or terrestrial (Cercopithecus hamlyni; Rowe & Myers, 2016). Additionally,
recent research shows that Cercopithecus lomamiensis, which exclusively inhabits dense forest,
is semi-terrestrial and likely spends a significant amount of time foraging on the ground
(Arenson et al., 2020). This illustrates that the arboreal/semi-terrestrial genus dichotomization is
a bit of an oversimplification. As for the ancestral cercopithecins, recent studies offer support for
semi-terrestriality as the ancestral mode of locomotion, with terrestriality and arboreality
evolving multiple times in different clades (Arenson et al., 2020; McGraw, 2004; Turner et al.,
2019).

1.2 | Skeletal evidence

Most cercopithecin species are similar to each other in body size, with the notable exceptions
being the larger Patas monkey (Erythrocebus patas), the much smaller talapoins (Miopithecus),
and the slightly smaller Cercopithecus dryas (Gilbert et al., 2021). Cercopithecins are also very
similar in craniodental and postcranial morphology, especially Chlorocebus and Cercopithecus
(e.g., Arenson et al., 2020; Cardini & Elton, 2008; Gebo & Sarigs, 1994; Gilbert et al., 2021;
Sargis et al., 2008; Szalay & Delson, 1979; Verheyen, 1962). While the teeth of Allenopithecus
are somewhat distinctive, only the postcranial skeletons of the most terrestrial of the guenons —
such as Allochrocebus and Erythrocebus — are readily distinguishable from other guenons (Gebo
& Sargis, 1994; Strasser & Delson, 1987).

Many researchers report that craniodental traits can distinguish Chlorocebus and
Cercopithecus, but diagnostic characters are limited and may not distinguish the two genera
consistently (Gebo & Sargis, 1994; Cardini & Elton, 2008; Sargis et al., 2008; Szalay & Delson,
1979; Verheyen, 1962; Arenson et al., 2020; Gilbert et al., 2021). Orbital shape may be useful in
distinguishing genera (Gilbert et al., 2021). Frost and Alemseged (2007) and Gilbert et al. (2021)
also describe relative I2 size (maxillary I> mesiodistal length / I' mesiodistal length) as a
distinguishing characteristic, with Chlorocebus exhibiting larger lateral relative to medial
maxillary incisors than Cercopithecus. Other traits suggested to separate the two genera include
relative I' size (I' mesiodistal length/M! mesiodistal length), mandibular corpus height, and facial
length (Gilbert et al., 2021). Cardini & Elton (2008) point out that cranial shape and facial length
may distinguish species and genera, but large sample sizes and complete crania with numerous
3D landmarks are needed even for modest differentiation.

Postcranial traits claimed to distinguish between Chlorocebus and Cercopithecus based
on locomotor habitus include aspects of scapular morphology, humeral head shape, distal
humeral morphology, and head shape of the astragalus (Sargis et al., 2008; Arenson et al., 2020;
Gilbert et al., 2021). However, Arenson et al. (2020) point out that it is highly likely that
developmental plasticity contributes to the intraspecific variation observed in such traits.



Furthermore, the presence or absence of these traits has been used in taxonomic assessments
even when the trait is not consistently present/absent within a single extant population. For
example, the relative height of the humeral greater tubercle has been identified as a key trait in
identifying locomotor habitus in guenons but differs even between the two extant lesula
(Cercopithecus lomamiensis) individuals described by Arenson et al. (2020).

This example demonstrates that postcranial skeletal morphology also has a limited use in
taxonomic identification because morphological traits associated with terrestriality/arboreality
are not as discrete or invariable as would be needed. As another example, Nakatsukasa (1994)
showed that observed locomotor behavior does not always correlate with the presence of
morphological features claimed to be indicative of “locomotor type”. Although the appendicular
skeleton is often used to infer locomotor categories in guenons, the high levels of intraspecific
variation in these regions of the skeleton complicate this endeavor (Buck, Stock, & Foley, 2010).
The combination of highly conserved morphology and high levels of variation among this tribe’s
species, along with frequent changes in the tribe’s taxonomic nomenclature, renders it difficult to
conclusively and confidently infer either locomotor mode or substrate preference for fossil
postcranial remains.

1.3 | Genetic evidence

Unlike their papionin and other anthropoid relatives, cercopithecins have considerable variation
in chromosome number, with diploid numbers ranging from 48 to 72 (Chiarelli, 1968;
Dutrillaux, 1988; Lo Bianco et al., 2017; Moulin, Gerbault-Seureau, Dutrillaux, & Richard,
2008; Sineo, 1990). Hybridization is known to occur across species with different chromosome
numbers (Dugoujon, Moro & Larrouy, 1982; Sineo, 1990). After the recent publication of the
Chlorocebus reference genome by Warren et al. (2015), Svardal et al. (2017) reported high levels
of admixture between Chlorocebus species that diverged during the Late Pleistocene.
Cercopithecins are known to commonly hybridize in the wild (Aldrich-Blake, 1968; Detwiler,
2004; 2010, Detwiler et al., 2005; Struhsaker et al., 1988; Tapanes, 2016), even inter-generically
(between Chlorocebus and Cercopithecus in Kenya; de Jong & Butynski, 2010).

It is possible that these high levels of hybridization are responsible for the difficulty in
resolving a clear pattern of phylogenetic branching based on genetic evidence. Attempts to
resolve the phylogeny of this group have explored mtDNA (Raaum, Sterner, Noviello, Stewart,
& Disotell, 2005; van der Kuyl, Kuiken, Dekker, & Goudsmit, 1995), X and Y chromosomes
(Tosi, Buzzard, Morales, & Melnick, 2002; Tosi, Disotell, Morales, & Melnick, 2003; Tosi,
Melnick, & Disotell, 2004a, Tosi, Buzzard, Morales, & Melnick, 2004b; Tosi, Detwiler, &
Disotell, 2005a; Tosi, Detwiler, & Disotell, 2005b), serum proteins (Lucotte, Gautreau, Galat, &
Galat-Luong, 1982), and next generation sequencing (Guschanski et al., 2013).

Despite these varied efforts, the guenon phylogeny is still largely unresolved (Arenson et
al., 2020; Cardini & Elton, 2008; Detwiler et al., 2005; Disotell & Raaum, 2004; Guschanski et
al., 2013; Lo Bianco et al., 2017; Perelman et al., 2011; Springer et al., 2012; Svardal et al.,
2017; Tosi et al., 2005a; Tosi et al., 2005b; Xing et al., 2007). While inferences about the
phylogenetic relationships among cercopithecins are as varied as the methods on which they are
based, at this point in time, nuclear DNA studies are arguably the most robust and suggest that
Chlorocebus is more closely related to the earlier diverging Erythrocebus and Allochrocebus
than to Cercopithecus (Perelman et al., 2011; Springer et al., 2012).



1.4 | Fossil evidence

To add to the phylogenetic and taxonomic challenges, the cercopithecins are represented by only
a sparse fossil record compared to papionins or colobines, with only a few dozen fragmentary
specimens known prior to this publication (Cardini & Elton, 2008; Jablonski & Frost, 2010;
Jablonski, 2002). The oldest fossil attributed to Tribe Cercopithecini is a single mandibular
molar from the Baynunah Formation of Abu Dhabi, dated to 8.0 — 6.5 million years (Ma; Gilbert,
Bibi, Hill, & Beech, 2014). There are several fragmentary guenons from the Shungura and Usno
Formations (3.0 — 1.5 Ma) of southern Ethiopia, including two mandibular fragments with teeth
assigned to Cercopithecus as well as two maxillary molars from the Usno Formation (~2.9 Ma;
Eck & Howell, 1972; Eck, 1987; MacDougall et al., 2012).

Koobi Fora has produced a handful of fossils attributed to Cercopithecus from the KBS
and Okote Members (~1.75 — 1.5 Ma), including a femur, a proximal ulna, isolated teeth, and a
humerus from the Okote Member, as well as teeth attributed to Nanopithecus from the Kanapoi
Formation (4.2 — 4.1 Ma; Frost, Ward, Manthi, & Plavcan, 2020a; Plavcan, Ward, Kay &
Manthi, 2019; Pobiner, Rogers, Monahan, & Harris, 2008; Simons, Delson, Maglio, & Cooke,
1978). Koobi Fora has also yielded a Nanopithecus mandible fragment with two molars from the
Tulu Bor Member (4.2 — 3.3 Ma; Jablonski et al., 2008; Plavcan et al., 2019). An Early
Pleistocene juvenile mandible from Kanam is attributed to Cercopithecus sp. (Harrison & Harris,
1996). The lower Ngaloba Beds from Laetoli, Tanzania, have also yielded a recently named
species of guenon, Cercopithecus ngedere (~1.7 — 1.2 Ma; Arenson et al., 2022). There are also a
handful of isolated teeth from Olduvai Gorge and Loboi (Leakey, 1988).

The Middle Pleistocene Kapthurin Formation has also yielded cercopithecins
(McBrearty, Bishop, & Kingston, 1996). Sediments from Asbole (~600 ka), near the Awash
River in Ethiopia, yielded over a dozen cercopithecin fossils (Alemseged & Geraads, 2000; Frost
& Alemseged, 2007). Of these specimens, eight were attributed to cf. Chlorocebus aff. aethiops,
four to cf. Chlorocebus aff. patas, and five to cf. Chlorocebus sp. based mostly on dental
characteristics and body size (Frost & Alemseged, 2007). Frost (2001) also assigns the
“Andalee” and “Upper Andalee” cercopithecins to Cercopithecus sp. and suggests that they are
most similar to Cercopithecus aethiops, which is now often referred to as Chlorocebus aethiops.
We use quotations to refer to “Andalee” and “Upper Andalee” here because these names derive
from the original fieldwork by the Rift Valley Research Mission in Ethiopia (RVRME; Frost,
2001; Kalb et al., 1982). Ongoing fieldwork has updated the names and geological placement
originally inferred. We use these original names to maintain continuity with older literature but
include them in quotation marks to indicate that these are historical terms.

The definition of Chlorocebus aethiops has also changed over time, previously including
all species in the genus Chlorocebus. It is worth noting here that the fossil material from Omo,
Koobi Fora, and Kanam were attributed to Cercopithecus at a time when few other cercopithecin
genera were widely used. By assigning these fossils to Cercopithecus, the original authors were
essentially identifying the material as cercopithecin but not belonging to Allenopithecus,
Erythrocebus, or Miopithecus. 1t is possible that these authors may have identified these
specimens differently if they were using the taxonomy widely used today.



1.5 | New cercopithecin fossils from the Middle Awash study area

Recent fieldwork in the Halibee member’s Chai Baro (>158 ka) and Faro Daba (ca. 100 ka) beds
in the Middle Awash study area yielded nearly 1,000 cercopithecid fossils. Hundreds of these
fossils represent papionin and colobine individuals. The papionin and colobine assemblages are
described in companion papers in the current issue (Brasil, Monson, Taylor, Yohler, & Hlusko
Submitted A for papionins from Faro Daba; Brasil et al., Submitted B for colobines from Chai
Baro).

Approximately one third of the fossils from these two beds (n=223 and n=105 from Faro
Daba and Chai Baro, respectively) represent Cercopithecini, the only primate tribe present at
both horizons. These cercopithecin fossil assemblages are each remarkable, both in terms of
sample size and preservation (Figures 2 and 3). Both assemblages contain numerous partial
skeletons (e.g., Figure 3) and exceptionally well-preserved craniodental (Figures 4 - 9) and
postcranial elements (Figures 10 — 15).

2 | Geochronological and depositional contexts

The fossils described here were collected from localities in the Chai Baro and Faro Daba beds of
the Halibee member of the Dawaitoli Formation (Figure 1; Niespolo et al., 2021) following
standard Middle Awash project protocols (Gilbert & Asfaw, 2008).

The Faro Daba assemblage was collected immediately above and below a widespread
basaltic tuff marker (the AFBT) that proved unsusceptible to Ar/Ar age determination. However,
surface and in situ obsidian Middle Stone Age knapping debitage in stratigraphic association
with the fossils from the Faro Daba beds were susceptible to this technique and combined with
associated U/Th dates on ostrich eggshells, the age of these assemblages is now fixed at between
106 + 20 ka and 96.4 + 1.6 ka. These age determinations are compatible with the overall
biochronology as well as the Middle Stone Age archaeological assemblages from the surface and
excavations (Niespolo et al., 2021). The Chai Baro fossil assemblage is stratigraphically below,
and therefore older than, the Faro Daba assemblage and derives from sediments ~9m below a
volcanic tuff (the DGST) dated to 158.1 £+ 11ka (Niespolo et al., 2021). The archaeology of the
Chai Baro beds is also Middle Stone Age.

The primate fossils from localities in both areas were embedded within a few meters of
overbank silts rapidly deposited atop higher energy cobble conglomerates (Niespolo et al., 2021).
These silts were deposited in low energy or still water at some distance from the main channel of
a paleo-Awash river. Their fossil and archaeological contents show little sign of predepositional
displacement. Abundant associated paleobotanical and vertebrate fossil material at Faro Daba is
commensurate with deposition in a wooded riverine-proximal ecotype, whereas the geologically
earlier Chai Baro fossils appear to have accumulated farther from the main channel (Niespolo et
al., 2021).

3 | Hypothesis-testing

The size of the Halibee fossil assemblage is unprecedented in the paleontological record of
cercopithecins. It is uncommon for an assemblage of newly discovered fossils representing just
one taxon to have more than 100 specimens recovered during limited fieldwork, and many
specimens from both Faro Daba and Chai Baro are well-preserved (e.g., Figures 2 and 3). Rather



than describing the fossil specimens one-by-one, as is the traditional method, we approach the
Halibee cercopithecin assemblage as two populations (Chai Baro and Faro Daba). Because the
geological ages of the two samples are recent in time, we focus our comparison of the fossil
populations primarily with extant cercopithecins and the most recent part of the cercopithecin
fossil record. Two hypotheses guide our research:

Hypothesis I: Neither the Chai Baro nor the Faro Daba assemblage is anatomically
distinct from one of the extant guenons.

Hypothesis 2: The Chai Baro and Faro Daba assemblages sample the same taxon.

The decision to take a population-based approach is warranted by three key factors: 1) these
fossils are nearly modern, and therefore their anatomies are so similar to modern cercopithecins
that it is more useful to frame the variation reflected in this fossil assemblage relative to the
ranges of variation observed for extant populations; 2) the Halibee cercopithecin fossils, while
not a true biological population in a neontological sense, comprise two discrete geochronological
snapshots of population-level variation in stratigraphic succession; and 3) the scientific insight to
be gained from a lengthy, detailed specimen-by-specimen descriptive approach would be
relatively minor and restricted relative to our population-based approach employing a
comparative analysis of the new paleobiological evidence. Given this hypothesis-testing
framework and population-based approach, our research focuses on the analysis of quantitative
and qualitative data. The morphology of the fossils is primarily shown through photographic
comparisons with extant and fossil taxa.

4 | Materials
4.1 | Overview of the fossil assemblages

A total of 973 cercopithecid fossils were recovered from the Faro Daba and Chai Baro beds. The
143 Papio and 360 Colobus fossils are described in Brasil et al., (Submitted A, B). Of the other
474 fossils, 328 were identified as cercopithecins (223 from Faro Daba and 105 from Chai Baro).
The remaining 142 fossils (124 from Faro Daba and 18 from Chai Baro) were too poorly
preserved to be attributed to a more specific taxon but do not evince morphologies or sizes that
deviate significantly from those described here or in Brasil et al., (A, B). These specimens are
cataloged as Cercopithecidae indet. (Appendix 3 and 4) and are not included in any figures or
analyses in this paper.

4.2 | Overview of extant comparative samples

For comparison with the cercopithecin fossils from Faro Daba (n = 223) and Chai Baro (n =
105), we collected data from fossil and extant taxa. Extant comparative data were collected by
the authors from museum specimens and derived from published data (Arenson et al., 2020;
Gilbert et al., 2021; PRImate Morphometrics Online). Data for a total of 430 individuals
representing 25 species of extant cercopithecin were used in our comparative analyses (Table 1).
Taxa were chosen for inclusion in this study based on availability, and morphological and
geographical proximity to the Halibee fossil cercopithecin assemblages. Because so many



comparative taxa are included, species were grouped following Arenson et al. (2020) to simplify
data visualizations and make results easier to interpret.

4.3 | Comparative fossils

We also compared the Faro Daba and Chai Baro assemblages to the cercopithecin fossils
recovered from Middle Pleistocene deposits in the adjacent Asbole area of the Afar, as well as
later Pleistocene fossils from “Andalee” and “Upper Andalee” (Table 1). Quantitative
measurements and qualitative descriptions of the Asbole, “Andalee”, and “Upper Andalee”
fossils derive primarily from those published by Frost & Alemseged (2007) and Frost (2001).
Photos and data for cercopithecins from Asbole were pulled from Frost & Alemseged (2007).
We also made qualitative observations on the original Asbole fossils housed at the National
Museum of Ethiopia in Addis Ababa.

5 | Methods
5.1 | Data collection methods

Craniodental and postcranial measurements were chosen for their diagnostic utility in taxonomic
assignment and locomotor inference, as well as for comparison with other cercopithecid fossils
from Faro Daba and Chai Baro. We also collected data on sex and age at death to characterize
the demographic composition of the assemblages. The data collection methods described herein
are consistent with those employed by Brasil et al. (Submitted A, B).

