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Abstract 

 

Objectives 

The aim of this study is to introduce and systematically assess a new assemblage of colobine 

fossils (n=360) recovered from Late Pleistocene (ca. 100,000 years ago) sediments in the Middle 

Awash research area, Afar Rift, Ethiopia.  

 

Materials and Methods 

We describe the colobine fossils relative to extant colobine taxa and Middle Pleistocene fossil 

samples from “Andalee” and Asbole, Ethiopia using linear dental, cranial, and postcranial 

metrics, as well as qualitative features. We also document the ontogenetic and sex profiles of this 

sample. 

 

Results 

Based on morphological affinities to extant and fossil Colobus, we refer these 360 individuals to 

Colobus cf. guereza. The majority of the individuals (76%) fall into young- and middle-adult age 

categories. Females are slightly better represented than males, although the majority of 

individuals (84%) could not be assigned to sex. 

 

Discussion 

Details of the last half million years of Colobus morphological evolution have remained 

obscured by a sparse fossil record. The newly recovered, prepared, and curated fossils described 

herein add significantly to the record of this group. Several morphologies seen in these new 

fossils fall between the Asbole Colobus sample and extant Colobus guereza, suggesting an 

ancestral-descendant phyletic relationship among the three time-successive samples. The 

populational variation documented among these samples indicates that the distinctive pattern of 

sexual dimorphism observed in C. guereza had evolved by 100 ka.   

 

Keywords: cercopithecid evolution, colobine fossil record, African colobines, Colobus guereza, 

sexual dimorphism 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 3 

 

1 | Introduction 

 

Subfamily Colobinae, within Family Cercopithecidae, is represented in Africa by three extant 

genera: Colobus (black and white colobus monkeys), Piliocolobus (red colobus monkeys), and 

Procolobus (olive colobus monkeys). Molecular evidence suggests that Procolobus and 

Piliocolobus shared a last common ancestor around 6.4-6.0 Ma and that this clade shared a last 

common ancestor with Colobus around 9.1-7.5 Ma (Perelman et al., 2011; Springer et al., 2012; 

Ting, 2008). Today, Piliocolobus is broadly distributed across western and central Africa, 

Procolobus is restricted to coastal western Africa, and Colobus spans western to eastern Africa 

(Groves, 2007). Colobus is the only colobine genus whose range extends into northeastern 

Africa, and is the only colobine present in modern-day Ethiopia (Oates, 1994; Oates & Trocco, 

1983). In general, Colobus, Piliocolobus, and Procolobus are distinguishable by their pelage 

color (black, red, and olive, respectively) and their body size (large, medium, and small, 

respectively; Bruner, Pucci, & Jones, 2006), in addition to behavioral and hard and soft tissue 

differences (reviewed in Groves, 2007). 

In contrast to the monotypic extant Procolobus, containing only the single species 

Procolobus verus, Piliocolobus contains multiple allopatric taxa that are variably categorized as 

subspecies of Piliocolobus badius (e.g., Ting, 2008) or as separate species (see reviews of red 

colobus classifications in Grubb et al., 2003, and Kingdon et al., 2013). Extant Colobus is 

comprised of four (Colobus angolensis, Colobus guereza, Colobus polykomos, and Colobus 

satanus; Hull, 1979; Schwarz, 1929) or five species (elevating Colobus p. vellerosus to the 

species rank; Groves, 2007; Kingdon et al., 2013; Oates & Trocco, 1983). These Colobus species 

are primarily distinguished on the basis of white markings on the body, the proportion of white 

fur on the tail, the size of the tail brush, and the acoustic structure of the loud calls of adult males 

(Groves, 2007; Oates, Bocian, & Terranova, 2000; Rahm, 1970), with some subtle craniometric 

differences (Hull, 1979). Colobus guereza is the most widely distributed of the Colobus species 

and is further divided into a variable number of recognized subspecies (Grubb et al., 2003; 

Zinner et al., 2019).  

Although colobines today span a large swath of the African continent and encompass a 

wide breadth of morphological and behavioral diversity, the recent fossil record of these extant 

genera is nearly non-existent (Jablonski & Frost, 2010). Molecular evidence has clarified some 

details of the recent evolutionary history of this group (e.g., Ting, 2008; Wang et al., 2012; and 

see alternative interpretation in Roos et al., 2011), but the morphological evolution of African 

colobines in the Middle and Late Pleistocene remains poorly understood.  

 The earliest fossil record for colobines in Africa extends back to the Middle Miocene in 

Kenya (Tugen Hills, ca. 12.5 Ma; Rossie, Gilbert, & Hill, 2013). Multiple colobine taxa are 

known from Middle and Late Miocene deposits in the Tugen Hills, including fossils of 

Microcolobus that were until recently the earliest known colobine fossils (ca. 9.5-9.0 Ma; Benefit 

& Pickford, 1986; Gilbert, Goble, & Hill, 2010; Rossie et al., 2013). Also known from the Late 

Miocene of Kenya are colobines from the Nakali Formation (arboreally-adapted Microcolobus at 

ca. 9.9-9.8 Ma; Nakatsukasa et al., 2010) and Lemudong’o (Paracolobus at ca. 6 Ma; Hlusko, 

2007). Colobines are also known from the Late Miocene of Algeria (Menacer; Arambourg, 

1959), Chad (partially terrestrial Cercopithecoides at ca. 7 Ma; Pallas et al., 2019), Egypt 

(Libypithecus, latest Miocene; Stromer, 1913), Ethiopia (Chorora Formation, ca. 8.5-7.0 Ma, and 

Middle Awash, ca. 5.7 and 5.3 Ma; Frost et al., 2009; Suwa et al., 2015), Libya (As Sahabi; 



 4 

Meikle, 1987), and tentatively Uganda (Nkondo Formation; Senut, 1994). Multiple colobine taxa 

are also known from the Late Miocene and Early Pliocene of Lothagam (including 

Cercopithecoides from ca. 5.0-4.2 Ma; Leakey, Teaford, & Ward, 2003).  

The fossil record for colobines in Africa improves in the Pliocene and suggests that they 

diversified during this time (reviewed in Frost, Gilbert, & Nakatsukasa, 2022 and Jablonski & 

Frost, 2010, and summarized below). Multiple genera are recognized from Pliocene deposits, 

including Cercopithecoides, Paracolobus, Kuseracolobus, and Rhinocolobus. Most of the 

Pliocene forms are large-bodied. Some later Pliocene taxa may have been partially terrestrial 

(e.g., Cercopithecoides williamsi and Cercopithecoides kimeui; Jablonski, Leakey, Ward, & 

Antón, 2008), but most are inferred to have been primarily arboreal (Hlusko, 2006; Jablonski & 

Frost, 2010). Most of these forms are morphologically distinct, and their phylogenetic relations 

with extant colobines remains uncertain. It is not until the Early Pleistocene that fossils more 

similar to extant taxa appear more frequently in the record (Jablonski & Leakey, 2008). Of these 

later taxa, Cercopithecoides has been linked to extant African colobines based on shared pollical 

reduction (Frost, Gilbert, Pugh, Guthrie, & Delson, 2015). Furthermore, this genus has been 

hypothesized as ancestral to Colobus on the basis of similarities in mandibular, humeral, and 

femoral morphology (Jablonski & Frost, 2010).  

 With the exception of a single mandible from Pliocene sediments of Kanam East referred 

to Colobus sp., fossils that are clearly assignable to Colobus are not observed until the Middle 

Pleistocene (Frost & Alemseged, 2007; Harrison & Harris, 1996; Jablonski & Frost, 2010; Kalb, 

Jaegar, Jolly, & Kana, 1982). Middle Pleistocene colobine samples include a few fossils from 

Kapthurin, isolated teeth from Taung, and two samples from the Afar Rift of Ethiopia: 

“Andalee” in the Middle Awash study area, and Asbole (Frost, 2001a; Frost & Alemseged, 2007; 

Kalb et al., 1982; Szalay & Delson, 1979). Of these, the Asbole area has yielded the largest 

colobine sample, with 69 individuals attributed to Colobus sp. from ca. 600 ka (Frost & 

Alemseged, 2007). Also from Ethiopia is a partial skull identified as Colobus sp. from the Omo 

Kibish, although its provenience within the formation is uncertain and a description has yet to be 

published (Assefa, Yirga, & Reed, 2008). Only one fossil has been attributed to an extant 

colobine species, Colobus guereza, from presumed Pleistocene sediments at Wad Medani, Sudan 

(Frost & Alemseged, 2007; Simons, 1967). 

 The evidence from the Middle Pleistocene at “Andalee” and Asbole suggests that 

Colobus has undergone significant evolutionary changes during the last half million years, 

hinting at a shift toward a smaller degree of sexual dimorphism in extant Colobus (Frost & 

Alemseged, 2007). This suggestive fossil evidence makes the last half million years of Colobus 

evolution particularly intriguing, and any fossils from this time period are particularly valuable.  

 Here we describe a large sample of colobine fossils (n=360) recovered from Late 

Pleistocene sediments in the Middle Awash study area. This colobine assemblage is a subset of 

an assemblage of nearly one thousand cercopithecid specimens recovered from the Halibee 

member, the cercopithecin and papionin constituents of which are described in Taylor, Brasil, 

Monson, Yohler, & Hlusko (submitted) and Brasil, Monson, Taylor, Yohler, & Hlusko 

(submitted), respectively. The colobine sample described herein fills the gap between the Middle 

Pleistocene fossils known from “Andalee” and Asbole, and the modern taxa living in the Afar 

Rift of Ethiopia today. Taking into account the geographic and chronological position of this 

assemblage, we pose two hypotheses: 
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(1) The 100,000-year-old Faro Daba fossils, chronologically intermediate to the Asbole 

fossils and living C. guereza, sample a segment of an evolving species lineage in 

Ethiopia. 

(2) The Faro Daba and Asbole fossils sample two distinct colobine lineages. In this scenario, 

the Faro Daba fossils are ancestral to modern C. guereza. 

 

These hypotheses guide our comparative assessments, by which we document the 

morphological affinities of this fossil assemblage and consider the insights it provides into the 

last half million years of colobine evolution in the region. Considering the young geological age 

of the Faro Daba colobines and their geographic position, we predict that this sample will align 

most closely with C. guereza among the extant samples. We also predict that the Faro Daba 

sample will align with the Asbole fossils in some features, particularly those that the Asbole 

fossils share with C. guereza, but that some features will yield significant differences between 

these two fossil samples. 

 

1.1 | Geological context 

 

The colobine fossils described herein are part of an exceptionally large cercopithecid assemblage 

recovered from the Halibee member of the Dawaitoli Formation. This cercopithecid assemblage 

is drawn from two chronostratigraphic units within the Halibee member: the Faro Daba and Chai 

Baro beds (Brasil et al., submitted; Niespolo et al., 2021; Taylor et al., submitted).  

 The colobine fossils were collected exclusively from the Faro Daba beds. These fossils 

were eroded from sediments either above or below a widespread marker horizon of basaltic tuff 

(the AFBT), which is not datable by Ar/Ar. However, obsidian just below the AFBT has proven 

susceptible to Ar/Ar and yielded a maximum age of 106 ka (Morgan, Renne, Taylor, & 

WoldeGabriel, 2009). Overlying ostrich eggshell susceptible to U-Th methods provides a 

minimum age of 96 ka (Niespolo et al., 2021). Additional details about the geological contexts of 

the cercopithecid fossils recovered from the Halibee member, as well as field collection 

protocols, are reported in Taylor et al. (submitted) and Niespolo et al. (2021). 

 

2 | Materials 

 

2.1 | The fossil assemblage 

 

We describe a large sample (n=360 individually numbered specimens) of colobine fossils from 

Late Pleistocene sediments in the Middle Awash study area of the Afar Rift of Ethiopia. The 

Faro Daba sample includes only colobines and cercopithecins, while the older Chai Baro sample 

includes only papionins and cercopithecins, and lacks colobines. The colobine sample described 

here was recovered from a single chronostratigraphic interval, the Faro Daba beds, and can be 

considered to be geologically contemporaneous. All of the Faro Daba fossils are housed at the 

National Museum of Ethiopia in Addis Ababa and are under the control and care of the Authority 

for Research and Conservation of Cultural Heritage. 

 We describe the Faro Daba colobine fossils comparatively, with reference to extant 

colobines and to two geographically and chronologically proximate fossil assemblages from 

“Andalee” and Asbole, Ethiopia (Table 1). We refer to “Andalee” here in quotation marks 

because this locality name derives from the original fieldwork by the Rift Valley Research 
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Mission in Ethiopia (RVRME; Frost, 2001a; Kalb et al., 1982). As fieldwork has continued, the 

Afar names originally applied, and the geological placement originally inferred, have been 

updated. We therefore place this name in quotation marks to indicate that these are historical 

terms, while still maintaining continuity with the older literature. 

 

2.2 | Extant comparative samples 

  

We comparatively assess the Faro Daba colobine sample relative to a large sample of extant 

colobines, representing 308 individuals and nine species (Table 1). We focus our assessment on 

extant African colobines, and particularly with species of Colobus, because they are 

geographically proximate to the Faro Daba sample, are similar in body size, and have been 

previously noted as relevant comparisons (Frost, 2001a; Frost & Alemseged, 2007). We 

supplement our comparative data with measurements downloaded from the PRImate 

Morphology Online database (PRIMO); data sources are detailed in Table 1 and the dataset 

associated with this manuscript ([reference online location in data repository here]). 

Our comparative dental analyses include eight extant colobine taxa: Colobus angolensis, 

Colobus guereza, Piliocolobus badius, Piliocolobus oustaleti, Piliocolobus tholloni, Procolobus 

verus, Nasalis larvatus, and Presbytis rubicunda (see Table 1). The latter two Asian taxa are 

included to provide a broader comparison within colobines. 

 The cranial analyses include C. guereza, Pi. badius, Pi. oustaleti, and Pr. verus. The 

mandibular analyses include the same taxa as the cranial analyses with the addition of C. 

polykomos. The analyses of limb indices include C. guereza. We rely on published data from 

Frost et al. (2020) for additional postcranial comparisons with C. guereza, Piliocolobus spp., 

Presbytis spp., and Nasalis larvatus. 

 

2.3 | Comparative fossils 

 

Colobines are poorly represented in the African Middle and Late Pleistocene fossil records with 

the exception of an assemblage identified as Colobus sp. from Asbole in the Afar Region of 

Ethiopia at ca. 600 ka (Frost & Alemseged, 2007) and another slightly smaller sample from 

“Andalee” in the Afar Rift, from Middle Pleistocene sediments (Frost, 2001a; Kalb et al., 1982). 

These two samples are thought likely to belong to the same taxon (Frost, 2001a; Frost & 

Alemseged, 2007), and they are particularly appropriate comparative samples for the Halibee 

member fossils given their geographic and chronological proximity. We examined the original 

fossils from Asbole and include in our analyses published dental metric data for 47 individuals 

from the Colobus sp. Asbole sample, taken from Frost and Alemseged (2007). We also include 

published dental metric data from Frost (2001a) for the “Andalee” fossils, both from Middle 

Pleistocene sediments (n=31, here referred to as “Andalee”) and Middle Stone Age deposits 

(n=4, here referred to as “Upper Andalee” following Frost, 2001a).  

 

2.4 | Data collection methods 

 

Our approach to data collection was guided by two aims. First, we targeted features that have 

previously been identified as taxonomically and systematically informative among African 

colobines (e.g., molar crown shape, projection of the lower face, mandibular corpus depth; Frost, 

2001b; Napier, 1985; Szalay & Delson, 1979). Second, we collected standard measurements 
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across the cranium, mandible, dentition, and postcranium with the goal of documenting variation 

in the assemblage, testing phylogenetic and functional hypotheses, and making these data 

available for downstream study by other researchers. 

In addition to focusing our data collection from the Faro Daba fossils on taxonomically 

diagnostic craniodental traits within colobines, we made quantitative and qualitative observations 

of postcranial traits interpreted to correlate with variation in cercopithecid locomotion. 

Additionally, we collected data on sex and age to characterize the demographic constitution of 

the assemblage. All data collection from the Middle Awash fossils was completed on the original 

fossils housed at the National Museum of Ethiopia. All fossil-derived data presented herein are 

published in the dataset associated with this manuscript and its counterparts ([reference online 

location in data repository here]; Brasil et al., submitted; Taylor et al., submitted).  

Data collection protocols are consistent with those of Taylor et al. (submitted) and Brasil 

et al. (submitted). We provide brief overviews of our methods below; more detailed descriptions 

of our data collection protocols are reported in Taylor et al. (submitted). 

 

2.4.1 | Cranial 

 

We collected standard cranial linear metrics to document variation in the Faro Daba colobine 

sample and assess cranial size and shape affinities with extant and fossil colobines. We 

compared linear metrics that reflect size differences (e.g., calvarial width, interorbital breadth). 

We also calculated ratios to assess muzzle and facial shape, which are reported to vary between 

extant colobine taxa (Frost, 2001b; Groves, 2007). We present analyses of those linear metrics 

and ratios for which a relatively large number of individuals is now available in the Faro Daba 

sample, and that were found to be most diagnostic. We also qualitatively assessed the crania for 

taxonomically informative features, as detailed in the Results section below. 

Cranial measurements were taken from the Faro Daba fossils by a single observer (TAM) 

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. We supplemented our 

extant comparative data with measurements downloaded from the PRIMO database (see Table 

1).  

 

2.4.2 | Mandibular 

 

Mandibular depth (height) is known to vary across extant colobine taxa (Frost, 2001b; Frost & 

Alemseged, 2007). In order to compare the Faro Daba colobines with extant and fossil samples, 

we collected three standard mandibular metrics from the Faro Daba fossils: mandibular corpus 

depth at the midpoints of the mandibular first, second, and third molars. These measurements 

were collected by CET from standardized photographs using ImageJ (Schneider, Rasband, 

Eliceiri, 2012) following Gilbert et al. (2021). We supplemented these data with measurements 

downloaded from the PRIMO database (see Table 1).  

 

2.4.3 | Dental 
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Dental measurements were collected from the Faro Daba fossils following standard protocols 

(e.g., Grieco, Rizk, & Hlusko, 2013). Maxillary dental measurements were taken by TAM and 

mandibular dental measurements were taken by MFB. Additional details on measurement 

protocols applicable to all the Halibee cercopithecids are reported in Taylor et al. (submitted). 

Among the colobine sample, specifically, there is a mesial flange on the buccal side of the 

mandibular fourth premolar, which was measured as part of the mesiodistal length.  

Measurements were not adjusted for interproximal wear, and it should be noted that the 

measurement methods employed for the Asbole fossils by Frost & Alemseged (2007) do not 

specify whether they adjusted for interproximal wear, which may affect the comparability of 

measurements between the two samples. Additionally, we did not measure canine crown height 

because this measurement is affected by wear, and complete canine crowns (i.e., with an 

unbroken cusp tip) are rare in the Faro Daba colobine assemblage. We note this here because we 

instead rely on basal crown diameters in our comparative analyses of canine sexual dimorphism 

in the Asbole and Faro Daba colobines, and even slight differences in orientation between 

different observers can have a large impact on these measurements. 

