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1. INTRODUCTION 

The early Pleistocene hominin migrations have been profoundly studied, yet the degree of 

adaptability possessed by the earliest migrating hominins is still to be determined. The large 

biogeographic range obtained by hominins after the initial dispersal circa 1.8 million years ago 

certainly means that hominins had to adapt to novel landscapes and new climatic zones, but the 

environment of hominin migration remains a subject of speculation. The habitats hominins 

migrated to is thus tightly interwoven with the degree of adaptability they possessed. 

Environmental migration hypotheses can be divided into two types: Those which see hominin 

migration as synchronous with the expansion of their favoured habitat, placing hominins within 

this environmental niche (Dennell & Roebroeks, 2005; Louys & Roberts, 2020; van der Made 

& Mateos, 2010), and others which see hominin migrations as the result of their adaptation to 

environmental variability. There is a need for testing these hypotheses. Luckily, each of these 

hypotheses have testable implications, that is, a set of expectations regarding the environmental 

context in which hominins lived. For a hypothesis to hold true, hominin fossils should be 

associated consistently with that particular type of past environment. Testing the migration 

hypotheses therefore requires robust palaeoecological reconstructions of early Pleistocene 

hominin sites outside of Africa.  

Analysing the community-wide presence of behavioural traits is ecologically informative since 

numerous studies have shown a relationship between the behavioural traits of herbivore 

communities and their local environmental conditions (Eronen et al. 2010; Fortelius & 

Solounias 2000; Žliobaite 2018). Over the years, teeth and metapodials have emerged as 

particularly informative subjects on the matter. Besides their relative abundance in the fossil 

record, teeth and metapodials have also proven to be excellent indicators of an animal’s diet 

and body size respectively. Explicit information about what animals ate and changes in body 

size in accordance with their habitat provide the most direct information about the animal’s 

learned behaviour and environment (Faith & Lyman 2019: 164, 186). Study of tooth wear on 

fossil teeth readily distinguishes what they ate, and as a result, what was available for 

consumption. Differences in mean body mass of species between localities, on the other hand, 

are affected by vegetation structure, resource availability and interspecific relationships 

(Saarinen et al. 2016), which allow for inter-locality comparison. By inferring the signs of niche 



5 

exploitation on teeth and metapodials, one can examine the interactions species had with their 

habitat. Thus, they can be used for habitat reconstruction.  

The early Pleistocene hominin locality Dmanisi, in the Republic of Georgia, provides an 

excellent opportunity to test how well the hypotheses hold true. It is the oldest hominin fossil 

site outside of Africa, with a confirmed age of 1.77 Ma (Ferring et al. 2011). The site contains 

the remains of at least five hominin individuals, while also being remarkably rich in faunal 

specimens to be studied. As the morphology of the Dmanisi hominins suggest a direct link 

between them and the hominins described in Africa (Lordkipanidze et al. 2007), reconstructing 

the Dmanisi habitat helps to assess the degree of adaptability by the earliest hominins outside 

of Africa. Previous paleoenvironmental reconstructions at the site have produced disparate 

conclusions on the environmental setting, resulting in the need for new environmental proxies. 

The first purpose of this thesis is to outline the pivotal hypotheses concerning the environmental 

context of hominin migrations and lay out their test implications, focusing on environmental 

hypotheses as they relate to the degree of adaptability possessed by the earliest migrating 

hominins. Every environmental hypothesis assumes something about the hominin adaptability, 

even if not all hypotheses explicitly discuss hominin adaptability. The second aim of this thesis 

is to provide a robust, palaeoecological reconstruction of the hominin locality Dmanisi. The 

palaeoecological reconstruction is done with a taxon-free, two-tiered analysis. Firstly, this 

thesis studies the paleodiet of large herbivorous mammals from Dmanisi, by analysing the   

macroscopic   wear   of   the   fossil   molar teeth. The mesowear method, originally developed 

by Fortelius & Solounias (2000), categorizes the wear of the crown of the molar teeth into 

different dietary categories, thus enabling the reconstruction of the dietary composition of 

herbivorous mammals in an attrition-abrasion (browse vs. grass) continuum. The average 

mesowear signal of the Dmanisi ungulate community provides further information about the 

vegetation types at the site. Secondly, the body mass of Dmanisi ungulates is estimated using 

the regression equations from Scott (1990), and from the results a mean body mass index for 

Dmanisi is calculated to be compared with other localities. As body mass of a species is affected 

by vegetation structure, resource availability and interspecific relationships (Saarinen et al. 

2016), differences in body mass between localities describe these characteristics of the hominin 

habitat. The ultimate aim of this thesis is to show whether the reconstructed paleoecology in 

Dmanisi supports the hypotheses and what it implies for the level of adaptability the earliest 

migrating hominins had. 
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2. BACKGROUND 

2.1. Environmental Hypotheses of Hominin Migration 

The process of migration is tightly linked with the relationship between an organism and its 

environment. This relationship influences where the organism is able to disperse, and where it 

is able to persist. The analysis of how the relationship between the hominins and their 

surroundings influenced their ability to migrate is tricky, mostly because validation of any 

hypothesis rests on sparse data and hypotheses put forth are often not easily replicable. 

Traditionally the most prominent narratives of hominin migration have been the environmental 

consistency hypotheses, where either a specific ecological setting or directional environmental 

change conditioned hominins to disperse into Eurasia. Under this model the early Pleistocene 

Homo could have only expanded into Eurasia by tracking their favourite habitat as it grew 

(Dennell & Roebroeks, 2005; Louys & Roberts, 2020; van der Made & Mateos, 2010). 

However, with the data on the ecological settings inhabited by early humans improving in 

resolution, some studies now suggest that the first migrating hominins were ecologically highly 

adaptive species, capable of colonising diverse habitats (Potts 1996; 1998). 

“Savannahstan” hypothesis is the most widely subscribed environmental consistency model. It 

is a model that sees the early Pleistocene Homo exclusively occupying a savannah niche in East 

Africa, due to which the migration out of Africa under this model would have only been 

possible within savannah biomes. Originally the “Savannahstan” term was devised by Dennell 

& Roebroeks (2005) to refer open savannah-grassland biome they found suitable for early 

Pleistocene hominins. In this thesis “Savannahstan” is used to refer to the wider idea that 

Pleistocene dispersals occurred within savannah-grassland biomes, even if not all proponents 

of the idea explicitly use the term (e.g., van der Made & Mateos 2010).  

There is a general consensus that Homo evolved in the open environments of East Africa. This 

is rooted in the fact that many paleoenvironmental reconstructions of hominin dwelling sites in 

Africa were initially reconstructed as arid grasslands, hence it was assumed that hominins had 

evolved in landscapes like modern savannahs (Domínguez-Rodrigo 2014: 60; Laporte & 

Zihlman 1983). The emergence and expansion of savannahs in Africa would have been caused 

by ‘the massive overall cooling trend’, which would have put early hominins under significant 

selective pressure to adapt to the harshening conditions (Vrba 1995). As woodlands diminished 
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and open areas spread, the previously arboreal prehominin ape would have been forced to dwell 

on the ground and find new means of survival more suitable for an arid grassland (Laporte & 

Zihlman 1983). As a result, Vrba (1995; 1996) has cited the rise of the African dry savannah in 

the late Pliocene as the critical event behind the development of terrestrial bipedality, 

encephalic brain, stone tool making and other key features necessary for migration. Bipedal 

walking would enable better mobility and thus improve the ability to reach now more scarcely 

distributed resources, while a larger brain would have enabled hominins to process, while stone-

tool making and carnivory allowed hominins to process harsher food and widen their resource 

base, respectively. A species becoming closely tied to a particular niche is common, and other 

African mammals also experienced rapid change/speciation at the same time. Late Pliocene 

grazing bovids show an increase in hypsodonty (i.e., teeth become higher-crowned for the 

purpose of grazing), while rodents developed tougher teeth and longer hind-legs (Vrba 1995; 

1996). Synchronous change in multiple groups would imply a shared reason for the change, 

which to Vrba and others was the shift from warm, moist conditions to a cooler, drier, and more 

open habitat. 

The central tenet of the Savannahstan is that early Pleistocene Homo was only able to disperse 

out of Africa into savannah ecosystems analogous to its African niche. In this framework, the 

ability to migrate is dependent on the expansion of savannah environments from East Africa 

into Eurasia, which would have provided the pull for Homo to leave Africa. This is supported 

by evidence where the climatic instability of the late Pliocene/early Pleistocene led to the spread 

of savannah-like environments spread across Africa and western Eurasia (Martínez-Navarro 

2010). As a general pattern, extensive forested terrain in Eurasia was replaced by an alternating 

sequence of varied savannah-like and forested habitats during the 2.6 Ma – 1.8 Ma span (Kahlke 

et al. 2011). Between 1.8 – 1.2 Ma the vegetation in western Eurasia predominantly alternated 

between different types of open habitats (Kahlke et al. 2011). Increase in aridity is also 

demonstrated by the arrival of African species into Eurasia during this period, as the climatic 

change during this period would have facilitated the dispersal of savannah-adapted African taxa 

into Eurasia (Bar-Yosef & Belmaker 2011). West Eurasian fauna as a whole experienced a 

gradual, yet significant renewal, as indicator mammalian species adapted to open steppe and 

forest-steppe landscapes replaced species that had previously thrived in humid and forested 

habitats. The magnitude of faunal turnovers is of course region-specific and furthermore 

dependent on other factors, but generally western Eurasia experienced a proliferation of open-

adapted taxa in its taxonomic composition (Kahlke et al. 2011) 
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Earliest hominin expansion out of Africa could have only occurred under savannah-like 

grasslands, wooded grassland, and woodland habitats, per the Savannahstan model. Arguably 

this is a fallacy, as what constitutes a “savannah-like” grassland remains poorly defined. 