5.1.1 | Cranial and mandibular anatomy

Cranial measurements were collected by TAM using dialMax analog calipers following standard
protocols (see Monson, 2020; Monson, Brasil, Stratford & Hlusko, 2017). The following 17
cranial measurements were collected: calvarial length, facial length, facial width, interorbital
breadth, maximum cranial breadth, maximum calvarial width, maximum cranial length,
maximum width at the upper canines, muzzle width at ectomolare, muzzle width at the maxillary
fossae, nasal height, nasal width, orbital height, orbital width, palatal length, palatal width at the
third molars, and palatal width at the upper canines. Craniodental measurements were chosen for
inclusion based on 1) utility in taxonomic identification, and 2) to provide data relevant to other
research questions. Definitions for all measurements, and a visual description of measurements
taken, can be found in Monson et al. (2017).

Mandibular corpus height measurements were taken by CET from standardized
photographs using ImageJ (Schneider, Rasband, & Eliceiri, 2012). Mandibular height at M, M»,
and M3 were measured at the midpoint of each molar, following the methodology of Gilbert et al.
(2021). Analyses of mandibular height were performed following Gilbert et al. (2021) as a
mechanism of assigning the Faro Daba and Chai Baro cercopithecins to genus.

5.1.2 | Dental anatomy

Dental measurements were collected for each tooth whose positions could be unambiguously
determined. Dental measurements were taken following standard protocols (e.g., Grieco, Rizk, &



Hlusko, 2013). All maxillary dental measurements were taken by a single observer (TAM) using
dialMax analog calipers. All mandibular dental measurements were taken by a single observer
(MFB) using Mitutoyo digital calipers. Collected measurements include mesiodistal length,
anterior and posterior buccolingual widths of the molars, and mesiodistal length and
buccolingual width of the premolars, canines, and incisors. Mesiodistal length at the cementum-
enamel junction (CEJ) was also measured on the incisors. Mesiodistal length of the mandibular
third premolar was measured in both occlusal and lateral views to capture the length of the
honing flange. Measurements from the right side of the dentition were included in analyses
unless they were unavailable, in which case measurements from the left side were included.

Measurements were estimated only in cases where they could be made with a high degree
of confidence (e.g., in cases where weathering and/or breakage was minimal, and the crown
outline could be easily extrapolated); these estimated measurements are included in analyses.
Measurements were not adjusted for interproximal wear. It should be noted that the measurement
protocols employed in the description of the Asbole fossils (Frost & Alemseged, 2007) do not
specify whether adjustments were made for interproximal wear, and this may affect the
comparability of measurements between the two samples (e.g., if adjustments were made for the
Asbole fossils, those measurements would be inflated relative to the Chai Baro and Faro Daba
fossils).

Comparative extant dental data were collected following the same standard protocols
(e.g., Grieco et al., 2013) as the fossil data collection with the exception of those data pulled
from the PRIMO database and Gilbert et al. (2021). Our extant dental dataset overlaps with the
dataset used in Hlusko et al. (2016), and augments the dataset compiled by Grieco et al. (2013)
and archived online (Dryad doi:10.5061/dryad.693;8).

We abbreviate the terminology for teeth by using I for incisor, C for canine, P for
premolar, and M for molar. Tooth position is indicated with a number, such that 12 is the second
(lateral) incisor. We indicate maxillary and mandibular arches within the text rather than through
abbreviation.

5.1.3 | Postcranial anatomy

Postcranial fossils were examined for qualitative traits widely used to infer locomotor adaptation
to terrestrial versus arboreal substrates (Anapol, Turner, Mott, & Jolly, 2005; Arenson et al.,
2020; Elton et al., 2016; Frost & Delson, 2002; Frost et al., 2020b; Gebo & Sargis, 1994; Sargis
et al., 2008). Following Frost et al. (2020b), CET collected several postcranial metrics (humeral
epicondyle ratio, humeral relative flange length, humeral distal articular surface dimensions,
femoral relative greater trochanter projection, femoral patellar groove width), each of which has
been considered useful for inferring locomotor modes in catarrhine monkeys. While each of the
studies above referred to subtle morphological differences between species that were
characterized as more arboreal or more terrestrial, we included only those features that were
preserved in the Halibee assemblages, for which clear definitions have been published, and for
which measurements were found to be replicable between our observers (details below). We also
measured maximum lengths of all long bones. However, none of the cercopithecin partial
skeletons from Faro Daba or Chai Baro preserve more than a single complete long bone, so we
did not calculate limb indices (intermembral, humerofemoral, crural, brachial) in this study.
Reconstructions of long bones and estimation of limb indices will be pursued in subsequent
studies.



In light of previous reports of challenges in accurately measuring the femoral neck-shaft
angle in humans (e.g., Bizdikian et al., 2018; Bonneau et al., 2012), we assessed interobserver
error for the two angular measurements that we include in our comparisons (i.e., humeral
epicondyle angle and femoral neck-shaft angle). These measurements were collected by CET,
MFB, and RMY from standardized photographs of Chai Baro Papio fossils using ImageJ (see
Brasil et al., Submitted A for sample details; Schneider et al., 2012). Average interobserver error
was found to be high for the femoral neck-shaft angle (5.5%) and especially for the humeral
epicondyle angle (15.6%). Since these two measurements are commonly assessed in studies of
cercopithecid postcrania (e.g., Frost, 2007; Frost & Delson, 2002; Frost et al., 2020b), we report
these measurements in our dataset [reference number to be specified immediately prior to
publication]. However, considering the high degree of inter-observer error observed in Papio, we
strongly caution against drawing firm conclusions from these metrics, particularly as they
compare to measurements published by other researchers as their data collection protocol may
have differed substantially from ours.

Measurements and qualitative observations of postcranial fossils were taken following
the methodologies of previous publications on cercopithecin monkeys (Arenson et al., 2020;
Delson, Terranova, Jungers, Sargis, & Jablonski, 2000; Elton et al., 2016; Frost & Delson, 2002;
Gilbert et al., 2021; Sargis et al., 2008). Linear measurements were taken by CET using
Mitutoyo digital calipers. Extant comparative postcranial measurements were taken by CET and
derived from published data (Arenson et al., 2020; Frost et al., 2020b).

Postcranial analyses were employed to quantitatively determine the affinities of each bed
with comparative taxa. The aim of these analyses was to document the morphological traits in
the Faro Daba and Chai Baro assemblages that are associated with locomotor habitus and
substrate use.

5.1.4 | Sex

Sex was estimated independently by two observers (MFB and LJH) based on the C/P3 honing
complex. Sex assignments were then checked against each other and discussed when individual
assignments from the two authors disagreed. If agreement was not reached, individuals were
marked as “uncertain”.

5.1.5 | Ontogenetic age

We used tooth eruption and occlusal wear to estimate ontogenetic age on a scale of one to six for
all craniodental specimens for which postcanine tooth position could be ascertained with
absolute confidence (i.e., a specimen with at least one of the following: more than one postcanine
tooth, a complete third molar with distinctive morphology, or with the postcanine tooth/teeth in
the jaw; Table 2). We report dental eruption rather than estimates of chronological age because
of the amount of variation in timing of primate tooth eruption (Bolter & Zihlman, 2003; Harvati,
2000; Hlusko & Mahaney, 2009; Jogahara & Natori, 2012; Monson and Hlusko, 2018).

5.2 | Analytical methods

5.2.1 | Approach to taxonomic identification
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Our approach to the taxonomic assignments for these two cercopithecin assemblages was carried
out using the following steps:

Step 1. We first performed an initial taxonomic sorting of the 973 cercopithecid fossils
from Faro Daba and Chai Baro, based on cranial and dental morphology, and overall size. Both
papionins and cercopithecins are present in the Chai Baro sample. Here, cercopithecins were
differentiated form papionins based on the presence of relatively large upper incisors, a spatulate
upper central incisor with a widening crown from the cervix to the incisal edge in anterior view,
a conical upper lateral incisor, distally reduced upper and lower third molars, the absence of a
hypoconulid on the mandibular third molar, and size of the postcrania (following Frost &
Alemseged, 2007). Both cercopithecins and colobines are present in the Faro Daba sample. Since
cercopithecins and colobines are roughly similar in size, we relied on craniodental features to
identify cercopithecins in the Faro Daba sample. Cercopithecins can be distinguished from
colobines by a narrow interorbital pillar, low postcanine cusps relative to crown height, and a
low degree of occlusal relief (Brasil et al., Submitted B; Groves, 2007).

Step 2. After we identified fossils as either papionin, cercopithecin, or colobine, we
compared the morphological variation within each fossil taxon against observed variation in
extant species. We first assessed morphological variation separately in each geologically
contemporaneous sample (Faro Daba and Chai Baro) to determine whether the observed
variation could fit within expectations of a single species. We then compared morphological
variation across the Faro Daba and Chai Baro samples to assess whether they likely represent the
same or different species. Qualitative and quantitative results and comparisons with extant taxa
are detailed below and in the accompanying papers on papionins and colobines (Brasil et al.,
Submitted A, B).

Step 3. Individual specimens were given a taxonomic designation to the lowest, most
specific level possible. We first focused on the taxonomic assignment of those specimens with
sufficiently preserved craniodental material. We then used these well-preserved specimens to aid
in identifying the more limited craniodental remains, and we used those biological individuals
for which postcrania were associated as comparative standards to identify other isolated
postcrania lacking associated craniodental material.

5.2.2 | Statistics

Descriptive statistics were calculated using Microsoft Excel. Bivariate plots and craniodental
boxplots were created using ggplot2 (v3.3.0; Wickham, 2016) in the R statistical environment
and compiled in Adobe Illustrator CC 2019 (Adobe, Inc.). Extant species with large sample sizes
were chosen for inclusion in descriptive statistics tables. Distribution figures were created using
the dplyr package in R to illustrate distributions of traits that distinguish Cercopithecus and
Chlorocebus (Wickham, Frangois, Henry, & Miiller, 2022). Postcranial boxplots were also
visualized using ggplot2 and were then overlain on excerpts of published figures from Frost &
Delson (2002) and Frost (2020b) using Adobe Illustrator CC 2019 to produce figures that match
the format presented in those publications.

Statistical analyses of quantitative data were performed in the R statistical environment
v3.6.1 (R Core Team, 2019). Traits used for statistical analyses focus on those identified in the
literature as useful for differentiating guenon genera and species. To test Hypothesis 1, each
assemblage was individually compared to each extant species of Chlorocebus and Cercopithecus
in an attempt to assign each assemblage to a more specific taxonomic level within
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Cercopithecini. We first tested for normality using Shapiro-Wilk tests, and we then employed
Kruskal-Wallis non-parametric tests at the species level (due to small and unevenly distributed
sample sizes) to test for significant differences between sample means. We used the Dunn’s post
hoc test with a Bonferroni correction for pairwise comparisons between each assemblage and
extant and fossil samples. We report only the uncorrected significance for these species-level
analyses, as the correction overwhelmed nearly all statistical signal. For all statistical analyses,
significance was set at p<0.05.

To test Hypothesis 2, we assessed the similarities between the Faro Daba and Chai Baro
cercopithecins using Kruskal-Wallis non-parametric tests. For genus-level analyses, post hoc
tests were not necessary, as each assemblage was assessed against each genus individually.

6 | Results
6.1 | Test of Hypothesis 1: comparing the Halibee cercopithecins to extant taxa

The Faro Daba and Chai Baro cercopithecin assemblages exhibit craniodental morphology
typical of the tribe. Size and morphology within the two assemblages excludes Erythrocebus,
Miopithecus, or Nanopithecus as candidates. These two assemblages are also clearly not
sampling Allochrocebus based on mandibular morphology, and neither assemblage exhibits the
distinct molar morphology or extreme molar flare of Allenopithecus. Thus, both the Faro Daba
and Chai Baro assemblages represent either Cercopithecus or Chlorocebus. We turn our focus to
comparing the Halibee cercopithecin fossils with these two genera to further test Hypothesis 1:
that neither the Chai Baro nor the Faro Daba assemblage is anatomically distinct from one of
these extant guenons.

There are several features that have been reported to distinguish Cercopithecus and
Chlorocebus, including, relative incisor size, mandibular corpus height, and orbital shape
(Gilbert et al., 2021). There are several scapular features shown by Arenson et al. (2020) that
may also distinguish the two genera, but the fossil assemblages described here do not preserve
scapular morphology sufficient for meaningful comparisons. For the craniodental traits
examined, the Chai Baro and Faro Daba individuals do not consistently fall with one genus over
another (Tables 3 — 5; Figures 17 —22). In nearly all features investigated, both the Chai Baro
and Faro Daba assemblages plot most closely with Cercopithecus nictitans and Chlorocebus
aethiops. In terms of mandibular height, the Chai Baro and Faro Daba assemblages fall within
the range of nearly every cercopithecin included (Table 6; Figure 18). Chlorocebus,
Cercopithecus, and the Faro Daba and Chai Baro cercopithecins have very similar ranges and
distributions in nearly every trait examined (Tables 3 — 6, 8; Figures 16 — 22). The only trait for
which Chlorocebus and Cercopithecus do not completely overlap in their ranges and
distributions is orbital shape, for which we could measure one undistorted individual from each
assemblage. The Faro Daba specimen falls outside the range of Cercopithecus and at the lower
end of Chlorocebus, whereas the Chai Baro specimen falls toward the upper range of
Chlorocebus and within the range of Cercopithecus (Figure 17).

Both the Faro Daba and Chai Baro assemblages show some significant differences when
compared to specific species of Cercopithecus, but neither assemblage shows significant
differences when compared to individual species of Chlorocebus (Supplementary Table 1).
Because neither assemblage shows a consistently significant statistical similarity to a single
species of Chlorocebus or Cercopithecus, but both show more differences with more species of
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Cercopithecus, we attribute the Faro Daba and Chai Baro assemblages to genus but not species.
Although the ranges and distributions of craniodental metrics are similar for Chlorocebus,
Cercopithecus, and the fossil assemblages (Figures 17 — 20), the Faro Daba and Chai Baro
assemblages show the most statistical similarity to Chlorocebus (Table 7, Supplementary Table
1).

Therefore, results from the test of Hypothesis 1 indicate that both the Faro Daba and Chai
Baro cercopithecin samples are similar but not identical to either Cercopithecus or Chlorocebus,
and show stronger affinities to Chlorocebus than Cercopithecus. Therefore, we refer these
specimens to cf. Chlorocebus. The rationale for this is described in more detail in the following
section.

6.2 | Test of Hypothesis 2: comparing the Faro Daba and Chai Baro assemblages

Having established that both the Faro Daba and Chai Baro samples demonstrate the strongest
affinities to Chlorocebus among the extant guenons, we turn to testing Hypothesis 2: the Chai
Baro and Faro Daba assemblages sample the same taxon.

Body size. Size metrics do not notably differ between the Faro Daba and Chai Baro
samples. Both assemblages fall towards the lower end of both Chlorocebus and Cercopithecus in
both craniodental and postcranial size (Figure 6 for craniodental comparisons, Figures 10, 11, 12,
and 14 for postcranial comparisons).

Craniodental and mandibular anatomy. There is only one individual from each
assemblage without obvious deformation for which we could measure both orbital height and
orbital width. These two individuals fall on opposite ends of the range of variation of extant
Chlorocebus for orbital shape (Figure 17). Mandibular measurements for both Faro Daba and
Chai Baro fall squarely within the range of both Chlorocebus and Cercopithecus, with no notable
qualitative difference or significant quantitative differences between the two beds (Table 6;
Figure 18). As for the dental comparisons, the Chai Baro cercopithecins have slightly more
flared molars than those from Faro Daba (i.e., they have a crown that bulges more on the
buccolingual aspects; Figures 6 and 7). This trait is seen in occlusal view as a greater distance
between the occlusal fovea and the base of the crown on both the lingual and labial aspects of the
crown. While this trait can sometimes be quantified using an index of molar flare (Benefit, 1993;
Delson, 1973; Frost, 2001; Singleton, 2003), we were not able to quantitatively capture our
observation, perhaps due to the subtlety of the trait and the confounding effects of tooth wear.
The subtle variation in molar flare between the two assemblages is a qualitative frequency
difference and can be seen in Figures 6 and 7. It is possible that the slightly increased molar flare
in the Chai Baro assemblage is related to increased enamel thickness, a line of investigation we
intend to pursue in further studies.

Results of craniodental statistical comparisons among the Faro Daba and Chai Baro
samples, as well as Cercopithecus and Chlorocebus, are shown in Table 7 and Supplementary
Table 1. These results indicate that the Faro Daba and Chai Baro assemblages are not
significantly different for any of the traits examined (Table 7). Statistical comparisons were also
made for linear dental metrics (e.g., those shown in Figures 21 and 22) and no significant
differences were detected (results are not presented as they are all insignificant).

Relative to other recent fossil cercopithecin samples, both Faro Daba and Chai Baro are
similar to the Asbole and “Andalee” fossils in some traits and somewhat offset in others. The
Asbole cf. Chlorocebus aff. aethiops and Chai Baro cf. Chlorocebus individuals are within the
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range of the Faro Daba cf. Chlorocebus sample in mandibular height at M| and M3 (Figure 18).
In relative I? length, the Chai Baro and Faro Daba ranges overlap, and the “Andalee” individual
falls within the range of both Halibee assemblages, while the Asbole individual does not (Figure
19). In relative I' length, the Asbole cf. Chlorocebus aff. patas and the “Andalee” Cercopithecus
sp. fossils fall within the range of the Faro Daba sample, the Chai Baro individuals overlap the
upper end of the Faro Daba range, and the Asbole cf. Chlorocebus aff. aethiops overlap with the
Chai Baro sample (Figure 20).