To assess sexual dimorphism and the distribution of canine size, we rely on frequency 

plots. The weakly bimodal distribution of canine size indicates that male and female morphology 

overlaps considerably. As a result, sex could not be reliably estimated for the majority of the 

Faro Daba colobine fossils. Consequently, the individuals for which sex could be estimated are at 

the lower and upper ends of the size range, and calculating a sexual dimorphism index based on 

measurements for these individuals would artificially inflate the estimate. We therefore compare 

the distribution of canine metrics across the Faro Daba colobines, C. guereza, and the samples 

from “Andalee” and Asbole. 

Our extant comparative data were collected following the same standard protocols as for 

the fossils (Grieco et al., 2013). We supplemented our comparative data with measurements for 

extant taxa downloaded from the PRIMO database (see Table 1).  

We assessed molar crown shape using ratios of standard linear metrics. For both the 

maxillary and mandibular second molars, we assessed buccolingual width relative to mesiodistal 

length because this crown shape ratio for the maxillary second molar was previously shown to 

discriminate between colobine taxa (Pallas et al., 2019). We also compared the ratio of mesial 

versus distal buccolingual width of the lophs for the mandibular third molar, which has 

previously been reported to distinguish extant Colobus from other colobines (i.e., wider distal 

than mesial lophs in Colobus; Szalay & Delson, 1979). 

In addition to these standard dental ratios, we also assessed two dental ratios that describe 

the relative sizes of the postcanine teeth, calculated from mesiodistal length measurements. The 

premolar-molar module (PMM), defined as the ratio of the mesiodistal length of the second 

mandibular molar to the fourth mandibular premolar (M2L/P4L), describes the relative size of 

the molars to the premolars (Hlusko et al., 2016). The molar module component (MMC), defined 

as the ratio of the mesiodistal length of the third mandibular molar to first mandibular molar 

(M3L/M1L), describes the relative sizes of the molars (Hlusko et al., 2016). We employ these 

ratios here because they have been shown to be highly heritable and independent of body size 

(Hlusko et al., 2016), taxonomically useful at the generic level within primates (Hlusko et al., 

2016; Monson, Armitage, & Hlusko, 2018), and phylogenetically conserved across mammals 

(Monson et al., 2019; Zuercher, Monson, Dvoretzky, Ravindramurthy, & Hlusko, 2020). 

Furthermore, these ratios have been shown to vary at the species level in hominids (Brasil, 
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Monson, Schmitt, & Hlusko, 2020). As such, they are taxonomically and phylogenetically 

informative traits, and we employ them to assess the affinities of the Faro Daba fossil 

assemblage to extant and fossil colobine taxa. 

 

2.4.4 | Postcranial 

 

Measurement of postcranial elements was guided by previous studies assessing morphological 

correlates of locomotion (e.g., Elton et al., 2016; Frost & Delson, 2002; Harrison, 1989; Strasser, 

1992; see Taylor et al., submitted section 4.1.3). The following three postcranial features were 

compared: epicondyle ratio of the distal humerus, relative medial trochlear flange length of the 

distal humerus, and relative greater trochanter projection of the proximal femur. CET collected 

the linear postcranial measurements used to calculate these ratios, following previously 

published methodologies (Elton et al., 2016; Frost & Delson, 2002). We compared these data to 

those published by Frost et al. (2020) for extant colobines. 

 We also collected humeral epicondyle angle and femoral neck-shaft angle measurements. 

However, we do not compare these to data reported in Frost et al. (2020) because we found 

interobserver measurement error rates to be high for these two angular measurements (see Taylor 

et al., submitted, for discussion). We report these measurements here because they are commonly 

assessed in studies of cercopithecid postcranial anatomy. However, we caution against relying 

too heavily on these measurements, particularly as they compare to measurements collected by 

other researchers, because our intra- and interobserver error rates indicate that these data may not 

be reliably replicated or compared across researchers.  

 To document variation among the fossils and to make additional data available for future 

research, we also collected standard linear measurements across the postcranium. We employ 

maximum length measurements of the humerus, radius, femur, and tibia in our calculations of 

intra-and inter-membral indices. The additional metrics were not found to be diagnostically or 

functionally informative for this initial taxonomic description, but we report them in the dataset 

associated with this manuscript ([reference online location in data repository here]). We rely on 

published comparative extant data for limb indices, collated from Arenson et al. (2020). 

 

2.4.5 | Sex 

 

Sex was estimated independently by two observers (LJH and MFB) based on the morphology of 

the canine-premolar honing complex. Sex assessments made by each observer were compared, 

and when in disagreement, the sex was assessed again and discussed. If concurrence was not 

easily reached, the sex was marked as “uncertain”.  

 

2.4.6 | Ontogenetic age 

 

We conducted a broad-scale survey to characterize the distribution of age-at-death. We recorded 

ontogenetic age on a scale of one to six for all craniodental specimens for which postcanine tooth 

position could be ascertained with absolute confidence, and that were readily identified to genus 

(see Supporting Information Table S1 for scoring criteria). We employ age scores based on tooth 

eruption and wear rather than specific estimates of chronological age because of the considerable 

variation in timing and sequence of tooth eruption in colobines (Harvati, 2000; Monson & 

Hlusko, 2018).  
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2.5 | Analytical methods 

 

2.5.1 | A population-based approach to taxonomy 

 

The large size and notable preservation of the Faro Daba colobine fossil assemblage makes a 

traditional specimen-by-specimen description impractical (see Figures 1-3, and Taylor et al., 

submitted, for a more in-depth justification). Accordingly, we take a population-based approach 

to the taxonomic description of this sample by comparatively describing the cranial, dental, and 

postcranial anatomies relative to our extant and fossil samples. We outline our taxonomic criteria 

and differential diagnosis procedures, and we describe the morphologies observed in the sample 

in a broader populational sense than in traditional descriptive practice (specimen-by-specimen, 

anatomical element-by-element) most often applied to much smaller assemblages of fossils. 

Because this sample is essentially modern in its skeletal morphology (as detailed below), our 

description focuses on quantitative comparisons and photographic illustration. For readers who 

prefer written descriptions over photographs, we refer to character matrices and descriptions 

published elsewhere that detail modern Colobus morphology (e.g., Groves, 2007; Strasser & 

Delson, 1987). A full inventory of elements for each individual specimen in the sample is 

included in Appendix 1.  

 

2.5.2 | Statistical analyses 

 

To quantitatively assess morphological similarities between the Faro Daba fossils and the 

comparative samples, we employed the Kruskal-Wallis test with a Dunn’s post hoc test. 

Considering the small and unevenly distributed sample sizes, we employed these more 

statistically stringent non-parametric rather than parametric tests to test for sample mean 

differences. We ran the Dunn’s post hoc tests with and without a Bonferroni correction for 

multiple comparisons but report only the uncorrected significance results since the correction 

overwhelmed nearly all of the statistical signal. For all tests, significance was set at p<0.05. All 

statistical analyses were performed using base R functions and the FSA package (for the Dunn’s 

post hoc test; Ogle, Doll, Wheeler, & Dinno, 2021) in the R statistical environment v3.6.1 (R 

Core Team, 2019).  

For each variable, the Faro Daba fossils were compared to the extant and fossil samples 

to test the null hypothesis that there is no difference in group means. Failure to reject the null 

hypothesis is consistent with the interpretation that the samples are not significantly different. 

Rejection of the null hypothesis is consistent with the interpretation that the samples are 

significantly different, and that they may represent different taxa. We tested for statistical 

differences between samples for all of the following cranial and mandibular variables, for which 

the largest sample sizes were available for the Faro Daba fossils: facial length, interorbital 

breadth, palatal width at the level of the maxillary canines, and mandibular corpus height at the 

first, second, and third molars, respectively. The following dental variables were also tested for 

differences: maxillary canine length, maxillary second molar mesiodistal length, ratio of the 

maxillary second molar anterior crown width to mesiodistal crown length, ratio of the 

mandibular fourth premolar mesiodistal length to first molar mesiodistal length, ratio of mesial to 

distal buccolingual width of the mandibular third molar, mandibular Molar Module Component 
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(MMC), and mandibular Premolar-Molar Module (PMM). Three postcranial indices were also 

assessed: brachial, crural, and humerofemoral. 

Descriptive statistics were calculated in Microsoft Excel, and bivariate plots, boxplots, 

and histograms were produced using ggplot2 (v3.3.0, Wickham, 2016) in the R statistical 

environment v3.6.1 (R Core Team, 2019) and compiled in Adobe Illustrator CC 2019 (Adobe, 

Inc.). Boxplots for postcranial metrics of comparative samples were adapted from Frost et al. 

(2020) using Adobe Illustrator CC 2019 (Adobe, Inc.). 

 

2.5.3 | Approach to taxonomic identification 

 

Our approach to the taxonomic designation of this sample included three main steps:  

 Step 1: For each fossil cataloged as belonging to Family Cercopithecidae, we first 

determined whether it belonged to Subfamily Colobinae. This assessment was made based on 

craniodental morphology – the diagnostic criteria employed included the presence of a broad 

interorbital pillar, a mandibular corpus that deepens posteriorly, and postcanine crown 

morphology typical of colobines (Verheyen, 1962; Vogel, 1966). Colobines are characterized by 

tall tooth crowns with deep notches and high occlusal relief, defined as a high ratio of notch 

height/crown height below the notch (NH/NR ratio; Benefit, 1993; Benefit, 2000; Delson, 1975; 

Groves, 2007). Individuals with lingual enamel on the lower incisors, lingual cingula on the 

upper incisors, and a small caniniform maxillary second incisor relative to the maxillary first 

incisor were also classified as colobines (following, for example, Frost & Alemseged, 2007; 

Szalay & Delson, 1979). Additionally, the presence of a flange on the mesiobuccal side of the 

mandibular fourth premolar, a paraconid on the mandibular third premolar, and cuspids on the 

distal margins of the mandibular lateral incisors were employed as diagnostic colobine features 

(Delson, 1975; Hlusko, 2006, 2007; Szalay & Delson, 1979). Colobines were also distinguished 

from cercopithecins by the presence of a hypoconulid on the lower third molar, by larger 

maxillary premolars (with the third premolar having a triangular crown shape and the fourth 

premolar a round or oval shape), by incisors with a twisted morphology along the long axis of 

the tooth, by a more robust mandibular symphysis, and by a taller and thicker mandibular corpus 

(e.g., Szalay & Delson, 1979; Jablonski & Frost, 2010).  

 For individuals preserving only postcranial anatomy, colobines were distinguished from 

cercopithecins based on the following diagnostic features: a round and symmetrical humeral 

head, straight humeral shaft, dull trochlear keel on the distal humerus, round and spherical 

capitulum, curved ulnar shaft, long olecranon process, proximally flattened greater trochanter, 

larger lateral than medial epicondyle on the distal femur, wide distal femur, and wide femoral 

patellar groove (following Frost & Alemseged, 2007; Gebo & Sargis, 1994; Nakatsukasa et al., 

2010; Sargis, Terranova, & Gebo, 2008). Although colobines are larger on average than 

cercopithecins (Frost & Alemseged, 2007; Nakatsukasa et al., 2010), the considerable overlap in 

size observed in this assemblage made postcranial size alone an unreliable feature for diagnostic 

use.  

 Step 2: All individuals identified as colobines on the basis of the features described above 

were then considered together to test the null hypothesis that the Faro Daba colobine sample 

includes a range of variation comparable to what is usually observed in a single colobine species. 

The results of our metric and qualitative assessments relative to our comparative samples 

(detailed below) fail to reject this hypothesis. Having failed to reject the hypothesis that the 

sample encompasses a single species, we then moved to assessing the taxonomic affinities of the 
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sample relative to extant and fossil taxa (features employed to make our taxonomic attribution 

are detailed below). Many descriptive studies of fossils present metric data but rely heavily on 

qualitative morphology. Here we rely more heavily on metric data for our assessments of 

craniodental and postcranial affinities, for which we have a good sense of the range of variation 

in this sample because of the large number of individuals.  

 Step 3: Based on the results of these comparative analyses, we then refined our 

taxonomic identifications. In the following Results sections, we detail the diagnostic 

morphological features that served as criteria for our referrals to genus and species (following 

descriptions from Frost & Alemseged, 2007, Groves, 2007, and Napier, 1985, except where 

otherwise noted).  

 

3 | Results 

 

3.1 | Organization of the results 

 

Below we describe the morphological affinities of the Faro Daba colobine sample through 

craniodental, mandibular, and postcranial metric comparisons. In so doing, we detail the criteria 

used to refer individual specimens to genus and species. We follow this taxonomic description 

with a presentation of the results of our age and sex assessments. 

 

3.2 | Systematic paleontology 

 

Family Cercopithecidae Gray, 1821 

Subfamily Colobinae Jerdon, 1867 

Genus Colobus Illiger, 1811 

Colobus cf. guereza Rüppell, 1835 

 

3.2.1 | Cranial and mandibular results 

 

The Faro Daba crania are moderately prognathic, more similar to Colobus and Piliocolobus than 

to the weakly prognathic Procolobus (Figures 4 & 5). The orientation of the premaxillae, a 

feature likely correlated with prognathism, is more similar to Colobus than Procolobus in being 

sloped rather than more vertical (Figures 4 & 5). The supraorbital arches are similar to Colobus 

in being thin and lacking notches/foramina, unlike the thick arches of Procolobus (Figure 4; 

Verheyen, 1962). They differ from the straight and robust supraorbital arches of Piliocolobus, 

the latter often punctuated by notches or foramina. Like Colobus and Piliocolobus, the borders of 

the piriform aperture are rounded and there is no anterior nasal spine; this is unlike Procolobus in 

which an incipient nasal spine is common and the aperture margins are sharp. Despite the good 

preservation of the Faro Daba fossils, very few crania preserve enough of the vault to permit 

observation of the posterior temporal line morphology. A sagittal crest is present in one 

individual (Figure 4, right column), and although this feature is more common in adult males of 

Procolobus and Piliocolobus, it does occur occasionally in Colobus, and therefore is not 

taxonomically conclusive when observed on an individual specimen. 

 In both cranial size and shape comparisons, the Faro Daba fossils overlap most 

consistently with Colobus among the extant colobine samples (Figure 6). This overlap is most 

apparent in measurements of palatal width, calvarial width, and the relative widths of the face 
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and calvarium (Figure 6c, d, & f). Relative to extant Colobus, the fossil ranges and means are 

most offset for facial length, facial width, and the proportion between facial length and palatal 

width (Figure 6a, b, & e).  

For facial length, the fossils are significantly different from C. guereza in the Kruskal-

Wallis comparison (at p<0.05; Table 2). The interorbital breadth is also significantly different 

from C. guereza, whereas the palatal width at the level of the maxillary canines is not (Table 2). 

Descriptive statistics for cranial measurements of the Faro Daba fossils are reported in Table 3.   

 The ascending ramus of the Faro Daba colobine mandibles is vertical as in Colobus and 

unlike the posteriorly sloping ramus of Procolobus. The lower margin of the mandible curves 

upward at the anterior end as in Colobus. The corpus varies in depth along its length, with an 

undulating lower margin, as is often seen in Colobus but unlike the mandibles of Procolobus, in 

which the upper and lower margins of the mandible are straight and parallel (Figures 5, 7, & 8). 

The gonial angle is expanded, and there is a distinct mylohyoid line on the medial surface of the 

ascending ramus, as in Colobus. The height of the mandibular corpus is similar to extant and 

fossil Colobus and also overlaps Piliocolobus and Procolobus (Figure 9 and Table 4). No 

significant differences were returned for any of the pairwise comparisons of mandibular corpus 

height, at any of the three molar positions (Table 2).  

Although the Faro Daba fossils match Procolobus and Piliocolobus in some cranial 

features, as detailed above, each of these features is also shared with Colobus. The signal across 

the cranial and mandibular anatomy is a clear and consistent affinity to Colobus.  

 

3.2.2 | Dental results 

 

The Faro Daba fossils are similar to Colobus in having lateral maxillary incisors that angle 

medially at their incisal tips (Figures 5g & 10). They are also similar to Colobus in having 

weakly sexually dimorphic canines, differing from the more sexually dimorphic canines of 

Procolobus and Piliocolobus (Hayes, Freedman, & Oxnard, 1996). The distal edge of the 

mandibular third molar exhibits considerable variation in this fossil sample, with some 

individuals presenting a tuberculum sextum (as is common in Procolobus), while others have a 

reduced or even absent hypoconulid. The mandibular first and second molars of some individuals 

have a small fifth cusp at their distal edge. The maxillary third molars mirror this variation in 

cusp number and size, with some individuals presenting a small fifth cusp at the distal edge of 

the crown.  

 Procolobus is the smallest of the African colobines (average body mass of 3.8 kg and 4.3 

kg for females and males, respectively), Piliocolobus is intermediate (7.1 kg and 9.9 kg), and 

Colobus is the largest (8.5 kg and 10.4 kg; Bruner et al., 2006; Hayes et al., 1996; Ledevin & 

Koyabu, 2019). The Faro Daba fossils are most similar in dental size to Colobus (Figures 11 & 

12). The maxillary and mandibular dental metrics capturing size, crown shape, and postcanine 

proportions align the fossils most closely with extant C. guereza and are distinct from extant C. 

angolensis and the Asbole colobine sample (Figures 11 & 12; see Figures 5, 8, and 10 for views 

of the dentition and Tables 5 and 6 for dental metrics).  

 In maxillary postcanine dental size, the Faro Daba fossils are nearly indistinguishable 

from modern C. guereza and are larger than Procolobus, Piliocolobus, C. angolensis, and the 

“Andalee” and Asbole fossils (Figure 11a, b). These differences are significant for all pairwise 

comparisons to the Faro Daba fossils, with the exception of C. guereza, Pi. oustaleti, and Pi. 

tholloni for the Kruskal-Wallis comparison of maxillary second molar mesiodistal length (Table 



 14 

7). The “Andalee” and Asbole fossils are not significantly different from one another for 

maxillary second molar mesiodistal length (Kruskal-Wallis, p=0.356), nor are they different from 

C. angolensis (Kruskal-Wallis, p=0.807 and p=0.347, respectively), but they are both different 

from C. guereza (Kruskal-Wallis, p=0.017 and p<0.001).  

In maxillary second molar crown shape, the Faro Daba sample is similar to all extant and 

fossil Colobus samples (Figure 11c). Among the comparative samples with more than two 

individuals, the Faro Daba fossils are significantly different from C. angolensis and Pi. oustaleti, 

but not from C. guereza, “Andalee,” Asbole, or Pi. badius (Table 7).  