Savannahs are tropical grasslands, with different flora and climatic condition to harsher and 

more temperate Eurasian grasslands, hence a preference for savannahs does not mean 

preference for all types of grassland, especially in terms of maintaining a population (Louys & 

Turner 2012: 208). Savannahs do share some similarities with Eurasian grasslands, but not on 

a scale large enough to say that a distinction between the two ecosystems should not exist (Cox 

& Moore 1993). Furthermore, while the early Pleistocene hominin evolution in East Africa did 

take place in the broad context of environments opening and C4 grasses spreading, first 

evidence of grasslands persisting in East Africa only arises in 1.8 Ma, after hominins left the 

continent. Evidence mostly testifies to hominins in East Africa occupying environments that 

were diverse, with both temporal and spatial variation in their vegetation (Feibel 1997, Dennell 

2011, Carrión et al. 2019, and Patterson et al. 2017). Cerling (1992: 244) described Early 

Pleistocene East Africa: “Somewhat open but nothing like the grasslands or wooded grasslands 

of East Africa today”.  This means that open grasslands were not a prominent nor a regular 

feature of the East African landscape in the late Pliocene. Overall, there is little indication that 

hominins habitually lived in grasslands before 1.8 Ma, but rather in environments that were 

more arid and open than previously. 

If the spread of grasslands caused Homo to leave Africa, it stands to reason that climate change 

drove other animals to disperse simultaneously. Some (e.g., Lordkipanidze & Agustí 2011; van 

der Made & Mateos 2010) surmise that early Homo Africa as part of larger, multi-species 

dispersal waves with African mammal species that entered Eurasia. Tchernov (1998: 80) 

suggested that “any hominid dispersal [event] was a natural part of any emigration until the 

Late Upper Pleistocene era”. Turner (1999: 568) agrees with Tchernov, stating “the dispersion 

of Homo can be seen as a part of larger pattern of dispersion by members of the terrestrial 

mammal fauna”. If this model is correct, then Eurasian fossil records should possess species 

originating in Africa, and the faunal turnover should concentrate on a short chronological 

interval (Arribas & Palmqvist 1999: 583). The view held by Tchernov (1998), Turner (1999) 

and others is not implausible, as their perception is corroborated by the presence of African 

species at Eurasian localities, like in the Italian locality Pirro Nord and Ubeidiya in Israel 

(Tappen et al. 2007: 121). What role Homo played within the migratory waves remains 
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uncertain. Some models describe hominins passively moving with the herbivore taxa 

(Carotenuto et al. 2016), while others understand the Out of Africa I -event to have happened 

under the commensalism relationship between the carnivores and the early hominins (Arribas 

& Palmqvist 1999), as majority of mammals that dispersed from Africa into Eurasia were 

carnivores (van der Made 2013) 

It is important to mention that the large vertebrate fauna in Dmanisi is undeniably not of African 

origin (Tappen et al. 2007). The faunal assemblage in Dmanisi mostly consists of 

Villafranchian fauna, which either evolved in Europe during the early-middle Villafranchian 

(e.g., mammoths) or originated in Asia (mostly bovids) and migrated to Dmanisi in the Late 

Villafranchian (Gabunia et al. 2000; Bartolini-Lucenti et al. 2022). Some proponents of the 

migratory wave model have understood the presence of the giraffoid Palaeotragus and the 

sabretooth Megantereon as affirmation of African species inhabiting Dmanisi, but more recent 

publications liken the Megantereon in Dmanisi to the European species M. cultridens (Vekua 

et al. 2002), while the genus Palaeotragus had gone extinct in Africa by the end of Miocene, 

so it should not be considered to be of African origin in the context of the migratory wave 

model (Tappen et al. 2007: 122). As it stands hominins are the only large mammalian African 

species in Dmanisi, which means that something other than the extension of the savannah 

habitat was allowing them to migrate out of Africa. 

The Savannahstan model has now been challenged by studies, which argue that early Homo 

was an adaptable species capable of thriving in non-grassland environments. One emerging 

model is the Variability Selection hypothesis (VS), which states that the key adaptations that 

characterize Homo (e.g., bipedalism, larger brain, toolmaking) were developed by the 

increasing variability of Plio-Pleistocene climates and environment, rather than a trend towards 

more open and arid environments in Africa (Potts 1996; Potts 1998). Most researchers 

acknowledge that the evolution of Homo in East Africa happened under climatically 

inconsistent setting (Potts 2013), where constantly  changing  and  harsh  climatic  and  

environmental  conditions subjected hominins to significant evolution pressure. As a result, 

hominin populations in East Africa faced multiple, substantial disparities in selective 

environment over time. What the VS model argues is that the evolution under environmental 

disparity favours the build-up of complex adaptations for dealing with unexpected, episodic 

change, which in migratory sense would enhance an organism’s capacity to thrive in novel 
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conditions (Potts 1998: 112). The long-term effects of these disparate adaptive pressures are 

potentially indicated in the spread of hominins into Eurasia, as it almost certainly meant 

entering into novel landscapes and new climatic zones, which necessitated the ability to combat 

the shifts in the environmental conditions. 

The empirical support for Variability Selection model comes from the reassessment of 

paleoenvironmental data gathered from hominin sites, which for the most part imply diversity 

across and within the earliest African and Eurasian hominin habitats. Evidence from the 

African sites show how hominin populations persist through a variety of changes in climate 

and ecology (Potts 2012; Potts 2013; deMenocal 2004; Teague & Potts 2010). Archaeological 

data from Turkana and Olduvai Gorge records for the interval 2.0–1.50 Ma show that hominins 

were generally able to persist through episodic changes in their surroundings, even when 

environmental transitions were significant (Potts & Teague 2010; Feibel 1997). In fact, East 

African archeological sites greatly increase in number at this time (Potts & Teague 2010). 

Eurasian sites on the other hand do not demonstrate any clear patterns about hominins 

favouring particular ecologies when choosing preoccupied niches to migrate into (Zhu et al. 

2008). The hominin occurrence site Ubeidiya in Israel is described by Belmaker & O’Brien 

(2018) as ‘more humid [than today] with a close woodland forest’, while the hominin habitat 

in Guadix-Baza Basin was found by Saarinen et al. (2021: 107132) to be varied, ranging from 

“conditions similar to modern Mediterranean woodlands and shrublands to woodland and 

forest environments”. Likewise, the earliest hominin occupation sites in East Asia also display 

far more diversity in their vegetation than what would be possible under ecological consistency 

models. For example, the fossil fauna and microbotanical layers of the hominin-bearing layer 

of Yuanmou Basin, southwest China was (1.7 Ma) indicate a diverse habitat with open 

grasslands, bushlands, forests, and water-edge vegetation (Zhu et al. 2008). Fossil taxa from 

sites in the Nihewan Basin on the other hand reflect a variety of habitats, including woodland, 

grassland, and arid environments (Potts & Teague 2010; Zhang 1988), while Gonwangling taxa 

contain montaine forest indicators (Zhang 1988; Nowak 1999).  

The emphasis in the VS migratory model is on the ability of hominins to withstand and respond 

environmental change (Carrión et al. 2011). Evidence of variation in the Homo habitats appears 

to represent early human versatility in regard to the landscape. Further evidence of versatility 

can be observed in the sheer pace of the initial hominin migration, as Homo appears to have 
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obtained significant geographical expansion very rapidly. The hominin sites Dmanisi and 

Yuanmou 6 000 kilometres away from each other, yet the age difference between them is only 

50-70 kiloyears (Teague & Potts 2010), which would imply at least some adaptive capacity for 

Homo to not only migrate into Eurasia, but also sustain populations there to set up the eventual 

colonization of East Asia. 

The basic premise of the VS model is simple: hominin adaptability originated in the variable 

climate of the Pliocene Africa, which eventually provided a biological pre-adaptation to novel 

environments (Potts & Teague 2010). The weakness of the model lies in the fact that it does 

not explain what triggered ‘Out-Of-Africa I’, nor does it provide explicit predictions on 

hominin habitats in space and time. The model merely suggests how climatic instability was 

the mechanism behind improved hominin adaptability yet what selection mechanism would act 

to develop such adaptability remains unclear.  

The VS model does not exclude savannahs/grasslands, nor does the Savannahstan model 

necessarily omit variability; Savannahs are a heterogenous environment that covers a wide 

range of habitats, from pure grasslands to woodlands (Louys & Turner 2012). The hypotheses 

discussed above anyhow represent two opposite ends of a continuum regarding the early 

environments of Homo in Eurasia. Testing these models requires robust and precise data related 

to paleoenvironments and their association with hominins, which sets up the theoretical basis 

for this study. If the landscape in Dmanisi is constructed as a savannah/grassland, it would lend 

support to the Savannahstan model. The absence or the overall insignificance of grasslands in 

the landscape contrarily would favour the VS model. 