Postcranial anatomy. The Faro Daba and Chai Baro cercopithecin assemblages both have
the generalized postcranial skeleton typical of the tribe. The Faro Daba and Chai Baro humeri
exhibit a range of variation (Figures 10 — 12). The Chai Baro humeri are slightly more medially
curved (laterally bowing) than those from Faro Daba (Figure 11). Chai Baro distal humeri are
slightly more square in shape than Faro Daba, but the variation is continuous between the two
beds with no noticeable break in morphology (Figure 11 and 12). Humeri from both assemblages
have weak trochlear ridges that are slightly more noticeable in some individuals from Faro Daba.
The greater tubercle and the crest of the triceps brachii are roughly equal in size in humeri from
both beds. The ulnae from both assemblages are straight (Figure 13), and the radii have a robust
interosseous crest. The superior aspect of the greater trochanter curves medially (Figures 14 and
15) and the femoral epicondyles are roughly symmetrical in size and shape. The degree of
femoral trochanteric projection for both assemblages falls towards the lower end of the
Chlorocebus aethiops and Cercopithecus mitis ranges (Figure 16). The Chai Baro femora have
somewhat more narrow patellar grooves than the Faro Daba femora, but not remarkably or
significantly so (results are not presented as they are insignificant).

The two assemblages show minor differences in humeral curvature, distal humeral
articular surface morphology, and patellar groove width, all of which may be associated with
locomotion. The Chai Baro individuals show some morphological traits that are associated with
more terrestrial taxa, such as slightly more medially curved humeri, narrow patellar grooves, and
more square distal humeri. The Faro Daba individuals are more similar to arboreal species in
those traits, but have a stronger humeral trochlear ridge than those from Chai Baro, which is also
associated with more terrestrial species (Arenson et al., 2020). These features differ in frequency
in Faro Daba and Chai Baro. However, such a mosaic of more terrestrial and more arboreal
features occurs even within single species of extant guenons (Arenson et al., 2020; Gebo &
Sargis, 1994). Considering that such traits are likely highly influenced by behavior (Arenson et
al., 2020), the observations described above do not falsify the null hypothesis that the Faro Daba
and Chai Baro assemblages sample one species lineage. Furthermore, there are no statistically
significant differences between the two beds in any of the postcranial measurements, and their
ranges overlap (Table 8).

Comparisons across the craniodental, mandibular, and postcranial morphology fail to
reject the hypothesis that the Faro Daba and Chai Baro assemblages represent the same species
lineage of guenon. In addition to the comparisons presented above, the case for the common
taxonomic attribution of the two assemblages stems from three major observations, namely: 1)
the combined dental variation in these two fossil assemblages does not exceed that of a modern
guenon species (Tables 3 and 4); 2) the postcranial size variation also does not exceed that of a
modern guenon species (Figure 16); and 3) there is not a mean or range of variation shift
between the two samples through time that would suggest that the two beds sample different
cercopithecin taxa. Considering how much variation there is within and among extant species of
cercopithecin monkeys, we do not interpret the observed minor variations between the Faro Daba
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and Chai Baro assemblages as justification for formal taxonomic distinction. Furthermore, we
think that dichotomizing substrate use based on a few postcranial characters is a hazardous
undertaking given the flexibility of the extant relatives of these fossil guenons in both
locomotion and preferred substrate.

6.3 | Systematic paleontology

Family Cercopithecidae Gray, 1821
Subfamily Cercopithecinae Gray, 1821
Tribe Cercopithecini Gray, 1821
Genus Chlorocebus, Gray 1870

cf. Chlorocebus

We identified 328 cercopithecins in total from the Halibee assemblages, 223 from Faro Daba and
105 from Chai Baro. Dentally, the Faro Daba and Chai Baro assemblages are similar to modern
Cercopithecus and Chlorocebus (Tables 3 and 4). Figures 21 and 22 further show that both the
Faro Daba and Chai Baro assemblages fall within the range of variation of extant Chlorocebus
and Cercopithecus in all dental metrics studied (Figures 19 — 22). However, relative I' length is
significantly different between extant Cercopithecus and our Faro Daba cercopithecin
assemblage (Table 7). As such, the Halibee fossil sample demonstrates slightly more statistical
similarity with extant Chlorocebus (Supplementary Table 1). Therefore, 296 specimens were
assigned to cf. Chlorocebus based on dental traits, as described in section 6.1, as well as their
statistical similarity in cranial features to extant Chlorocebus.

In comparisons with other fossil material, the Faro Daba and Chai Baro assemblages fall
within the dental range of the Asbole individuals (except for one outlier in the Asbole sample;
Frost & Alemseged, 2007). The Halibee samples are also similar to the cf. Chlorocebus aff.
aethiops individuals from Asbole in mandibular corpus height (Figure 18).

We also refer 32 postcranial specimens to cf. Chlorocebus. For the Faro Daba
assemblage, isolated cercopithecin postcranial elements were differentiated from colobines and
assigned to cf. Chlorocebus based on comparison with individuals that preserve both
craniodental and postcranial material (e.g., Figure 2). In contrast to Faro Daba, the Chai Baro
cercopithecid assemblage only includes cercopithecins and Papio (Brasil et al., Submitted A).
Because of the significant size difference between the cercopithecin and papionin specimens in
the Chai Baro assemblage, isolated cercopithecid postcranial specimens (n = 32) within the size
range of the specimens with craniodental material were attributed to cf. Chlorocebus.

Family Cercopithecidae Gray 1821

In addition to the Halibee fossils identified as cercopithecins, papionins (Brasil et al.,
Submitted A), and colobines (Brasil et al., Submitted B), 124 specimens from Faro Daba and 18
from Chai Baro were too fragmentary and/or ambiguous to assign to a more specific taxonomic
category and were attributed to Cercopithecidae indet. (Appendix 3 and Appendix 4,
respectively). Individuals attributed to Cercopithecidae indet. are not included in any analyses or
figures in this paper.

6.4 | Population characteristics

15



6.4.1| Sex

Of the 182 cf. Chlorocebus craniodental specimens that preserve part of the canine honing
complex, we were able to estimate sex for nearly half (n = 86). The number of males and females
is fairly even for both beds (Table 9).

6.4.2 | Demography

Of the 328 cercopithecin specimens, we were able to score age for 115 Faro Daba and 50 Chai
Baro cf. Chlorocebus specimens using the criteria detailed in the Methods (Tables 2 and 10).
Age categories four, five, and six are the most well represented for both assemblages (spanning
young to old adult ages).

7 | Discussion

The Faro Daba and Chai Baro assemblages provide the opportunity to study two geographically
proximate and chronologically sequential populations of cercopithecin monkeys. Our research
demonstrates that both Halibee assemblages show similarities with Cercopithecus and
Chlorocebus. However, they both have slightly stronger affinities with Chlorocebus than
Cercopithecus. Therefore, we refer the 328 cercopithecin specimens from Halibee to cf.
Chlorocebus. The morphological similarity between Chlorocebus and Cercopithecus, and the
lack of significant differences between the two assemblages and extant species of Chlorocebus,
lead us to conclude that it is inappropriate to give these fossils a species designation.

We also see overwhelming similarity between the ct. Chlorocebus fossils in the Faro
Daba and Chai Baro assemblages. We find no evidence that rejects the hypothesis that these two
populations belong to a single species lineage. Considering the morphological similarity across
most extant guenon skeletons, and the sympatry observed among modern guenon species
(Arenson et al., 2020; Rowe & Myers, 2016), it is possible that there are multiple species present
in the Halibee assemblages. However, as we cannot reject the null hypothesis, there is not
support for an alternative hypothesis of multiple genera or species. Therefore, we assign all 328
specimens across both assemblages, Faro Daba and Chai Baro, to the same cf. Chlorocebus.

It has long been recognized that fossil taxa require different criteria for species
delimitation compared to extant organisms. In vertebrate paleontology, we are forced to rely on
skeletal data. However, skeletal features do not clearly and consistently differentiate the extant
mid-sized cercopithecins Cercopithecus and Chlorocebus. Rather, pelage and behavioral
phenotypes are the most diagnostic features. While there are statistically significant differences
between these two genera for a handful of skeletal features, the distributions and ranges of
variation overlap completely for nearly every single trait (Figures 17 — 20). When a fossil
assemblage consists of just one or two specimens preserving some aspect of anatomy, variation
is often overlooked in order to facilitate taxonomy. However, when confronted with a large fossil
assemblage, like the present one from Halibee, it becomes clear that the presence/absence
dichotomization of characters is insufficient for taxonomic identification. Our results show that
skeletally and dentally — and therefore paleontologically — Cercopithecus and Chlorocebus are
nearly indistinguishable.

The strong skeletal similarities between Cercopithecus and Chlorocebus ultimately result
from their similarity in body size and generalist adaptations, and are likely also due in part to
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their long history of hybridization (Aldrich-Blake, 1968; Detwiler, 2004; 2010, Detwiler et al.,
2005; Dugoujon et al., 1982; Sineo, 1990; Struhsaker et al., 1988; Tapanes, 2016). It is
remarkable that even the unusually high variation in karyotype does not prevent these different
species from hybridizing (Detwiler, 2019). So-called ‘hybrid swarms’ occur where there is no
reproductive isolation between species, and cross-breeding and backcrossing with parent species
are common (Butynski & De Jong, 2022; Tapanes, 2016). This results in high levels of genetic
and phenotypic variation such as what is observed in cercopithecin populations (Booth, 1968;
Cortes-Ortiz, Roos, & Zinner, 2019; Napier, 1976). Because most extant hybrids are identified in
the wild by pelage and behavior (Struhsaker et al., 1988; Tapanes, 2016), it may well be
impossible to discern hybridization between cercopithecins through the skeletal, and therefore
paleontological evidence, (but see arguments for the ability to identify hybrids in other primate
taxa; Ackermann, 2010; Ackermann, Rogers, & Cheverud, 2006; Ackermann, Schroeder,
Rogers, & Cheverud, 2014; and Cortés-Ortiz, 2017). Although the effects of hybridization on
postcranial morphology in cercopithecins are not well understood, hybrid studies in pedigreed
papionins show that hybrids typically display high levels of variability and may have postcranial
morphology that is intermediate between parental forms (Jolly et al., 1997). Hybridization
events, conserved skeletal morphology, and high levels of intraspecific variation combine in the
case of cercopithecin monkeys to demonstrate that a strictly cladogenetic approach to primate
evolution may not always be appropriate.

From a microevolutionary perspective, the minor morphological differences between the
Faro Daba and Chai Baro assemblages are insufficient to confirm that the two assemblages
contain two different species lineages, let alone chronospecies. Within the postcranial skeleton,
Chai Baro cercopithecins have a slightly more curved humeral shaft (Figure 11), slightly more
square distal humeri (Figure 12), and more narrow patellar grooves (Figure 14) than those from
the Faro Daba assemblage, which are more common in terrestrial species of cercopithecin
monkeys (Gebo & Sargis, 1994; Sargis et al., 2008; Lo Bianco et al., 2017). However, the Faro
Daba individuals tend to have stronger humeral trochlear ridges, which are also associated with
more terrestrial species (Arenson et al., 2020). Overall, the results suggest that both the Faro
Daba and Chai Baro cercopithecins are neither extremely terrestrial nor extremely arboreal. If the
two assemblages are, as seems plausible, sampling one species lineage, these differences could
be evidence of phyletic evolution or phenotypic plasticity. More information about the
developmental underpinnings of postcranial morphology is needed to evaluate the relative
contributions of phyletic evolution versus developmental plasticity for these traits. Either way,
the differences in humeral curvature, distal humeral morphology, and patellar notch width might
indicate a response to changing substrate use between the populations sampled at what are
effectively geological snapshots at ~100,000 and >158,000 years ago.

Ecological interpretations of fossil primates are often drawn from postcranial differences
thought to vary with use and/or locomotor mode. We urge caution on such inferences for two
reasons. First, making inferences about locomotory habit, substrate preference, or even arboreal
cover based on minor postcranial variation is tenuous due to the variability of the postcranial
skeleton. For example, Buck et al. (2010) found that intraspecific variation is greatest in the
appendicular skeletons of catarrhines (including guenons). Guenon appendicular skeletons
exhibit highly conserved skeletal morphology across taxa, and high levels of intraspecific
variation (Buck et al., 2010). Additionally, these animals are highly flexible in their substrate use
and locomotor activities (Anapol et al., 2005; Arenson et al., 2020; McGraw, 2004).
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Attempts to infer ecological variables from fossil guenon postcranial remains are perhaps
even more tenuous compared to other primate taxa. For example, “terrestrial”, “semi-terrestrial”,
and “arboreal” categorizations among guenons are often based on non-discrete behavioral
variation (Motsch et al., 2015). For instance, Arenson et al. (2020) define ‘arboreal’ as spending
less than 20% of time on the ground, ‘semi-terrestrial’ as spending 20-40% of time on the
ground, and ‘terrestrial’ as spending over 40% of time on the ground. Depending on the
researcher’s definition of semi-terrestrial, some species of cercopithecin have been considered as
both arboreal and semi-terrestrial (e.g., Cardini & Elton, 2008 v.s. Arenson et al. 2020), or both
semi-terrestrial and terrestrial (e.g., Arenson et al., 2020 and Arenson et al., 2022 v.s. Gebo &
Sargis, 1994 and Cardini & Elton, 1998). Cercopithecus hamlyni is even categorized as
“terrestrial” by Arenson et al. (2020), “semi-terrestrial” by Gebo & Sargis (1994), and “arboreal”
by Cardini & Elton (2008). Arenson et al. (2020) evaluated the postcranial skeletons of two
Cercopithecus lomamiensis individuals and found that they overlapped with both the “semi-
terrestrial” and “terrestrial” categories, despite their dense forest habitat.

Neither the Faro Daba nor Chai Baro cercopithecins have morphology consistent with
highly terrestrial or highly arboreal cercopithecins. It is therefore unsurprising that the Faro Daba
and Chai Baro cercopithecin assemblages both exhibit the most similarity with “semi-terrestrial”
extant species. However, it is important to note that nearly all cercopithecins exhibit a similar
semi-terrestrially adapted postcranium, with the exception of the few extremely terrestrial and
extremely arboreal species. The inference of paleoenvironment from Chlorocebus and
Cercopithecus postcranial morphology is further complicated by the fact that some “semi-
terrestrial” species are known to exclusively inhabit dense forests (Arenson et al., 2020; Hart et
al., 2012), and many semi-terrestrial-to-terrestrial guenon species share habitats with arboreal
species (Rowe & Meyers, 2016). The presence of more terrestrially adapted features in the Chai
Baro assemblage compared to the Faro Daba assemblage therefore does not necessarily indicate
an ecological shift, but may suggest a behavioral shift in time-successive populations of the same
species.

8 | Conclusion

The cercopithecin fossil assemblages described here are remarkable for their sheer sizes. These
two samples increase the number of known cercopithecin fossils from the African Pleistocene by
hundreds of individuals. The Faro Daba and Chai Baro assemblages therefore provide insight
into cercopithecin populational variation, diachronic stasis, and demography. We assign
individuals from both the Faro Daba (ca. 100 ka) and Chai Baro (>158 ka) beds to the same
indeterminate species within the genus cf. Chlorocebus. Craniodentally, the Faro Daba and Chai
Baro assemblages together fall within the range of variation observed for a single extant species
of cercopithecin. There are some postcranial differences that suggest that the Chai Baro
population may have been more terrestrial than the Faro Daba population. Given the modern
biogeography of cercopithecin monkeys, and the geographic position of these fossils in Afar Rift
of Ethiopia, our data support that these fossil populations may be ancestral to living
cercopithecins.
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Figure Legends

Figure 1. Map showing the location of the Middle Awash study area, indicated on the left by the
grey rectangle. The research area is enlarged in the inset map on the right with the location of the
Halibee area indicated. The modern Awash River is visible as the dark green strip of vegetation
running approximately north-south. Map data ©2018 Google.

Figure 2. Element counts for Faro Daba and Chai Baro cf. Chlorocebus. (a) Element
preservation by type. Each specimen is included once. (b) Element count by region — if an
individual preserves fossils from multiple regions, they are included in each region count.

Figure 3. The partial male skeleton HAL-VP-9/650 from Faro Daba.

Figure 4. Crania from Chai Baro (a & b) and Faro Daba (c & d). Each individual is shown in
anterior (left) and superior (right) views. a) HAL-VP-5/150, female; b) HAL-VP-5/293, female;
c) HAL-VP-9/650, male; d) HAL-VP-9/13, sex uncertain.

Figure 5. Maxilla and mandible of HAL-VP-9/634, male from Faro Daba in lateral view (left)
and occlusal view (right).

Figure 6. Maxillae from Faro Daba with fossil and extant comparisons. Each individual is shown
in lateral (top) and occlusal (bottom) views. (a) HAL-VP-9/650, male; (b) HAL-VP-9/1452,
male; (¢) HAL-VP-9/865, female; (d) HAL-VP-9/446, female; (¢) HAL-VP-9/335, female; (f)
ASB-87-1, female; (g) ASB-89, male; (h) ASB-254-1; (i) Michigan Museum of Zoology 9207
(Chlorocebus pygerythrus), male; (j) MMZ 86350 (Cercopithecus mona), sex uncertain. Photos
for (i) and (j) photos by Phil Myers (licensed http://creativecommons.org/licenses/by-nc-sa/3.0/).
Scale is the same for both panels.