The mandibular dental metrics are also most like extant Colobus, specifically C. guereza 

(Figure 12). This affinity is most apparent in postcanine dental proportions (Figure 12b, d). The 

ratio of the mandibular fourth premolar to the first molar mesiodistal length (Figure 12d) among 

the Faro Daba fossils is significantly different from all extant and fossil African colobine 

samples with more than two individuals (i.e., not including Pi. tholloni or Pr. verus; Table 7). 

The “Andalee” and Asbole samples are both different from C. guereza (Kruskal-Wallis, p<0.001 

for both pairwise comparisons), but not from C. angolensis (Kruskal-Wallis, p=0.761 and 

p=0.939, respectively) or each other (Kruskal-Wallis, p=0.804).  

One of the largest deviations from modern C. guereza is in the mandibular PMM and 

MMC values, for which the Faro Daba sample provides overlap between the modern C. guereza 

and Asbole samples (Figure 12c). The results of statistical comparisons for the PMM are the 

same as for the ratio of the mandibular fourth premolar to the first molar mesiodistal length, 

above (with the only exception that the “Andalee” sample is not significantly different from the 

Faro Daba sample; Table 7). For the MMC, the Faro Daba sample is significantly different from 

extant C. guereza, Pi. badius, and Pi. oustaleti, but not C. angolensis or the “Andalee” or Asbole 

fossils (for the comparisons of samples with more than two individuals; Table 7). 

Despite previous indications that crown shape of the mandibular third molar distinguishes 

extant Colobus from other colobines (i.e., wider distal than mesial lophs in Colobus; Szalay & 

Delson, 1979), the ratio of mesial versus distal buccolingual width does not differ significantly 

between the Faro Daba sample and any of the extant and fossil Colobus, Piliocolobus, and 

Procolobus samples (Table 7).   

 One of the most distinctive morphologies of the Faro Daba colobines is the presence of 

large canines in females, which also characterizes extant C. guereza. In contrast, the fossils from 

“Andalee” and Asbole are described as exhibiting greater sexual dimorphism in the canines 

relative to extant C. guereza, with females having small canines relative to males. The range and 

distribution of maxillary and mandibular canine metrics in the Faro Daba fossils align closely 

with extant C. guereza and plainly differ from those of the earlier “Andalee” and Asbole fossils 

(Figure 13). These patterns are statistically supported because maxillary canine mesiodistal 

length in the Faro Daba sample is not significantly different from extant C. guereza, but is 

different from the “Andalee” and Asbole fossil samples (Table 7). Additionally, the “Andalee” 

and Asbole samples are not significantly different from each other (Kruskal-Wallis, p=0.808), 

but both are different from extant C. guereza (Kruskal-Wallis, p=0.039 and p<0.001, 

respectively). 

 

3.2.3 | Postcranial results 

 

The postcranial morphology is generally consistent with extant C. guereza (Figure 14). The Faro 

Daba sample values for epicondyle ratio and relative greater trochanter projection closely 
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overlap the range of modern C. guereza (Figure 14a, c). The relative flange length range overlaps 

and exceeds the upper end of the modern C. guereza range (Figure 14b). A low humeral medial 

epicondyle angle, high neck-shaft angle of the femur, high epicondyle ratio, small relative flange 

length, and smaller relative projection of the greater trochanter are all features exhibited by the 

Faro Daba fossils (Table 8). We reiterate our caution against relying too heavily on these 

measurements, as our intra- and inter-observer rates indicate that they may not be reliably 

replicated (see Methods for more details). Regardless, all of these features have been used to 

infer arboreality in colobine taxa (Frost & Delson, 2002; Harrison, 1989). The metapodials and 

phalanges are also typical of arboreal colobine taxa in being long and curved (Szalay & Delson, 

1979). 

The limb indices are also similar to extant C. guereza, although the crural index is 

slightly greater in the fossils (Figure 15). Neither the brachial nor the humerofemoral index are 

significantly different from extant C. guereza (Kruskal-Wallis, p=0.999 and p=0.644, 

respectively), in contrast to the crural index (Kruskal-Wallis, p=0.012). See Figures 16 and 17 

for views of the humeral remains, Figures 18 and 19 for ulnar remains, Figure 19 for radial 

remains, and Figures 20 and 21 for femoral remains. Descriptive statistics for postcranial metrics 

are reported in Table 8 (and see the associated dataset for a complete list of metrics and 

individual measurements). 

 

3.2.4 | Referred material  

 

The lines of anatomical evidence described above indicate that the Faro Daba fossils are most 

similar to C. guereza among the extant African colobines, supporting attribution to this taxon. A 

stronger affinity to C. guereza than to other extant colobines is particularly evident in the dental 

morphology. 

However, the fossils deviate from C. guereza in a few morphological features. In 

mandibular postcanine proportions (i.e., fourth premolar relative to first molar mesiodistal 

length), the fossils are most similar to C. guereza among the comparative samples and are clearly 

different from C. angolensis, but their range is slightly offset (Figure 12b, d). For other measures 

of postcanine dental proportions (the mandibular PMM and MMC) the Faro Daba fossils fall 

between extant C. guereza and the Colobus fossils from “Andalee” and Asbole in PMM vs. 

MMC morphospace (Figure 12c). In postcranial anatomy, the Faro Daba colobines similarly 

overlap with extant C. guereza in all metrics, but slightly exceed the extant range in their relative 

humeral flange lengths and crural indices (Figure 14b and Supporting Information Figure S1).  

Taking these subtle deviations into account and considering that modern Colobus species 

are primarily distinguished by data inaccessible in the fossil record (i.e., behavior and pelage, 

Groves, 2007), we conservatively refer all 360 individuals to Colobus cf. guereza (see Appendix 

1 for a full list of referred specimens). Of these 360 individuals, 153 have less well-preserved 

taxonomically diagnostic anatomy (e.g., edentulous maxillae and mandibles, isolated postcranial 

fragments). Considering that there is no evidence of multiple colobine species in the Faro Daba 

sample, and that the 153 more fragmentary individuals fall within the morphological range 

encapsulated by the more securely referred Colobus cf. guereza fossils, it is likely that these 

individuals belong to the same taxon. We therefore refer these 153 individuals to Colobus cf. 

guereza, but we note the uncertainty introduced by their more fragmentary condition (indicated 

in Appendix 1). 
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3.3 | Sample characteristics: sex and age profiles 

 

3.3.1 | Sex 

 

Sex estimation based on the canine honing complex was possible for 178 specimens and results 

are reported in Table 9. In contrast to the results reported by Taylor et al. (submitted) for the cf. 

Chlorocebus specimens from the same sedimentary unit, we were only able to estimate sex for a 

small proportion (17%) of Colobus specimens. Whereas the cf. Chlorocebus fossils have 

relatively little overlap between males and females in the canine honing complex morphology, 

the variation observed in the Colobus fossils is more continuous, with most individuals falling in 

the middle of the morphological range (see Figure 13). The difficulty of estimating sex in this 

sample is interpreted to reflect a low level of sexual dimorphism comparable to what is observed 

in extant C. guereza. 

 

3.3.2 | Ontogenetic age 

 

We were able to score age for 160 of the 360 Colobus cf. guereza specimens, using the criteria 

listed in Supporting Information Table S1. The results of the age estimation are reported in Table 

10. Nearly half of the sample was assigned an age score of four, which corresponds to a young 

adult age. The majority of the sample falls within the young- and middle-aged adult categories 

with scores of four and five (see Supporting Information Figures S1 and S2 for views of juvenile 

individuals). 

 

4 | Discussion 

 

The Faro Daba fossils have clear morphological affinities to extant C. guereza, albeit with a few 

morphological differences such as postcanine dental proportions (Figure 12b-d). Today, C. 

guereza is the only colobine species present in Ethiopia, represented by two subspecies: C. g. 

guereza and C. g. gallarum (Ibrahim, Bekele, & Yazezew, 2017; Oates, 1994; Oates & Trocco, 

1983; Zinner et al., 2019). The subspecific taxonomy of C. guereza is not well-resolved, and the 

subspecies that are recognized appear to intergrade geographically and morphologically (Groves, 

2007; Zinner et al., 2019). In light of this, and considering that subspecies distinctions are mostly 

rooted in pelage variation that does not preserve in the fossil record, we do not attempt a 

subspecific identification for the Faro Daba fossils (Groves, 2007).  

 

4.1 | Relationship to Middle Pleistocene colobine fossils from the Afar Rift 

 

In most morphological features, the Faro Daba colobine fossils are similar to the Colobus 

sp. fossil sample from Asbole, but they differ in two ways: they are larger than the Asbole fossils 

and more similar in size to modern C. guereza, and the females exhibit the large “male-type” 

canines typical of modern C. guereza, whereas the Asbole females have smaller, “female-type” 

canines (Frost & Alemseged, 2007; Hull, 1979). These differences return to the question of how 

these two samples may be related, for which we have posed two hypotheses: (1) the Faro Daba 

fossils sample a 100,000-year-old snapshot of a single evolving species lineage in Ethiopia, or 

(2) the Faro Daba and Asbole fossils sample two distinct colobine species lineages and the Faro 

Daba fossils are ancestral to modern C. guereza. 
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Considering the biogeographical implications of the second hypothesis, in which a 

second colobine species would have been present in Ethiopia ca. 100 ka if the Faro Daba and 

Asbole fossils sample two distinct lineages, the first hypothesis is more parsimonious. The dental 

evidence also lends support to the first hypothesis. The mandibular postcanine proportions (i.e., 

molar module component and premolar-molar module, see Methods) reflect a shift from higher 

to lower PMM values (larger to smaller second molars relative to fourth premolars), seriated 

from Asbole to Faro Daba to modern C. guereza, respectively (Figure 12c). MMC reflects a 

phylogenetically conserved and slowly evolving aspect of the mammalian dentition, whereas 

PMM reflects evolutionary change over shorter time-frames, which accords with the pattern 

observed for the colobines from Asbole, Faro Daba, and extant C. guereza (Brasil et al., 2020; 

Hlusko et al., 2016; Monson et al., 2019; Zuercher et al., 2020). This morphological gradient in 

PMM values across these three time-successive Colobus samples suggests a potential phyletic 

relationship between them, lending support to the first hypothesis.  

However, the PMM values for the Asbole fossils are also intermediate to the Faro Daba 

fossils and extant C. angolensis (Figure 12c). In dental size and other measures of postcanine 

proportions, the Asbole fossils are more similar to C. angolensis than to C. guereza or the Faro 

Daba fossils (Figure 11a, b and Figure 12b, d). These results recall Frost’s (2001a) suggestion 

that the “Andalee” and Asbole fossils have the strongest affinity to C. angolensis among the 

extant colobines. If the “Andalee” and Asbole fossils are indeed more closely related to C. 

angolensis than C. guereza, this would reflect a considerable range expansion for the former and 

would mean that the geographic range of C. angolensis has changed notably over the last half 

million years (Frost & Alemseged, 2007). An alternative hypothesis consistent with our first 

hypothesis above is that the “Andalee” and Asbole fossils are morphologically similar to C. 

angolensis but are part of the C. guereza lineage, and ancestral to the Faro Daba fossils. In their 

description of the Asbole fossils, Frost and Alemseged (2007) note that it is not clear whether 

these older colobines are ancestral to C. guereza or another extant species, or whether they 

represent an extinct species. Additional fossils from the half million years between Asbole (ca. 

600 ka) and Faro Daba (ca. 100 ka) are necessary to parse out the finer details of these 

phylogenetic relationships and biogeographic patterns. 

Whatever their relationship with the “Andalee” and Asbole fossils, the younger Faro 

Daba fossils are indistinguishable from modern C. guereza in nearly all measurements, 

suggesting this species has occupied the Awash Valley for at least 100 ka. The age profile, with a 

relatively large portion of the sample composed of young and middle-aged adults, suggests that 

the Faro Daba Colobus were subject to at least some of the same predatory pressures as extant C. 

guereza (Dunbar & Dunbar, 1974). Their association with cf. Chlorocebus (see Taylor et al., 

submitted) further suggests that their ecology was similar to their modern counterpart, as these 

two genera co-occur today (Dunbar & Dunbar, 1974; Frost & Alemseged, 2007; Napier, 1981; 

1985).  

 

4.2 | Implications for sexual dimorphism evolution 

 

As noted previously, a distinctive feature of the Faro Daba colobine assemblage is the 

sample size and preservation (Figures 1-3). The large sample size of this assemblage makes it 

possible to characterize the range of variation for population-level traits, such as the degree of 

sexual dimorphism. This is rare in paleontology because of the constraints of sample size. 
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One noted difference between the Faro Daba and Asbole colobine samples is the amount 

of sexual dimorphism in the canines and lower third premolars (Frost & Alemseged, 2007). The 

Asbole females are described as lacking the “male-type” canines typical of modern C. guereza 

females and present in the Faro Daba fossils. Frost and Alemseged (2007) do not assign the 

Asbole Colobus fossils to the extant species C. guereza because of this perceived difference in 

sexual dimorphism. For the Faro Daba fossils, the range of variation and the lack of a strongly 

bimodal distribution for canine size are not consistent with strong sexual dimorphism. The Faro 

Daba canine size distribution overlaps with modern C. guereza and reflects a relatively low level 

of sexual dimorphism in the honing complex, a phenomenon that appears to be the result of large 

female canine size (Figure 13). This relatively low level of sexual dimorphism makes sex 

estimation for these fossils challenging compared to other cercopithecid taxa (see Taylor et al., 

submitted).  

The distribution of canine metrics suggests that the high degree of sexual dimorphism 

described for the Asbole fossils may be, at least in part, an artifact of the relatively small sample 

size (Figure 13). The range of values, although shifted because of the smaller dental size of the 

Asbole fossils relative to Faro Daba or modern C. guereza, is actually slightly narrower 

compared to the latter two groups. This is also true of the “Andalee” fossils, an even smaller 

sample. This similarity in range suggests that the apparently greater sexual dimorphism in the 

“Andalee” and Asbole samples may simply be the result of incomplete sampling in the central 

part of the size range, and that samples of four to eleven individuals do not provide enough 

information about population-level variation. It should also be noted that we did not assess 

canine crown height (see Methods), and that greater crown height is part of what gives female C. 

guereza a “male-type” appearance. Nonetheless, the possible uneven sampling of the 

distribution, in combination with the smaller overall size of the “Andalee” and Asbole fossils, 

may contribute to the interpretation that the female canines are not of the “male-type,” 

particularly if the extant C. guereza size range is used as a frame of reference. 

 If the degree of canine size sexual dimorphism in the “Andalee” and Asbole samples is 

similar to extant C. guereza, and is ancestral along this modern species’ lineage, then this feature 

evolved earlier than previous estimates (e.g., Frost & Alemseged, 2007). Alternatively, if the 

Asbole fossils are indeed characterized by a greater degree of canine sexual dimorphism, and 

they sample an earlier segment of the C. guereza lineage than the Faro Daba fossils, this would 

mean that a shift in dimorphism occurred in the intervening half million years. It is also possible, 

as noted above, that the “Andalee” and Asbole fossils sample another lineage entirely (e.g., C. 

angolensis), in which case they would not bear on C. guereza sexual dimorphism evolution, but 

could provide valuable data for interpreting the evolutionary history of sexual dimorphism within 

Colobus more broadly. 

 Although the significance of the “male-type” canines typical of C. guereza females 

remains unclear, previous studies have suggested that this morphology may have evolved in 

response to predation pressure, changes in social organization (i.e., female-female competition), 

or most likely, some combination of these selection pressures (Hayes, Freedman, & Oxnard, 

1995; Hayes et al., 1996). Across primates more generally, canine sexual dimorphism is 

associated with social structure (e.g., mating systems and intrasexual competition), body size, 

and/or developmental variation (Harvey, Kavanagh, & Clutton-Brock, 1978; Leutenegger, 1982; 

Leutenegger & Cheverud, 1982; Leutenegger & Kelly, 1977; Plavcan, 2001). As additional data 

for extant C. guereza morphology, behavior, social organization, and ecology become available, 

they may well shed light on the significance of the low degree of canine dimorphism. These 
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insights can, in turn, be leveraged to make inferences about the evolutionary history of Colobus, 

particularly with regard to aspects such as behavior and social structure that are often difficult to 

interpret from fossil evidence.  

We are not suggesting that the Middle Pleistocene Asbole fossils should be more 

specifically referred to C. guereza, particularly since Frost and Alemseged (2007) note other 

differences, such as mandibular depth and corpus shape, as well as clear differences in overall 

size (Figures 11-13). However, comparison of distributions between the earlier “Andalee” and 

Asbole samples, and the later Faro Daba sample suggest that the inferred changes in sexual 

dimorphism in Colobus between 600 ka and today could represent a sampling artifact. Ongoing 

analyses of large and newly acquired and curated colobine samples from the Andalto member of 

the Dawaitoli Formation will further clarify colobine evolution during the Middle Pleistocene. 

 

5 | Conclusion 

 

The large new sample of later Pleistocene colobine fossils from the Faro Daba beds of the 

Halibee member, Dawaitoli Formation, Middle Awash study area is a valuable addition to the 

colobine fossil record of eastern Africa. These fossils match extant C. guereza in nearly all 

craniodental and postcranial metrics and morphologies, but because of a few subtle differences 

from the extant representatives of the species, we conservatively refer them to Colobus cf. 

guereza. The large size of this sample permits assessment of population-level variation at ca. 100 

ka in the Awash Valley: insights never before afforded for African colobine fossils. The range of 

variation observed bears directly on the interpretation of the colobine fossil record and highlights 

the difficulty of drawing interpretations from small or single-individual samples. 
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Figure Legends 

 

Figure 1 Crania of Faro Daba Colobus cf. guereza in anterior view. Clockwise from top left: 

HAL-VP-9/730, HAL-VP-9/319, HAL-VP-9/723, HAL-VP-9/332, HAL-VP-9/5, HAL-VP-

9/489, HAL-VP-9/1572, and HAL-VP-9/779. The individuals at the far left and right are a 

probable female and male, respectively; sex is uncertain for the six individuals in the center. 

Crania are aesthetically arranged to provide a sense of preservation and variation in the 

assemblage. See subsequent figures for more traditional views. Scale is approximate. 

 

Figure 2 Distribution of anatomical regions represented in the Faro Daba Colobus cf. guereza 

sample. (a) Number of cataloged specimens with cranial, dental, and/or mandibular remains, 

postcranial remains, and both types of remains. (b) Number of cataloged specimens preserving 

elements from nine anatomical regions. Note that cataloged specimens are counted in multiple 

categories (e.g., the 43 individuals with both types of remains in (a) are also counted in the two 

categories above). Elements classified as belonging to the “shoulder” include the clavicle and the 

scapula; the “pelvis” includes the os coxae and the sacrum. See Appendix 1 for a full list of 

specimens and element inventory. 

 

Figure 3 Faro Daba Colobus cf. guereza skeleton, HAL-VP-9/1102. Sex is uncertain. Phalanges 

are arranged along the right side from proximal (top group) to intermediate (middle group) to 

distal (bottom group). This is one of the most complete single individuals recovered, but it 

should be noted that there are more than a dozen relatively complete partial skeletons in the Faro 

Daba colobine assemblage (see Appendix 1 for inventory).  