 

2.2. Dmanisi – General Background & Geological Setting 

The site of Dmanisi lies 85 kilometres south of the Georgian capital city Tbilisi, lying directly 

beneath the ruins of the homonymous medieval town. Georgia is surrounded by the Greater 

Caucasus Ridge in the north, Lesser Caucasus ridge in the south, Kura-Arak plains in the east 

and Black Sea in the west (Gabunia et al. 2000: 1). The site itself sits on an elevated promontory 

at the confluence of the Mashavera and Pinosauri rivers, which is surrounded by hills consisting 

of local Cretaceous volcaniclastic and marine rocks. Promontory rises above the confluence by 
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80 meters and from the sea level by 910 meters. Archaeologically the site is rich; the first dig 

at the site was conducted in 1894, while archaeological research at the site begun in 1936. The 

site eventually rose to wider scientific discussion in 1991, when an incomplete hominin 

mandible dated to the Early Pleistocene was found. Since then, 5 different hominin skulls have 

been found from Dmanisi along with circa 40 other hominin bones (Lordkipanidze et al. 2013) 

 

Figure 1 A topographical map showing the location of the Pleistocene site of Dmanisi 

 

The Dmanisi sequence is currently divided into units A and B, which overlie the 1.85 Ma 

Mashavera Basalt. Lower of the two units, Stratum A, has formed over a series of ash fall 

events, which are overlain by weakly developed soils stabilized by grasses, shrubs, and rare 

trees. The lowest layer (A1) consists of black sandy ashes, while the upper A layers (A2 - A4) 

are characterized by moderate paedogenic features (Ferring et al. 2011). Stratum B deposits 

have ashfalls and complex of deposits that filled pipes and gullies that had formed along 

collapsed pipes. Rapid burial by low energy aeolian and slope processes led to the superb 

stratification and preservation of bones in the pipe-gully facies of Stratum B1, which contain 

all the hominin remains recovered thus far in the excavations in Blocks 1 and 2 (Blain et al. 

2014: 137). Magnetostratigraphy and 𝐴𝑟/ 𝐴𝑟3940  dating of the Masavera Basalt at the base 

shows the sequence forming rapidly between 1.85 Ma and 1.78 Ma. The minor disconformity 

at the A-B contact, lack of erosional features on the Mashavera Basalt as well as microfaunal 

assemblages further indicate that these fossiliferous deposits accumulated very quickly after 

the Olduvai-Matuyama reversal (Lordkipanidze et al., 2007; Gabunia et a 2000: 789).  
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The archaeological deposits at Dmanisi have yielded impressive lithic and fossil assemblages 

across the whole sequence, having accumulated there in direct association with a regional lake, 

that formed because of the Mashavera basalt damming the Pinosauri valley (Gabunia et al. 

2000: 788). In total the excavations in Dmanisi have already produced 122 lithics artefacts, of 

which 49 have been found from in the stratum B, while the rest of the 73 lithic artefacts come 

from the strata A2 - A4 (Ferring et al. 2011). It is to be noted that the lithic artefacts differ 

between the two strata in terms of raw material that was used and reduction intensity. Higher 

proportion of Stratum A artifacts are made of red tuff but lacks andesite and basalt artefacts. 

Stratum B artefacts on the contrary are mostly made from andesite and basalt. A notable 

difference between the strata A and B assemblages is that only 29% of the stratum A flakes 

have dorsal cortex, compared with 71% in stratum B. Debitage from stratum B in the main 

excavations has a similarly high proportion of cortical pieces (10), which according to Ferring 

(et al. 2011: 10433) suggests that “during the earlier occupations, either cores were more 

intensively reduced or selected flakes were made elsewhere and carried to the site”. The 

omnipresent stratigraphic range of the lithics and the behavioural changes evident in the lithics 

clearly implies constant hominin occupation of the site, even if the occupation was not 

necessarily continuous. For Ferring et al. (2011: 10433) this lithic distribution is strongly 

indicative of “sustained regional populations”. Be that as it may, hominins occupied Dmanisi 

over a period of roughly 80 000 years, concurrently with its primitive ancestors in Africa 

(Ferring et al. 2011: 10434). 

 

2.3.  Dmanisi - Previous climate and vegetation recostructions 

Palaeoecological reconstructions overall indicate a variety of habitats within a few kilometres 

of Dmanisi, from wet, gallery forests and shrub-rich slopes in the Mashavera and Pinezauri 

river valleys to drier open habitats and rocky terrains within just a few kilometres in several 

directions (Lordkipanidze et al. 2007). The diversity of habitats and location of the promontory 

during the Early-Middle Pleistocene provided an attractive assortment of resources for both 

herbivores and carnivores (Tappen 2007). 

2.3.1 Local environment inferred from the palaeobotanical evidence 

Three studies led by Erwan Messager (2008, 2010a, 2010b) inferred pollen, phytolith and fossil 

fruit records to reconstruct the ecological context of the hominin occupation of Dmanisi. 
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Multiproxy palaeobotanical evidence gathered from these studies mostly indicate 

palaeoenvironments of grass-dominated temperate vegetation, but more importantly these 

records document two different chronological phases in the vegetation pattern. For the first 

phase, phytolith and pollen assemblages indicate an environment where forested and open 

ecosystems mix, under warm and humid conditions (Messager et al. 2010a, 2010b). In the 

second phase – which the hominins inhabited –, palaeobotanical proxies indicate a temperate 

steppe-forest environment dominated by herb taxa often prevalent in steppes and xeric 

elements. According to Messager et al. (2011: 1441) “the high rates of Poaceae in the records 

testify to prevailing open environments in the second phase, even if forests were present in the 

region”. The change in environment is confirmed by the water stress index derived from the 

phytolith data, which clearly shows aridity intensifying over time. More specifically, the 

increase in aridity is documented from the end of the first phase into the second phase, during 

which the hominins inhabited Dmanisi. The increase in aridity is also attested in the overall 

decrease in subtropical taxa during the second phase relative to the first one. This period of 

intense aridification probably was the main driver behind the environment changing (Messager 

et al. 2011: 1444). Thus, based on all their evidence, Messager et al. (2011: 1441) deduce that 

the Dmanisi hominins occupied a relatively open environment of steppe-forest, under a 

temperate and dry climate. 

An older study of pollen in hyena coprolites by Kvavadze & Vekua (1993) reveals a rich pollen 

spectrum of trees, shrubs, grasses, and herbs, which according to the authors are indicative of 

diversified vegetational patterns for the larger region around Dmanisi. Herbaceous pollen is 

predominant (60-52%), while arboreal pollen makes up 38-32% and has no dominant taxon. 

The diverse vegetation was expressed as vertical vegetation belts across the complex 

topography of the region; mountains were high and forested, while the lowlands were either 

meadow-steppes or steppe-forests. Kvavadze & Vekua (1993: 349) inferred the Dmanisi 

plateau to have been a transition zone between the mountainous forest ecosystems and the 

lowland steppe vegetation, with the different vegetation zones creating a “mosaic” of habitats 

on the plateau. To them, the plateau was made of grasses, with small patches of 

forests/woodlands interspersed across the plateau. 

There are several practical caveats to consider with the aforementioned results. Since fossil fruit 

and phytolith records are affected by differential preservation, some taxa are much more likely 

to survive taphonomic processes than others. The authors of palaeobotanical analyses concede 

their records to be susceptible to over-representation of certain vegetation types, more 
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specifically grasslands (Messager et al. 2008: 2723, Messager et al. 2010: 10). Concerning the 

fossil fruit assemblage, fruits from Celtis and Boraginacenae are commonly found 

overrepresented in archaeological assemblages, which might explain the strongly xerophilous 

and open signal given by the fossil fruit assemblage (Messager et al. 2008: 2723). The phytolith 

analysis on the other hand only records the presence of herbs, and it is thus susceptible to 

probable overestimation of grasses versus woody trees and shrubs (Messager 2010a: 10). So, 

on a structural sense Dmanisi could be interpreted as a grassland, but taxonomically the 

palaeobotanical record is dominated by woodlands and temperate forests (Messager et al. 

2010b: 26). When it comes to the interpretations made by Kvavadze & Vekua (1993), it remains 

unclear how they were able to construct such detailed descriptions on the distribution of 

vegetation zones – forests on the mountainsides, meadows in the lowlands – in the region just 

with the pollen spectra from coprolites.  

2.3.2 Local environment inferred from faunal evidence 

The faunal community in Dmanisi so far has been studied purely on a taxonomic basis, with 

qualitative analyses being performed on indicator species in the assemblage. Quantitative 

analyses from Dmanisi, however, are lacking to truly understand the share held by different 

habitat types (Tappen et al. 2007). The overall picture of the Dmanisi fauna is characterised by 

numerous species associated with open environments (Hemmer & Kahlke 2011: 2706). The 

assemblage is nevertheless taxonomically diverse, to some extent supporting the “mosaic” 

descriptions of Dmanisi by Messager et al. (2011) and Kvavadze & Vekua (1993).  

Micromammal assemblage exclusively consists of species that today inhabit warm steppes, 

similarly to the herpetofauna assemblage (Bartolini-Lucenti et al. 2022, Blain et al. 2014). 40 

% of the micromammal assemblage is made up of gerbils (Parameriones aff. obeidiensis) and 

30 % of hamsters (Cricetulus), that today are found from northern African deserts all the way 

to the Asian steppes (Blain et al. 2014: 147). Woodland and aquatic species -i.e., the shrew 

Beremendia fissidens -, are by comparison much less common, but these environments were 

present in the reduced scale (Blain et al. 2014: 147). The herpetofaunal evidence on the other 

hand is limited and does not permit a quantitative reconstruction of the environment, but the 

few taxa and individuals that have been found from suggest “arid environments, from steppe or 

semi-desert to open Mediterranean forest” (Blain et al. 2014: 145) 
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The taxonomic composition of the large herbivorous mammal community does not agree with 

such arid nor open interpretations of the environment in Dmanisi (Bukhsianidze 2018: 107).  If 

the environment in Dmanisi is understood through the habitat preferences of the taxa in the 

herbivore assemblage, then the assemblage suggests landscape characterized by a mosaic of 

open and forested habitats, different in humidity and vegetation (Bartolini-Lucenti 2022 et al.: 

14). Regional importance of forests is highlighted by the fact that ≈ 80 percent of the locality’s 

large mammal assemblage is made up of forest-dwelling deer remains, but opinions on what 

role the forests had in the local landscape differ; to Gabunia et al. (2000: 795) the abundance 

of cervid remains reflect “the vertical zonality of nearby forested mountainous areas”, while for 

Hemmer & Kahlke (2011: 2705) the cervids are a sign of gallery forests in the 

Mashavera/Pinosauri river valley. Open conditions alternating with woodlands is also 

suggested by the taxa Stephanorhinus sp., Palaeotragus priasovicus and Mammuthus 

meridionalis taribanensis (Bukhsianidze 2018: Table 3). Taxa preferring mountainous habitats 

are markedly abundant in the record, with four species – Capra dalii, Soergelia cf. minor, 

Praeovibos sp. and Pontoceros surprine – of the assemblage being understood to prefer 

highlands. Dmanisi has two Equus species in the assemblage, of which the highly specialised 

grazer Equus altidens is noticeably more abundant than the mixed feeder Equus stenonis. Equus 

altidens was highly cursorial and thus well-adapted to open habitats, while stenonis was 

comparatively heftier horse (Bernor et al. 2021). Accordingly, the environmental reconstruction 

at Dmanisi, with the presence of a dominant open environment and forested or open woodland 

areas, would support the presence of two different feeding habits. 