Figure 7. Occlusal views of maxillae from Chai Baro (a-g, j) and Faro Daba (h & 1). Anterior is
up. Bottom row individuals are juveniles. (a) HAL-VP-5/150, female; (b) HAL-VP-6/144,
female; (c) HAL-VP-5/43, female; (d) HAL-VP-5/63, male; (e) HAL-VP-5/26, male; (f) HAL-
VP-5/164, female; (g) HAL-VP-6/263, sex uncertain; (h) HAL-VP-9/13, male; (i) HAL-VP-
9/385, sex uncertain; (j) HAL-VP-5/157, sex uncertain.

Figure 8. Mandibles in occlusal (top) and lateral (bottom) views from Faro Daba (a-h), Chai
Baro (1), Asbole (j-1), and extant cercopithecins (m, n). Anterior is to the right except for lateral
views of (¢), (d), (f), (g), and (1). (a) HAL-VP-9/1617, female; (b) HAL-VP-2/67, female; (c)
HAL-VP-9/865, female; (d) HAL-VP-9/439, female; () HAL-VP-9/446, female; (f) HAL-VP-
9/716, sex uncertain; (g) HAL-VP-9/670, male; (h) HAL-VP-2/135, male; (i) HAL-VP-8/100,
male; (j) ASB-79 (Chlorocebus aff. aethiops), female; (k) ASB-58 (Chlorocebus aff. aethiops),
female; (1) ASB-254-3 (Chlorocebus aff. aethiops), female; (m) HTB 0147 (Cercopithecus
mona), male; (n) HTB 0827 (Chlorocebus aethiops), female. Scale is the same for both panels. H
—j are taken from Frost and Alemseged (2007).
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Figure 9. Mandibles from Chai Baro and Faro Daba in occlusal view. Anterior is up. Top row,
from left to right: HAL-VP-5/108, Chai Baro, female; HAL-VP-9/846, Faro Daba, female; HAL-
VP-5/102, Chai Baro, female; HAL-VP-5/81, Chai Baro, sex uncertain. Bottom row, from left to
right: HAL-VP-9/313, Faro Daba, sex uncertain; HAL-VP-5/77, Chai Baro, male; HAL-VP-
6/257, Chai Baro, male; HAL-VP-5/26, Chai Baro, male.

Figure 10. Humeri from Faro Daba (a & c) and Chai Baro (b) with extant comparisons (d — f);
medial and lateral views. (a) HAL-VP-9/650, male; (b) HAL-VP-5/148, sex uncertain; (c) HAL-
VP-9/865, female; (d) HTB 2138 (Cercopithecus mitis), male; (¢) HTB 0147 (Cercopithecus
mona), male; (f) HTB 1162 (Chlorocebus aethiops), female.

Figure 11. Fossil and extant humeri in (a) anterior and (b) proximal views. (a) Fom left to right:
HTB 1162 (Chlorocebus aethiops), female; HTB 2138 (Cercopithecus mitis), male; HTB 0147
(Cercopithecus mona), male; HAL-VP-5/21, Chai Baro, sex uncertain; HAL-VP-5/300, Chai
Baro, sex uncertain; HAL-VP-5/287, Chai Baro, sex uncertain; HAL-VP-9/416, Faro Daba, sex
uncertain (mirrored); HAL-VP-9/591, Faro Daba, sex uncertain; HAL-VP-9/661, Faro Daba, sex
uncertain (mirrored); HAL-VP-9/734, Faro Daba, male; HAL-VP-9/508, sex uncertain; HAL-
VP-9/813, sex uncertain. (b) from left to right; HTB 2138 (Cercopithecus mitis), male; HTB
1162 (Chlorocebus aethiops), female; HAL-VP-5/148, Chai Baro, sex uncertain; HAL-VP-
9/697, Faro Daba, sex uncertain; HAL-VP-9/650, Faro Daba, male; HAL-VP-9/1154, Faro Daba,
sex uncertain.

Figure 12. Distal humeri in inferior view, anterior is up. All humeri are from the right side
unless otherwise stated. Sex is uncertain unless otherwise indicated. Column (a) from top to
bottom (Chai Baro): HAL-VP-6/112 (mirrored); HAL-VP-6/105; HAL-VP-5/287; HAL-VP-
5/113, male. Column (b) from top to bottom: HTB 1044 (Chlorocebus aethiops), male; HTB
0147 (Cercopithecus mona), male; HTB 2138 (Cercopithecus mitis), male. Column (c¢) from top
to bottom (Faro Daba): HAL-VP-9/813; HAL-VP-9/1154, female; HAL-VP-9/661; HAL-VP-
14/20.

Figure 13. cf. Chlorocebus ulnae from Faro Daba in lateral view, seriated by size from largest
(left) to smallest (right). From left to right: HAL-VP-9/600, male; HAL-VP-9/650, male; HAL-
VP-9/734, male; HAL-VP-2/147, female; HAL-VP-9/865, female; HAL-VP-9/1637, sex
uncertain.

Figure 14. Femora from Faro Daba (left panel), Chai Baro (middle panel), and extant
comparative specimens (right panel). Sex is uncertain unless otherwise indicated. (a) HAL-VP-
9/740; (b) HAL-VP-9/1137; (c) HAL-VP-9/734, male; (d) HAL-VP-9/1154; (¢) HAL-VP-
9/1637; (f) HAL-VP-6/231; (g) HAL-VP-5/288; (h) HAL-VP-5/241; (i) HAL-VP-6/246; (j)
HAL-VP-5/101; (k) HTB 0147 (Cercopithecus mona), male; (1) HTB 0827 (Chlorocebus
aethiops), female.

Figure 15. cf. Chlorocebus femora from Faro Daba (a) and Chai Baro (b) in posterior view,

seriated by size from largest (left) to smallest (right). Sex is uncertain unless otherwise indicated.
Left to right (largest to smallest): HAL-VP-9/600; HAL-VP-9/734, male; HAL-VP-9/650, male;
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HAL-VP-9/1637; HAL-VP-9/1137; HAL-VP-9/1154. HAL-VP-6/51; HAL-VP-6/246; HAL-VP-
5/241.

Figure 16. Three traits often considered indicative of locomotor habitus in cercopithecid
monkeys with visual descriptions of each measurement on the right. The Faro Daba means fall
closer to the arboreal end of the extant species, whereas the Chai Baro fossils are more similar to
extant terrestrial and semi-terrestrial taxa. However, considerable overlap exists, complicated by

the small sample sizes of both the extant and fossil taxa. Boxplots for modern species are
modified from Frost et al. (2020b).

Figure 17. Boxplot of orbital shape (orbital height/orbital width, left) and distribution plot
(right).

Figure 18. Boxplots of mandibular corpus height at the midpoint of M; (top left) and M3 (bottom
left) with corresponding distribution plots (right).

Figure 19. Boxplot of relative I? size (maxillary I* mesiodistal length / I' mesiodistal length; left)
and corresponding distribution plot (right).

Figure 20. Boxplot of relative I' size (maxillary I' mesiodistal length / M! mesiodistal length;
left) and corresponding distribution plot (right).

Figure 21. Maxillary dental plots of the Middle Awash fossil assemblages and fossil and extant
comparative data. Measurements are in millimeters. A) M! maximum length vs. P* maximum
length. B) M?® maximum length vs. M! maximum length. C) M! anterior width vs. M! length. D)
M? anterior width vs. M! anterior width. Abbreviations: L is mesiodistal crown length; AW is
buccolingual width of the anterior loph; P4, M1, M2, and M3 refer to the fourth premolar and
first, second, and third molars, respectively.

Figure 22. Mandibular dental plots of the Middle Awash fossil assemblages and comparative
fossil and extant data. Measurements are in millimeters. A) M1 maximum length vs. P4 maximum
length. B) M3 maximum length vs. M1 maximum length. C) M anterior width vs. M length. D)
M; anterior width vs. M anterior width. Abbreviations: L is mesiodistal crown length; AW is
buccolingual width of the anterior loph; P4, M1, M2, and M3 refer to the fourth premolar and
first, second, and third molars, respectively.
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FIGURES & TABLES: Halibee fossil assemblages reveal later Pleistocene cercopithecins
(Cercopithecidae: Primates) in the Middle Awash of Ethiopia

Table 1. Comparative samples included in this study.

Number of

Taxon individuals Repository/Reference
Extant
Allenopithecus nigroviridis 17 Arenson et al. (2020), Gilbert et al. (2021)
Allochrocebus lhoesti 24 PRIMO, Arenson et al. (2020), Gilbert et al. (2021)
Allochrocebus preussi 4 Arenson et al. (2020), Gilbert et al. (2021)
Cercopithecus albogularis 10 ADZ, Arenson et al. (2020), Gilbert et al. (2021)
Cercopithecus ascanius 32 PRIMO, Arenson et al. (2020), Gilbert et al. (2021)
Cercopithecus campbelli 13 ADZ, Arenson et al. (2020), Gilbert et al. (2021)

Cercopithecus cephus 13 Arenson et al. (2020), Gilbert et al. (2021)

Cercopithecus denti 10 PRIMO, Arenson et al. (2020), Gilbert et al. (2021)

Cercopithecus diana 10 Arenson et al. (2020), Gilbert et al. (2021)

Cercopithecus dryas 3 Arenson et al. (2020), Gilbert et al. (2021)
Cercopithecus erythrotis 1 Arenson et al. (2020), Gilbert et al. (2021)
Cercopithecus hamlyni 20 Arenson et al. (2020), Gilbert et al. (2021)

Cercopithecus lomamiensis 6 Arenson et al. (2020), Gilbert et al. (2021)

Cercopithecus mitis 107 AMNH, MVZ, NMNH, CMNH, Arenson et al.

(2020)

Cercopithecus mona 11 PRIMO, Arenson et al. (2020), Gilbert et al. (2021)
Cercopithecus neglectus 19 Arenson et al. (2020), Gilbert et al. (2021)
Cercopithecus nictitans 5 Arenson et al. (2020), Gilbert et al. (2021)
Cercopithecus petaurista 7 Arenson et al. (2020), Gilbert et al. (2021)
Cercopithecus pogonias 17 PRIMO, Arenson et al. (2020), Gilbert et al. (2021)

Cercopithecus wolfi 7 Arenson et al. (2020), Gilbert et al. (2021)

Chlorocebus aethiops 28 ADZ, MVZ, CMNH
Chlorocebus cynosuros 15 Arenson et al. (2020), Gilbert et al. (2021)
Chiorocebus pygerythrus 36 PRIMO, Arenson et al. (2020), Gilbert et al. (2021)



Chlorocebus tantalus 3 Arenson et al. (2020), Gilbert et al. (2021)

Erythrocebus patas 2 ADZ
Fossil
cf. Chlorocebus aff. 8 Frost & Alemseged (2007)
aethiops

cf. Chlorocebus cf. patas 4 Frost & Alemseged (2007)

Cercopithecus (‘“Andalee”) 30 Frost (2001)

Cercopithecus (“Upper
Andalee”) 5 Frost (2001)

Abbreviations: N, sample size; ADZ, Anthropology Department, Zurich; AMNH, American
Museum of Natural History; CMNH, Cleveland Museum of Natural History; MVZ, Museum of
Vertebrate Zoology; NME, National Museum of Ethiopia; NMNH, Smithsonian’s National
Museum of Natural History; PRIMO, PRImate Morphometrics Online.

Table 2. Age scoring criteria.

Score Description

1 Individual only has deciduous dentition
Individual has mixed dentition'

Individual has permanent dentition, but the third molar is not fully erupted

2
3
4 Individual has permanent dentition with only light wear®
5 Individual has permanent dentition with moderate wear’
6

Individual has permanent dentition with heavy wear®

nstances where both deciduous and permanent dentition are present.

2No dentine exposure that exceeds 1 millimeter in diameter.

3Exposed dentine on the first and second molars does not connect between cusps.
*Dentine is exposed on all three molars and the exposures connect between cusps.



Table 3. Descriptive statistics for maxillary dental metrics of Faro Daba and Chai Baro fossils
and comparative samples. Range is presented as minimum measurement — maximum
measurement.

Faro Daba Chai Baro cf.
of cf. Chloroce.bus Cercopithecu C. mitis Chlorocebus Ch. aethiops
Chiorocebus Chlorocebu  aff. aethiops S Spp.- spp.
s (Asbole)
MEL Mean 5.62(22) 5.63(12) 5.37(3) 5.39 (109) 5.74 (75) 5.71 (33) 5.81 (25)
Range  5.01-63 5.08-6.5 49-5.6 3.43-6.65 4.74 - 6.65 4.6 —8.24 4.61 -8.24
N Mean 5.39 (22) 5.51(11) 5.73 (3) 5.32 (106) 5.57 (72) 5.87 (33) 5.89 (25)
Range  4.82—-6.09 52-622 5.6-538 4-6.56 4.77 - 6.56 4.95-8.79 4.95-8.79
MPW Mean 4.49 (22) 4.75 (10) 4.53 (3) 4.13 (104) 4.46 (70) 4.75 (33) 4.79 (25)
Range  3.71-5.1 4.25-57 44-48 2.06 —5.86 3.66 - 5.86 3.52-1752 3.52-7.52
MEL Mean 6.26 (33) 6.29 (13) 6.47 (3) 6.26 (119) 6.56 (84) 6.48 (39) 6.52 (28)
Range  5.32-7.07 5.82-6.6 6.3-6.6 4.9 —-7.58 5.8-7.58 5.07-8.57 5.07 - 8.57
MEAW Mean 5.97 (29) 6.23 (14) 6.47 (3) 5.97 (112) 6.21 (77) 6.37 (38) 6.39 (27)
Range  522-65 5.51-6.66 6-69 4.59-17.46 5.24 -7.46 5.5-9.02 5.51-9.02
o Mean 5.45(29) 5.64 (13) 5.93(3) 5.36 (108) 5.58 (73) 5.79 (39) 5.77 (28)
Range  4.87-6.1 5.29-6.01 5.8-6.1 4.03-6.71 4.7 - 6.56 5-8.09 5.08 - 8.09
ML Mean 5.69 (36) 5.81(14) 5.75(Q2) 5.66 (223) 6.05 (97) 5.84 (70) 5.97 (31)
Range  5.12-6.01 54-6.39 54-6.1 4.1-69 5.07 - 6.89 4.65-83 4.65-83
MNIAW Mean 5.27 (32) 5.39 (15) 5.4 (1) 4.73 (210) 5.33 (85) 5.01 (71) 5.42 (32)
Range  4.6-597 5-5.81 - 3.5-6.28 4.0-6.28 3.94 -8.05 3.94 - 8.05
MPW Mean 5.02 (32) 5.12 (15) 4.8 (1) 4.89 (101) 5.13 (69) 5.26 (38) 5.29 (28)
Range  4.29-5.51 4.62 - 5.61 — 3.65-593 4.64 -5.93 4.5-17.63 4.5-7.63
i Mean 4.09 (32) 4.15(13) 3.63 (3) 4.20 (118) 4.40 (84) 4.49 (27) 4.49 (26)
Range  3.62—-4.78 3.81-45 34-39 3.06-5.15 3.86-5.15 3.68 —6.01 3.68 - 6.01
P Mean 4.61 (32) 4.88 (12) 52) 4.73 (119) 4.93 (84) 5.15(28) 5.16 (27)
Range  3.8-5.17 4.5-536 - 2.92-5.96 4.33-5.96 4.31-7.06 4.31-7.06
PL Mean 3.81(27) 3.6509) 3.1(2) 3.90 (118) 4.1 (84) 4.07 (27) 4.11 (26)
Range  3.17-4.38 3.34-3.92 29-33 2.8—-49 3.35-49 3.11-535 3.43-535
PW Mean 3.94 (27) 4.28 (7) 4.35(2) 3.99 (113) 4.2 (79) 4.54 (27) 4.56 (26)
Range 2.9 -4.88 3.66-4.92 4-47 2.5-521 3.51-521 3.82-6.29 3.82-6.29
CL Mean 6.42 (15) 6.15(9) - 1.26 (23) - 6.04 (1) -
Range 4.7-9.7 4.57-1733 = 3.7-6.94 = = =
cw Mean 4.84 (15) 4.54 (9) 6.2 (1) 3.91 (23) — 5.1(1) —
Range  3.49-6.8 3.72-536 — 3.21-4.77 - - —
PL Mean 3.39(11) 3.52(3) 29 () 1.84 (16) — = =
Range  29-4.17 3.1-3.86 2.5-33 1.46 —2.59 = = =
W Mean 2.49 (14) 2.24(3) 3.95(2) 2.88 (22) — 2.86 (1) -
Range 2-473 1.72-2.78 3.8-41 2.29-341 - - -
L Mean 4.76 (12) 5.13 (3) 4.9 (1) 5.34 (13) = = =

Range  3.98 — 531 4.17-53 - 4.84 -5.78 = = =



I'w

Mean

Range

32(12)

231-3.73

3.28(3)

2.83-39

42-48

4502)

4.08 (22)

3.65-4.62

4.76 (1)

Means are reported in millimeters. Sample sizes are in parentheses adjacent to the mean for each
measurement. Abbreviations: L = mesiodistal length of the crown; W = buccolingual width of
the crown; AW = buccolingual width across the anterior (mesial) loph of the crown; PW =
buccolingual width across the posterior (distal) loph of the crown. C/. Indicated Chlorocebus
and C. indicates Cercopithecus. Extant comparative species were chosen due to their large
sample size.