 

Figure 4 Faro Daba Colobus cf. guereza and extant colobine adult crania. Top panel: Faro Daba 

Colobus cf. guereza in anterior (top row), superior (center row), and lateral (bottom row) views. 

Sex is uncertain for all fossil individuals. From left to right: HAL-VP-9/723, HAL-VP-9/779, 

and HAL-VP-9/1572. HAL-VP-9/723 (left) and HAL-VP-9/1572 (right) are pictured in left 

lateral view; anterior is to the left. HAL-VP-9/779 (center) is pictured in right lateral view; 

anterior is to the right. HAL-VP-9/723 includes associated vault fragments, dental remains, and a 

partial postcranial skeleton that are not pictured here. HAL-VP-9/779 does not preserve any 

additional associated elements beyond the cranium pictured here. HAL-VP-9/1572 includes 

mandibular, dental, and postcranial remains that are not pictured here; see Figure 10 for an 

occlusal view of the maxillary dentition of this individual. Bottom panel: Extant colobines in 

superior (top row) and left lateral (bottom row) views. Anterior is to the left. From left to right: 

C. guereza male (FMNH 31163), C. angolensis female (FMNH 27276), and Pi. badius female 
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(FMNH 15519). Images of extant specimens by Rebecca A. Banasiak, licensed under a Creative 

Commons Attribution-Noncommercial 4.0 International License. Scale is the same for both 

panels. 

 

Figure 5 Maxillary and mandibular morphology of Faro Daba Colobus cf. guereza and maxillary 

morphology of Asbole Colobus sp. specimens prior to matrix cleaning (see Figure 7 for 

mandibular comparisons). Left panel: Two Faro Daba Colobus cf. guereza adult individuals 

preserving both maxillary and mandibular anatomy. HAL-VP-9/1101 (female) is pictured on the 

left and HAL-VP-9/488 (male) on the right. (a) HAL-VP-9/1101 maxilla in inferior view; 

anterior is up. (b) HAL-VP-9/1101 mandible in superior view; anterior is up. (c) HAL-VP-

9/1101 mandible in right lateral view; anterior is to the right. (d) HAL-VP-9/488 mandible in 

right lateral view; anterior is to the right. (e) HAL-VP-9/488 maxilla in right lateral view; 

anterior is to the right. (f) HAL-VP-9/488 maxilla in superior view; anterior is down. (g) HAL-

VP-9/488 maxilla in anterior view; superior is up. Right panel: Four Asbole individuals 

preserving maxillary anatomy. (h) ASB-254-6, male left maxilla in anterior view. (i) ASB-90, 

female left maxilla in anterior view. (j) ASB-90, female left maxilla in left lateral view; anterior 

is to the left. (k) ASB-90, female left maxilla in occlusal view; anterior is up. (l) ASB-214, male 

right maxilla in right lateral view; anterior is to the right. (m) ASB-214, male right maxilla in 

occlusal view; anterior is up. (n) ASB-87, female right maxilla in right lateral view; anterior is to 

the right. (o) ASB-87, female right maxilla in occlusal view; anterior is up. Images of the Asbole 

fossils are from Frost and Alemseged (2007). Scale is the same for both panels. 

 

Figure 6 Cranial metrics for the Faro Daba Colobus cf. guereza fossils and comparative samples. 

(a) Facial length. (b) Facial width. (c) Palatal width at the level of the maxillary canines. (d) 

Maximum calvarial width. (e) Ratio of facial length to palatal width at the level of the maxillary 

canines. (f) Ratio of facial width to maximum calvarial width. Abbreviations: mm, millimeters. 

 

Figure 7 Mandibular morphology of Faro Daba Colobus cf. guereza, Asbole Colobus sp., and 

extant C. guereza. Left panel: Faro Daba Colobus cf. guereza adult mandibles in right lateral 

view, demonstrating the preservation and variation in the assemblage. Mandibles are seriated 

from smallest (top) to largest (bottom) in general size. From top to bottom: HAL-VP-9/627 

(probable female), HAL-VP-9/338, HAL-VP-9/590, HAL-VP-9/739 (female), HAL-VP-9/316, 

HAL-VP-2/59, and HAL-VP-9/488 (male). Sex is uncertain unless otherwise indicated above. 

Right panel: Asbole Colobus sp. and extant C. guereza. From top to bottom: ASB-215-2 

(female), ASB-80 (female), ASB-254-13 (male), and extant C. guereza specimens HTB 0801 

(female) and HTB 1504 (male). Mandibles are in right lateral view, except for ASB-254-13, 

which is in left lateral view. Images of the Asbole fossils are from Frost and Alemseged (2007). 

Scale is the same for both panels. 

 

Figure 8 Faro Daba Colobus cf. guereza and Asbole Colobus sp. mandibles. Top panel: Faro 

Daba Colobus cf. guereza adult mandibles in superior (left) and left lateral (right) views. Top 

row: HAL-VP-9/733 (probable female). Bottom row: HAL-VP-9/556 (male). Bottom panel: 

Asbole Colobus sp. adult mandibles in superior (left) and right lateral (right) views. Top row: 

ASB-78 (male). Center row: ASB-100 (male). Bottom row: ASB-76 (female). Images of the 

Asbole fossils are from Frost and Alemseged (2007). Scale is the same for both panels. 
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Figure 9 Mandibular metrics for the Faro Daba Colobus cf. guereza fossils and comparative 

samples. (a) Height of the mandibular corpus at the midpoint of the mandibular first molar. (b) 

Height of the mandibular corpus at the midpoint of the mandibular third molar. Abbreviations: 

mm, millimeters; M1, first molar; M2, second molar. 

 

Figure 10 Nearly complete adult maxillary dentitions of Colobus cf. guereza individuals HAL-

VP-9/1572 (left) and HAL-VP-9/384 (right) in inferior view; anterior is up. Sex is uncertain for 

both individuals. See Figure 4 for additional views of the HAL-VP-9/1572 cranium. 

 

Figure 11 Maxillary dental metrics for the Faro Daba Colobus cf. guereza fossils and 

comparative samples. (a) Mesiodistal crown length of the maxillary fourth premolar vs. 

maxillary first molar. (b) Mesiodistal crown length vs. anterior crown width of the maxillary 

second molar. (c) Ratio of the maxillary second molar anterior crown width to mesiodistal crown 

length. Abbreviations: mm, millimeters; L, mesiodistal crown length; AW, buccolingual width of 

the anterior loph; P4, M1, and M2 refer to the fourth premolar and first and second molars, 

respectively. 

 

Figure 12 Mandibular dental metrics for the Faro Daba Colobus cf. guereza fossils and 

comparative samples. (a) Mesiodistal crown length vs. anterior crown width of the mandibular 

second molar. (b) Mesiodistal crown length of the mandibular fourth premolar vs. mandibular 

first molar. (c) Molar module component (MMC) vs. premolar-molar module (PMM); see 

Methods section for details on these dental ratios. Note that although three Colobus cf. guereza 

individuals at the low end of the MMC axis appear here as outliers, there are additional 

individuals that span the perceived gap in MMC values; they are not included here because they 

do not preserve the PMM. (d) Ratio of the mandibular fourth premolar mesiodistal crown length 

to mandibular first molar mesiodistal crown length. Abbreviations: mm, millimeters; L, 

mesiodistal crown length; AW, buccolingual width of the anterior loph; P4, M1, and M2 refer to 

the fourth premolar and first and second molars, respectively. 

 

Figure 13 Frequency distributions of maxillary canine crown mesiodistal length (left) and 

buccolingual width (right) for the Faro Daba Colobus cf. guereza fossils and comparative 

Colobus samples. Measurements are in millimeters. The Faro Daba Colobus cf. guereza align 

closely with the extant Colobus guereza sample. The Middle Pleistocene Colobus sp. samples 

from “Andalee” and Asbole, Ethiopia, are smaller on average than both more recent samples. 

See text for a discussion of the implications of this size difference. 

 

Figure 14 Boxplots of three postcranial metrics for the Faro Daba Colobus cf. guereza fossils 

and extant comparative samples. Sample sizes are indicated in parentheses. These metrics have 

been interpreted to reflect locomotory habitus in cercopithecids (see text for discussion). (a) 

Epicondyle ratio of the distal humerus. (b) Relative flange length of the distal humerus. (c) 

Relative greater trochanter projection of the proximal femur. Comparative plots for extant 

colobines are adapted from Frost et al. (2020). 

 

Figure 15 Postcranial indices for the Faro Daba Colobus cf. guereza fossils and extant Colobus 

guereza. (a) Brachial index: (maximum radial length / maximum humeral length) * 100. (b) 

Crural index: (maximum tibial length / maximum femoral length) * 100. (c) Humerofemoral 
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index: (maximum humeral length / maximum femoral length) * 100. (d) Intermembral index: 

(maximum humeral + radial length) / (maximum femoral + tibial length)) * 100. 

 

Figure 16 Faro Daba Colobus cf. guereza humeri in anterior view, demonstrating size variation 

in the assemblage. Humeri are seriated by distal end size from largest (left) to smallest (right). 

From left to right: HAL-VP-9/5, HAL-VP-9/1102, HAL-VP-9/1572, HAL-VP-9/1615, HAL-

VP-9/1075, HAL-VP-9/1077, HAL-VP-2/32, HAL-VP-9/284, HAL-VP-9/1537, and HAL-VP-

9/1444. See Figure 16 for additional humeral remains; note that some specimens pictured here 

have associated elements pictured in other figures. 

 

Figure 17 Humeral morphology of Faro Daba Colobus cf. guereza, Asbole Colobus sp., and 

extant C. guereza. Left panel: (a) HAL-VP-9/1102 left humerus in anterior (left) and posterior 

(right) views. (b) HAL-VP-9/594 right proximal humerus in medial (left) and posterior (right) 

views. (c) HAL-VP-9/640 left proximal humerus in medial (left) and posterior (right) views. (d) 

HAL-VP-9/730 right proximal humerus in medial (left) and posterior (right) views. (e) HAL-VP-

9/7 right distal humerus in anterior (left) and posterior (right) views. (f) HAL-VP-9/730 left 

proximal and distal humerus. Proximal portion is shown in medial (left) and posterior (right) 

views. Distal portion in shown in anterior (left) and posterior (right) views. (g) HAL-VP-9/1615 

right proximal humerus in medial (left) and posterior (right) views. (h) HAL-VP-9/284 right 

proximal humerus in medial (left) and posterior (right) views. (i) HAL-VP-9/1077 right distal 

humerus in anterior (left) and posterior (right) views. (j) HAL-VP-9/632 left distal humerus in 

anterior (left) and posterior (right) views. (k) Extant C. guereza right male humerus (HTB 2140) 

in anterior (left) and posterior (right) views. (l) Asbole Colobus sp. distal humeri in anterior 

view. All are from the right side. Clockwise from left: ASB-210, ASB-250-2, ASB-91, ASB-

233-18, ASB-204, and ASB-158. Right panel: Distal humeri in distal view, anterior is up. Scale 

is approximate. Left column, from top to bottom: HAL-VP-9/284 (left side), HAL-VP-9/632 

(left side), HAL-VP-9/1077 (left side), HAL-VP-9/730 (left side), HAL-VP-9/1077 (right side), 

HAL-VP-9/1615 (right side), HAL-VP-9/1444 (right side). Right column, from top to bottom: 

HTB 2140 (right side), ASB-254-25 (left side), ASB-91 (right side), ASB-158 (right side), ASB-

210 (right side), ASB-204 (right side), and ASB-233-18 (right side). See Figure 15 for additional 

humeral remains; note that some specimens pictured here have associated elements pictured in 

other figures. Images of the Asbole fossils are from Frost and Alemseged (2007). 

 

Figure 18 Faro Daba Colobus cf. guereza ulnae in right lateral view, demonstrating size 

variation in the assemblage. Ulnae are seriated by proximal end size from largest (left) to 

smallest (right). From left to right: HAL-VP-9/1615, HAL-VP-2/59, HAL-VP-9/1572, HAL-VP-

9/1102, HAL-VP-9/419, HAL-VP-9/284, HAL-VP-9/1048, HAL-VP-9/1537, and HAL-VP-

9/989. See Figure 18 for additional ulnar remains; note that some specimens pictured here have 

associated elements pictured in other figures. 

 

Figure 19 Faro Daba Colobus cf. guereza ulnae and radii with extant and fossil comparisons. 

Top panel, from left to right: HAL-VP-9/1102 left ulna, HAL-VP-9/640 left partial proximal 

ulna, extant C. guereza male right ulna (HTB 2140), and Asbole Colobus sp. left proximal ulna 

(ASB-42-A). Each ulna is shown in lateral (left) and anterior (right) views, except for ASB-42-

A, which is only shown in lateral view. Bottom panel, from left to right: HAL-VP-9/284 right 

radius, HAL-VP-9/284 left partial radius, and extant C. guereza male right radius (HTB 2140). 
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Each radius is shown in approximately medial (left) and anterior (right) views. See Figure 17 for 

additional ulnar remains; note that some specimens pictured here have associated elements 

pictured in other figures. Images of the Asbole fossils are from Frost and Alemseged (2007). 

Scale is the same for both panels. 

 

Figure 20 Faro Daba Colobus cf. guereza femora in anterior view, demonstrating size variation 

in the assemblage. Femora are seriated from largest (left) to smallest (right). From left to right: 

HAL-VP-2/88, HAL-VP-9/594, HAL-VP-9/730, HAL-VP-9/5, HAL-VP-9/1102, HAL-VP-

9/284, and HAL-VP-9/1537. See Figure 20 for additional femoral remains; note that some 

specimens pictured here have associated elements pictured in other figures. 

 

Figure 21 Faro Daba Colobus cf. guereza femora with extant and fossil comparisons. Left panel: 

Faro Daba Colobus cf. guereza femora. Each individual is shown in anterior (left) and posterior 

(right) views. Top row, from left to right: HAL-VP-9/1102 (left side), HAL-VP-9/1077 (right 

side), and HAL-VP-9/5 (right side, proximal and distal portions). Bottom row, from left to right: 

HAL-VP-9/284 (left side), HAL-VP-9/730 (left side), HAL-VP-9/811 (left proximal end, right 

distal end), and HAL-VP-9/732 (right side). Right panel: Extant C. guereza and Asbole Colobus 

sp. femora. Clockwise, from left: C. guereza right femur (HTB 2140) in anterior (left) and 

posterior (right) views, and three Asbole Colobus sp. left proximal femora in posterior view prior 

to matrix removal (ASB-210, ASB-250-1, and ASB-254-27). See Figure 19 for additional 

femoral remains; note that some specimens pictured here have associated elements pictured in 

other figures. Images of the Asbole fossils are from Frost and Alemseged (2007). Scale is the 

same for both panels. 



Table 1 Comparative samples employed in this study 

 

 Taxon n Repository/Reference 

Extant  

 Colobus angolensis 22 PRIMO 

 Colobus guereza 136 
AMNH; CMNH; NMNH; 

PRIMO; Arenson et al., 2020 

 Colobus polykomos 1 CMNH 

 Nasalis larvatus 30 AMNH; CMNH 

 Piliocolobus badius 17 ADZ; PRIMO 

 Piliocolobus oustaleti 18 PRIMO 

 Piliocolobus tholloni 2 PRIMO 

 Presbytis rubicunda 80 AMNH; NMNH 

 Procolobus verus 2 PRIMO 

Fossil  

 Colobus sp. (Asbole) 47 Frost & Alemseged, 2007 

 Colobus sp. (“Andalee”) 31 Frost, 2001a 

 Colobus sp. (“Upper Andalee”) 4 Frost, 2001a 

 Total 390  

 
Note: Samples reported here include cranial, dental, and/or postcranial data. These counts do not include individuals 

represented in the comparative plots adapted from Frost et al. (2020) in Figure 14. 

Abbreviations: n, sample size; ADZ, Anthropology Department, University of Zurich; AMNH, American Museum 

of Natural History; CMNH, Cleveland Museum of Natural History; NMNH, Smithsonian’s National Museum of 

Natural History; PRIMO, PRImate Morphometrics Online database. 

 

 

 

 

 

 

 



Table 2 Results of statistical analyses for cranial and mandibular variables. Results of the Kruskal-Wallis tests are reported in the first 

column. Subsequent columns present the results of the Dunn’s post hoc test for pairwise comparisons with Faro Daba Colobus cf. 

guereza. P-values are reported and bolded when significant (at p<0.05). 

 

 
Kruskal-

Wallis 
C. guereza C. polykomos 

Colobus sp. 

(Asbole) 
Pi. badius Pi. oustaleti Pr. verus 

Facial length        

 0.005 0.030 – – 0.457 0.024 0.380 

Interorbital breadth        

 0.005 0.005 – – 0.071 0.994 0.005 

Palatal width (at C1)        

 0.018 0.119 – – 0.069 0.102 0.422 

Mandibular corpus height at M1        

 0.093 0.718 0.342 0.172 0.059 0.610 0.101 

Mandibular corpus height at M2        

 0.115 0.760 0.519 0.279 0.056 0.549 0.097 

Mandibular corpus height at M3        

 0.166 0.211 0.150 0.532 0.670 0.115 0.585 

 
Abbreviations: C1, maxillary canine; M1, mandibular first molar; M2, mandibular second molar; M3, mandibular third molar.



Table 3 Descriptive statistics for cranial measurements of Faro Daba Colobus cf. guereza fossils. Means and ranges 

are reported in millimeters. 

 

Measurement n Mean Range 

Maximum length 1 111.9 – 

Maximum breadth 1 66.9 – 

Orbital width 10 23.2 20.6–26.4 

Orbital height 7 20.7 18.0–23.4 

Interorbital breadth 19 11.6 9.2–14.3 

Nasal width 11 11.0 9.5–12.6 

Nasal height 7 18.9 15.8–23.2 

Muzzle width (at ectomolare) 12 37.2 33–43.9 

Muzzle width (at max. fossae)a 9 29.1 24.9–32 

Maximum width (at C1) 9 32.0 25.4–37.0 

Facial width 2 69.4 67.1–71.7 

Maximum calvarial widthb 4 44.0 40.5–46.8 

Calvarial length 1 65.4 – 

Palatal width (at M3) 10 18.0 15.1–25.8 

Palatal width (at C1) 12 19.1 16.7–25.6 

Palatal length 13 42.0 34.9–49.8 

Facial length 6 43.4 38.5–53.5 

 
Note: Measurement definitions are reported in Monson et al. (2017). 

Abbreviations: n, sample size; C1, maxillary canine; M3, maxillary third molar.  
aMaximum width of the muzzle, measured at the superior border of the maxillary fossae.  
bMeasured at the post-orbital constriction.  

 

 

 

 

 

 

 

 

 

 

 



Table 4 Descriptive statistics for mandibular measurements of Faro Daba Colobus cf. guereza fossils. Means and 

ranges are reported in millimeters. 