The carnivore guild offers similar indications, with the disparate signal coming from the 

assemblage providing further evidence for Dmanisi being an ecotone locality. The presence of 

open areas is supported by cheetah Acinonyx pardinensis and the hyena Pachycrocuta 

brevirostris in the assemblage. The cheetah is a specialised open-area hunter, and the hyena 

Pachycrocuta brevirostris in the assemblage had habitat preferences similar to that of the extant 

south African Hyaena brunnea, that is found in dry savannah, steppe, and semi-desert 

landscapes (Hemmer & Kahlke 2011: 2705). Contrarily, the jaguar Panthera onca and the 

dirktooth (Megantereon sp.) principally hunted in forest habitats (Weckel, Giuliano & Silver 

2006; Palmqvist et al. 2007). Some of the recorded carnivore species, i.e., Lynx issiodorensis, 

Homotherium crenatidens, Canis etruscus and Ursus etruscus, do not prefer a single habitat 

type over the other (Hemmer & Kahlke 2011: 2705). If Dmanisi was indeed a place were two 

different biomes combined, the presence of many different large carnivores is not surprising, 
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as they occupied different ecological niches. Hemmer & Kahlke (2011: 2706) see the jaguar 

and the dirktooth occupying the ecological niche of deer and bison hunters in the more forested 

areas of Dmanisi, with the dirktooth also exploiting the elephants and rhinos found ubiquitously 

across the biomes. The cheetah Acinonyx pardinensis on the other hand targeted the horses and 

antelopes in the more dryer and open areas of the site’s vicinity (Hemmer & Kahlke 2011). 

In short, palaeobotanical analyses and faunal assemblages offer contradicting perceptions on 

the habitat in Dmanisi. Whereas palaeobotanical proxies are interpreted as suggesting an open 

environment (Messager et al. 2011), faunal evidence across different size and dietary classes in 

Dmanisi have comparatively stronger evidence for a more mixed environment. Several factors 

might explain the conundrum. First, Dmanisi might have been a mix of several different 

paleobiomes, a mosaic of habitats if you will. The description of Dmanisi as a “mosaic” has 

often been used in literature to bring together conflicting interpretations (Bartolini-Lucenti et 

al. 2022; Blain et al. 2014; Ferring & Humphrey 2018). But the term “mosaic” can be many 

different things depending on the author and the reader. When it comes to describing a site, 

there isn’t a long way from ’wooded grassland’ to ’grassy woodland’ (Jokela 2015).  Second, 

proxies could be biased and non-compatible. There is no doubt that grasses were present in 

Dmanisi, but phytolith record for example is susceptible to numerous factors that can cause 

grass bias in its record (see Tsartsidou et al. 2007). Faunal analyses on the other hand have so 

far been purely qualitative, and do not necessarily portray the distribution of different habitat 

types in Dmanisi. Third, the area around Dmanisi has remarkable variation in its topography, 

so some variation is to be expected regarding vegetation patterns, temperature, and humidity. 

Considering all the evidence, together they suggest a landscape where there appears to have 

been remarkable variation in relief, humidity, and vegetation. Vegetation patterns appear to 

have changed dramatically, from that of a forested valley floor and slopes with shrub 

vegetation, to tree savannah and open grasslands, and up to semi-arid areas and rocky terrains 

(Hemmer & Kahlke 2011: 2706).  

2.4. Early Pleistocene climate of Eurasian mid-latitudes 

The Earth entered a period of long-term climatic cooling during the Cenozoic (65 Ma – 0 Ma) 

that eventually climaxed with the Pleistocene Ice Ages (2.6 Ma – 0.01 Ma). The Plio-

Pleistocene boundary saw a major transition towards a drier and cooler climate, because of 

Milankovich cycle changes. These cyclic changes in the orbit and axis orientation of the Earth 

led to development of ice sheets in the Northern Hemisphere, causing global cooling (Lisiecki 
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& Raymo 2007; Zachos et al. 2001). The formation of ice sheets prompted the global climate 

to oscillate between warm climatic phases (interglacials) and cold and dry phases 

(glacials).  Eurasian climate was particularly affected by these oscillations due to its northern 

position. The changes from glacial to interglacial phases are associated with dramatic changes 

to the continent’s biome distribution and vegetation structures. Forest biomes typically 

expanded during the warm interglacial phases (Bradshaw et al. 2003), the cold and dry high-

pressure climates of the glacial phases caused steppe vegetation to spread over Eurasian inlands 

(Guthrie 2001).   

The adaptive demands of the cold glacial stages created heavy selection and extinction pressure 

on organisms, shaping both vegetation patterns and animal communities. The harsh climatic 

and environmental changes of the Pleistocene Ice Ages favoured the evolution of very large 

sizes in mammals and some degree of generalist behaviour to survive rapid and drastic changes 

in habitat (Kahlke & Kaiser 2011; Saarinen 2014).  The fossil evidence from these glacial 

periods is dominated by large mammals, such as horses, bison, and woolly 

mammoths.  However, the large northern mammals which were specialized browsers (e.g., 

moose Alces alces) are notably absent. On the other hand, intense glacial erosion at the end of 

the colder climatic phases increased plant productivity and quality as herbivore food, as the 

erosion generated fertile soils and less fibrous plants. This provided large herbivores with 

abundant resources, which in turn led to large species developing horns and antlers, often 

referred to as “luxury organs” (Zimov et al. 1995; Geist 1998).  

The Caucasus was not immediately affected by the global climatic trends, instead acting as 

glacial refugium for the early parts (2.5 – 1.7 Ma) of the Pleistocene epoch. The complex 

topography of the Caucasus combined with active volcanism and moist westerly winds, means 

that a noticeable diversity of habitats is represented across the region’s Early Pleistocene 

records (Hoyle et al. 2020; Shatilova et al. 2011; Trifonov et al. 2019). Georgia encompasses 

two climatic regions – Western and Eastern Georgian – which differ markedly from each other. 

In Western Georgia, the vegetation structure changes during the Early Pleistocene from the 

dark coniferous forests to be dominated by mixed conifer–broad-leaved forests. On the other 

hand, Eastern Georgia was truly diverse in habitats; abundant mountains and river valleys were 

lush with forests, while low plains were contrastingly steppe-like (Shatilova et al. 2011). 

Similar diversity to Eastern Georgia is not observed further east in Azerbaijan, which through 

the Early Pleistocene remains forested, humid, and warm. Decrease in humidity and the 
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subsequent expansion of open habitats in Azerbaijani records are only evident from 1.3 Ma 

onwards, well after the hominin occupation of Dmanisi (Hoyle et al. 2019; Trifonov et al. 

2019). Further south in Armenia, increase in climatic instability is recorded to have happened 

from Late Miocene onwards (11.63 Ma), with the climate over time becoming cooler and drier 

(Bruch & Gabrielyan 2002). The Pleistocene palynological record supports this interpretation 

of the climatic trends. The Armenian record is overwhelmingly made up of coniferous forests 

in the early Pleistocene, but forest-steppe and steppe landscapes become the dominant biome 

from 1.8 Ma onwards (Trifonov et al. 2019: 131). Overall, the Caucasus appears to have 

supported high biotic diversity in the early Pleistocene, with notable regional differences. 

Further research is nonetheless needed to understand the contributing factors to the 

development of this diversity, as global climatic trends clearly reached the region in a delayed 

manner.  

 

3. MATERIALS AND METHODS 

3.1. Materials 

The material for the study is maintained by the Simon Janashia Museum of Georgia in Tbilisi, 

run by the Georgian National Museum -organization. The study material consists entirely of 

large terrestrial herbivore mammals. Comparative material for analyses were obtained from 

literature.   

Fossil molars - preferably the second maxillary molar (M2) - were scored for the mesowear 

analysis. M1 or M3 molars were analysed in instances where M2 was either missing or not 

identifiable; while mesowear should preferably be applied to second maxillary molars, the 

mesowear signal can easily be obtained from M1 and M3 as well. Analysis was applied on 

moderately worn-down teeth, with individuals in either or late stages of their teeth development 

excluded.   

Metapodials in the fossil collection were measured for body size estimates due to their relative 

abundance in the fossil collection, and because they measure body size especially well in 

species that have a single weight-bearing metapodial per limb (such as equids and ruminants). 
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Other quadruped metapodial bones - tibiae, humeri etc. - were used when metapodials were not 

available for a species, or when they were better suited for estimating body mass for a specific 

species, such as the Stephanorhinus (Fortelius & Kappelman 1993).  