Table 4. Descriptive statistics for mandibular dental metrics of Faro Daba and Chai Baro fossils
and comparative samples. Range is presented as minimum measurement — maximum

measurement.
Mean
M;L
Range
Mean
M:AW
Range
Mean
MsPW
Range
Mean
M:L
Range
Mean
M:AW
Range
Mean
M.PW
Range
Mean
ML
Range
Mean
MiAW
Range
Mean
M.PW
Range
Mean
P4LL
Range
Mean
PsW
Range
Mean
PsL
Range
PsW Mean

Faro Daba cf.
Chlorocebus

6.56 (49)
5.85-7.54
5.30 (44)
4.63 639
4.48 (43)
3.39 -5.49
6.61 (69)
5.98 - 832
5.31(57)
4.52-597
5.12 (55)
4.53-589
5.95 (69)
5.25-7.58
4.43 (57)
3.85-4.96
4.52 (55)
4.03 -537
5.02 (41)
436636
3.71 (36)
3.23 -4.63
6.72 (29)
4.64 — 8.46
3.72 (28)

Chai Baro cf.
Chlorocebus

6.32 (20)
5.59 — 6.75
5.33 (20)
4.88 - 5.69
4.66 (20)
4.14-5.14
6.54 (30)
5.88 —7.30
5.41 (23)
4.68 - 6.01
5.31(23)
4.69 - 6.07
5.79 (27)
5.6 6.56
4.47 (23)
3.98-49
4.65 (22)
4.05-4.97
4.99 (17)
435-5.67
3.8 (11)

3.55-4.18
6.27 (13)
4.95-17.73
3.52 (12)

cf.
Chlorocebus

aff. aethiops
(Asbole)

597 (3)
58-62
5.103)
5.0-5.30
4.1 (3)
3.9-43
6.13 (3)
5864
533 (3)
51-55
513 (3)
48-54
5.1(3)
44-56
423 (3)
42-43
437 (3)
42-46
43(3)
42-44
3.53(3)
3.5-3.6
4.43 (3)
4.1-46
2.97 (3)

Cercopithecu
S Spp.

6.25 (111)
4.58-7.68
4.86 (107)
3.6 - 6.09
4.38 (98)
3.19-5.43
6.38 (117)
46-77
4.93 (105)
3.77-6.11
4.95 (97)
3.79-5.96
5.73 (115)
4.06 - 6.81
3.99 (103)
2.88 —4.93
4.20 (90)
3.25-5.05
5.15(111)
3.63-631
3.41 (108)
2.11-4.13
6.35 (9)
45-8.1
2.7 (32)

C. mitis

6.62 (78)
5.69 - 7.68
5.11 (74)
431-6.09
4.6 (75)
3.94 -5.43
6.64 (84)
597-7.7
5.13 (72)
4.58-6.11
5.1 (75)
43-596
6.05 (82)
529 -6.81
4.21 (70)
3.71-493
436 (67)
3.8-5.05
5.47 (78)
427 - 631
3.58 (75)
3.04-4.13

Chlorocebus
Spp-

6.48 (33)
521-981
5.46 (33)
4.58 -7.58
4.55 (18)
3.73-541
6.50 (38)
5.26 - 8.62
5.39 (37)
442743
5.12 (22)
4.44-6.19
5.99 (35)
4.99 —7.89
4.50 (36)
3.73-6.64
4.50 (36)
3.75-521
5.51(27)
4.41-693
3.76 (29)
3.07-556
7.63 (15)
591-932
3.91 (16)

Ch.
aethiops

6.52 (25
521-98
5.51 (25
458-75
4.56 (10
3.73 -54
6.51 (28
5.26-8.6
538 (27
4.42-74
5.13 (12
4.44-59
6.02 (26
4.99-78
4.54 (27
3.73-6.6
436 (11
3.75 - 4.
5.54 (26
4.41-69
3.75 (28
3.07-5.5
7.63 (15
591-93
3.95(15



PsFL

CL

CwW

LLL

LW

ILL

LW

Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range
Mean
Range

2.83 491
6.65 (32)
537
4.10 (9)
3.12-53
6.37 (14)
4.50 - 7.33
3.24 (8)
2.84-3.75
4.03 (6)
3.48 - 4381
3.38 (14)
2.82-3.79
4.23 (6)
3.75-49

3.01-3.87
6.33 (14)
4.95 — 8.69
3.65(9)
2.88 427
5.48 (8)
4.25-6.51
3.33(4)
3.18-3.66
3.94 (3)
3.32-4.57
3.39(7)
3.09-3.67
4.06 (2)
3.55-4.56

2.7-32 1.65 -4.21

- 2.89 (23)
- 2.05-3.99
43(1) 4.49 (23)
- 2.69 - 627
- 2.74 (10)
- 1.79 - 3.46
3.5(1) 3.68(22)
- 3.04-5.11
2.7 (1) 3.10 (10)
- 2.63-3.73
3.7(1) 3.72 (22)
- 3.01-427

- 6.97 (1) -

- 2.27 (1) -

- 3.97 (1) -

- 3.81 (1) -

Means are reported in millimeters. Sample sizes are in parentheses adjacent to the mean for each
measurement. Abbreviations: L = mesiodistal length of the crown; W = buccolingual width of
the crown; AW = buccolingual width across the anterior (mesial) loph of the crown; PW =
buccolingual width across the posterior (distal) loph of the crown; FL = mesiodistal length of the
crown, taken in lateral view and including the mesial extension of the flange on the buccal side.
Ch. indicates Chlorocebus and C. indicates Cercopithecus. Extant comparative species were
chosen due to their large sample size.

Table 5. Descriptive statistics for cranial measurements of Faro Daba and Chai Baro cf.
Chlorocebus fossils. Means and ranges are reported in millimeters. Range is presented as
minimum measurement — maximum measurement. C/:. indicates Chlorocebus and C. indicates
Cercopithecus. Extant comparative species were chosen due to their large sample size.

Measurement
Mean
Orbital width ~ Rang
e
Orbital height  Mean

Faro Daba cf.
Chlorocebus

22.83 (1)

18.54 (1)

Chai Baro cf.
Chlorocebus

19.38 (1)

20.41 (1)

Cercopithecu
S spp.

21.36 (117) 21.66 (38)
17 - 254 18.9 — 24.48
21.76 (117) 21.66 (38)

C. mitis

Chlorocebus
spp.
21.65 (41) 21.74 (16)

19.7-24.51 19.7-2451

Ch. aethiops

2024 (41)  21.74 (16)



Interorbital
breadth

Nasal width

Nasal height

Muzzle width
(at
ectomolare)?
Muzzle width
(at max.
fossae)

Maximum
width (at C1)

Palatal width
(at M?)

Palatal width
(at C"

Palatal length

Facial Length

Rang
e
Mean
Rang
e
Mean
Rang
e
Mean
Rang
e
Mean
Rang
e
Mean
Rang
e
Mean
Rang
e
Mean
Rang
e
Mean
Rang
e
Mean
Rang
e
Mean
Rang
e

5.25(5)
4.5-553

8.55 (4)
7.71-9.26

33.71 (1)

16.6 (1)

5.69 (3)

5.12-6.71
7.81 (1)

13.53 (1)

29.3 (1)

18.11 (1)

19.89 (1)

12.11 (1)

26.03 (1)

39.63 (2)

37.8-414

18.1 —25.65
6.59 (39)
4.77-83
9.67 (39)

7.16 - 13.19
18.21 (39)

11.39 - 24.88

33.14 (34)
28.9-37.72
24.57 (39)
18.92 - 30.4
25.90 (38)
22.4-32.65
16.83 (39)

13.98 — 19.99
14.88 (38)

11.53 - 19.37
33.02 (39)

25.28 —41.96

44.32 (117)
30.1-61.97

19.94 — 25.65
6.87 (29)
5.04 83
9.79 (29)

7.16 - 13.19
18.87 (29)

15.04 - 22.01
33.66 (28)

30.54 — 37.72
24.56 (19)

18.92 — 30.4
26.23 (28)

22.56 - 32.65
16.84 (29)

13.99 — 19.99
14.83 (29)

11.53 - 19.37
33.80 (29)

28.81 —41.96
49.49 (38)

38.2-61.97

Note: Measurement definitions are reported in Monson et al. (2017).
Abbreviations: n, sample size; C', maxillary canine; M?, maxillary third molar.
*Maximum width of the muzzle, measured at the superior border of the maxillary fossae.

Table 6. Descriptive statistics for mandibular measurements of Faro Daba (FD) and Chai Baro
(CB) cf. Chlorocebus fossils. Means and ranges are reported in millimeters. Range is presented

as minimum measurement — maximum measurement.

17.67 - 23
5.93 (15)
421-8.07
9.55 (15)
7.8-12.97

16.58 (15)

13.83 -
19.59

33.75 (15)

27.98 —
40.01

26.33 (15)
21.44 -
31.33

25.96 (15)
21-31.28
16.35 (14)
13.51-19.2

15.08 (15)

11.71 —
18.61

33.64 (15)
24.9 - 41.62
40.88 (40)
29.7 - 54.07

17.37 —
21.92

5.93 (15)
421 -8.07
9.55 (15)
7.8 -12.97

16.58 (15)

13.83 —
19.59

33.75 (15)

27.98 —
40.01

26.33 (15)
21.44 —
31.33

25.96 (15)
21-31.28
16.35 (14)
13.51-19.2

15.08 (15)

11.71 -
18.61

33.64 (15)
24.9 - 41.62

43.72 (15)

34.73 —
54.07



M —— Faro Daba cf.
casureme Chlorocebus
Mandibular Mean 15.6 (15)
height at
P Range  11.9-192
Mandibular Mean 14.34 (14)
height at
PG T Range  11.7-167
Mandibular Mean 14.69 (8)
height at
corpusM:eslg a Range 11.9-17.1

Chai Baro cf.  Cercopithecus
Chlorocebus spp.
16.4 (1) 14.81 (84)
- 9.7-21.72
- 15.84 (7)
— 11.94 —20.63
14.6 (1) 14.59 (84)
- 9.4-20.52

Chlorocebus Ll

S Chloroce.bus
aff. aethiops
15.07 (32) 14.65 (2)
10.9-204 1428 -15.02
15.28 (6) 13.69 (2)
13.2-16.66 12.95—14.43
14.57 (32) 13.93 (3)
10.6 193  13.46—14.24

Abbreviations: M1, mandibular first molar; M2, mandibular second molar; M3, mandibular third
molar. Species are grouped into genera due to small sample sizes.

Table 7. Results of Kruskal-Wallis non-parametric statistical analyses. P values are presented
and bolded when the result is statistically significant (p<0.05).

Faro Daba Faro Daba Chai Baro Chai Baro
Cercopithecu  Faro Daba VS. VS. VS. Vs.
S VS. Vvs. Cercopithecu  Chlorocebu  Cercopithecu  Chlorocebu

Chlorocebus ~ Chai Baro S S s s
Relative I1 size 0.001 >0.05 0.006 >0.05 >0.05 >0.05
Relative 12 size <0.001 >0.05 <0.001 0.01 >0.05 >0.05
Orbital Shape <0.001 - - - - -
Facial Length 0.006 >0.05 >0.05 >0.05 >0.05 >0.05

Table 8. Descriptive statistics for postcranial metrics of Faro Daba (FD) and Chai Baro (CB) cf.
Chlorocebus fossils. Means and ranges are reported in millimeters, except those indicated by ? or
3. Range is presented as minimum measurement — maximum measurement.

Measurement
Humeral maximum length Mean
Range
. M
Humeral head diameter can
Range
. Me
Humeral epicondyle angle? can
Range
. . M
Humeral epicondyle ratio'- e
Range
Humeral relative flange Mean
length!*? Range
Mean

Ulnar maximum length
Range

Faro Daba cf. Chlorocebus

13.07 (9)
11.76 — 14.61
47.09 (11)
35.85 — 59.28
16.26 (11)
11.9 - 19.43
72.75 (11)
62.47 - 82.1
138.48 (2)
138.38 — 138.57

Chai Baro cf. Chlorocebus
104.56 (1)

11.92 (1)

42.13 (7)
35.48 — 4781
14.41 (8)
8.37 - 19.38
71.83 (8)
68.17 — 79.69



Femoral maximum length Mean 154.56 (1) —

Range - —
. Mean 11.83 (18) 11.52 (7)
F | head diamet
SO ACac CIAmeter Range 10.97 — 13.83 10.97 - 12.87
Mean 118.85 (18) 14.58 (7)
F | neck-shaft 2
emoral neck-shaft angle™ . 107.4 — 138.76 104.68 — 122.63
Femoral relative greater Mean 44.67 (17) 48.67 (6)
trochanter projection'* Range 30.11 — 51.65 40.02 — 59.5

Note: Additional postcranial measurements and measurement definitions are provided in the
dataset associated with this manuscript ([reference online location in data repository herel).
Sample sizes are in parentheses adjacent to the mean for each measurement.

ISee Figure 16 for comparison with extant samples.

’These measurements are angles — means and ranges are reported in degrees.

3These measurements are indices — see Figure 16 for calculations.

Table 9. Sex breakdown of fossils from Faro Daba and Chai Baro.

Faro Daba Chai Baro
Sex cf. Chlorocebus cf. Chlorocebus
Number of individuals Number of individuals

(frequency) (frequency)
F 25 (21%) 12 (21%)
M 36 (28%) 13 (23%)
Uncertain 64 (51%) 32 (56%)

Total 125 57

Table 10. Age category breakdown from Faro Daba and Chai Baro.



Faro Daba Chai Baro

Score/é%niegory cf. Chlo::oce.b.us cf. Chlm:oce.bfls
Number of individuals  Number of individuals
1 4 1
2 8 3
3 3 3
4 43 9
5 39 25
6 17 9

Total 114 50




Appendices
Appendix 1. Inventory of specimens from Faro Daba referred to cf. Chlorocebus

Specimen ID  Sex Element(s)
HAL-VP-2/23 U R.UM3
HAL-VP-2/24 M  (A) L. MAN (C-M1); (B) CRA + PES frags. (MTC 2) (>1 MNI)
HAL-VP-2/31 * —  R.RAD (prox. shaft)
HAL-VP-2/44 * — L. TIB (dist.); R. FIB (prox.); 2 shaft frags.
HAL-VP-2/58 * — L. FEM (prox.)
HAL-VP-2/67 F  R.+L.MAN (L. I1-M2, R. I1-12, R. P3-M3); OCX; FEM
HAL-VP-2/86 —  OCX (partial); shaft frags.; L. ULN (prox.)
HAL-VP-2/134 U L.MAN (M1-M3)
HAL-VP-2/135 M R.+L.MAN (R.I1-M3; L. I1, P3-M1)
HAL-VP-2/136 U R.MAN (M1-M2 frag.)
Partial skull (no dental material); R. FEM (prox.); L. FEM (partial
HAL-VP-2/146 _ prox.); R. + L. FEM (dist.); TIB (dist.); R. CAL with partial TAL
* attached; OCX frag.; TIB (prox.); 3 VER; RIB frags.; several long
bone and other associated frags.
MAN w/ symph. (L. P4-M2, partial R. C, R. P3, and roots of L. 12-
HAL-VP-2/147 F  P3and R. P4-M1); R. + L. HUM (dist.); L. ULN (prox.); R. HUM
(prox.); 4 VER; misc. frags.
HAL-VP-2/155 M %El;/l(ﬁill()PQ; L. MAN (edent.); L. LC; L. UM3; R. + L. TAL; R.
HAL-VP-2/195 -  2M's;1
HAL-VP-3/12 U R.MAN (M1-M2)
HAL-VP-3/65 U L. MAN (dC-M1)
HAL-VP-3/100 U R.MAN (M2-M3)
HAL-VP-3/133 U R.MAX (P3-M2)
HAL-VP-3/183 — L. FEM (prox.)
HAL-VP-3/186 - 1M
HAL-VP-3/189 U L.MAN (M2-M3)
HAL-VP-3/228 M  R.+L.MAN (R. I1 root, L. I1-P3); L. MAN frag. (M3 root)
I;IAL'VP'y 230 — L. HUM (dist.)
HAL-VP-9/13 M MAX (R. + L. P3-M3); R. MAN (C-M1); M3s erupting; CRA

HAL-VP-9/216

*

frags.; MAN frags. (incl. condyle)

FRO



HAL-VP-9/220

" —  R.MAN (edent.)

HAL-VP-9/222 - R. UM

HAL-VP-9/247 U L.MAN (MI-M3)

HAL-VP-9253  F  L.MAX (C-Ml)

HAL-VP-9/259 U L.MAN (M3)

EAL_VP_9/263 —  L.HUM (dist.); R. HUM (prox.); R. SCA (w/ glenoid fossa)
HAL-VP-9/291 F R.+ L. MAN (L. partial P3-M2, L. M3, R. partial P3-M3)
HAL-VP-9300 U L. MAN (P4)

HAL-VP-9/302 M L. MAX (P4-Ml)

HAL-VP-9/308 U  R.MAN (dM2-Ml)

HAL-VP-9/313 U MAN (R. dM1-M2; R. + L. I1-12, L. P4-M2)
HALVPOB20 pos i

HAL-VP-9/321 — R.UMI1 or2

HAL-VP-9/322 F  L.MAX(P3-M3); ZYG
HAL-VP-9/329

*

HAL-VP-9/330 MAX (R. + L. P3-M2)
HAL-VP-9/333 R. MAN (P3-M3)
HAL-VP-9/334  — L. FEM (prox.)