 

Measurement n Mean Range 

Mandibular corpus height at M1 3 22.5 21.4–23.3 

Mandibular corpus height at M2 3 21.9 20.8–22.7 

Mandibular corpus height at M3 2 20.0 17.5–22.5 

 

Abbreviations: n, sample size; M1, mandibular first molar; M2, mandibular second molar; M3, mandibular third 

molar.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 5 Descriptive statistics for maxillary dental metrics of Faro Daba Colobus cf. guereza fossils and comparative 

Colobus samples. Means and ranges are reported in millimeters. Sample sizes are in parentheses, adjacent to the 

mean for each measurement.  

  
Colobus cf. 

guereza 

Colobus sp. 

(Asbole) 

Colobus sp. 

(“Andalee”) 

Colobus 

angolensis 

Colobus 

guereza 

M3L 
Mean 7.4 (47) 6.5 (10) 7.4 (5) 6.9 (22) 7.4 (118) 

Range 6.6–8.8 5.6–7.2 6.7–8.1 6.1–7.8 6.3–9.1 

M3AW 
Mean 6.8 (46) 6.0 (9) 6.6 (6) 6.5 (20) 7.0 (106) 

Range 5.9–7.6 5.7–6.2 6.4–6.8 6.0–7.0 5.7–7.9 

M3PW 
Mean 6.2 (47) 5.4 (8) 5.8 (5) 5.4 (21) 6.4 (110) 

Range 4.8–7.6 5.0–5.7 5.5–6.0 4.6–6.2 5.3–7.5 

M2L 
Mean 7.5 (60) 6.4 (14) 6.9 (7) 6.8 (22) 7.5 (123) 

Range 6.8–8.1 6.0–6.9 6.4–7.4 6.1–7.2 6.1–8.5 

M2AW 
Mean 7.4 (57) 6.1 (13) 6.7 (5) 6.9 (22) 7.4 (119) 

Range 6.3–9.5 5.7–6.6 6.4–7.1 6.3–7.3 6.0–8.4 

M2PW 
Mean 6.7 (57) 5.7 (12) 6.0 (4) 6.3 (22) 6.8 (120) 

Range 5.9–7.4 5.3–5.9 5.7–6.2 5.1–6.9 5.8–8.2 

M1L 
Mean 7.1 (79) 6.0 (14) 6.7 (7) 6.3 (22) 6.9 (123) 

Range 6.5–7.9 4.7–6.5 6.0–7.3 5.8–6.8 5.8–7.8 

M1AW 
Mean 6.5 (65) 5.7 (13) 6.0 (6) 6.1 (22) 6.5 (109) 

Range 5.7–7.3 5.2–6.4 5.7–6.3 5.7–6.7 5.2–7.8 

M1PW 
Mean 6.2 (67) 5.5 (14) 5.7 (6) 5.8 (22) 6.2 (114) 

Range 5.3–7.1 5.0–6.1 5.2–6.0 5.3–6.3 5.2–7.2 

P4L 
Mean 5.2 (69) 4.5 (16) 4.6 (4) 4.7 (22) 5.1 (120) 

Range 4.6–5.9 4.0–5.1 4.4–4.8 4.1–5.5 4.2–6.4 

P4W 
Mean 6.7 (64) 5.9 (16) 5.9 (3) 6.1 (22) 6.8 (119) 

Range 5.5–8.0 5.3–6.3 5.9–6.0 5.5–6.9 5.5–8.2 

P3L 
Mean 5.3 (60) 4.6 (17) 4.9 (3) – 5.1 (116) 

Range 4.5–6.6 3.7–5.2 4.8–5.1 – 4.0–6.2 

P3W 
Mean 5.8 (53) 5.0 (15) 5.5 (2) – 5.9 (116) 

Range 4.4–6.9 4.3–5.5 5.4–5.5 – 4.8–6.9 

CL 
Mean 8.4 (40) 6.2 (11) 6.3 (4) – 8.3 (66) 

Range 6.2–10.6 4.6–8.4 4.7–9.2 – 6.1–11.0 

CW 
Mean 6.8 (40) 4.6 (10) 5.0 (4) – 6.3 (66) 

Range 5.4–8.4 3.7–6.1 3.5–7.2 – 4.5–7.7 

I2L 
Mean 4.4 (18) 2.8 (5) 3.7 (4) – – 

Range 3.8–5.3 1.8–3.8 3.2–4.4 – – 

I2W 
Mean 3.4 (20) 3.3 (5) 4.1 (4) – – 

Range 2.2–4.1 3.0–3.5 3.8–4.3 – – 

I1L 
Mean 5.2 (15) – 4.7 (5) 4.9 (17) – 

Range 4.4–5.8 – 4.2–5.2 4.1–5.5 – 

I1W 
Mean 3.8 (15) – 4.3 (5) 4.6 (17) – 

Range 3.0–4.6 – 3.7–4.7 3.9–5.3 – 

Note: Mesiodistal lengths of the incisors reported here were measured at the incisal edge; lengths measured at the 

cementoenamel junction are reported in the associated dataset ([reference online data archival location]). 

Abbreviations: M, P, C, and I refer to molars, premolars, canines, and incisors, respectively, and numbers denote 

tooth position; 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. 

 

 



Table 6 Descriptive statistics for mandibular dental metrics of Faro Daba Colobus cf. guereza fossils and 

comparative Colobus samples. Means and ranges are reported in millimeters. Sample sizes are in parentheses, 

adjacent to the mean for each measurement. 

  
Colobus cf. 

guereza 

Colobus sp. 

(Asbole) 

Colobus sp. 

(“Andalee”) 

Colobus 

angolensis 

Colobus 

guereza 

M3L 
Mean 9.3 (75) 8.2 (14) 9.6 (8) 8.6 (22) 9.6 (119) 

Range 6.6–10.5 7.3–9.0 9.1–10.1 8.0–9.5 7.9–11.3 

M3AW 
Mean 6.3 (66) 5.2 (13) 6.0 (5) 5.8 (21) 6.4 (114) 

Range 5.4–7.0 4.6–6.0 5.7–6.4 5.2–6.3 5.3–7.7 

M3PW 
Mean 6.2 (75) 5.1 (11) 6.1 (6) 5.8 (20) 6.4 (104) 

Range 5.3–6.8 4.8–5.7 5.6–6.4 5.3–6.1 5.4–7.4 

M2L 
Mean 8.0 (94) 6.5 (22) 7.3 (10) 7.1 (22) 7.7 (124) 

Range 6.9–8.8 5.8–7.2 6.7–7.6 6.3–7.7 6.5–8.9 

M2AW 
Mean 6.5 (86) 5.3 (19) 5.7 (8) 5.9 (22) 6.2 (111) 

Range 5.7–7.1 4.8–5.7 4.9–6.3 5.4–6.4 5.0–7.2 

M2PW 
Mean 6.7 (83) 5.6 (18) 5.8 (7) 6.1 (21) 6.4 (112) 

Range 6.0–7.3 5.3–6.6 5.4–6.1 5.6–6.6 5.1–7.5 

M1L 
Mean 7.4 (89) 6.3 (22) 6.9 (11) 6.5 (22) 7.1 (124) 

Range 6.7–8.1 5.7–7.1 6.1–7.5 4.8–7.0 6.0–7.9 

M1AW 
Mean 5.5 (76) 4.4 (19) 4.8 (9) 5.1 (21) 5.2 (96) 

Range 5.0–6.3 3.9–5.0 4.4–5.1 4.7–5.5 4.1–6.0 

M1PW 
Mean 5.9 (72) 5.0 (19) 5.4 (10) 5.3 (21) 5.5 (95) 

Range 5.5–6.6 4.6–5.4 5.0–5.8 4.5–5.7 4.5–6.4 

P4L 
Mean 7.0 (64) 4.9 (18) 5.5 (6) 5.2 (22) 7.3 (119) 

Range 5.6–9.1 4.2–5.7 4.2–6.4 4.3–6.0 5.3–8.9 

P4W 
Mean 4.9 (57) 3.9 (18) 4.3 (6) 4.6 (22) 4.9 (115) 

Range 4.3–5.7 3.6–4.2 4.1–4.5 4.0–6.6 3.9–6.0 

P3L 
Mean 7.9 (33) 5.7 (16) 6.6 (5) – – 

Range 6.2–9.9 4.2–6.7 6.0–7.9 – – 

P3W 
Mean 5.3 (41) 3.5 (15) 4.4 (5) – – 

Range 4.2–6.5 2.8–3.9 3.7–5.6 – – 

P3FL 
Mean 8.0 (36) – – – – 

Range 6.3–9.5 – – – – 

CL 
Mean 5.1 (23) 4.5 (10) 6.0 (1) – 7.4 (70) 

Range 4.2–6.0 3.4–5.5 – – 5.7–8.8 

CW 
Mean 7.3 (19) 5.6 (10) 3.9 (1) – 5.0 (70) 

Range 6.4–8.2 3.8–6.6 – – 3.5–6.3 

I2L 
Mean 3.9 (18) 3.4 (8) – – – 

Range 3.2–4.6 3.0–3.7 – – – 

I2W 
Mean 4.6 (19) 4.2 (10) 4.1 (1) – – 

Range 4.3–5.2 3.6–4.9 – – – 

I1L 
Mean 3.9 (20) 3.2 (6) – – – 

Range 3.1–5.2 2.5–4.8 – – – 

I1W 
Mean 4.4 (16) 4.0 (7) – – – 

Range 4.0–5.0 3.6–4.3 – – – 

Note: Mesiodistal lengths of the incisors reported here were measured at the incisal edge; lengths measured at the 

cementoenamel junction are reported in the associated dataset ([reference online data archival location]). 
Abbreviations: M, P, C, and I refer to molars, premolars, canines, and incisors, respectively, and numbers denote 

tooth position; 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. 



Table 7 Results of statistical analyses for dental variables. Results of the Kruskal-Wallis tests are reported in the first column. 

Subsequent columns present the results of the Dunn’s post hoc test for pairwise comparisons with Faro Daba Colobus cf. guereza. P-

values are reported and bolded when significant (at p<0.05). 

 

 
Kruskal-

Wallis 

C. 

angolensis 
C. guereza 

Colobus sp. 

(“Andalee”) 

Colobus sp. 

(Asbole) 
Pi. badius Pi. oustaleti Pi. tholloni Pr. verus 

Max. CL          

 <0.001 – 0.983 0.043 <0.001 0.282 0.103 0.254 0.033 

Max. M2L          

 <0.001 <0.001 0.718 0.013 <0.001 <0.001 0.327 0.294 0.004 

Max. 

M2AW/M2L 
         

 <0.001 0.019 0.377 0.909 0.161 0.093 <0.001 0.515 0.728 

Man. 

P4L/M1L 
         

 <0.001 <0.001 <0.001 0.026 <0.001 0.004 0.002 0.294 0.239 

Man. 

M3AW/M3PW 
         

 <0.001 0.409 0.930 0.715 0.714 0.210 0.550 0.387 0.713 

Man. MMC          

 <0.001 0.113 <0.001 0.079 0.115 0.001 0.042 0.793 0.478 

Man. PMM          

 <0.001 <0.001 <0.001 0.065 <0.001 0.020 0.013 0.729 0.482 

 

Abbreviations: Max., maxillary; Man., mandibular.; M, P, and C refer to molars, premolars, and canines, respectively, and numbers denote tooth position; L, 

mesiodistal length 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; MMC, molar module component; PMM, premolar-molar module.



 

Table 8 Descriptive statistics for postcranial metrics of Faro Daba Colobus cf. guereza fossils 

 

Measurement n Mean Range 

Humeral maximum length 5 152.7 mm 146.0–156.2 mm 

Humeral head diameter 12 17.3 mm 15.9–18.9 mm 

Humeral epicondyle angle 11 37.4º 31.7–43.8º 

Humeral epicondyle ratioa 12 18.5 13.1–23.1 

Humeral relative flange lengtha 13 67.1 56.8–77.3 

Radial maximum length 3 146.1 mm 144.9–147.7 mm 

Ulnar maximum length 3 164.1 mm 159.3–167.8 mm 

Femoral maximum length 7 200.5 mm 193.5–208.8 mm 

Femoral head diameter 15 17.1 mm 15.3–18.3 mm 

Femoral neck-shaft angle 10 121.8º 114.9–127.0º 

Femoral relative greater trochanter projectiona 14 40.1 26.0–48.8 

Tibial maximum length 6 189.2 mm 181.6–207.1 mm 

Fibular maximum length 1 170.1 mm – 

Brachial indexb 2 94.5 94.4–94.6 

Crural indexb 5 93.9 92.2–96.4 

Humerofemoral indexb 3 77.4 75.6–79.7 

Intermembral indexb 1 78.9 – 

 
Note: Additional postcranial measurements and measurement definitions are provided in the dataset associated with 

this manuscript ([reference online location in data repository here]). 

Abbreviations: n, sample size. 
aSee Figure 14 and for comparison with extant samples.   
bSee Figure 15 for index definition and comparison with extant C. guereza. 

 

 

 

 

 

 

 

 

 

 



 

Table 9 Sex estimation results for Faro Daba Colobus cf. guereza fossils 

 

Sex category Number of individuals  Frequency (%) 

F 7 4 

F? 10 6 

M 7 4 

M? 5 3 

Uncertain 149 84 

Total 178 - 

 

 

Table 10 Age assessment results for Faro Daba Colobus cf. guereza fossils 

 

Age score Number of individuals Frequency (%) 

1 1 <1 

2 9 6 

3 10 6 

4 75 47 

5 47 29 

6 18 11 

Total 160 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 Inventory of specimens referred to Colobus cf. guereza 

 

Specimen ID Sex Element(s) 

HAL-VP-2/2 * M L. MAN (P3-M3); VER (caud.) 

HAL-VP-2/3 – R. LM2 

HAL-VP-2/13 * – R. MAN w/ symph. (partial R. C, partial R. M2) 

HAL-VP-2/22 * – Skeletal frags. + dentition 

HAL-VP-2/28 * – HUM (prox. shaft) 

HAL-VP-2/32 U 

R. MAX (partial M1 or 2); isolated partial upper C; R. FRO frag.; CRA 

frag.; L. MAN w/ symph. (L. I1-2 roots, partial C, partial P3, P4-M2); R. 

MAN (P4, M3, partial M1-M2); partial SAC; L. SCA frag.; several VER; 

R. & L. prox. TIB; L. CAL; dist. FEM; R. prox. FEM; L. partial OCX; R. 

dist. HUM; L. HUM; prox. FEM shaft frag.; associated frags 

HAL-VP-2/34 U L. MAN (P4-M2) 

HAL-VP-2/40 * – R. HUM (prox. + shaft) 

HAL-VP-2/42 * – R. UdM2 

HAL-VP-2/59 U 

MAX (L. I1-2, R. I1-2, partial R. C, R. P3-M3); FRO frag.; OCC frag.; 2 

CRA frags.; R. MAN w/ symph. (R. I1-2 roots, partial R. C-M1, R. M2-

M3, L. I1-2, partial L. C, roots of L. P3-P4); L. MAN frag. (L. M1-M2, 

roots of L. M3); MTP; 2 prox. MTP frags.; dist. MTP frag.; several prox. 

and intermediate PHX; R. dist. ULN; R. prox. FIB; FEM (condyle); R. 

CAL; L. TAL; R. & L. prox. ULN; L. dist. RAD; prox. HUM; L. dist. 

HUM; HUM dist. shaft; R. prox. TIB; L. partial prox. TIB; R. & L. dist. 

TIB; L. FEM prox. shaft; R. OCX (acetabular frag.); OCX frag.; 5 VER; 1 

axis; 6 partial VER; VER frags.; RIB frags.; associated long bone frags. 

HAL-VP-2/77 * – R. LdM2 

HAL-VP-2/88 U 

L. MAX (P3-M1); isolated R. UM1; R. FEM; partial L. SCA; RIB & VER 

frags.; L. dist. HUM; R. & L. dist. TIB; prox. TIB; L. OCX frag.; L. CAL; 

R. TAL; partial L. TAL; 2 podials; CRA & long bone frags. 

HAL-VP-2/91 M 
R. MAX (C, P3); L. MAX (C); CRA frags.; R. FEM prox. shaft; shaft 

frags. 

HAL-VP-2/109 * – R. MAN (edent.) 

HAL-VP-2/115 * – FRO 

HAL-VP-2/116 * – FRO 

HAL-VP-2/117 * – R. ULN (prox.) + RAD (prox.) 

HAL-VP-2/126 * – 
FEM (prox. and dist. w/ shaft frag.); L. TIB (dist.); R. glenoid fossa of 

SCA; 4 partial VER; associated long bone frags. 

HAL-VP-2/127 U 
L. MAN w/ symph. (R. I1-2, L. I1-M2); isolated L. LM3 and R. LP3; R. + 

L. MAX (L. I1-M2, R. I2-M3 (erupting)) 

HAL-VP-2/128 * – L. HUM (dist.); L. ULN (prox.); partial VER (caud.); 2 shaft frags. 

HAL-VP-2/131 U R. MAN (P3, M1-M3) 

HAL-VP-2/148 – L. LM2 



HAL-VP-2/152 U L. MAN (M2-M3) 

HAL-VP-2/159 * – R. ULN (prox.) 

HAL-VP-2/167 – L. UM; R. UI2 

HAL-VP-2/170 * – R. FEM (dist.) 

HAL-VP-2/193 * – R. MAX (R. UI1-I2) 

HAL-VP-2/196 * – UM 

HAL-VP-3/11 U R. MAX (P3-M3) 

HAL-VP-3/22 U MAX (P3-M2, all partial) 

HAL-VP-3/32 * – L. MAN (P4, M3 unerupted) 

HAL-VP-3/35 * – R. OCX frag. (w/ acetabulum); R. + L. FEM (prox.) 

HAL-VP-3/43 U R. + L. MAN (R. + L. I1-2, dC-dM1, P4-M2) 

HAL-VP-3/48 * – R. ULN (prox.) 

HAL-VP-3/55 * – L. UM 

HAL-VP-3/61 * – R. ULN (prox.) 

HAL-VP-3/67 * – L. HUM (dist.) 

HAL-VP-3/76 U L. MAX (P3-M2) 

HAL-VP-3/98 – L. LM3 

HAL-VP-3/107 * – R. FEM (prox.) 

HAL-VP-3/121 * – L. UP3-4 

HAL-VP-3/126 – L. UM 

HAL-VP-3/138 * – L. RAD (prox.); L. ULN (prox.); 2 shaft frags. 

HAL-VP-3/140 * – R. FEM (prox.) 

HAL-VP-3/144 – L. MAX (C-P4) 

HAL-VP-3/147 * – R. ULN (prox.) 

HAL-VP-3/153 * – FEM (dist.) 

HAL-VP-3/156 * – L. FEM (prox.) 

HAL-VP-3/160 * – R. FEM (prox.) 