 

3.2. Methods 

3.2.1. Mesowear analysis 

In this thesis I use mesowear analysis (also known as tooth scoring method) as a proxy for the 

diets of herbivorous mammals in Dmanisi, which will provide further information about the 

vegetation types at the site. The method was first introduced by Fortelius & Solounias (2000) 

and is based on scoring the cusps of worn molar teeth from ungulate mammals, which reflect 

the abrasiveness of the plant material consumed by herbivores. Since Fortelius & Solounias 

(2000) introduced mesowear analysis, other authors have adapted the method further (Kaiser & 

Solounias 2003, Mihlbachler & Solounias 2006, Saarinen et al. 2015). This paper uses two 

different mesowear methods; for ungulates, Mesowear I method as introduced by Fortelius & 

Solounias (2000) is used, while for proboscidean measurements the “Mesowear angles” method 

described by Saarinen et al. (2015) is applied. Since the principles of tooth wear for 

proboscideans are akin to other ungulates, the results between the two methods are comparable 

(Saarinen et al. 2015: 2). Dietary signals of ungulate species and proboscideans are typically 

significantly positively correlated with vegetation openness, albeit with interspecific 

differences (Saarinen 2014). Several authors have ergo been able to associate mesowear 

analyses of fossil mammals with the characteristics of their palaeoenvironments (Saarinen et 

al. 2016; Merceron et al. 2007; Kahlke & Kaiser 2011; Hall & Cote 2021).  

Mesowear refers to macroscopic wear on the occlusal surface of teeth, which is visible to the 

naked eye. Such wear is known as a facet. The degree of facet development on teeth reflects 

the relative proportions of tooth-to-tooth contact (attrition) and food-to-tooth contact 

(abrasion). As different diets cause different types of tooth wear in an individual, mesowear 

describes “the average diet of a particular species from a particular location in space and time” 

(Fortelius & Solounias 2000: 112). The method distinguishes between grazers (grass-eaters) 

and browsers (leaf-eaters) and the intermediary forms between these two classes. Grazers 

mostly feed on grasses, which creates abrasion; tooth wear is mostly caused by the grass (and 
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smaller particles like silica) grating on the enamel, which in turn leads to round and blunt teeth 

cusps. Browsers on the other hand experience attrition. They mostly consume soft leaves; hence 

their teeth are primarily worn down through tooth-to-tooth contact. Attritive diet as a result 

leads browsers to develop cusps that are sharp and high.   

To obtain mesowear values, the cusp height and the cusp shape are scored. Mesowear is 

observed from the buccal side of the tooth crown, preferably from the upper second molar (M2) 

with intact buccal cusps, but a reliable mesowear signal can be obtained from other upper molar 

teeth as well. Ungulates typically have two buccal cusps: the paracone and metacone. Of the 

two buccal cusps, the sharper one is scored. For accuracy, teeth from individuals that were in 

the early or late stages of their teeth development are excluded from research; a tooth with 

minimal wear is thus unusable, as are overly worn teeth from older individuals. Tooth wear in 

this thesis is scored in accordance with the scoring methodology conceived by Fortelius & 

Solounias (2000: 8-9), according to whom: 

1. Tooth cusp shape are given a numeric value from 1 to 3 (1 = sharp, 2 = rounded, 3 = 

blunt). 

2. Tooth cusp height (the height of intercusp valleys) are either scored as 1 (high) or 3 

(low) 

3. A mesowear value is calculated for each specimen as the mean of the shape value and 

relief value, and these are averaged for the populations. 

 

Cusp shape 

can simply 

be observed 

with a 

naked eye. 

The tooth 

cusp height 

is easy to 

score in 

most cases, 

but on 

uncertain 
Figure 2   Mesowear features used in this study, in their idealized state. © Elvira Ehnström 
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instances the cusp height was calculated as follows (Figure 3): the depth of the intercusp valley 

is measured and divided by the anteroposterior length of the whole tooth. Selenodont and equid 

molars were scored as having high tooth cusp height if their calculated values were above 0.1, 

while for rhinoceroses the value vas 0.03 (Fortelius & Solounias 2000). 

 

Figure 3 Cusp height calculation method in uncertain cases: the intercusp valley is measured and divided by the 
anteroposterior length of the whole tooth. © Elvira Ehnström 

The ‘mesowear angle’ method requires measuring angles from the bottom of the dentin valleys 

to the top of the enamel lamellae on the occlusal surface of proboscidean molars. This method 

records the relief on the occlusal surface of the molar, which reflects abrasiveness of the diet 

(Saarinen et al. 2015: 2). The idea behind this method is similar in principle to the traditional 

mesowear described above; Bigger the dentin valley angles are, the flatter the occlusal surface 

is, which would indicate more abrasive diet for the specimen. The angles here are measured 

from the centre of the lamellae or from the widest part of the worn dentin valley, with a digital 

angle meter with 0.1 precision. After the mesowear angle data is collected, mean mesowear 

angles of three central lamellae in occlusion is calculated, which is then used to infer whether 

the specimen was a browser, grazer, or mixed feeder (Saarinen et al. 2015: 2-4). 

3.2.2. Body Mass Estimations 

 Body mass varies across the lifespan of an individual, which is driven by the primary 

productivity of the environment, intra- and interspecific competition, sex, ontogeny, and season 

of individual death (Saarinen 2016). Because skeletons are weight-bearing, they constantly 
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remodel in response to changes in body mass, making structural characteristics of limb bones 

an ideal metric for predicting body mass (Damuth & McFadden 1990). More specifically, many 

dimensions of ungulate’s postcranial skeletons scale closely with its living body mass, thus 

providing a good way to estimate body mass in fossil ungulates (Scott 1990: 301). Herein lies 

the importance of analysing the relationship between body mass and cross-sectional structural 

properties of long bones, since deviations from expected scaling may help define some of the 

mechanically relevant complexes of traits that describe the adaptation of the bone to different 

biomechanical environments. 

 

Figure 4 Depiction of the bone measurements used for estimating 
body mass.  Transverse diameter at the midshaft and the widths 
of proximal and distal epiphyses are measured, after which the 
measurements are put into the regression equations to obtain an 
estimation of body mass. 

 

Bone measurements were done by following the 

measurement protocols established by Scott 

(1990), and they consist of diameters of epiphyses 

and diaphysis of metapodial bones, humeri, tibiae, 

radii, and femora. Measurements were done with 

a digital calliper, and results were rounded to the 

closest 0.1 millimetres. Measurements were 

chosen to be equivalent across all taxa, but this 

was not always possible; some taxa had better 

preserved bones than others. Most of the measurements were conducted on metapodial bones, 

due to their relative abundance in the fossil record, and their weight-bearing role (Lyman 1994). 

Other bones were used when metapodials for a given species was lacking. Measurements are 

illustrated in Figure 4. 

 

Body mass estimations were calculated using the regression models in Scott (1990) for every 

species except for Stephanorhinus, for which Fortelius & Kappelman (1993) was used. For 

ungulates, each equation was of the form: 𝐵𝑀 =  10𝑎+𝑏(log 𝑋)  , where a is the intercept, b is 

the slope and X is the bone measurements converted to centimetres. Measurements were taken 

for 86 specimens belonging to 12 species. For all included species, the mean of each 

measurement was calculated. Body mass was taken as species means, in which both genders 
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were grouped together. Sexual dimorphism was not considered when conducting the body mass 

estimations, as gender is rarely evident in postcranial bones. This does raise potential biases in 

analysis if genders are unevenly represented in the sample. However, perissodactyl species 

(horses and rhinos etc.) show a low amount of sexual dimorphism, if at all, which renders the 

attribute irrelevant in their analysis. For artiodactyls and other species that are sexually 

dimorphic, sample sizes are vast enough to at least assume both genders are represented in the 

sample. It is thus justified to use mean body mass of the sample as an estimate of the population 

mean (Saarinen 2016: 8).  

 

3.2.3. Statistical analyses 

The mesowear values obtained from the scoring were put into a spreadsheet, and for each taxon 

the average percentages of the mesowear values high profile, low profile, sharp cusps, rounded 

cusps, and blunt cusps were calculated. The measurements from Dmanisi were then added to a 

matrix with mesowear data from modern herbivorous mammals. Comparative mesowear score 

data was obtained from Croft & Weinstein (2008). After this, hierarchical cluster analysis on 

the data including both the modern and the extinct taxa was performed in R version 4.1.3 using 

the R package ‘fastcluster’ version 1.2.3. This thesis follows the procedure of Fortelius and 

Solounias (2000), where different combinations of the mesowear variables were analyzed. 

Here however, only the combination with the most accurate signal (percentage of high cusps, 

sharp cusps, and blunt cusps per species) is shown. Percentage of round cusps is not used, 

because the cusp sharpness variables add up to 100 %, and therefore only two are needed in 

the analysis (Fortelius and Solounias 2000). In addition to the clustering with all the modern 

taxa, a clustering of the fossil taxa and modern typical representatives of different feeding 

categories alone is also shown.   

Comparison of mean body masses of palaeopopulations of species across localities was 

performed for Equus and Bison, due to lack of comparative material for other species. This was 

conducted with a linear regression analysis between mean body mass estimations of a species 

and Net Primary Productivity (NPP) of the locality to see body mass values are controlled by 

the biomass of a locality. The NPP is estimated by large mammal dental ecometrics and is 

expected to represent primary productivity edible by the herbivorous mammals (Saarinen et al. 

2021b). Linear regression analysis was also performed between mean body mass estimates and 
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mean mesowear scores of Equus and Bison species/populations. Furthermore, the correlation 

between mesowear values and NPP values were performed for these genera. 