— L. TIB (prox.); L. HUM (dist.)

-

HAL-VP-9/335 F L. MAX (I1-12, P3-M3)

HAL-VP-9/336 U R.MAX (M3)

HAL-VP-9/337 M R.MAX (C-Ml)

HAL-VP-9/343 F  MAN (L. I1-M1; R. 11-M3)

HAL-VP-9/345 U R.MAN (M2-M3)

I,;IAL'VP'g/ 346 —  R.HUM (prox.)

HAL-VP-9/351 M L.MAN (I12-C, P4-M2)

HAL-VP-9/356 U L. MAN (P4-M3); R. MAN (P4-M3)
HAL-VP-9/366 M R.MAX (Il, partial 12-P4, M1, partial M2, M3)
I,;IAL'VP'g/ 380 —  L.MAN (dM1-dM2)

R. MAX w/ ZYG (dM1-dM2, M1-M2); L. TEM frag.; TIB (prox.,
imm.); CRA and long bone frags.

HAL-VP-9/393 U  L.MAN (M2-M3)

HAL-VP-9/385



HAL-VP-9/397
HAL-VP-9/416
HAL-VP-9/432
HAL-VP-9/433
HAL-VP-9/439
HAL-VP-9/442
HAL-VP-9/445
HAL-VP-9/446
HAL-VP-9/450
HAL-VP-9/470
HAL-VP-9/477
HAL-VP-9/478

*

HAL-VP-9/486
HAL-VP-9/487

HAL-VP-9/498

HAL-VP-9/501
HAL-VP-9/507
HAL-VP-9/508

HAL-VP-9/511

*

HAL-VP-9/512

HAL-VP-9/516
HAL-VP-9/523
HAL-VP-9/528
HAL-VP-9/532
HAL-VP-9/535
HAL-VP-9/545
HAL-VP-9/562

*

HAL-VP-9/566

I m L

=N

R. MAN (M2-M3)

R. HUM (dist.); ULN; RAD (prox.); misc. frags.

R. MAN (C-M3)

L. MAN (M1)

MAN (R. I1-12, M1-M3; L. P3-M3); L. UM3

R. FEM (prox.)

L. MAN (M1, M3)

L. MAX (C, P4-M3); MAN (R. I1, P4-M3; L. C-M3)
R. MAX (edent.)

R. MAN (partial M1-M2); L. MAN (partial M1 and M3)
R. FEM (prox.)

L. TIB (dist.)

FRO w/ NAS; 2 R. MAX frags. (partial 11-M3); CRA frags.
L. MAX (P3-M2)

MAN symph. (incisor and R. C and R. P roots); R. MAN (M1-M3);
L. MAN (M2); R. MAX (P3-M3); L. MAX (partial M1-M2); L.
MAX (partial C and P3); R. MAX (I1-12); palate frag.; L. HUM
(dist.)

R.+ L. MAN (dM1-dM2); isolated L. LM1; isolated R. + L. LdC;
isolated R. LdI2

MAN (L. P3, R. M2)

R. HUM (dist. w/ shaft); R. TIB (prox. w/ shaft, shaft frag.); L. FIB
(prox.); VER frag.; misc. frag.

R. ULN (prox.)

R. MAN (M1-M3); L. MAN (P3-M3 roots); MAX (L. I1, M1; R.
I1, P3-M1)

MAN (R. P3-M3; L. P4); L. HUM (dist.)
R. MAN (M1-M3)

MAN (R. P3-M3; L. C-P3, M1-M3)

L. MAN (M2-M3)

L. MAN (dM2, M1)

L. FEM (prox.)

R. MAN (P3)

L. MAN (P4-M3)



HAL-VP-9/567

*

HAL-VP-9/572

HAL-VP-9/575

HAL-VP-9/581

HAL-VP-9/587

HAL-VP-9/588

HAL-VP-9/591

HAL-VP-9/596

HAL-VP-9/599

HAL-VP-9/600

HAL-VP-9/616

*

HAL-VP-9/619

*

HAL-VP-9/631

HAL-VP-9/634

HAL-VP-9/638
HAL-VP-9/641

*

HAL-VP-9/650

R. TIB (dist. and prox.)

MAX (L. I1-M3; R. 11-12, M2-M3); isolated L. LP3-M2; isolated
L. +R. LI1-12; isolated R. LP3; MAN frag. (R. M1); MAN frag.
(R. M2-M3); FRO frag.; L. ZYG; MAN (condyle); 2 pelvis frags.;
6

tooth frags.; misc. frags.

R. HUM (prox.)
R. MAX (C-P4, partial M1, M2); L. MAX (M2-M3)

L. LI2; R. LM1 or 2; R. + L. FEM (dist.); R. FEM (prox.); FEM
(shaft frag.); TIB (prox.); TIB (shaft frag.); VER frag.; MTP frag,;
misc. frags.

Isolated R. + L. UM1-M3; isolated R. UI2-P3; isolated L. LP4; R.
HUM (dist. w/ shaft); R. SCA frag. (w/ glenoid); L. HUM (prox.);
HUM shaft frag.; R.

RAD (prox.); multiple MTP frags.; misc. frags.

R. HUM (dist.); R. ULN (prox.)

R. OCX frag.; 2 OCX frags. (side indet.); FEM (dist.); L. FEM
(prox.); L. TIB (prox.); L. TIB (dist.); multiple partial VER; long
bone frags.

L. dUM2

L. UC; R.LC; L. UM2; L. UP4; R. LP4; L. ZYG frag.; L. ULN
(prox.); RAD (prox.); R. SCA frag.; MTC; 2 partial MTC (dist.); R.
+ L. FEM (prox.); FEM (dist.); R. OCX frag.; R. + L. TIB (prox.);
L. TIB (dist.); L. FIB (prox.); R. + L. FIB (dist.); L. TAL; TAR;
partial SAC; 3 partial VER; RIB frag.; long bone frags.

FEM (dist.)

L. MAN (M1 or M2 erupting); isolated mesial portion of L. LdAM2

M3

R.+ L. MAN (R. P4-M2, R. 11-P3 roots, R. M3 roots; L. [1-M1
roots, partial L. M2, L. M3 roots); R. MAX (12 root, C-M3); L.
MAX (P4-M3)

L. MAX (C-M3)
L. ULN (prox.)

MAX (L. I1-R. M3); L. MAX (I2-M3); palate; R. FRO; R. + L.
TEM; R. + L. ZYG; NAS; SPH; OCC; MAN w/ symph. (L. I1-M3;
R. I1-12, partial R. C, R. P3-M1 (VER cemented to occlusal
surface)); R. + L. SCA frags.; R. + L. HUM; R. CLA; CER (2 and



HAL-VP-9/652

HAL-VP-9/658

*

HAL-VP-9/661

HAL-VP-9/663

*

HAL-VP-9/664

*

HAL-VP-9/670
HAL-VP-9/678
HAL-VP-9/680

*

HAL-VP-9/688
HAL-VP-9/697
HAL-VP-9/700
HAL-VP-9/709
HAL-VP-9/716
HAL-VP-9/717

HAL-VP-9/734

HAL-VP-9/738

*

HAL-VP-9/740
HAL-VP-9/742
HAL-VP-9/748
HAL-VP-9/749

c

3); 11 THO and LUM; 4 VER (caud.); RIB frags.; R. + L. ULN; R.
+ L. RAD; R. MTC2; R. + L. OCX; R. + L. FEM; R. + L. TIB; R.
FIB (dist.); R. CUB; R. CAL; L. TAL; R. MTT 3 and 4; 1 dist.
PHX; 1 prox. PHX; 2 int. PHX; partial L. hand with prox. MTCs 1-
5 and several carpals cemented together; R. scaphoid, LUN, TZM;
STE

L. MAN (M1 and M2 erupting)

R.+ L. TIB (prox.); L. TIB (dist.); FEM (dist.); 2 VER (caud.), 2
VER frags. (caud.); ULN (shaft frag.); long bone frags.; misc.
frags.

L. HUM (prox.); L. ULN (prox.); L. HUM (dist.); L. SCA
(glenoid); RAD shaft

R. RAD (prox.)

R. + L. OCX; nearly complete TIB w/ TAL cemented to it; 18 VER
frags.; 3 MTP; L. CAL; R. + L. FEM (prox. w/ shaft); misc. frags

MAN (L. C, M1-M2; R. C-M1)
MAN (R. M2-M3; L. P3-M3)

L. TIB (dist.)

MAN (L. P4); L. UMI or 2

R. HUM (prox.)

L. MAX (dM1-M1)

MAN (R. M1-M2)

MAN (R. 11-M2, dM1; L. T1-12, partial P3; P4-M2)
L. MAN (M1-M2)

L. MAN (M1-M3); R. LP3; R. + L. UC; L. UP4; L. UM1-M3; R.
UMI; M1 frag.; I frags.; tooth frags.; R. + L. TIB; R. FEM; L.
FEM (prox. w/ shaft); R. + L. HUM (prox., epiphyses unfused); R.
+ L. HUM (dist.); R. + L. ULN (prox., one with shaft and distal
end); TAL; CAL; 2 podials; R. + L. FIB (dist.); R. + L. RAD
frags.; PAT; 4 pelvic frags.; RIB frags.; CRA frags.; shaft frags.;
misc. frags.

L. TIB (prox.)

L. FEM (prox.)
L. MAX (P4-M2)
L. LM3

R. FEM (prox.)



HAL-VP-9/763
HAL-VP-9/767
HAL-VP-9/773

*

HAL-VP-9/774
HAL-VP-9/798

*

HAL-VP-9/813
HAL-VP-9/828
HAL-VP-9/830

HAL-VP-9/846

HAL-VP-9/847
HAL-VP-9/859
HAL-VP-9/862

*

HAL-VP-9/864

HAL-VP-9/865

HAL-VP-9/868
HAL-VP-9/869
HAL-VP-9/872

*

HAL-VP-9/873

*

HAL-VP-9/874

*

HAL-VP-9/876
HAL-VP-9/887
HAL-VP-9/888
HAL-VP-9/898
HAL-VP-9/934

*

c

R. MAX (M1-M2)
L. MAN (M2, M3 roots)

R. MAN (M1)
L. UM3
L. MAN (L. dI1-dM2; R. dC-dM1); CRA frags. (imm.)

R. HUM (dist.)
MAN (R. 11-P4, M3; L. 11-P4, M2); R. MAX (I2)
L. HUM (prox. w/ shaft)

Nearly complete MAN (partial L. I1-C, P3 roots, partial P4-M1,
M2-M3; partial R. 11-12, C root, P3-M3); SAC frag.; 3 partial
VER; 3 VER frags.; long bone and misc. frags.

R. ULN (prox.)
R. MAN w/ symph. (M1)

MAN (edent.); R. OCX frag. (w/ acetabulum); 2 shaft frags.

R. MAN (P4-M2, partial M3)

R. MAX (I1-M3); L. MAX frag. (I1-12); L. MAX frag. (P3-M3);
MAN w/ symph. (L. P3-M3); R. MAN frag.; 3 TEM frags.; CRA
frags.; R. + L. HUM (prox.); L. HUM (dist.); R. + L. ULN (prox.);
R. ULN (dist.); R. RAD (dist.); carpals cemented together; FEM
(head); TIB (prox.); PAT; L. TAL; RIB frags.; 5 partial VER; limb
and misc. frags.

R. MAN (P3)
R. MAN (partial M2)

R. MAN (edent.)
R. FEM (prox.)

MAN (L. dM1-M1)

L. MAX (P4-M2); R. RAD (prox. and dist.); long bone frags.
L. FEM (prox.)

CRA frags. (FRO, PAR, MAX (L. P4-M2))

L. MAN (M1-M3)

L. MAX (M2)



HAL-VP-9/937

*

HAL-VP-9/939

*

HAL-VP-9/961
HAL-VP-9/964
HAL-VP-9/991

HAL-VP-9/996

HAL-VP-9/1023
HAL-VP-9/1026
HAL-VP-9/1028
HAL-VP-9/1031
HAL-VP-9/1036

*

HAL-VP-9/1040
HAL-VP-9/1043
HAL-VP-9/1049
HAL-VP-9/1056
HAL-VP-9/1058

*

HAL-VP-9/1059
HAL-VP-9/1064

*

HAL-VP-9/1066
HAL-VP-9/1069
HAL-VP-9/1079
HAL-VP-9/1090

*

HAL-VP-9/1103
HAL-VP-9/1105
HAL-VP-9/1106
HAL-VP-9/1107

*

HAL-VP-9/1110

! c Cc C

< X mc

cm X C

m £ ™

< 2 C

R. RAD (prox.)

L. MAN (P4-M1)

R. MAN (M1-M2)
R. MAN (M1)
L. MAN (M2-M3)

L. MAN w/ symph. (R. P3; L. M2-M3); R. MAN (M1-M3); MAX
(R.+ L. I1); FRO w/ NAS; R. FEM (prox.); 3 OCX frags.; 2 limb

bone shaft frags.

R. MAX (I1 erupting, dM1-M1)

L. MAX (M1-M3)

R. MAX (P3-M1); R. MAN (P3-M2)
L. MAN (P4-M3)

L. HUM (dist. shaft)

L. MAN (M2)

R. MAN (C); L. MAN (P3-P4)
R. MAN (P3-M3)

L. MAN (dM2)

R.+ L. MAX (R. dM1-dM2, R. + L. I1 erupting)
R. MAN (P4-M3)
R. MAX (M1)

L. MAX (P3-M2)
MAN (L. M1-M3, partial R. P4, R. M1-M3)
R. MAX (P3-M2)

L. MAX (dM1-dM2)

R. MAX (P3-M2)
MAX (R. + L. I1-P3)
MAN (R. + L. P3-M3)

L. UIl

R. MAN (M1-M3); CRA frags.



HAL-VP-9/1111

*

HAL-VP-9/1116
HAL-VP-9/1125

HAL-VP-9/1137

HAL-VP-9/1142
HAL-VP-9/1143

HAL-VP-9/1144

HAL-VP-9/1148

*

HAL-VP-9/1151

HAL-VP-9/1154

HAL-VP-9/1166

*

HAL-VP-9/1197

*

HAL-VP-9/1198

*

HAL-VP-9/1200

*

HAL-VP-9/1201

*

HAL-VP-9/1381

*

HAL-VP-9/1396
HAL-VP-9/1440
HAL-VP-9/1443
HAL-VP-9/1452
HAL-VP-9/1456
HAL-VP-9/1462
HAL-VP-9/1464
HAL-VP-9/1482

c c C

c

L m T cmdg

<

L. FEM; L. TIB; pelvic frag.; S MTT; 2 TAR; misc. frags.

L. MAN (dM1-M1)
R. ULN (prox.)

Isolated L. LM1-M3; L.FEM (prox.); FEM (dist.); TIB (dist.); 2
partial VER; shaft frags.

L. MAN (M1-M3)
L. MAN (M1-M2); L. MAX (P4); L. UM2-3; R. MAN (edent.)

L. MAN (dM2); R. CAL; 2 VER (sacral); partial L. OCX; FEM
(dist.); ULN shaft; HUM shaft; 10 VER frags.; 2 possible CRA
frags.; limb bone frags.

L. MAX (M2)

R. HUM (prox.)

Partial MAN (L. P3-M1, R. P3-M3, partial R. C, L. I12-C roots); R.
+ L. partial OCX; L. HUM (prox.); MAN (condyle); R. + L. partial
SCA; R. + L. FEM (dist.); L. TAL; R.

HUM (dist.); R. + L. FEM (prox.); R. CAL; 17 partial VER; 3 shaft
frags.; misc. frags.

FEM (dist.)
LI

R. U2

L. Ull

L. LR

L.CAL

L. MAN (M2)

MAN (L. P4-M1, L. I1-P3 roots; R. I1-P3)

L. MAX (P3-M1)

MAX (R. I1-M1; L. I11-M2); MAN (R. I1-M3; L. 11-C, P4-M3)
MAN (L. 11, P3-M2; R. P3-M2)

MAN (L. 11-2, P3-M3; R. I1, C-M2)

R. ULN

L. MAN (P3-P4); L. UM1-M2



HAL-VP-9/1484
HAL-VP-9/1486
HAL-VP-9/1487
HAL-VP-9/1556

*

HAL-VP-9/1563

HAL-VP-9/1576

HAL-VP-9/1582

HAL-VP-9/1583

*

HAL-VP-9/1595

*

HAL-VP-9/1608
HAL-VP-9/1609
HAL-VP-9/1612

*

HAL-VP-9/1613

*

HAL-VP-9/1614

*

HAL-VP-9/1616
HAL-VP-9/1617
HAL-VP-9/1620

*

HAL-VP-9/1624

*

HAL-VP-9/1626

*

HAL-VP-9/1627

*

HAL-VP-9/1628

*

HAL-VP-9/1630

HAL-VP-9/1637

*

< cc

R. MAX (P3-M2)
R. MAN (M2-M3)
R. MAN (P3-M3)

TIB (prox.)

L. FEM (prox.)

L. MAN (C-P4, partial M1, complete M2-M3); isolated R. LM2; L.
MAX (partial C and P3)

Pelvis; R. + L. FEM (prox.); HUM (dist.); RAD (prox.); ULN
(prox.); long bone frags.

Isolated LM; FEM (prox. end w/o unfused epiphysis); HUM (prox.
end w/o unfused epiphysis); SCA frag.; TAL; misc. frags.

R. HUM (dist.)

L. MAX (M1, imm.)
L. HUM (dist.)

SCA (glenoid fossa)

RAD (dist.)