HAL-VP-3/164 – R. LM3 

HAL-VP-3/166 U L. MAN (M2) 

HAL-VP-3/178 – R. M1 or 2 

HAL-VP-3/182 U R. MAX (P4-M2) 

HAL-VP-3/187 * – FEM (dist.) 

HAL-VP-3/203 * – L. FEM (prox.) 

HAL-VP-3/208 – L. LM3 

HAL-VP-3/220 U R. LM2-M3 

HAL-VP-3/221 * – MAN (symph., edent.) 

HAL-VP-3/252 * – R. LM1 or 2 



HAL-VP-9/2 F? 
L. MAN (P3-M3, partial C and I2); R. MAN (C-P3); R. MAN (M1-M2); L. 

MAX (P3-M3) 

HAL-VP-9/5 M? 

CRA (missing calvarium and R. ZYG), MAX includes L. I1-I2 roots, L. 

P3-M3, R. I1-I2 roots, partial R. C, R. P4-M3; L. MAN (P4-M3); R. MAN 

(I2, C roots, P3-P4, M1-M2, M3 roots); R. TEM frag.; R. + L. FEM; L. 

TIB; R. TIB (in frags.); FIB (dist.); R. HUM; R. + L. ULN; R. + L. RAD; 

pelvic frags.; R. + L. CAL; TAL; 2 podials; MTP frags.; multiple PHX; 

misc. frags. 

HAL-VP-9/6 * – 
R. + L. TIB (dist.); R. FEM (prox.); MTC1; MTC4; partial L. OCX; 3 

partial VER; R. CAL; long bone frag.; RIB frag. 

HAL-VP-9/7 M 

MAN (L. I1, I2 root, P3-P4 roots, partial M1, M2-3; R. I1, I2 root, P3, P4-

M1 roots, M2-M3); L. MAX w/ ZYG (M1-M2, I1-P4 roots, M3 roots); 

SAC; TAL; L. FEM (dist. w/ shaft); R. HUM (dist. w/ shaft); FEM (prox.); 

PHX; ULN (prox.); CRA frags.; long bone frags. 

HAL-VP-9/8 U R. + L. MAX (R. P4-M3) 

HAL-VP-9/15 U MAN w/ symph. (R. P4-M2); L. MAN frag. (P4); L. MAN frag. (M3) 

HAL-VP-9/221 * – R. MAN (M1 frag.) 

HAL-VP-9/243 U L. MAX (C-M2) 

HAL-VP-9/244 U R. MAX (P3-M3) 

HAL-VP-9/245 * – L. RAD (prox.); L. ULN (prox.); L. HUM (dist.); shaft frag. 

HAL-VP-9/248 U R. MAX (C-P4) 

HAL-VP-9/249 U L. MAX (P3-M2) 

HAL-VP-9/250 * – L. HUM (dist. w/ shaft) 

HAL-VP-9/256 U L. MAN (M2-M3) 

HAL-VP-9/267 * – L. UI1 frag. 

HAL-VP-9/275 * – 
R. MAX (I1-C roots); TIB (prox.); L. OCX frag.; L. TAL; R. CAL; R. 

FEM (prox.); 2 shaft frags.; 2 misc. frags. 

HAL-VP-9/276 * – L. FEM (prox.); L. TAL 

HAL-VP-9/279 * – R. + L. MAN (symph. w/ L. I1-P3 roots; L. P4) 

HAL-VP-9/280 M? 

R. MAN (I2-C roots, P3-M3); L. MAN (P3-M3); L. MAX (M1-M3); R. 

MAX (partial RI1, RI2, RC root); isolated L. UC; isolated L. UI1; isolated 

R. UM3 

HAL-VP-9/283 U 
R. MAX (C-M3); L. MAX (M1-M2); L. MAN (P4-M3); R. MAN (M2-

M3) 

HAL-VP-9/284 M? 

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

(I1-I2, partial C, P4-M3); isolated L. UI2; FRO (w/ glabella); R. TEM 

(auditory meatus w/ partial mastoid process); R. + L. TIB; L. FEM; R. FEM 

(prox. and dist.); R. + L. HUM; R. + L. RAD (L. missing dist. end); R. + L. 

ULN; FIB shaft; FIB (dist., fused to CAL); R. + L. CAL; multiple podials; 

MTP (including 2 fused sets and 2 complete isolated MTPs); MTP frags.; 

several PHX (incl. complete and frags.); VER bodies; multiple VER 

(caud.); CRA frags; long bone frags.; pelvic frags.; SCA frags 

HAL-VP-9/285 * – R. + L. FEM (dist.) 



HAL-VP-9/287 * – R. HUM (dist.) 

HAL-VP-9/289 * – 
Imm. L. TIB (dist.); L. RAD (prox.); L. FEM (prox. and dist.); long bone 

frags. 

HAL-VP-9/290 U FRO; R. + L. NAS 

HAL-VP-9/292 U L. LM3 

HAL-VP-9/293 * – 
2 R. OCX frags.; 3 L. OCX frags; 1. OCX frag. (side unknown); L. FEM 

(prox.); R. FEM (prox.); FEM (dist.); R. TIB (dist.); shaft frags. 

HAL-VP-9/295 U L. MAN (M3) 

HAL-VP-9/297 – L. LM1 

HAL-VP-9/298 U R. MAX (P3-M2); R. TEM; L. ZYG 

HAL-VP-9/303 U R. + L. MAN (L. C-P4 erupting, L. M1-M2, R. C-P3 erupting, R. dM2-M2) 

HAL-VP-9/304 U R. MAX (P3-M3); L. MAX (C-M3) 

HAL-VP-9/305 U R. MAN (P4-M3) 

HAL-VP-9/309 U 
R MAN. (P4-M1 roots, M2, M3 roots); L. UM1 or 2; R. HUM (partial 

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

HAL-VP-9/310 U L. MAN (P4-M2) 

HAL-VP-9/312 * – 

R. HUM; L. HUM (prox.); L. HUM (dist.); R. + L. partial SCA; R. + L. 

partial OCX; R. TIB; FEM (dist.); FIB (prox. and dist.); partial SAC; VER 

and misc. frags. 

HAL-VP-9/315 U L. MAN (M2-M3) 

HAL-VP-9/316 U MAN (L. P3-P4; R. P3-M2) 

HAL-VP-9/319 U 

Skull w/ R. FRO and orbit, R. + L. MAX (only tooth roots preserved); 

MAN w/ symph. (L. M3-M1, L. + R. I1, R. P4, R. I2-P3 roots); HUM 

(dist.); partial pelvis; CRA and long bone frags. 

HAL-VP-9/325 U MAN w/ symph. (L. P4-M1) 

HAL-VP-9/327 * – 

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

(prox. w/ shaft); L. HUM (dist.); R. TIB (prox. w/ shaft); L. partial OCX; 2 

partial VER; RIB and misc. frags. 

HAL-VP-9/331 U L. MAX (P3-M3) 

HAL-VP-9/332 U Skull w/ MAX (R. M1-M3, L. P3-M3), FRO, CRA frags., MAN (R. C-M3) 

HAL-VP-9/338 U L. MAN (P3, M2-M3); R. MAN (P3-M3) 

HAL-VP-9/340 U L. MAN (dM2-M2) 

HAL-VP-9/348 * – R. HUM (dist.); HUM (prox. shaft); shaft frags. 

HAL-VP-9/350 F? R. MAN (P4-M3) 

HAL-VP-9/352 U R. MAX (P3-M3) 

HAL-VP-9/355 U 
Partial CRA w/ R. MAX (M1, M3); L. FEM (lesser trochanter); 2 CRA 

vault frags. 

HAL-VP-9/359 U R. + L. MAN (L. P4-M1) 

HAL-VP-9/361 U R. MAX (M1); R. MAN (P4-M3) 

HAL-VP-9/363 F? MAN (R. C-P4; L. P3-M3) 



HAL-VP-9/365 F? L. MAX (P3-M3); R. MAX frag. (M1-M3); R. MAX frag. (partial C-P4) 

HAL-VP-9/368 F L. MAN (P3-P4) 

HAL-VP-9/370 F? 

R. MAN w/ symph. (partial L. I1, L. I2-P4, partial R. C, R. P3-M1, partial 

R. M2-M3); isolated L. M3; isolated R. I1; isolated R. C; isolated R. I2; 

isolated L. P4; L. MAN (M1-M3); CRA frags. 

HAL-VP-9/371 * – MAN symph. (partial L. I1-C, partial R. I2-C, partial R. P4) 

HAL-VP-9/382 * – L. MAX (M1); L. FEM (prox.); R. ULN (prox.) 

HAL-VP-9/384 U 
R. MAX (I1, C-M3); L. MAX (I1-M3); L. MAN (P4-M3); isolated L. LP3; 

R. MAN (P4-M1); CRA and long bone frags. 

HAL-VP-9/386 U L. MAN (P4-M3); L. MAX (edent.) 

HAL-VP-9/388 * – R. HUM (dist.) 

HAL-VP-9/390 * – L. HUM (dist.) 

HAL-VP-9/391 * – MAN symph. (L. C) 

HAL-VP-9/395 U L. MAX (M1, M3) 

HAL-VP-9/404 * – R. HUM (prox.) 

HAL-VP-9/406 U L. MAN (P4-M2) 

HAL-VP-9/411 U L. MAN (P3-P4) 

HAL-VP-9/414 * – L. HUM (prox.) 

HAL-VP-9/419 U 
R. MAX (P3-M3); L. TEM frag.; ULN (prox.); RAD (prox.); OCX frag.; 1 

VER frag.; 1 RIB frag.; 4 MTP frags.; 1 PHX frag.; misc. frags. 

HAL-VP-9/425 U L. MAN (M3) 

HAL-VP-9/426 U MAX (L. P4-M2); L. MAN (M1-M3); MAN symph. (L. P3) 

HAL-VP-9/427 U R. MAX (M1-M3) 

HAL-VP-9/428 * – L. MAX (M1-M2) 

HAL-VP-9/429 * – FEM (dist.); 2 SES 

HAL-VP-9/435 * – L. ULN (prox.); 2 shaft frags. 

HAL-VP-9/437 U Skull frags.; isolated R. UM2; isolated L. LM3 (dist. part) 

HAL-VP-9/453 U R. MAX (P3-M2) 

HAL-VP-9/458 U MAN (L. P3; R. + L. M1-M3) 

HAL-VP-9/459 U 
L. MAX (P3-M1); L. MAX (C erupting); isolated L. UI1; isolated R. + L. 

LM1 

HAL-VP-9/464 U L. MAN (M1-M3) 

HAL-VP-9/467 * – 
L. MAN (P4, M1 roots); 2 FEM (prox.); R. + L. FEM (dist.); TIB (prox.); 

L. SCA frag.; 1 VER frag.; 1 shaft frag.; misc. frags. 

HAL-VP-9/481 U L. MAX (C-P4, partial I1 and I2, partial M1-M3) 

HAL-VP-9/484 * – 

R. HUM (prox.); RAD (partial prox.); R. HUM (dist.); R. RAD (dist.); R. 

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

FEM (dist.); 2 L. OCX frags.; R. OCX frag.; 2 MTC (partial prox.); 3 

partial PHX; 13 partial VER; misc. frags. 

HAL-VP-9/485 U R. MAN (M2-M3) 



HAL-VP-9/488 M 
L. MAN (M1-M3); R. MAN w/ symph. (L. I1-I2; R. I1-I2, P3-M3); MAX 

(R. + L. I1-M3 w/ partial C's); R. HUM (dist.) 

HAL-VP-9/489 U CRA w/ R. MAX (P3-M2), L. MAX (P3-M3) 

HAL-VP-9/492 U 
R. MAN (dM1-M1); R. MAX (dM2-M2; P4 erupting); isolated R. UI2 and 

L. LM2 

HAL-VP-9/493 U L. MAN (dM2-M1) 

HAL-VP-9/495 U R. MAX (partial C, P3-P4); L. MAX (partial C) 

HAL-VP-9/497 U L. MAN (M1-M3) 

HAL-VP-9/520 * – L. FEM (prox.) 

HAL-VP-9/525 U R. MAN (dM1-dM2) 

HAL-VP-9/526 * – R. FEM (prox.) 

HAL-VP-9/527 * – L. FEM (prox.) 

HAL-VP-9/536 * – L. ULN (prox.) 

HAL-VP-9/537 * – R. HUM (dist.) 

HAL-VP-9/548 * – R. HUM (dist.) 

HAL-VP-9/551 * – L. MAN (edent.) 

HAL-VP-9/552 * – L. HUM (dist.); ULN (prox.); R. FEM (prox.); misc. frags. 

HAL-VP-9/553 * – 
R. FEM (prox.); R. OCX frag.; L. OCX frag.; several VER frags.; ULN 

(prox.); shaft frags. 

HAL-VP-9/554 U 

R. + L. MAN w/ symph. (L. C root, P4-M1 roots, M2, M3 erupting; R. P3 

root, P4-M2); isolated L. LP3; isolated L. LI2; isolated R. LC; MAN 

(condyle); L. MAX (I1, C erupting, P3-P4); R. MAX (C in crypt, partial 

P3); isolated R. UdC; isolated R. UI2; tooth frags.; R. + L. FRO; 3 pelvic 

frags.; R. + L. TIB shaft; R. + L. FEM shaft; RAD shaft; R. + L. ULN 

shaft; 5 VER (caud.); misc. frags. 

HAL-VP-9/556 M MAN (L. I2, P3-M3; R. P4-M1, partial M2, M3); 2 long bone shafts 

HAL-VP-9/557 M? 

R. MAX (P3-M2); L. MAX (P3-M3); R. MAN (M1-M2); MAN frag. w/ 

symph. (R. P3-P4); L. MAN (M3); TIB (dist.); HUM shaft; CRA frags.; 

long bone frags. 

HAL-VP-9/558 * – MAN (R. + L. dI1-dM2) 

HAL-VP-9/559 U L. MAN (M1-M2) 

HAL-VP-9/561 * – 
L. HUM (dist.); L. FEM (prox.); R. HUM (dist. shaft); L. OCX frag.; shaft 

frags. 

HAL-VP-9/563 U L. MAN (M2-M3); isolated partial C 

HAL-VP-9/564 * – R. + L. TIB (prox.); FEM (dist.) 

HAL-VP-9/565 * – R. HUM (dist.) 

HAL-VP-9/568 U L. MAN (M1-M3) 

HAL-VP-9/570 * – MAX (L. I1, P4-M2; R. P3) 

HAL-VP-9/573 * – L. MAN w/ symph. (partial C-P3); L. MAX (partial M1-M2); CRA frag. 

HAL-VP-9/574 U R. MAN (partial M1-M3) 



HAL-VP-9/576 * – R. HUM (prox.) 

HAL-VP-9/578 – R. MAX (M1); L. MAN (mesial half of M1 or 2); TEM frag. (w/ TMJ) 

HAL-VP-9/590 U MAN w/ symph. (R. P3-M3) 

HAL-VP-9/592 U FRO frag.; R. ULN (prox.); R. RAD (dist.); R. TIB (dist.); shaft frags. 

HAL-VP-9/594 U 

L. MAX frag. (M1-M3); L. MAX frag. (C); R. MAX frag. (partial C-P3, 

P4); isolated L. UI1; L. FEM; L. HUM (dist.); R. HUM (prox. w/ shaft); R. 

+ L. RAD (prox.); ULN (partial prox.); CLA; 

CAL; partial FRO w/ glabella; partial L. ZYG; 9 VER; RIB frags.; CRA 

frags.; long bone shaft frags. 

HAL-VP-9/597 U L. LM3 

HAL-VP-9/601 U 
R. MAX (C-M3); isolated L. UM3; R. MAN (M1-M2); L. MAN (M3); 

CRA frags. 

HAL-VP-9/604 * – R. ULN (prox.); R. HUM (dist.); shaft frag. 

HAL-VP-9/606 U R. MAX (partial P3, P4-M3) 

HAL-VP-9/608 U L. MAN (M1-M2) 

HAL-VP-9/611 – R. MAN (M1-M2) 

HAL-VP-9/617 U 
R. MAX (P3-P4); L. MAX frag. (P3-P4), L. MAX frag. (M2-M3); R. MAN 

(P4-M3); L. MAN (M3); isolated partial LC; CRA frags. 

HAL-VP-9/627 F? R. MAN (C-M3) 

HAL-VP-9/628 U R. MAN (partial M1-M3) 

HAL-VP-9/632 U 

R. MAN (C-P3, M1-M2); FRO frag. w/ NAS; L. HUM (dist.); R. HUM 

(dist. shaft); L. ULN (partial prox.); L. FEM (partial prox.); partial L. OCX; 

long bone shaft frags. 

HAL-VP-9/640 U 
R. MAN (M1-M3); ULN (prox.); R. + L. FEM (prox.); pelvis; HUM 

(prox.); RAD (prox.); SCA (spine); misc. postcranial frags. 

HAL-VP-9/642 M 
MAN w/ symph. (R. I1, C-P3, partial P4; partial L. I1-P3, P4, partial M1-

M2) 

HAL-VP-9/647 * – HUM (prox.) 

HAL-VP-9/653 U R. MAX (P4-M3) 

HAL-VP-9/656 F MAN (R. I1-P3; L. I1, C-P3) 

HAL-VP-9/657 U L. MAN (P4-M3) 

HAL-VP-9/665 * – 
R. RAD (dist.); RAD (head); R. ULN (prox.); ULN (shaft frag.); R. HUM 

(dist. w/ shaft); partial L. OCX; R. RAD (shaft frag.) 

HAL-VP-9/672 U L. MAN (P3-M3) 

HAL-VP-9/687 * – L. ULN (prox. w/ shaft) 

HAL-VP-9/693 F? L. MAX (partial C, P3-M3) 

HAL-VP-9/703 * – 
Partial R. OCX; FEM (dist.); TIB (prox.); partial L. TIB (dist.); 1 podial; 

shaft frags. 

HAL-VP-9/704 * – L. MAN (C-P4) 

HAL-VP-9/705 U L. MAN (M2-M3) 



HAL-VP-9/706 M? MAN (R. + L. I1-C) 

HAL-VP-9/707 – R. UP3 

HAL-VP-9/708 * – MAN (R. P3) 

HAL-VP-9/713 U R. MAN (M2-partial M3); M3 

HAL-VP-9/718 * – R. RAD (prox.) 

HAL-VP-9/720 U 

Partial FRO; UC; R. MAX (M1-M2); L. MAX (M1-M3); partial VER 

body; pelvic frag. (acetabular region); CRA and 

postcranial frags. 

HAL-VP-9/723 U 

Skull with facial skeleton, vault bones, and R. + L. TEM frags.; R. UP4; R. 

UM2-3; L. UP3-M3; isolated L. UC; R. UC frag.; partial axis; 1 VER; 

multiple partial VER and ribs; 3 STE segments; partial SAC; 5 OCX frags.; 

R. FEM (prox.); TIB (prox.); R. TIB (dist.); R. CAL; R. TAL; L. FIB 

(prox.); FEM (dist.); assorted hand and foot bones; limb bone frags. 