To expand the study on the relationship between body mass and the NPP of a locality, I also 

studied how Dmanisi compares to other Pleistocene sites when the mean body mass of all 

ungulates (Artiodactyls and Perissodactyls) at the site are correlated with NPP-values. A 

comparative value for each site was obtained as such: 

1. The average body mass of the whole ungulate community for each locality is 

calculated.  

2. Each locality’s body mass mean (BMloc) was divided by the locality with the 

highest mean, so that each locality gets a value between 0 – 1. The Middle 

Pleistocene locality of Crayford had the highest body mass mean (1120.397 

kilograms) and gets the value 1. 

3. BMloc values were then correlated with their corresponding NPP-values. 

All the comparative material for body mass analyses was obtained from Saarinen et al. (2016), 

Rivals & Athanassiou (2008), Strani (2019) and Bernor et al. (2021), in addition to the 

unpublished data courtesy of J. Saarinen. 

4. RESULTS 

4.1. Results of the mesowear analysis  

In the resulting dendrograms the fossil taxa are clustered along with modern taxa whose diet 

categories are well known. In the dendrogram (figure 5) the Dmanisi taxa are sorted into nine 

different clusters on the browser-mixed-grazer scale. The dendrogram exhibits the dietary 

gradient from extreme grazers (90 % of grass in diet) in the far left to browsers (90 % browse 

in diet) on the right. Fossil taxa are written in red, while the modern are in black. It must be 

noted that the gradient from extreme grazers to extreme browsers is not consistent; while the 

clusters are mostly laid out in correct dietary order, some sub-clusters (for example graze-

dominated mixed feeder Equus altidens/stenonis) are situated higher or lower than they should 
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be. This happens due to unknown, software-dependent reasons and does not reflect the actual 

location of the taxa on the browser-grazer gradient. This does not thwart the interpretation of 

the diet of the fossil taxa whatsoever, as the modern taxa they are clustered with is more telling 

of their diet than where the cluster is on the dendrogram. 

The first cluster is located on the on grazer-end of the spectrum, consisting of grazers and mixed 

feeders. The cluster has two bovids from Dmanisi, Ovibovini sp., Pontoceros surprine, which 

cluster together with the grazer Kobus ellipsiprymnus and mixed-feeder Syncerus caffer, 

suggesting the cluster to represent mixed-feeders who eat a more graze than browse. The 

presence of the browser great kudu Tragelaphus strepsiceros in this cluster is a prime example 

of the so-called “mabra syndrome” (Fortelius & Solounias 2000). The mabras (Minute Abraded 

Brachydont) are a group of brachydont/low-crowned teeth -species that are known to be 

browsers but have significantly rounded cusps. Due to this they (hyraxes Dendrohyrax and 

Heterohyrax, water chevrotain Hyaemoscus aquaticus and the great kudu Tragelaphus 

strepsiceros) cluster with taxa that have abraded teeth, like with the graze-dominated mixed 

feeders here. The more abrasive tooth wear relative to their diet can be explained with frugivory 

(the water chevrotain) and insectivory (the hyraxes) or selective feeding that leads to attrition 

in such a small amount, that a small amount of abrasion can mask the attritive signal (Fortelius 

& Solounias 2000). 

The second cluster with a fossil taxon is found from the grazer-end of the continuum as well. 

In it, Bison georgicus clusters together with two grazers; sable antelope Hippotragus niger and 

Lichtenstein's hartebeest Alcephalus lichtensteinii. The taxa here had specimens that mostly 

had high cusps, with around 10-15 percent of the cusps blunt (rest are round).  

The third cluster down the gradient is in the middle of the continuum. The joint grouping of 

Equus altidens and Equus stenonis is found from this cluster. Equus is joined by the grazing 

hartebeest Alcelaphus buselaphus, mixed feeding chital Axis axis, The blue wildebeest 

Connochaetes taurinus that is classified as a grazer, and the mixed feeder Rucervus duvaucelii, 

commonly called the swamp deer. 

The fourth cluster is found from the browser end of the continuum, and it has Cervus nestii 

from Dmanisi clustered with two rhinos; Sumatran rhinoceros Dicerorhinus sumatrensis, 

which is a browser, and the Indian rhinoceros Rhinoceros unicornis, a mixed feeder. 
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Arvernoceros insolitus is clustered with black rhinosceros Diceros bicornis, moose Alces alces 

and Javan rhinosceros Rhinoceros sondaicus in the fifth cluster. All of the extant species in this 

cluster are extreme browsers, so this cluster is misplaced along the continuum. As discussed, 

this does not affect the interpretation of Arvernoceros’ diet. 

In the sixth cluster Alcini sp. and Palaeotragus cf. priasovicus are grouped with the mixed 

feeder’s lesser kudu (Tragelaphus imberbis) and springbok (Antidorcas marsupialis), in 

addition to the browser’s mule deer (Odocoileus hemionus), roe deer (Capreolus capreolus) 

and giraffe (Giraffa camelopardalis). 

The seventh cluster on the continuum has Praeovibos sp. cluster with Grant's gazelle (Nanger 

granti), the bighorn sheep (Ovis canadensis), Thomson's gazelle (Eudorcas thomsonii) and the 

muskox Ovibos moschatus, all of which are mixed feeders. This cluster has one erratic mabra 

in it, the western tree hyrax (Dendrohyrax dorsalis), which might explain why this mixed 

feeder cluster is misplaced too close to the browser end of the continuum than it typically 

should be. 

Capra sp. is found in the eigth cluster, together with the extant species bushbuck (Tragelaphus 

scriptus), eland antelope (Taurotragus oryx) and a mabra (Dendrohyrax arboreus). Excluding 

the mabra, the two other extant taxa in this cluster are mixed feeders. 

The ninth and final cluster includes Gallogoral meneghinii sickenbergii and Praemegaceros 

obscurus from Dmanisi, which cluster with the Sumatran serow (Capricornis sumatraensis), 

wapiti (Cervus canadensis) and the bongo (Boocercus euryceros). All of the extant taxa in this 

cluster are browsers. 

Mammuthus meridionalis taribaensis sample in Dmanisi consisted of three specimens, two of 

which were classified as browsers per their measured mesowear angles, and one as a mixed 

feeder (Appendix 4). 
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Figure 5 Dendrogram resulting from a clustering using values % high relief, % sharp cusps, and % blunt cusps, including modern 
species typical to their respective feeding categories and excluding the mabras. Upper end = grazers, lower end = browsers. 
Species from Dmanisi in red. 

 

4.2. Results of the body mass analyses 

The body mass in Equus has a strong, negative relationship with its mesowear values, as the 

correlation coefficient between the two variables is -0.72. Their body size is only weakly-to-

moderately (0.28) determined by the NPP of their habitat, clearly showing that diet is the main 

stimulus for changes in horse body masses. In Figure 6, the scatterplot between the mean body 

mass and the mean mesowear score for Equus per locality is fitted with the regression line, 

showing how well Equus’ across localities follow the equation. Equus stenonis in Dmanisi has 

a mixed feeder signal, but its body size underperforms the regression equation, meaning it is 

smaller than what is expected based on its diet.  However, the Equus in the other Georgian 

Pleistocene site Akhalkalaki (60 km west of Dmanisi) is more robust than expected.  

 

Figure 6 A scatter plot of Equus body mass across localities, fitted with their mesowear values. Body mass estimates for Equus 
at every locality were correlated with their averaged mesowear score. Dmanisi circled in red. 
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The body mass of Bison has a moderate-to-strong relationship with NPP-values, with a 

correlation coefficient of 0.68. Whereas body size changes in Equus were strongly correlated 

with mesowear values, Bison body mass only has a weak (- 0.25) negative relationship with the 

abrasiveness of the diet. The body mass Bison georgicus in Dmanisi follows the regression line 

closely, falling within the expected range in variation (Figure 7).  

 

Figure 7 Mean body mass in Bison correlated with NPP (Net Primary Productivity). Body mass estimates for Bison at every 
locality were compared with the NPP of their respective locality. Dmanisi circled in red. 

 

The relationship between the mean body mass of all ungulates per locality has a moderate and 

positive (0.53) relationship in magnitude with the net primary productivity (Figure 8). The 

ungulate community in Dmanisi is smaller in mass than expected, with the site locality falling 

well below the expected variation. Akhalkalaki again has more robust ungulates than expected, 

with it having much weightier ungulate community when compared to Dmanisi. Other 

European hominin sites with presumed Homo erectus remains (Ubeidiya, Barranco León 5) 

similarly have heavier ungulate community than predicted, marking Dmanisi out as an outlier 

in comparison. 
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Figure 8 Mean body mass of all ungulates from a locality plotted against the NPP values of said locality. Dmanisi circled in 
red. 

 

5. DISCUSSION 

5.1 Mesowear results of individual taxa  

  

The prevalence of hypsodont herbivorous mammals in the fossil record has been linked with 

the presence of grasslands (Solounias et al 1999). Hypsodonty is a pattern of dentition with 

high-crowned teeth providing wear resistance, indicating a higher level of abrasion in dry and 

open habitats. Ecologically hypsodonty is informative, as it is well developed in mammals that 

eat fibrous and abrasive foods, which require increased tooth wear resistance. Hypsodont 

mammals thus are abundant in open and often seasonally dry environments, while species that 

have low teeth typically live in more humid and closed environments (Janis & Fortelius 2002). 

Considering this, the abundance of hypsodonty species in Dmanisi (Caprinae, equids, bovids 

etc.) would imply grasses being prevalent in the vegetation. But the understanding of 
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hypsodonty as an indicator of obligate grazing has been questioned in the past (Strömberg 

2013; Mendoza & Palmqvist 2008), and it is further contested by the mesowear data here.  