L. MAN (C root, partial P3, P4-M3); R. MAN (C root, partial P3,
P4-M3); R. MAX (C root, P3-M3); L. MAX (partial C, P3-M3)

TIB (prox.); HUM (dist.)
R.+ L. MAN (R. I1-C, P4, M2-M3; L. I1-M3); isolated R. M1

OCX

L. OCX frag.; FEM (dist.)
L. MAN (C, M1-M3)

L. MAN (M1-M2)

R. + L. OCX (partial); R. FEM (prox.); ULN (prox.)

FEM (prox.); ULN (prox.); TIB (prox.); TIB (dist.); RAD (dist.);
SAC frag.; CAL; TAL

R.+ L. HUM; R. + L. TAL; R. + L. ULN (prox.); TIB; L. FEM;
long bone frags.; OCX frag; R. RAD and ULN (dist.) cemented
together



HAL-VP-9/1641
HAL-VP-9/1647
HAL-VP-9/1650
HAL-VP-9/1651

*

HAL-VP-9/1652

< c

L. MAN (M2-M3); R. MAN (M2)
L. Ul
R. MAX (P3-P4)

L. MAN (C-P4)

R. ULN (prox.)

Note: see Supporting Information Table S2 for anatomical abbreviation key.

*Specific referral to cf. Chlorocebus rather than a more inclusive taxon is based on association
with the broader assemblage and morphological congruence with more complete specimens.
Sex abbreviations: F, female; F?, probable female; M, male; M?, probable male; U, uncertain.



Appendix 2. Inventory of specimens from Chai Baro referred to cf. Chlorocebus.

Specimen ID

HAL-VP-5/8
HAL-VP-5/10
HAL-VP-5/13 *
HAL-VP-5/19 *
HAL-VP-5/25

HAL-VP-5/26

HAL-VP-5/27
HAL-VP-5/29

HAL-VP-5/43

HAL-VP-5/63
HAL-VP-5/75
HAL-VP-5/77

HAL-VP-5/81

HAL-VP-5/83

HAL-VP-5/99

HAL-VP-5/101
HAL-VP-5/102
HAL-VP-5/103
HAL-VP-5/107
HAL-VP-5/108
HAL-VP-5/111
HAL-VP-5/112

*

HAL-VP-5/113

HAL-VP-5/116

*

HAL-VP-5/121

*

HAL-VP-5/122

*

Sex

£ c £ ¢

=y

m ™M caac XX c Z2aZiX

Element(s)

R. FEM (dist.)

R. MAN (P4); 2 VER; ULN (dist.)

R. FEM (prox); R. TIB (prox); 3 VER frags.
R. MAN (edent.)

L. MAN (dM2-M1, M2 in crypt)

R.+L. MAX (R. I1-2, R. P4-M3, L. 12, partial L. C, L. P3); MAN
(L. 11, partial L. P3-P4, L. M1-M3, R. 12-M1, partial R. M2-M3)

R. MAN (M2-M3)
R. MAN (P3-M1)

FRO w/ NAS; R. MAX (C-M3); L. MAN w/ symph. (R. I1-L. P3);
3 postcranial frags.

L. MAX (P3-M3)
R. MAN (M1-M3)
R.+ L. MAN (R. I1, P3, M1-M3; L. P4-M3)

R.+ L. MAN w/ symph. (L. I1-12, P3-M2; R. 11-12, P3-P4, M2-
M3, partial R. LC and R. LM1); CRA vault frag.

R. MAX (C-P3)

R. MAN (M2-M3); L. MAN (P4-M3)

L. MAN (edent.); R. FEM (prox. and dist. frags.)

L. UdM1-dM2 and M1 (unerupted); HUM (prox., imm.)
L. MAN (P3-M3)

L. MAN (P3-M2)

L. MAN (P3-M3)

R. MAN (P3-M3); TIB (dist.)

R.+L. MAN (R. P4)

L. MAN w/ symph. (partial R. C, R. I1-L. I2, partial L. C, L. P3-
M3); R. HUM (dist); 2 MTP frags.; 3 VER frags.; associated frags.

TIB (prox.)
L. UdC

R. UdM1



HAL-VP-5/123

*

HAL-VP-5/131
HAL-VP-5/132

HAL-VP-5/134
HAL-VP-5/137

HAL-VP-5/150

HAL-VP-5/152

*

HAL-VP-5/157
HAL-VP-5/158

*

HAL-VP-5/160
HAL-VP-5/164
HAL-VP-5/165
HAL-VP-5/174

*

HAL-VP-5/176
HAL-VP-5/182
HAL-VP-5/192

*

HAL-VP-5/197
HAL-VP-5/198

*

HAL-VP-5/199
HAL-VP-5/202

HAL-VP-5/204
HAL-VP-5/207

*

HAL-VP-5/218
HAL-VP-5/219
HAL-VP-5/222

HAL-VP-5/234

HAL-VP-5/241

m c a £ C

c mC

c £

T cacZX Z c

TIB (prox. epiphysis)

L. MAX (P3-M2); R. MAX (partial C, P3-M2); R. MAN (P4-M2)

L. MAX (partial L. C, P3-M2, M3 roots); MAN symph. (R. + L.
partial C, L. P3-P4)

R. LP4

R. MAN (M1-M3)

CRA (R. UC, R. UM1-M3 (M3 erupting); L. UI2, L. UP3-M3 (M1
is partial, M3 erupting))

R. MAN (dM1-dM2)

L. MAX (dI2-dM2, M1)

R.+ L. MAN (L. dM1-dM2; R. dM1)

R. MAN (M1-M3)
R. MAX (I1, C-M2)
L. MAN (M1-M2); isolated C tip

R. CAL

R.+L. MAN (R. C; L. C-M1)
L. MAN (M1-M3)

L. FEM (prox., imm.)
L.UC
R. TIB (dist. w/ shaft); FEM (dist.); 2 shaft frags.

L. MAN (M2-M3)

MAN (L. I1, partial L. 12, L. P3-M2, R. 11-12, partial R. C, R. P4-
M2, M3's unerupted)

L. MAN (M2-M3)

MAN symph. frag. (L. 12, partial L. C and L. P3, partial R. C); L.
HUM (dist. + shaft); ULN (prox., cemented to shaft of HUM)

R.+ L. MAN (R. C-P3; L. C)
L. MAN (M1-M3)
R. MAN (M2)

R. + L. MAN (roots of R. C-M1, partial L. C, roots of L. P3-P4,
roots of L. M3)

R. FEM (prox.)



HAL-VP-5/248

*

HAL-VP-5/249

*

HAL-VP-5/252
HAL-VP-5/254

*

HAL-VP-5/259

*

HAL-VP-5/262

*

HAL-VP-5/264
HAL-VP-5/285
HAL-VP-5/286
HAL-VP-5/287
HAL-VP-5/288
HAL-VP-5/290

HAL-VP-5/293

HAL-VP-5/296
HAL-VP-5/299
HAL-VP-5/300
HAL-VP-5/306

*

HAL-VP-6/51
HAL-VP-6/82 *
HAL-VP-6/104
HAL-VP-6/105
HAL-VP-6/108
HAL-VP-6/112
HAL-VP-6/120
HAL-VP-6/137

*

HAL-VP-6/138
HAL-VP-6/140
HAL-VP-6/144
HAL-VP-6/152

< mcac

R. ULN (prox.)

R. ULN (prox., 2 frags.)
L. FEM (prox.)

FEM (dist.)
L.CAL

R. ULN (prox.)

L. MAN (dM2, M2)
L. ULN (prox.)
L.LC

R. HUM (dist.)

L. FEM (prox.)
R.+ L. MAN (L. C)

CRA (lacking posterior part of vault, w/ R. P3-M2, L. C-M3); CRA

frags.

R. LM2-M3; HUM (dist.)

L. MAN (dM2-M1, M2 in crypt)
R. HUM (dist.)

R. TAL

R. FEM (prox.)

L. MAN (dM1-dM2); 2 small shaft frags.

R. MAN w/ symph. (R. C-P3, M1-M3); L. MAN (M1-M3)
RAD; R. HUM (dist. frags.)

L. UM3

L. HUM (dist.)

Coprolite w/ FEM head and L. UP4-M1

R. CAL

R. MAX (M1-M3)

L. MAN (I2-M1); R. MAN (C, P3, M1-M3); isolated R. LI1
R. MAX (I1-M2)

L. MAX (C-M2)



HAL-VP-6/231 —  FEM (prox.)

HAL-VP-6/236 —  R.FEM (prox. + shaft)
HAL-VP-6/238 F L.MAN (M2)
HAL-VP-6/246 —  R.FEM (prox.)

HAL-VP-6/257 M L. MAN (P3-M3); R. MAN (P4-M3)
HAL-VP-6/263 U R.MAX (P4-M3)

HAL-VP-8/20 —  R.UM3

HAL-VP-8/24 — L. FEM (prox.)
HAL-VP-8/56 * —  L.OCX frag.; 1 misc. frag.
HAL-VP-8/74 U R MAX (M2-M3)

L. MAX (partial P4 and M2; complete M1 and M3); R. MAN w/

HAL-VP-8/100 M  partial symph. (partial L. I1 and R. I1-P3, complete R. P4, M1, and
M3, partial R. M2)

HAL-VP-8/118 U R.MAX (MI1-M3)

HAL-VP-8/119 U L.LMlor2

HAL-VP-8/124 U L.MAN M)

HAL-VP-8/126 U R.MAN (M1-M2)

HAL-VP-14/20 —  R.HUM (dist.)

HAL-VP-14/23 — L.UMlor2

HAL-VP-17/5 —  R. HUM (prox.)

HAL-VP-22/16 F R MAN (I1-P3)

HAL-VP2230 o

HAL-VP-22/53 U  R.MAN (P4-M3)

HAL-VP22I64 g o)

HAL-VP-22/73 U R MAN (M2-M3)

Note: see Supporting Information Table S1 for anatomical abbreviation key.

*Specific referral to cf. Chlorocebus rather than a more inclusive taxon is based on association
with the broader assemblage and morphological congruence with more complete specimens.
Sex abbreviations: F, female; F?, probable female; M, male; M?, probable male; U, uncertain.



Appendix 3. Element inventory table for Faro Daba indeterminate Cercopithecidae.

Specimen ID

HAL-VP-2/5
HAL-VP-2/6
HAL-VP-2/20

HAL-VP-2/21

HAL-VP-2/30
HAL-VP-2/39
HAL-VP-2/41
HAL-VP-2/46
HAL-VP-2/71

HAL-VP-2/80

HAL-VP-2/82

HAL-VP-2/90

HAL-VP-2/99

HAL-VP-2/101
HAL-VP-2/102
HAL-VP-2/106
HAL-VP-2/114
HAL-VP-2/124
HAL-VP-2/125
HAL-VP-2/139
HAL-VP-2/162

HAL-VP-2/166

HAL-VP-2/168
HAL-VP-2/171
HAL-VP-2/192
HAL-VP-2/194
HAL-VP-2/197
HAL-VP-2/198
HAL-VP-2/199
HAL-VP-2/200
HAL-VP-3/18

Element(s)

R. HUM (dist. shaft)
R.LC
FEM (dist.) + shaft frags.

FEM (dist. shaft); partial OCX; VER (may not be cercopithecid); shaft
frags.

Postcranial frags. (L. + R. OCX, dist. FEM); long bone shaft frags.
TIB (prox. + shaft frag.)

VER (caud.)

L. OCX + FEM (head)

VER (caud., frag.)

R. TIB (shaft); L. partial ILI; 3 complete caud. VER; 4 partial caud. VER +
3 frags.

TIB (prox.)

R. FEM + OCX (imm.)
FEM (shaft)

VER (caud.)

FEM frag. (shaft)

L. HUM (dist. + shaft)
FEM frag. (shaft)

L. TAL

R. UM

VER (caud.); shaft frag.
R. FIB (prox.)

SAC (complete); R. + L. OCX frags.; 2 VER (cemented); 11 complete
VER; 1 caudal VER; 5 VER frags.; RIB frags.

R.LC

L. TIB (dist. + shaft)

R. MAX (R. UIl and R. UC roots)
R. MAN frag. (edent., imm.)

MC; PHX

HUM (dist. + shaft)

RAD (prox.)

FEM + OCX

TIB (prox.)



HAL-VP-3/29

HAL-VP-3/52

HAL-VP-3/69

HAL-VP-3/81

HAL-VP-3/84

HAL-VP-3/101
HAL-VP-3/143
HAL-VP-3/148
HAL-VP-3/157
HAL-VP-3/175
HAL-VP-3/177
HAL-VP-3/244
HAL-VP-3/248
HAL-VP-9/217
HAL-VP-9/218
HAL-VP-9/219
HAL-VP-9/223
HAL-VP-9/224
HAL-VP-9/261
HAL-VP-9/278
HAL-VP-9/286
HAL-VP-9/318
HAL-VP-9/326
HAL-VP-9/339
HAL-VP-9/341
HAL-VP-9/344
HAL-VP-9/347
HAL-VP-9/349
HAL-VP-9/387
HAL-VP-9/389
HAL-VP-9/398
HAL-VP-9/399
HAL-VP-9/402
HAL-VP-9/415
HAL-VP-9/418

SAC frag.; R. ULN (prox.); L. TAL; 3 partial VER; small frag.
R. TIB (dist.)

L. HUM (dist.)

R. UIl

L. HUM (prox.)

L. FEM (prox.)

TIB (dist.)

R. HUM (dist.)

R. MAN (C-M2 roots)

L. HUM (dist.)

L. TIB (dist.)

L. LdM1

R. HUM (prox.)
R. TEM

R. FEM (prox.)
L. MAN (edent.)
R.LC
L. UC frag.
R. MAN (C)
L. LdM1

L. TIB (dist.)
R.+L. OCX

L.LC

R. FRO

. OCX (2 frags.); TIB (prox. frags.)

. HUM (dist.)

FEM (dist.)

L. OCX (2 frags.)

L. SCA (glenoid)

R.+ L. OCX; FEM (dist.)

R.CAL

TIB (prox.)

PHX (dist. w/ shaft)

L. CAL frag.

R. FEM (prox.); partial VER (caud.); 3 long bone frags.

L
L



HAL-VP-9/436
HAL-VP-9/452
HAL-VP-9/456
HAL-VP-9/473
HAL-VP-9/529

HAL-VP-9/542

HAL-VP-9/544
HAL-VP-9/615
HAL-VP-9/626
HAL-VP-9/629
HAL-VP-9/633
HAL-VP-9/648
HAL-VP-9/760
HAL-VP-9/776
HAL-VP-9/787

HAL-VP-9/792
HAL-VP-9/800
HAL-VP-9/802

HAL-VP-9/821
HAL-VP-9/851
HAL-VP-9/852
HAL-VP-9/853
HAL-VP-9/860
HAL-VP-9/861
HAL-VP-9/885
HAL-VP-9/890
HAL-VP-9/911
HAL-VP-9/916
HAL-VP-9/945
HAL-VP-9/962
HAL-VP-9/976
HAL-VP-9/981
HAL-VP-9/982

R. SCA frag. (w/ glenoid)
R. HUM (dist.)

R.LC

L. CAL

L. UC

R. OCX frag.; L. FEM (prox.); shaft frags. (incl. ULN frag. that appears too
large for this individual)

MAN symph. frag; R. SCA (w/ glenoid); R. RAD (prox.); misc. frags.
TIB (prox.); FEM (dist.)

PHX (prox.)

L. TIB (dist.)

R. HUM (dist.)

R. TAL

Partial SAC

L. TIB (dist.)

2 int. PHX

R. CAL; partial L. TAL; R. + L. ULN (prox. frags.); 6 VER frags.; MTP
(prox.); 3 podials; misc. frags.

L. TIB (prox. and dist.); OCX frag. (ischium); 2 shaft frags.

Partial SAC; partial R. + L. OCX; LUN; VER frags.; long bone frags.;
misc. frags.

R. TIB (prox.)

R. TIB (prox.)

R. TIB (dist.)

L. FEM (prox.)

R. TIB (prox. and dist.); MTP
TIB (prox.)

4 partial VER; 2 VER frags.
R. HUM (dist.)

R. TIB (dist.)

L. CAL

R. FEM (prox.)

L. HUM (dist.)

R. UC

L. HUM (dist.)

R. HUM (dist. and shaft frags.)



HAL-VP-9/993  R. RAD (prox.)
HAL-VP-9/1009 R.TIB
HAL-VP-9/1010 L.CAL
HAL-VP-9/1011 R.CAL
HAL-VP-9/1067 L. UC
HAL-VP-9/1072 L. FEM (prox.)
HAL-VP-9/1132 L. TIB (dist., shaft frag.)
HAL-VP-9/1160 L. TIB
HAL-VP-9/1162 R.UC
HAL-VP-9/1199 UM3 germ
HAL-VP-9/1379 L. UC
HAL-VP-9/1405 R. CAL; shaft frag.
HAL-VP-9/1429 L. FEM (prox.)
HAL-VP-9/1483 R. MAX (I1-C roots, broken C tip)
HAL-VP-9/1521 R.UC
HAL-VP-9/1532 HUM (dist.)
HAL-VP-9/1588 R. HUM (dist.)
HAL-VP-9/1599 MAN (condyle)
HAL-VP-9/1600 L. HUM (dist.)
HAL-VP-9/1603 MTP (dist.)
HAL-VP-9/1606 PHX (dist.)
HAL-VP-9/1621 FEM (prox.)
HAL-VP-9/1645 R.LdM2
HAL-VP-9/1648 R.LC
HAL-VP-9/1649 L. LdC

Note: Individuals assigned to indeterminate Cercopithecidae did not preserve enough
morphology to be assigned to a more specific taxon. Sex is uncertain for all individuals.