HAL-VP-9/726 * – L. HUM (dist.) 

HAL-VP-9/730 F? 

Partial CRA missing most of posterior vault and base; MAX (R. I1-I2 roots, 

partial C, P3-M3; L. I1-C roots, partial P3, P4-M3; note possible 

supernumerary incisor (there are 5 roots between the canines)); R. MAN w/ 

symph. (L. I1-C, partial P3-P4; partial R. C-P3, P4-M3); L. MAN (M2-

M3); isolated L. LM1 (in matrix); MAN (condyle); CRA frags.; R. + L. 

TEM frags; R. FEM; L. FEM (prox., dist., 2 shaft frags.); R. + L. HUM 

(prox. and dist.); PAT; L. TIB; R. TIB (nearly complete); R. + L. FIB 

(prox.); FIB (dist.); R. + L. RAD (prox. and dist.); R. + L. ULN (prox. and 

dist.); partial L. OCX, R. OCX (nearly complete, w/ frags.); R. SCA frag.; 

STE (manubrium); SAC; nearly complete RIB; many RIB frags.; R. + L. 

CAL; R. TAL; many podials; 2 complete and many partial MTP; prox., int., 

and dist. PHX and frags.; many VER and VER frags. 

HAL-VP-9/732 U 

R. MAX (partial P4, M1-M3); L. MAX (P3-M1); R. UC frag.; MAN (R. 

P3); L. LM1 or M2; C tip; R. TIB; L. OCX; partial R. OCX; SAC; L. PAT; 

R. FEM (prox. and dist.); L. FEM shaft; FIB (dist.); CAL; TAL; multiple 

MTP (two cemented together); several PHX frags.; 2 VER (caud.); VER 

frags.; RIB frags.; misc. frags. 

HAL-VP-9/733 F? MAN (R. + L. C-M3) 

HAL-VP-9/737 * – L. HUM (prox.) 

HAL-VP-9/739 F R. MAN (I1, P3-M3) 

HAL-VP-9/743 U L. MAX (P4-M2) 

HAL-VP-9/744 * – R. HUM (dist.) 

HAL-VP-9/745 – R. MAN (edent.) 

HAL-VP-9/746 – R. MAN (I1, M2-M3); postcranial frags. 

HAL-VP-9/747 * – R. FEM (prox.) 

HAL-VP-9/750 U R. MAN (M1, M2-M3 roots) 

HAL-VP-9/753 * – R. MAX (partial M2) 

HAL-VP-9/755 U 
L. MAN (partial M1, M2-M3); R. MAN (partial M1-M2); L. LP4 and R. 

LP3-P4 in concretion; CRA frag. 



HAL-VP-9/757 U L. MAN (partial M1, M2-M3); isolated LP3 

HAL-VP-9/758 * – L. HUM (dist. w/ shaft) 

HAL-VP-9/759 – L. MAN (P3-M2); isolated L. LC 

HAL-VP-9/761 U R. MAX (M1-M3) 

HAL-VP-9/764 U R. MAX (P3, partial P4-M2) 

HAL-VP-9/769 * – L. RAD (prox.) 

HAL-VP-9/778 U MAN (R. + L. I1-I2, dC-dM2, M1-M2, M3 germ) 

HAL-VP-9/779 U Partial CRA 

HAL-VP-9/785 * – R. RAD (prox.) 

HAL-VP-9/788 * – L. MAN w/ symph. (edent.) 

HAL-VP-9/797 – 
Partial MAX (P4-M2); SAC; TIB (dist.); TAL; VER body; pelvic frag. 

(acetabular region); long bone frags. 

HAL-VP-9/811 F? 

L. MAN w/ symph. (I1-I2 roots, partial C, P3-M3); R. MAN (I1-P3, P4 

roots); MAN (condyle); R. HUM (prox.); HUM (dist. shaft); L. RAD 

(dist.); L. RAD (prox.); R. RAD (prox. shaft.); L. FEM (prox.); R. FEM 

(prox.); R. FEM (dist.); R. + L. TIB (prox.); R. + L. TIB (dist.); R. + L. FIB 

(prox.); L. FIB (dist.); L. CAL; R. TAL; R. + L. NAV; multiple MTP, 

PHX, and podials; 4 OCX frags.; 

multiple partial VER; limb bone and misc. frags. 

HAL-VP-9/817 F MAN (L. P3, M1-M3; R. M1-M2, partial M3) 

HAL-VP-9/822 * – R. FEM (prox.); partial VER (caud.); 2 shaft frags. 

HAL-VP-9/826 * – L. MAX (partial I1, I2-P4) 

HAL-VP-9/841 U L. MAN (partial P3, P4) 

HAL-VP-9/844 * – L. HUM (prox.) 

HAL-VP-9/845 * – 
R. HUM (dist.); FEM (dist.); FEM (head); RAD (prox.); partial L. CAL; 

limb bone frags. 

HAL-VP-9/849 * – R. FEM (prox. and shaft frags.) 

HAL-VP-9/858 U R. UM3 

HAL-VP-9/866 * – 
Partial R. OCX; 2 L. OCX frags.; SAC; TIB (dist.); L. CAL; R. FEM 

(prox.); 2 FEM (dist.); 14 partial VER; misc. frags. 

HAL-VP-9/867 U 

MAN w/ symph. (L. I1-I2, C root, P3-P4, M1 roots, M2-M3; R. I1-I2, C 

root, P3, P4 root, M1-M2, M3 roots); L. MAX (partial I1, I2, partial C, P3-

M2, M3 roots); R. MAX (P3-M2, 

partial M3); MAN (condyle) 

HAL-VP-9/877 * – R. ULN (prox. and dist.) 

HAL-VP-9/880 U R. MAN (P4-M3) 

HAL-VP-9/886 – R. UP3 

HAL-VP-9/895 * U R. MAN (P3-M2, partial M3) 

HAL-VP-9/900 U R. + L. MAN (dI1-I2; R. dM1-M1; L. dM2-M1) 

HAL-VP-9/901 U 
L. MAN (partial M2, M3); R. MAN (I2 root, C); isolated L. LC; isolated L. 

UM1 or 2; L. FRO; CRA frags. 



HAL-VP-9/909 * – MAN symph. (edent.) 

HAL-VP-9/910 – L. MAX (M1) 

HAL-VP-9/912 U R. MAX (partial P3, partial M1) 

HAL-VP-9/924 * – R. HUM (dist.) 

HAL-VP-9/928 U R. MAX (M3) 

HAL-VP-9/931 U L. MAN (edent.) 

HAL-VP-9/960 – L. MAX (I1-C) 

HAL-VP-9/968 – L. MAN (M2) 

HAL-VP-9/977 * – 

R. MAX (partial I1-2, C-P3 roots, partial P4-M3); L. MAN (M2-M3 roots); 

R. MAN (P4-M2 roots, partial M3); FRO (w/ glabella); L. TEM; CAL; 

MAN (condyle); 

FEM (prox. and dist.); 2 pelvic frags.; R. + L. ULN (prox.); HUM (head); 

RAD (dist.); 4 partial VER; skull frag.; misc. frags. 

HAL-VP-9/980 U R. MAN (M1-M2, M3 roots) 

HAL-VP-9/983 U R. MAN (P3-M3); L. MAN (M2) 

HAL-VP-9/985 * – 

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

(prox.); R. TIB (dist.); MTP (prox.); VER frag. (caud.); FEM (condyle); 

partial VER body; 

misc. frag. 

HAL-VP-9/988 U MAN (L. I1-P4; R. P3-P4) 

HAL-VP-9/989 F 

R. MAN w/ symph. (L. C-R. P4 roots, R. M1-M3); L. MAN (M1-M3); 

FEM (dist.); partial SAC; SCA frag. (w/ glenoid); RAD (prox.); CAL; 

HUM (head); TIB (dist.); VER frags.; postcranial frags. 

HAL-VP-9/992 * – L. MAN (edent.); FRO 

HAL-VP-9/999 – R. MAX (P3) 

HAL-VP-9/1003 * – 

L. + R. TIB; L. + R. FEM (dist.); R. FEM (prox.); R. ULN (prox.); 14 

VER; R. + L. HUM (shafts); L. CAL; R. TAL; PAT; 3 podials; 13 MTP; 2 

RIB frags.; 2 SCA frags.; partial L. OCX; partial SAC 

HAL-VP-9/1012 * – L. FEM (prox.) 

HAL-VP-9/1020 U R. MAN (M2-M3); L. MAN (M1); MAN symph. 

HAL-VP-9/1022 U R. MAN (M1-M3) 

HAL-VP-9/1024 * – R. HUM (prox.) 

HAL-VP-9/1029 M L. MAX (P4-M3 frag.) 

HAL-VP-9/1030 * – R. MAX (P3-M3) 

HAL-VP-9/1032 * – FEM (dist.) 

HAL-VP-9/1035 U 
L. MAX (M1, M3, partial M2); R. MAX (M2-M3); L. MAX (P3-P4); 

isolated R. UP3 and R. + L. UC 

HAL-VP-9/1042 * – L. HUM (prox.) 

HAL-VP-9/1048 U R. MAN (M1-M2); intermediate PHX; R. ULN (prox.) 

HAL-VP-9/1061 * – L. SCA (w/ glenoid); L. HUM (dist.) 



HAL-VP-9/1068 * – L. HUM (dist.) 

HAL-VP-9/1070 U L. MAX (C-M2); R. UP4 

HAL-VP-9/1071 U L. MAN (I1-P4) 

HAL-VP-9/1073 U R. MAN (M2-M3) 

HAL-VP-9/1074 * – L. FEM (prox.) 

HAL-VP-9/1075 U 
R. MAN (M1-M3 roots); L. MAX (P3-P4); MAN (condyle); TIB (prox. w/ 

shaft); HUM (dist.); TIB (dist.); CRA frags.; VER (caud.); RIB frags. 

HAL-VP-9/1077 U 

L. MAX (P3, partial P4, M1); isolated R. UP3; isolated L. LM1-2; isolated 

R. LP3-M1; R. MAN (M2-M3); MAN (condyle); R. + L. FEM (w/ dist. 

frags.); partial L. OCX; partial R. OCX (2 frags.); L. TIB (prox. w/ shaft, 

dist. frag.); R. TIB (dist. w/ shaft, prox. frag.); R. HUM (dist. w/ shaft, 

prox. w/ shaft); L. HUM (dist.); CAL; 2 TAL; 4 podials; SCA (glenoid 

fossa); R. RAD (prox. w/ shaft); L. RAD (tuberosity); ULN shaft; 9 

intermediate and prox. PHX; 3 distal PHX; 5 VER (caud.); VER frags; 

PAT; CRA frags (incl. a piece of orbit); FIB (dist. w/ shaft); misc. frags. 

HAL-VP-9/1097 U R. + L. MAN (M1-M3) 

HAL-VP-9/1099 U R. MAX (I1-M1); CRA frag. 

HAL-VP-9/1101 F 
L. MAX (I2, P3-M3); R. MAX (C-M3); MAN (L. I1-I2, P3-M3; R. C-M3); 

CRA frags. 

HAL-VP-9/1102 U 

Partial CRA w/ SPH, FRO, L. MAX (R. I2, partial L. C, P3-M3); R. LI2; 

R. LP3; R. MAN (w/ condyle, M3); 2 CRA frags.; R. + L. CLA; 1st rib; 

RIB frags.; R. + L. HUM; R. + L. ULN; L. RAD (prox.); R. RAD (dist.); R. 

SCA (3 frags.); L. SCA frag.; R. + L. partial OCX; R. + L. PAT; R. + L. 

TIB; R. + L. FEM; R. FIB; L. FIB (prox., dist., shaft frag.); multiple VER 

and VER frags.; SAC; two STE segments incl. manubrium; 8 prox. PHX; 7 

int. PHX; 7 terminal PHX; 4 dist. MTP; 5 prox. ends of prox. PHX; 1 

prox. end of int. PHX; 3 dist. ends of PHX; R. CAL; R. + L. TAL; R. + L. 

CUB; R. + L. NAV; 4 cuneiforms; LUN; CAP; 1 scaphoid; 3 podials; L. 

MTT 1-5; R. MTT 1-5; L. MTC 2 and 5; R. MTC 2-5; misc. frags. 

HAL-VP-9/1108 U 
R. MAN (L. I2-R. P3 roots, P4-M3); R. MAX (partial C-P4, complete M1-

M3); RAD (prox.); CRA frags. 

HAL-VP-9/1109 * – R. FEM (prox.) 

HAL-VP-9/1113 U L. MAX (M1) 

HAL-VP-9/1115 U L. MAX (P3-M1) 

HAL-VP-9/1117 * – R. RAD (prox.) 

HAL-VP-9/1119 * – L. MAN (edent.); MAN symph. 

HAL-VP-9/1124 * – L. HUM (dist.) 

HAL-VP-9/1127 U R. MAN (I1-P3 roots, partial P4-M2, M3 roots) 

HAL-VP-9/1128 – R. LdM2 

HAL-VP-9/1145 * – R. HUM (dist.) 

HAL-VP-9/1150 * – R. FEM (prox.) 

HAL-VP-9/1156 * – L. MAX (edent.) 



HAL-VP-9/1170 – L. UI1 

HAL-VP-9/1172 U MAN (R. dM1-dM2) 

HAL-VP-9/1176 * – R. MAX (I2 erupting, dM1-M1) 

HAL-VP-9/1401 – L. LM2 

HAL-VP-9/1403 * – L. ULN (prox.) 

HAL-VP-9/1404 * – L. MAN (edent.) 

HAL-VP-9/1416 * – MAN symph. (edent.) 

HAL-VP-9/1417 * – R. + L. MAN (L.dM1-M1, R.dM1-2) 

HAL-VP-9/1428 – L. LM3 

HAL-VP-9/1434 U R. LP4-M1; R. LM3; L. LC; L. LM1-3 

HAL-VP-9/1441 – R. LM2 

HAL-VP-9/1442 – LM3 

HAL-VP-9/1444 U LM3; R. HUM (dist., shaft) 

HAL-VP-9/1445 * – L. MAN (edent.) 

HAL-VP-9/1453 * – R. MAX (C-M3 roots, M1 frag.) 

HAL-VP-9/1457 U R. MAX (P3-M2); FRO frag. 

HAL-VP-9/1459 * – 

R. MAX (P4, partial M1); R. MAN (M1-M3 roots); isolated R. LM; R. 

MAN (condyle); L. HUM (prox.); L. + R. HUM (dist.); R. + L. RAD 

(prox.); R. RAD (partial dist.); L. SCA frag; PAT; R. + L. ULN (prox.); R. 

FEM (prox.); TIB (prox.); R. TIB (dist.); R. + L. FEM (prox.); assorted 

hand and foot bones; many VER and RIB frags.; partial SAC; 3 STE 

segments; R. OCX frag.; misc. frags. 

HAL-VP-9/1460 U L. MAX (C-M3) 

HAL-VP-9/1461 U MAN (L. I1-I2, M1-M2; R. I1, P4-M2; P3's and C's erupting) 

HAL-VP-9/1463 U L. MAN (M1-M3) 

HAL-VP-9/1465 * – R. + L. HUM (prox.) 

HAL-VP-9/1470 * – R. MAX (edent.) 

HAL-VP-9/1472 * – 
L. FEM (prox.); L. RAD (dist.); L. partial OCX; OCX frag.; R. CAL; FEM 

(dist.); PAT; VER frag.; long bone frags. 

HAL-VP-9/1476 * – R. HUM (dist.) 

HAL-VP-9/1477 U L. MAX (P3-M2) 

HAL-VP-9/1478 U L. MAN (M1-M3) 

HAL-VP-9/1524 * – R. FEM (prox.) 

HAL-VP-9/1527 U R. + L. MAN (L. P4-M1) 

HAL-VP-9/1530 U L. MAX (C-M1) 

HAL-VP-9/1537 – 

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

(P4-M3); L. LI2-C in concretion; MAN (condyle); R. + L. TEM frags; L. 

RAD; R. RAD (prox.); R. ULN (prox.); R. ULN (dist.); R. + L. HUM; L. 

FEM; R. FEM (dist.); R. + L. TIB; L. OCX frag.; 2 R. OCX frags.; PAT; L. 

FIB (prox.); L. SCA frag; R. + L. CAL; R. + L. TAL; NAV; assorted 



podials, MTP, and PHX; RIB frags; partial SAC; 2 VER; multiple partial 

VER; misc. frags. 

HAL-VP-9/1539 U R. MAX (M1-M3) 

HAL-VP-9/1542 * – R. MAX 

HAL-VP-9/1545 * – L. ULN (prox.) 

HAL-VP-9/1550 U MAN + MAX 

HAL-VP-9/1551 * – FEM (dist.) 

HAL-VP-9/1562 * – R. FEM (prox., shaft); OCX frag. 

HAL-VP-9/1568 U L. MAN (M1-M2, imm.) 

HAL-VP-9/1572 U 

CRA (R. I1-I2, P3-P4, partial M1-M2; partial L. C, complete P3-M3); R 

MAN (w/ condyle and M2-M3); isolated R. LM1; isolated R. LI1-I2; R. 

HUM; R. ULN; R. RAD; MTP (prox.); RIB frag.; misc. frags. 

HAL-VP-9/1575 U R. MAX (partial P3, complete P4-M3); L. MAX (partial I2, partial P3-M1) 

HAL-VP-9/1578 U R. MAN (P4-M2, M3 in crypt) 

HAL-VP-9/1579 U R. + L. MAX (dC-dM2, M1) 

HAL-VP-9/1581 U L. MAN (P4-M3) 

HAL-VP-9/1590 * – R. ULN (prox.) 

HAL-VP-9/1594 * – R. ULN (prox.) 

HAL-VP-9/1596 * – L. ULN (prox.) 

HAL-VP-9/1598 * – L. HUM (dist.) 

HAL-VP-9/1604 * – UM 

HAL-VP-9/1610 U FRO 

HAL-VP-9/1611 F FRO 

HAL-VP-9/1615 * U 

R. + L. OCX; R. + L. SCA (glenoid fossa); R. ULN (prox. w/ shaft); L. 

ULN (partial prox.); L. RAD (prox. w/ shaft); R. HUM (dist.); L. FEM 

(prox., w/ shaft frags.); TIB (dist.); R. + L. CAL; L. TAL; 2 cuneiforms; 

CUB; NAV; numerous MTP and PHX; ULN shaft frags.; FEM shaft; HUM 

(prox.); CRA frags.; VER frags. 

HAL-VP-9/1618 U L. MAX (P3-M1) 

HAL-VP-9/1619 – L. MAN (M2) 

HAL-VP-9/1622 – LM1 or 2 

HAL-VP-9/1623 U L. MAX (P3-M3) 

HAL-VP-9/1625 * – 
R. + L. OCX frags.; R. RAD (prox.); R. ULN (prox.); R. FEM (prox.); 

HUM (dist. w/ shaft); FEM (dist. shaft); shaft frags. 