Equus stenonis is a typical equid taxon across early Pleistocene fauna, with the species and its 

many subspecies’ appearing across European sites dated to this period (Cirilli et al. 2021). 

Available mesowear and microwear analyses show Equus stenonis having a grazing diet in all 

the sites from which data has been published, but the stenonid in Dmanisi scored as a mixed 

feeder. Horses are typically interpreted as grazers, whose appearance in the fossil record is an 

indicator of grasslands and similar open biomes, mainly due to their hypsodont teeth (Menard 

2002). So, this result highlights how hypsodonty does not necessarily mean the species only 

grazed. This is hardly the first time mesowear has contradicted with tooth morphology, as for 

example Solounias et al. (2013) mentioned hypsodonty to be a poor predictor of mesowear, 

since it does not constrain species to an abrasive diet. While tooth mesowear results confirm 

that Equus stenonis and other equids largely grazed through the Pleistocene, mesowear and 

microwear studies have also recorded horses frequently browsing, especially in the early and 

middle Pleistocene. Browse-dominated mixed-feeding horses are known from tooth wear in 

Middle Pleistocene assemblages at Schöningen in Germany (Kuitems et al., 2015), Deutsch 

Altenburg 1 in Austria (Rivals, 2012) and Akhalkalaki in Georgia (Saarinen, unpublished). 

Whether Equus stenonis in Dmanisi ate tree/shrub browse or browse from herbaceous plants 

is unclear, but it obviously had a browse-element in its diet for it to score as a mixed feeder. 

Nonetheless, these results further prove that Pleistocene horses were more varied in their 

feeding than what is expected from their ecomorphological adaptations to grazing.  

For mesowear analysis, Bison georgicus, a species of bison only found in Dmanisi, was 

represented by 8 specimens. The result was dominated by a mixed-feeder signal, with one 

individual having teeth clearly worn by grazing. Bison possess hypsodont teeth, due to which 

these results appear peculiar at first. But when the results are compared to ones obtained from 

other Pleistocene buffaloes, then the mesowear signal appears less surprising. Saarinen et al. 

(2016) performed mesowear analysis on bison from 13 different European localities, all of 

which had mixed-feeder signal. They understood this to mean that bison were flexible with 

their diet, shifting to more abrasive diets in open environments (Saarinen et al. 2016: 24). These 

results highlight again how hypsodonty does not make an herbivore an obligate grazer. Bison 

georgicus clusters closest with sable antelope Hippotragus niger, that is classified by Croft & 

Weinstein (2008: 111) as a grazer. The sable antelope feeds on foliage, mid-length grasses, 
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leaves and herbs, so Bison georgicus could be understood as a graze-dominated mixed feeder 

when also considering its mesowear score.  

Gallogoral meneghinii sickenbergii is a rare fossil caprine, whose diet by Strani et al. (2018) 

was described as “grass-rich mixed diet a certain degree of dietary plasticity”. The other 

identified caprine in the Dmanisi assemblage, Praeovibos sp., has not had its diet described in 

literature as of yet. The mesowear signature of Gallogoral sickenbergii in Dmanisi is 

comparable to that of the modern mixed feeder wapiti (Cervus canadensis), a large deer that 

shows high occlusal reliefs, no blunt cusps, and similar percentages of sharp and rounded 

cusps. The wapiti mostly feeds on shrubs, tree shoots, sedges and grasses in both meadows and 

forested areas (Mattioli, 2011; Jung et al., 2015). The Praeovibos sp. has a mesowear signal 

most similar to two mixed feeders: the bighorn sheep Ovis canadensis and Grant’s gazelle 

Nanger granti. Whereas the bighorn sheep is a graze-dominated mixed feeder, Grant’s gazelle 

prefers mixed diet with more browse (Cerling et al. 2003), which together place the Praeovibos 

sp. as a mixed feeder.  Capra sp.  is also classified as a mixed feeder, closest to the browse-

dominated mixed feeder bushbuck (Tragelaphus scriptus). So, together all the capra in 

Dmanisi are placed in the middle of the browser-grazer continuum.  

Dmanisi has a rich assemblage of deer remains, from which four cervids species have been 

identified: Cervus nestii, Praemegaceros obscurus, Alcini sp. and Arvernoceros insolitus. 

Cervids are primarily browsers, and unsurprisingly all the cervids in Dmanisi mostly have a 

high and sharp mesowear score. Gabunia et al. (2000: 795) saw the abundance of cervid 

remains in Dmanisi as highlighting the regional presence of forests, and the results here 

confirm that these species did indeed inhabit forests in Dmanisi, presumably feeding on feed 

on leaves, bushes, vines, twigs, and fresh shoots from trees based on the extant species’ they 

most closely cluster with. Cervus nestii (also referred to as Dama nestii or Eucladoceros nestii 

in literature) is the smallest of the cervids in Dmanisi, while also having a strong browser -

signal. NOW-database (https://nowdatabase.luomus.fi/) describes it as a folivore eating mostly 

leaves from dicots, which were identified in the phytolith record by Messager et al. (2010), so 

presumably Cervus nestii also consumed them in Dmanisi. Kaiser & Croitor (2004) describe 

Praemegaceros obscurus as an attrition-dominated mixed feeder. Both its mesowear score 

(Appendix 1) and its clustering with the browser bongo (Boocercus euryceros) would confirm 

that it behaved similarly in Dmanisi as well. Phylogenetically closest extant relative to Alcini 

sp. (previously known as Alces gallicus) is the elk Alces alces, which is an extreme browser 

https://nowdatabase.luomus.fi/
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that also often incorporates water plants into its diet. Close similarity between the 

morphological features of the dentition, and close proximity within the grazer-browser 

continuum (Figure 5) would imply that the Alcini sp. have chewed the same kind of food as 

its extant relative. The genus Arvernoceros was well-dispersed, inhabiting the south of Europe 

and Caucasus in the late Pliocene to early Pleistocene. Little has been known about the diet of 

Arvernocernos insolitus, but its closest extant relatives are the Asian Rucervus cervids, whose 

subgenus Arvernoceros is. Rucervus’ are mixed feeders (Croft & Weinstein 2008). The 

mesowear signal of Arvernoceros insolitus from Dmanisi indicates a purely browsing diet, as 

evidenced by only having sharp and high cusps (Appendix 1). In fact, Arvernoceros has the 

strongest browsing signal from all the fauna studied here, and clusters closely with the elk 

Alces alces, another extreme browser. While we can assume that Arvernoceros in Dmanisi was 

a browser, further paleodiet studies on the genus from its entire range would improve our 

understanding of its paleoenvironment, paleoecology, and dietary preferences.  

The extinct Palaeotragus cf. priasovicus found in Dmanisi is a large, okapi-like giraffid 

originating in the Miocene Africa, from which it eventually dispersed into Eurasia (Tappen 

2007: 122). It clusters close to its extant relative Okapia johnstoni, which is a browser, but 

priasovicus is clustered closest with the browser mule deer Odocoileus hermionus. Dietary 

analyses targeting Palaeotraginae are scarce, but Danowitz et al. (2016: 201) found evidence 

of both browsing and mixed feeding on Palaeotragus coelophrys, while they predicted a “more 

specialized browsing dietary habits for the larger Palaeotragus rouenii”. It is thus safe to 

assume that the Palaeotragus cf. priasovicus exclusively browsed in Dmanisi.  

Mammuthus meridionalis taribaensis, the only proboscidean species in Dmanisi, had two 

individuals which were classified as browsers, and one individual who was classified as a 

mixed feeder. The results here line up with the general assumption that Mammuthus 

meridionalis had a relatively narrow browser-dominated food regime, feeding mostly the 

foliage of high-growing trees (Rivals et al. 2012; Haiduc et al. 2018). Tooth wear akin to 

increased grass consumption has been observed with Mammuthus meridionalis, so possibility 

of it grazing should not be eliminated (Rivals et al. 2015), but preliminarily it can be supposed 

that Mammuthus mostly browsed in Dmanisi.  

It is worth noting that only one specimen (Bison georgicus; no collection number) was scored 

blunt in this study. This might be due to sampling bias, since Dmanisi did have grasses 

(Messager et al. 2010a, 2010b), but another plausible explanation is that lack of blunt 
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specimens simply means that the environment was not as grassy or open as previously assumed 

(see chapter 5.3.) While Pleistocene was a time of global cooling and increasing aridity, 

Caucasus was not immediately affected by the global cooling trends (see chapter 2.3.). Even 

so, increased seasonality in Dmanisi is documented in the herpetofaunal assemblage, with 

noticeable variation between moderately moist cold winters with 2-4 months with snow, and 

long summers with high temperatures and marked aridity (Blain et al. 2014: 145). The 

possibility of seasonal changes in diet must therefore be considered. Browsers and browse-

dominated mixed feeders might have fed on more abrasive nutrition during the colder months. 

Then again, the herpetofaunal assemblage from Dmanisi is relatively poor in terms of both taxa 

(six taxa) and individuals (11 MNI) and does not enable a quantitative study for the 

reconstruction of the climate (Blain et al. 2014: 145). As the results here show, even known 

extreme grazers like the Equus stenonis incorporated more browse than usual in their diet.  

The low dietary variability estimated for herbivores suggests that the large mammal assemblage 

of Dmanisi was not drastically time-averaged, as then one would find substantial variability in 

the tooth wear patterns caused by changes in climate and resource availability through time 

(Medin et al. 2019). Lack of dietary variation through time is also recorded in the microwear 

of the ursid in Dmanisi (Medin et al. 2019). The fossil record in Dmanisi was accumulated over 

a time-period of 80 000 years, during which increase in aridity is recorded in Dmanisi by 

different proxies (Blain et al. 2014; Messager et al. 2010a) Significant climatic variation and 

consequences therefrom can take place in such time spans, but those variations are not reflected 

in a significant manner in the mesowear signal of Dmanisi. A study comparing mesowear value 

ratios of same species from different time zones within one or several localities could yield 

information about the local variation of dietary preferences and consequently of local 

vegetation and climate through time.  