Appendix 4. Element inventory table for Chai Baro indeterminate Cercopithecidae.

Specimen ID

HAL-VP-5/21
HAL-VP-5/89
HAL-VP-5/93
HAL-VP-5/106
HAL-VP-5/115
HAL-VP-5/148
HAL-VP-5/153
HAL-VP-5/185
HAL-VP-5/245

HAL-VP-5/304

HAL-VP-5/307
HAL-VP-6/145
HAL-VP-8/50

HAL-VP-8/102
HAL-VP-8/117
HAL-VP-14/45
HAL-VP-17/3

HAL-VP-22/55

Note: Individuals assigned to Cercopithecidae did not preserve enough morphology to be

Element(s)

R. HUM (dist. 3/4)
PHX (dist. + shaft)
L.OCC

FEM (dist.)

MTP (prox.)

L. HUM

R. OCX

R.LC

MTPs (cemented)

L. HUM (dist.); L. ULN
(prox.)
L. FEM (prox.)

SAC frag.

L. ULN (prox.)

MAN symph. (partial L. I1-C)
VER (caud.)

L. UI2

L. HUM (dist.)

HUM

assigned to a more specific taxon. Sex is uncertain for all individuals.

Appendix 5. Element inventory table for cf. Cercopithecidae (all from Faro Daba).

Specimen ID
HAL-VP-9/408

Element(s)
RAD (prox.)

HAL-VP-9/476 R. TIB (prox., imm.)

HAL-VP-9/771

HAL-VP-
9/1041

R. HUM (prox.)

R. ULN (dist.)

Note: Individuals in this category are too fragmentary to be confidently assigned to
Cercopithecidae. Sex is uncertain for all individuals.

Supplementary materials



Table S1 Anatomical abbreviations used in specimen inventory

Elements
CRA Cranium
FRO Frontal
MAX Maxilla
7YG Zygomatic
TEM Temporal
occC Occipital
NAS Nasal
MAN Mandible
In-12 First — second incisor
C Canine
P3-P4 Third — fourth premolar
M1 - M3 First — third molar
dI1 - dI2 Deciduous first — second incisor
dC Deciduous canine
dM1 - dM2 Deciduous first — second molar
CER Cervical vertebra
THO Thoracic vertebra
LUM Lumbar vertebra
VER Vertebra
SAC Sacrum
(010).¢ Os coxae
STE Sternum
RIB Rib
SCA Scapula
CLA Clavicle
HUM Humerus
ULN Ulna
RAD Radius
FEM Femur
PAT Patella
TIB Tibia
FIB Fibula




CAR Carpal
LUN Lunate
CAP Capitate
MTP Metapodial
MTC Metacarpal
MTC1to5 Metacarpal 1to 5
PHX Phalanx
CAL Calcaneus
TAL Talus
NAV Navicular
CUB Cuboid
MTT Metatarsal
MTT1 to 5 Metatarsal 1 to 5
SES Sesamoid
Descriptive terms
Caud. Caudal
Dist. Distal
Edent. Edentulous
Frag. Fragment
Frags. Fragments
Imm. Immature
L. Left
L Lower
Misc. Miscellaneous
Prox. Proximal
R. Right
Symph. Symphysis
U Upper




ETHIOPIA

Figure 1. Map showing the location of the Middle Awash study area, indicated on the left by the grey
rectangle. The research area is enlarged in the inset map on the right with the location of the Halibee area
indicated. The modern Awash River is visible as the dark green strip of vegetation running approximately
north-south. Map data ©2018 Google.
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Figure 2. Element counts for Faro Daba and Chai Baro cf. Chlorocebus. (a) Element
preservation by type. Each specimen is included once. (b) Element count by region —if an
individual preserves fossils from multiple regions, they are included in each region count.



Figure 3. The partial male skeleton HAL-VP-9/650 from Faro Daba.



Figure 4. Crania from Chai Baro (a &b) and Faro Daba (¢ & d). Each individual is shown in
anterior (left) and superior (right) views. a) HAL-VP-5/150, female; b) HAL-VP-5/293, female;
c) HAL-VP-9/650, male; d) HAL-VP-9/13, sex uncertain.



Figure 5. Maxilla and mandible of HAL-VP-9/634, male from Faro Daba in lateral view (left)
and occlusal view (right).



Figure 6. Maxillae from Faro Daba with fossil and extant comparisons. Each individual is shown
in lateral view (top) and occlusal view (bottom). (a) HAL-VP-9/650, male; (b) HAL-VP-9/1452,
male; (c) HAL-VP-9/865, female; (d) HAL-VP-9/446, female; (¢) HAL-VP-9/335, female; (f)
ASB-87-1, female; (g) ASB-89, male; (h) ASB-254-1; (i) Michigan Museum of Zoology 9207
(Chlorocebus pygerythrus), male; (j) MMZ 86350 (Cercopithecus mona), sex uncertain. Photos

for (i) and (j) photos by Phil Myers (licensed http://creativecommons.org/licenses/by-nc-sa/3.0/).
Scale is the same for both panels.


http://creativecommons.org/licenses/by-nc-sa/3.0/)

Figure 7. Occlusal views of maxillae from Chai Baro (a-g, j) and Faro Daba (h & 1). Anterior is
up. Bottom row individuals are juveniles. (a) HAL-VP-5/150, female; (b) HAL-VP-6/144,
female; (c) HAL-VP-5/43, female; (d) HAL-VP-5/63, male; (¢) HAL-VP-5/26, male; (f) HAL-
VP-5/164, female; (g) HAL-VP-6/263, sex uncertain; (h) HAL-VP-9/13, male; (i) HAL-VP-
9/385, sex uncertain; (j) HAL-VP-5/157, sex uncertain.



Figure 8. Mandibles in occlusal (top) and lateral (bottom) views from Faro Daba (a-h), Chai
Baro (1), Asbole (j-1), and extant cercopithecins (m, n). Anterior is to the right except for lateral
views of (¢), (d), (f), (g), and (1). (a) HAL-VP-9/1617, female; (b) HAL-VP-2/67, female; (c)
HAL-VP-9/865, female; (d) HAL-VP-9/439, female; () HAL-VP-9/446, female; (f) HAL-VP-
9/716, sex uncertain; (g) HAL-VP-9/670, male; (h) HAL-VP-2/135, male; (i) HAL-VP-8/100,
male; (j) ASB-79 (Chlorocebus aff. aethiops), female; (k) ASB-58 (Chlorocebus aff. aethiops),
female; (1) ASB-254-3 (Chlorocebus aff. aethiops), female; (m) HTB 0147 (Cercopithecus
mona), male; (n) HTB 0827 (Chlorocebus aethiops), female. Scale is the same for both panels. H
—j are taken from Frost and Alemseged (2007).



Figure 9. Mandibles from Chai Baro and Faro Daba in occlusal view. Anterior is up. Top row,
from left to right: HAL-VP-5/108, Chai Baro, female; HAL-VP-9/846, Faro Daba, female; HAL-
VP-5/102, Chai Baro, female; HAL-VP-5/81, Chai Baro, sex uncertain. Bottom row, from left to
right: HAL-VP-9/313, Faro Daba, sex uncertain; HAL-VP-5/77, Chai Baro, male; HAL-VP-
6/257, Chai Baro, male; HAL-VP-5/26, Chai Baro, male.



Figure 10. Humeri from Faro Daba (a & c¢) and Chai Baro (b) with extant comparisons (d — f);
medial and lateral views. (a) HAL-VP-9/650, male; (b) HAL-VP-5/148, sex uncertain; (¢) HAL-
VP-9/865, female; (d) HTB 2138 (Cercopithecus mitis), male; (€) HTB 0147 (Cercopithecus
mona), male; (f) HTB 1162 (Chlorocebus aethiops), female.



Figure 11. Fossil and extant humeri in (a) anterior and (b) proximal views. (a) Fom left to right:
HTB 1162 (Chlorocebus aethiops), female; HTB 2138 (Cercopithecus mitis), male; HTB 0147
(Cercopithecus mona), male; HAL-VP-5/21, Chai Baro, sex uncertain; HAL-VP-5/300, Chai
Baro, sex uncertain; HAL-VP-5/287, Chai Baro, sex uncertain; HAL-VP-9/416, Faro Daba, sex
uncertain (mirrored); HAL-VP-9/591, Faro Daba, sex uncertain; HAL-VP-9/661, Faro Daba, sex
uncertain (mirrored); HAL-VP-9/734, Faro Daba, male; HAL-VP-9/508, sex uncertain; HAL-
VP-9/813, sex uncertain. (b) from left to right; HTB 2138 (Cercopithecus mitis), male; HTB
1162 (Chlorocebus aethiops), female; HAL-VP-5/148, Chai Baro, sex uncertain; HAL-VP-
9/697, Faro Daba, sex uncertain; HAL-VP-9/650, Faro Daba, male; HAL-VP-9/1154, Faro Daba,
sex uncertain.



Figure 12. Distal humeri in inferior view, anterior is up. All humeri are from the right side
unless otherwise stated. Sex is uncertain unless otherwise indicated. Column (a) from top to
bottom (Chai Baro): HAL-VP-6/112 (mirrored); HAL-VP-6/105; HAL-VP-5/287; HAL-VP-
5/113, male. Column (b) from top to bottom: HTB 1044 (Chlorocebus aethiops), male; HTB
0147 (Cercopithecus mona), male; HTB 2138 (Cercopithecus mitis), male. Column (¢) from top
to bottom (Faro Daba): HAL-VP-9/813; HAL-VP-9/1154, female; HAL-VP-9/661; HAL-VP-
14/20.



Figure 13. cf. Chlorocebus ulnae from Faro Daba in lateral view, seriated by size from largest
(left) to smallest (right). From left to right: HAL-VP-9/600, male; HAL-VP-9/650, male; HAL-
VP-9/734, male; HAL-VP-2/147, female; HAL-VP-9/865, female; HAL-VP-9/1637, sex
uncertain.



Figure 14. Femora from Faro Daba (left panel), Chai Baro (middle panel), and extant
comparative specimens (right panel). Sex is uncertain unless otherwise indicated. (a) HAL-VP-
9/740; (b) HAL-VP-9/1137; (c) HAL-VP-9/734, male; (d) HAL-VP-9/1154; (¢) HAL-VP-
9/1637; (f) HAL-VP-6/231; (g) HAL-VP-5/288; (h) HAL-VP-5/241; (i) HAL-VP-6/246; (j)
HAL-VP-5/101; (k) HTB 0147 (Cercopithecus mona), male; (1) HTB 0827 (Chlorocebus
aethiops), female.



Figure 15. cf. Chlorocebus femora from Faro Daba (a) and Chai Baro (b) in posterior view,
seriated by size from largest (left) to smallest (right). Sex is uncertain unless otherwise indicated.
Left to right (largest to smallest): HAL-VP-9/600; HAL-VP-9/734, male; HAL-VP-9/650, male;
HAL-VP-9/1637; HAL-VP-9/1137; HAL-VP-9/1154. HAL-VP-6/51; HAL-VP-6/246; HAL-VP-

5/241.
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Figure 16. Three traits often considered indicative of locomotor habitus in cercopithecid
monkeys with visual descriptions of each measurement on the right. The Faro Daba means fall
closer to the arboreal end of the extant species, whereas the Chai Baro fossils are more similar to
extant terrestrial and semi-terrestrial taxa. However, considerable overlap exists, complicated by
the small sample sizes of both the extant and fossil taxa. Boxplots for modern species are
modified from Frost et al. (2020D).
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left) with corresponding distribution plots (right).
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Figure 19. Boxplot of relative I? size (maxillary I* mesiodistal length / I' mesiodistal length; left)
and corresponding distribution plot (right).

Maxillary 12L / 1L

Y v o

-4y

Number of individuals

40

30

20

00

Group
Cercopithecus
= — —Chai Baro

— Chlorocebus

Alfochrocebus

-~-------Faro Daba

03 08 0g 12

Maxillary 12L / 1L



Maxillary 11L / M1L

y

cf. Chlorocebus aff. aethiops (Asbole) |

cf. Chiorocebus (Faro Daba)

of. Chlorocebus (Chai Baro)

cf. Chlorocebus aff. patas (Asbols) |.
Cercopithecus sp. (‘Andalee”) }
Cercopithecus cephus (Group)
Cercopithecus diana
Cercopithecus dryas (group)
Cercopithecus hamiyni (group)

Cercopithecus mona (group)

Number of individuals

Cercopithecus neglectus .
Cercopithecus nictitans (group)
Chicrocebus cynosuros
Chiorocebus pygerythrus
Erythrocebus patas
Allenopithecus nigroviridis .
Alflochrocebus lhoesti .
Miopithecus ogouensis

Miopithecus talapoin .

=

1.00
Maxillary 1L / M1L

Group

Cercopithecus

+ = =—GChai Baro

— Chlorocebus

Erythrocebus

-------- Faro Daba

Figure 20. Boxplot of relative I' size (maxillary I' mesiodistal length / M! mesiodistal length;

left) and corresponding distribution plot (right).



(a) il 1(b)
Group

1 - @ - 74 . B cf. Chlorocebus (Farc Daba)
; cf. Chlorocebus (Chai Baro)
\ cf. Chlorocebus aff. aethiops (Asbole)

cf. Chlorocebus cf. patas (Ashale)

MAL (MAX)
M3L (MAX)
[=2]

\/ Cercopithecus sp. ("Upper Andalee™)

<

a A Cercopithecus sp. ("Andalee”)
Cercopithecus cephus (group)

¥ d Cercopithecus diana

I Cercopithecus dryas (group)

7 8 Cercopithecus hamiyni (group)

Cercopithecus mona (group)

T 1T 7T 1 T 1T T 1 1 0al ”‘(d) L N Cercopithecus neglectus
Cercopithecus nictitans (group)

89 2 Chiorocebus aethiops

Y Chlorocebus cynosuros

Chlorocebus pygerythrus

Chlorocebus tantalus

& Erythrocebus patas

M3AW (MAX)

MIAW (MAX)

: ‘I“ Allenopithecus nigroviridis
! fami oo AR TS =] ' < Allochrocebus Ihoesti

B,

e

r ) Allochrocebus preussi

~
w1

o o a— . + v
7 8 3 4 5 6

5M1L (M:X) M1AW (MA)E)

Figure 21. Maxillary dental plots of the Middle Awash fossil assemblages and fossil and extant
comparative data. Measurements are in millimeters. A) M! maximum length vs. P* maximum
length. B) M?® maximum length vs. M' maximum length. C) M anterior width vs. M' length. D)
M3 anterior width vs. M! anterior width. Abbreviations: L is mesiodistal crown length; AW is
buccolingual width of the anterior loph; P4, M1, M2, and M3 refer to the fourth premolar and
first, second, and third molars, respectively.
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Figure 22. Mandibular dental plots of the Middle Awash fossil assemblages and comparative
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Relative I1 Relative 12 Orbital  Facial Relative  Relative  Orbital Facial
Size Size Shape  Length 11 Size 12 Size Shape Length
Allenopithecus nigroviridis 0.041 0.020 0.090 - 0.471 0.315 0.390 0.547
Allochrocebus lhoesti 0.984 0.002 0.304 - 0.380 0.175 0.134 0.340
Allochrocebus preussi - - 0.196 - - - 0.269 0.990
Cercopithecus albogularis - - 0.017 — — — 0.629 0.077
Cercopithecus ascanius <0.001 <0.001 0.018 - 0.008 0.009 0.876 0.642
Cercopithecus campbelli - - 0.020 - - - 0.803 0.492
Cercopithecus cephus 0.001 0.030 0.054 - 0.052 0.311 0.693 0.823
Cercopithecus denti <0.001 <0.001 0.033 — 0.021 0.014 0.791 0.290
Cercopithecus diana 0.002 0.002 0.242 - 0.081 0.091 0.181 0.571
Cercopithecus dryas 0.410 0.976 0.025 - 0.162 0.625 0.953 0.413
Cercopithecus erythrotis - - 0.109 - - - 0.770 0.494
Cercopithecus hamlyni 0.980 0.120 0.035 - 0.446 0.570 0.618 0.127
Cercopithecus lomamiensis = - 0.31 - - - 0.17 0.04
Cercopithecus mitis 0.090 0.006 0.039 — 0.600 0.170 0.558 0.055
Cercopithecus neglectus 0.151 0.010 0.075 - 0.747 0.211 0.589 0.147
Cercopithecus petaurista 0.207 0.026 0.248 - 0.714 0.226 0.214 0.483
Cercopithecus pogonias 0.011 0.001 0.044 - 0.714 0.066 0.637 0.727
Cercopithecus wolfi <0.001 0.005 0.010 - 0.049 0.166 0.927 0.525
Chlorocebus aethiops - - 0.464 — — - 0.062 0.503
Chlorocebus cynosuros 0.994 0.035 — — 0.616 0.139 0.074 0.675
Chlorocebus pygerythrus 0.525 0.223 - - 0.720 0.810 0.897 0.897
Erythrocebus patas 0.043 0.023 - - 0.585 0.339 - -

Supplementary Table 1. Results of Kruskal-Wallis non-parametric statistical analyses. P values are presented and bolded when the result is
statistically significant (p<0.05).