HAL-VP-9/1629 * – FRO (w/ glabella) 

HAL-VP-9/1631 * – FRO (w/ glabella); CRA frags. 

HAL-VP-9/1632 * – 
TIB (prox. w/ shaft); HUM (dist.); FEM (dist.); OCX frags.; ULN (prox.); 

LUN; STE; R. + L. PAT; TIB (dist.); PHX frags.; VER frags.; misc. frags. 

HAL-VP-9/1643 * – L. HUM (dist.) 

HAL-VP-9/1644 * – R. HUM (dist.) 



HAL-VP-9/1646 – R. UI1 

 

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

*Specific referral to Colobus cf. guereza 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIGURES 
 

 
 
Figure 1 Crania of Faro Daba Colobus cf. guereza in anterior view. Clockwise from top left: 
HAL-VP-9/730, HAL-VP-9/319, HAL-VP-9/723, HAL-VP-9/332, HAL-VP-9/5, HAL-VP-
9/489, HAL-VP-9/1572, and HAL-VP-9/779. The individuals at the far left and right are a 
probable female and male, respectively; sex is uncertain for the six individuals in the center. 
Crania are aesthetically arranged to provide a sense of preservation and variation in the 
assemblage. See subsequent figures for more traditional views. Scale is approximate. 
 
 
 



 
 
Figure 2 Distribution of anatomical regions represented in the Faro Daba Colobus cf. guereza 
sample. (a) Number of cataloged specimens with cranial, dental, and/or mandibular remains, 
postcranial remains, and both types of remains. (b) Number of cataloged specimens preserving 
elements from nine anatomical regions. Note that cataloged specimens are counted in multiple 
categories (e.g., the 43 individuals with both types of remains in (a) are also counted in the two 
categories above). Elements classified as belonging to the “shoulder” include the clavicle and the 
scapula; the “pelvis” includes the os coxae and the sacrum. See Appendix 1 for a full list of 
specimens and element inventory. 



 
 
Figure 3 Faro Daba Colobus cf. guereza skeleton, HAL-VP-9/1102. Sex is uncertain. Phalanges 
are arranged along the right side from proximal (top group) to intermediate (middle group) to 
distal (bottom group). This is one of the most complete single individuals recovered, but it 
should be noted that there are more than a dozen relatively complete partial skeletons in the Faro 
Daba colobine assemblage (see Appendix 1 for inventory).  



 
 
Figure 4 Faro Daba Colobus cf. guereza and extant colobine adult crania. Top panel: Faro Daba 
Colobus cf. guereza in anterior (top row), superior (center row), and lateral (bottom row) views. 
Sex is uncertain for all fossil individuals. From left to right: HAL-VP-9/723, HAL-VP-9/779, 
and HAL-VP-9/1572. HAL-VP-9/723 (left) and HAL-VP-9/1572 (right) are pictured in left 
lateral view; anterior is to the left. HAL-VP-9/779 (center) is pictured in right lateral view; 
anterior is to the right. HAL-VP-9/723 includes associated vault fragments, dental remains, and a 
partial postcranial skeleton that are not pictured here. HAL-VP-9/779 does not preserve any 
additional associated elements beyond the cranium pictured here. HAL-VP-9/1572 includes 
mandibular, dental, and postcranial remains that are not pictured here; see Figure 10 for an 
occlusal view of the maxillary dentition of this individual. Bottom panel: Extant colobines in 
superior (top row) and left lateral (bottom row) views. Anterior is to the left. From left to right: 
C. guereza male (FMNH 31163), C. angolensis female (FMNH 27276), and Pi. badius female 
(FMNH 15519). Images of extant specimens by Rebecca A. Banasiak, licensed under a Creative 
Commons Attribution-Noncommercial 4.0 International License. Scale is the same for both 
panels.



 
 

Figure 5 Maxillary and mandibular morphology of Faro Daba Colobus cf. guereza and maxillary morphology of Asbole Colobus sp. 
specimens prior to matrix cleaning (see Figure 7 for mandibular comparisons). Left panel: Two Faro Daba Colobus cf. guereza adult 
individuals preserving both maxillary and mandibular anatomy. HAL-VP-9/1101 (female) is pictured on the left and HAL-VP-9/488 
(male) on the right. (a) HAL-VP-9/1101 maxilla in inferior view; anterior is up. (b) HAL-VP-9/1101 mandible in superior view; 
anterior is up. (c) HAL-VP-9/1101 mandible in right lateral view; anterior is to the right. (d) HAL-VP-9/488 mandible in right lateral 
view; anterior is to the right. (e) HAL-VP-9/488 maxilla in right lateral view; anterior is to the right. (f) HAL-VP-9/488 maxilla in 
superior view; anterior is down. (g) HAL-VP-9/488 maxilla in anterior view; superior is up. Right panel: Four Asbole individuals 
preserving maxillary anatomy. (h) ASB-254-6, male left maxilla in anterior view. (i) ASB-90, female left maxilla in anterior view. (j) 
ASB-90, female left maxilla in left lateral view; anterior is to the left. (k) ASB-90, female left maxilla in occlusal view; anterior is up. 
(l) ASB-214, male right maxilla in right lateral view; anterior is to the right. (m) ASB-214, male right maxilla in occlusal view; 
anterior is up. (n) ASB-87, female right maxilla in right lateral view; anterior is to the right. (o) ASB-87, female right maxilla in 
occlusal view; anterior is up. Images of the Asbole fossils are from Frost and Alemseged (2007). Scale is the same for both panels. 



 
 
Figure 6 Cranial metrics for the Faro Daba Colobus cf. guereza fossils and comparative samples. 
(a) Facial length. (b) Facial width. (c) Palatal width at the level of the maxillary canines. (d) 
Maximum calvarial width. (e) Ratio of facial length to palatal width at the level of the maxillary 
canines. (f) Ratio of facial width to maximum calvarial width. Abbreviations: mm, millimeters. 
 



 
 
Figure 7 Mandibular morphology of Faro Daba Colobus cf. guereza, Asbole Colobus sp., and 
extant C. guereza. Left panel: Faro Daba Colobus cf. guereza adult mandibles in right lateral 
view, demonstrating the preservation and variation in the assemblage. Mandibles are seriated 
from smallest (top) to largest (bottom) in general size. From top to bottom: HAL-VP-9/627 
(probable female), HAL-VP-9/338, HAL-VP-9/590, HAL-VP-9/739 (female), HAL-VP-9/316, 
HAL-VP-2/59, and HAL-VP-9/488 (male). Sex is uncertain unless otherwise indicated above. 
Right panel: Asbole Colobus sp. and extant C. guereza. From top to bottom: ASB-215-2 
(female), ASB-80 (female), ASB-254-13 (male), and extant C. guereza specimens HTB 0801 
(female) and HTB 1504 (male). Mandibles are in right lateral view, except for ASB-254-13, 
which is in left lateral view. Images of the Asbole fossils are from Frost and Alemseged (2007). 
Scale is the same for both panels.  



 
 
Figure 8 Faro Daba Colobus cf. guereza and Asbole Colobus sp. mandibles. Top panel: Faro 
Daba Colobus cf. guereza adult mandibles in superior (left) and left lateral (right) views. Top 
row: HAL-VP-9/733 (probable female). Bottom row: HAL-VP-9/556 (male). Bottom panel: 
Asbole Colobus sp. adult mandibles in superior (left) and right lateral (right) views. Top row: 
ASB-78 (male). Center row: ASB-100 (male). Bottom row: ASB-76 (female). Images of the 
Asbole fossils are from Frost and Alemseged (2007). Scale is the same for both panels.  



 
 
Figure 9 Mandibular metrics for the Faro Daba Colobus cf. guereza fossils and comparative 
samples. (a) Height of the mandibular corpus at the midpoint of the mandibular first molar. (b) 
Height of the mandibular corpus at the midpoint of the mandibular third molar. Abbreviations: 
mm, millimeters; M1, first molar; M2, second molar. 
 



 
 
Figure 10 Nearly complete adult maxillary dentitions of Colobus cf. guereza individuals HAL-
VP-9/1572 (left) and HAL-VP-9/384 (right) in inferior view; anterior is up. Sex is uncertain for 
both individuals. See Figure 4 for additional views of the HAL-VP-9/1572 cranium. 
 
 
 
 



 
 
Figure 11 Maxillary dental metrics for the Faro Daba Colobus cf. guereza fossils and 
comparative samples. (a) Mesiodistal crown length of the maxillary fourth premolar vs. 
maxillary first molar. (b) Mesiodistal crown length vs. anterior crown width of the maxillary 
second molar. (c) Ratio of the maxillary second molar anterior crown width to mesiodistal crown 
length. Abbreviations: mm, millimeters; L, mesiodistal crown length; AW, buccolingual width of 
the anterior loph; P4, M1, and M2 refer to the fourth premolar and first and second molars, 
respectively.  



 

 
 
Figure 12 Mandibular dental metrics for the Faro Daba Colobus cf. guereza fossils and comparative samples. (a) Mesiodistal crown 
length vs. anterior crown width of the mandibular second molar. (b) Mesiodistal crown length of the mandibular fourth premolar vs. 
mandibular first molar. (c) Molar module component (MMC) vs. premolar-molar module (PMM); see Methods section for details on 
these dental ratios. Note that although three Colobus cf. guereza individuals at the low end of the MMC axis appear here as outliers, 
there are additional individuals that span the perceived gap in MMC values; they are not included here because they do not preserve 
the PMM. (d) Ratio of the mandibular fourth premolar mesiodistal crown length to mandibular first molar mesiodistal crown length. 
Abbreviations: mm, millimeters; L, mesiodistal crown length; AW, buccolingual width of the anterior loph; P4, M1, and M2 refer to 
the fourth premolar and first and second molars, respectively.  



 

 
 
Figure 13 Frequency distributions of maxillary canine crown mesiodistal length (left) and 
buccolingual width (right) for the Faro Daba Colobus cf. guereza fossils and comparative 
Colobus samples. Measurements are in millimeters. The Faro Daba Colobus cf. guereza align 
closely with the extant Colobus guereza sample. The Middle Pleistocene Colobus sp. samples 
from “Andalee” and Asbole, Ethiopia, are smaller on average than both more recent samples. 
See text for a discussion of the implications of this size difference. 
 

 
 
 
 
 
 
 
 
 



 
 

Figure 14 Boxplots of three postcranial metrics for the Faro Daba Colobus cf. guereza fossils 
and extant comparative samples. Sample sizes are indicated in parentheses. These metrics have 
been interpreted to reflect locomotory habitus in cercopithecids (see text for discussion). (a) 
Epicondyle ratio of the distal humerus. (b) Relative flange length of the distal humerus. (c) 
Relative greater trochanter projection of the proximal femur. Comparative plots for extant 
colobines are adapted from Frost et al. (2020). 
 
 
 
 
 
 
 
 
 
 



 
 
Figure 15 Postcranial indices for the Faro Daba Colobus cf. guereza fossils and extant Colobus 
guereza. (a) Brachial index: (maximum radial length / maximum humeral length) * 100. (b) 
Crural index: (maximum tibial length / maximum femoral length) * 100. (c) Humerofemoral 
index: (maximum humeral length / maximum femoral length) * 100. (d) Intermembral index: 
(maximum humeral + radial length) / (maximum femoral + tibial length)) * 100.  
 



 
 
Figure 16 Faro Daba Colobus cf. guereza humeri in anterior view, demonstrating size variation 
in the assemblage. Humeri are seriated by distal end size from largest (left) to smallest (right). 
From left to right: HAL-VP-9/5, HAL-VP-9/1102, HAL-VP-9/1572, HAL-VP-9/1615, HAL-
VP-9/1075, HAL-VP-9/1077, HAL-VP-2/32, HAL-VP-9/284, HAL-VP-9/1537, and HAL-VP-
9/1444. See Figure 16 for additional humeral remains; note that some specimens pictured here 
have associated elements pictured in other figures. 
 
 
 
 
 
 
 



 

 
 
Figure 17 Humeral morphology of Faro Daba Colobus cf. guereza, Asbole Colobus sp., and extant C. guereza. Left panel: (a) HAL-VP-9/1102 
left humerus in anterior (left) and posterior (right) views. (b) HAL-VP-9/594 right proximal humerus in medial (left) and posterior (right) views. 
(c) HAL-VP-9/640 left proximal humerus in medial (left) and posterior (right) views. (d) HAL-VP-9/730 right proximal humerus in medial (left) 
and posterior (right) views. (e) HAL-VP-9/7 right distal humerus in anterior (left) and posterior (right) views. (f) HAL-VP-9/730 left proximal and 
distal humerus. Proximal portion is shown in medial (left) and posterior (right) views. Distal portion in shown in anterior (left) and posterior 
(right) views. (g) HAL-VP-9/1615 right proximal humerus in medial (left) and posterior (right) views. (h) HAL-VP-9/284 right proximal humerus 
in medial (left) and posterior (right) views. (i) HAL-VP-9/1077 right distal humerus in anterior (left) and posterior (right) views. (j) HAL-VP-
9/632 left distal humerus in anterior (left) and posterior (right) views. (k) Extant C. guereza right male humerus (HTB 2140) in anterior (left) and 
posterior (right) views. (l) Asbole Colobus sp. distal humeri in anterior view. All are from the right side. Clockwise from left: ASB-210, ASB-250-
2, ASB-91, ASB-233-18, ASB-204, and ASB-158. Right panel: Distal humeri in distal view, anterior is up. Scale is approximate. Left column, 
from top to bottom: HAL-VP-9/284 (left side), HAL-VP-9/632 (left side), HAL-VP-9/1077 (left side), HAL-VP-9/730 (left side), HAL-VP-
9/1077 (right side), HAL-VP-9/1615 (right side), HAL-VP-9/1444 (right side). Right column, from top to bottom: HTB 2140 (right side), ASB-
254-25 (left side), ASB-91 (right side), ASB-158 (right side), ASB-210 (right side), ASB-204 (right side), and ASB-233-18 (right side). See 
Figure 15 for additional humeral remains; note that some specimens pictured here have associated elements pictured in other figures. Images of the 
Asbole fossils are from Frost and Alemseged (2007). 



 
 
Figure 18 Faro Daba Colobus cf. guereza ulnae in right lateral view, demonstrating size 
variation in the assemblage. Ulnae are seriated by proximal end size from largest (left) to 
smallest (right). From left to right: HAL-VP-9/1615, HAL-VP-2/59, HAL-VP-9/1572, HAL-VP-
9/1102, HAL-VP-9/419, HAL-VP-9/284, HAL-VP-9/1048, HAL-VP-9/1537, and HAL-VP-
9/989. See Figure 18 for additional ulnar remains; note that some specimens pictured here have 
associated elements pictured in other figures. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Figure 19 Faro Daba Colobus cf. guereza ulnae and radii with extant and fossil comparisons. 
Top panel, from left to right: HAL-VP-9/1102 left ulna, HAL-VP-9/640 left partial proximal 
ulna, extant C. guereza male right ulna (HTB 2140), and Asbole Colobus sp. left proximal ulna 
(ASB-42-A). Each ulna is shown in lateral (left) and anterior (right) views, except for ASB-42-
A, which is only shown in lateral view. Bottom panel, from left to right: HAL-VP-9/284 right 
radius, HAL-VP-9/284 left partial radius, and extant C. guereza male right radius (HTB 2140). 
Each radius is shown in approximately medial (left) and anterior (right) views. See Figure 17 for 
additional ulnar remains; note that some specimens pictured here have associated elements 
pictured in other figures. Images of the Asbole fossils are from Frost and Alemseged (2007). 
Scale is the same for both panels.  



 

 
 
Figure 20 Faro Daba Colobus cf. guereza femora in anterior view, demonstrating size variation 
in the assemblage. Femora are seriated from largest (left) to smallest (right). From left to right: 
HAL-VP-2/88, HAL-VP-9/594, HAL-VP-9/730, HAL-VP-9/5, HAL-VP-9/1102, HAL-VP-
9/284, and HAL-VP-9/1537. See Figure 20 for additional femoral remains; note that some 
specimens pictured here have associated elements pictured in other figures. 
 



 
 
Figure 21 Faro Daba Colobus cf. guereza femora with extant and fossil comparisons. Left panel: 
Faro Daba Colobus cf. guereza femora. Each individual is shown in anterior (left) and posterior 
(right) views. Top row, from left to right: HAL-VP-9/1102 (left side), HAL-VP-9/1077 (right 
side), and HAL-VP-9/5 (right side, proximal and distal portions). Bottom row, from left to right: 
HAL-VP-9/284 (left side), HAL-VP-9/730 (left side), HAL-VP-9/811 (left proximal end, right 
distal end), and HAL-VP-9/732 (right side). Right panel: Extant C. guereza and Asbole Colobus 
sp. femora. Clockwise, from left: C. guereza right femur (HTB 2140) in anterior (left) and 
posterior (right) views, and three Asbole Colobus sp. left proximal femora in posterior view prior 
to matrix removal (ASB-210, ASB-250-1, and ASB-254-27). See Figure 19 for additional 
femoral remains; note that some specimens pictured here have associated elements pictured in 
other figures. Images of the Asbole fossils are from Frost and Alemseged (2007). Scale is the 
same for both panels. 
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Figure S1 Faro Daba Colobus cf. guereza juvenile maxilla (left) and mandible (right) of 

individual HAL-VP-2/127 in occlusal view. Anterior is up. Sex is uncertain. Note that the 

unerupted right maxillary third molar is visible in the crypt.  

 



 
 

Figure S2 Faro Daba Colobus cf. guereza juvenile mandibles in occlusal view, demonstrating a 

small subset of the ontogenetic variation in the assemblage. Anterior is up. Clockwise, from top 

left: HAL-VP-3/43, HAL-VP-9/1461, HAL-VP-9/303, and HAL-VP-9/778. Sex is uncertain for 

all individuals. Note that unerupted third molars are visible in HAL-VP-3/43, HAL-VP-9/303, 

and HAL-VP-9/778. 



Table S1 Age scoring criteria 

 

Score Description 

1 Individual only has deciduous dentition 

2 Individual has mixed dentitiona 

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

4 Individual has permanent dentition with only light wearb 

5 Individual has permanent dentition with moderate wearc 

6 Individual has permanent dentition with heavy weard 

 

aInstances where the deciduous dentition would have been in function during life but has been lost and only 

permanent teeth in the crypt remain were scored as mixed. 
bNo dentine exposure that exceeds 1 mm in diameter. 
cExposed dentine on the first and second molars does not connect between cusps.  
dDentine is exposed on all three molars and the exposures connect between cusps.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2 Anatomical abbreviations used in specimen inventory 

 

Elements 

CRA Cranium 

FRO Frontal 

MAX Maxilla 

ZYG Zygomatic 

TEM Temporal 

OCC Occipital 

NAS Nasal 

MAN Mandible 

I1 – I2 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 

OCX 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 

MTC1 to 5 Metacarpal 1 to 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 

 

 

 

 