  

5.2. On the results of body mass estimations   

Saarinen et al. (2016: 25-26) found that short-term, local variations in mammal body mass on 

a population-level were mainly influenced by resource availability, which is regulated by 

primary productivity and the quality (energy and nutrient contents) of plant food, population 

density (intraspecific competition) and interspecific competition. While the ways body mass 

reacts to resource availability are species-specific, as a general pattern among terrestrial 
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mammals, population densities decrease, and habitat areas increase with increasing body size 

(Peters 1983). The effect population density has on individual body size is most evident in 

gregarious species which form large herds in open environments, such as bison and horses. For 

those species, even moderate closing of the open environment can reduce the herd size and 

intraspecific competition, potentially leading to an increase in body mass. Conversely, some 

species whose natural behaviour does not include formation of large herds, become larger in 

open environments, best exemplified by the red deer Cervus elaphus. These species (e.g., the 

red deer, rhinoceros, and the giant deer) retain relatively low population densities in open 

environments, so reduction in intraspecific competition presumably does not explain their 

growth in open environments. Although the specific factors behind the increased body mass for 

these species are yet to be conclusively determined, it is unlikely that intraspecific competition 

is the dominant reason (Saarinen et al. 2021a and Saarinen et al. 2016).    

Body mass in horses is significantly correlated with their diet (Figure 6); large body size in 

Equus is associated with mixed feeding and browse-dominated diets, whereas small horses are 

mostly associated with grazing and open habitats (Saarinen et al. 2021). Equus stenonis in 

Dmanisi is classified as a mixed feeder per the results produced here, but its estimated body 

lies considerably below the regression line (Figure 6). There are several factors that might 

explain the inconsistency. Firstly, it is worth noting that browsing can mean eating any type of 

leafy food, i.e., almost any other plant type except grass and high abrasion monocots such as 

sedges. Browsing or mixed feeding signals have been seen in near desert-like conditions, so 

browsing is not necessarily the same as eating leaves in lush forests. Since Dmanisi has a low 

primary productivity (= available food), there is less for Equus stenonis to feed on, which in 

turn leads to a smaller body size. Secondly, Equus population density might have been high in 

Dmanisi, regardless of whether the vegetation was closed or not. A study by Bernor et al. (2021) 

on the Dmanisi horse sample noted that fossil specimens of the medium-slender species Equus 

altidens were far more abundant than the larger E. stenonis. The equids might together have 

formed one large population, which in turn would have led to heightened population density, 

restricting resource availability. Finally, while NPP is only weakly to moderately (0.28) 

correlated with body mass in Equus, lower productivity could have been a factor limiting E. 

stenonis and E. altidens’ size in Dmanisi. Small-sized E. stenonis paleopopulations have also 

been recorded in Sésklo, Vólax and Dafnerò in Greece, which had relatively low estimated 

NPP-values (Cirilli et al. 2021). The difference between the sites in Greece and Dmanisi is that 

the environment at the Greek localities is understood as open environments with plenty of grass, 



37 

while E.stenonis in Dmanisi is a mixed feeder. With horses, at least, it is not necessarily 

openness or closedness of the environment that determines body mass, but the overall 

productivity of the vegetation, and its quality as a resource (Boulbes & van Asperen 2019; 

Saarinen et al. 2016). Still, this pattern cannot be considered universal, as the smallest E. 

stenonis occurs in Matassino Poggiorosso (Upper Valdarno Basin), that has a much higher NPP 

than Dmanisi (Appendix 3).   

A similar case could be made for the bison, whose body mass is clearly correlated (R = 0.68) 

with the net primary productivity of its habitat. Its mesowear is not significantly correlated with 

body mass (R = -0.25). For horses, the opposite is true, since the negative correlation their body 

size has with mesowear is more significant than the positive correlation their body size has with 

NPP. This may reflect a difference in the ecology of the two genera: Equus is more specialised 

for grazing than Bison and therefore nutrition and its relationship with herd size and population 

density may be a more important limiting factor on body size in Equus than in Bison, for which 

vegetation productivity (NPP) is more clearly correlated with body size. Mesowear and NPP 

within the context of Dmanisi could also be understood to reflect aspects of resource availability 

(available plant food in the environment); species eat what is available to them (Saarinen et al. 

2016; Saarinen et al. 2021b). Large mammals are not able to forage on high-nutritive foods 

when these resources are too scarce to support their populations, so they compensate by 

reducing their body mass (McNab 2010), as is evident in Dmanisi. Smaller body size naturally 

leads to having lower requirements for energy and nutrients per individual (Pineda-Muñoz et 

al. 2016), which circles the argument back to the significance resource availability and resource 

quality has in determining body mass patterns. The proportion of mixed feeders in Dmanisi, 

combined with its low estimated primary productivity, imply that low-quality (shrub or herb) 

browse material was probably largely consumed by the equids, bison, and the rest of the 

herbivore community.    

Herbivores collectively comprise the largest proportion of the mammalian biomass within a 

community, but more importantly they are primary consumers, which means they feed directly 

on primary productivity (Eisenberg 1990). The herbivore community as a whole should thus 

reflect the primary productivity of its habitat; body size has an energetic   

cost, and energy is supplied through food. In this study the correlation of body mass and 

estimated NPP was expanded to be tested on a community level, and the data (Figure 8) 

indicates that there is a positive correlation (R = 0.53) between community body mass and 
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primary productivity, albeit with considerable scatter around the regression line. The effect of 

food quality and quantity on animal growth and body size have been verified regularly and 

often (see e.g., Saarinen et al. 2016; Huston & Wolverton 2011; Redjadj et al. 2014; Pineda-

Muñoz et al. 2016), so in that sense the correlation is not surprising. Nonetheless, the 

comparative contributions of vegetation structure, primary productivity, resource quality and 

resource availability to body mass are difficult to separate, because these factors closely 

correlate with one another. What the results here confirm is that body mass is generally a bad 

predictor of diet, and vice versa. Although a species may have fed on browse, that does not 

necessarily correlate with changes in body mass. Furthermore, when ungulate species are 

studied separately, it is evident that there are significant differences in the correlations between 

habitat, diet, and body size of distinct species. This likely reflects differences in the ecological 

strategies of species, physiologies of the species as well as competition effects between them.   

The question of why the community-wide body mass mean estimate of Dmanisi is smaller than 

estimated by the regression line remains unanswered (Figure 8). At this point it is worth 

repeating that NPP-values used for reference here are estimates, determined using the dental 

ecometric traits from large herbivorous mammal communities, obtained from Saarinen et al. 

(2021b). Ecometric models study the distribution of functional traits within a faunal 

community, and dental ecometric modelling typically looks to identify the distribution of 

dental traits: the durability of teeth (i.e., hypsodonty), and characteristics of the occlusal surface 

(such as number of longitudinal lophs). A comprehensive description of how NPP is estimated 

using those traits is not necessary within the context of this study, but in short, higher mean 

hypsodonty and longitudinal loph count indicate lower precipitation and more arid, less 

productive environments (Žliobaite et al. 2016; Liu et al. 2012; Eronen et al. 2010). The mean 

hypsodonty and mean longitudinal loph counts of animal communities capture primary 

productivity quite precisely on a global scale, but the models are also susceptible to some 

overestimation on a local scale. Such overestimations are possible if communities are 

incomplete, which is often the case when dealing with fossil localities. Most of the 

overpredictions happen when large wild grazers are absent in fossil assemblages from habitats 

dominated by grasslands. In the absence of large wild grazers, the overall signal is driven by 

the browsers inhabiting marginal forests in the region, which in turn leads to anomalous 

overestimation of the primary productivity (Žliobaite et al. 2018). This of course does not mean 

that fossil records are useless.   
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 Is Dmanisi susceptible to the overestimation of its NPP? It is obviously ill-advised to assume 

that all the species that lived in Dmanisi survived taphonomy to be a part of the fossil record. 

Wilson et al. (2022) estimated the threshold beyond which an increase in the number of species 

discovered has minimal effect on the ecometric signal and found that above 40 % completeness 

of the fossil record the ecometric estimates are relatively robust, as long as the taxa that are 

missing are the ones that had the smallest populations. Considering the taxonomic diversity in 

the herbivore assemblage of Dmanisi, the relatively small body size in ungulates relative to 

Dmanisi’s primary productivity is likely not due to faulty estimations. Instead, we should look 

into the alternative reasons for why Dmanisi ungulates perform badly against the NPP. One 

explanation could be interspecific competition. Diets and body size within a specific species 

can vary between ungulate assemblages following the availability of resources, which is 

affected by inter-specific competition (Saarinen et al. 2016; Latham 1999). Dmanisi has a 

relatively diverse herbivore community, which would enforce increased competition for 

resources for species populations. Furthermore, when one considers the low NPP for Dmanisi, 

the diversity of species would contribute to the relatively small size in ungulates, especially in 

an environment like Dmanisi where the availability of food is relatively low (Figure 8).   

5.3 Environments and Vegetation   

The primary goal of this study was to investigate the relationship between diet and body mass 

estimations and the environmental conditions at Dmanisi, with a principal focus on the 

vegetation composition.  The site is particularly relevant when discussing Pleistocene hominin 

habitats and dispersals, since it is the locality with the oldest recorded hominin remains in 

western Eurasia. Paleoenvironmental reconstructions at Dmanisi are thus important to 

understand the role the site played in the hominin dispersal events. Mesowear and body mass 

analyses from fossil mammals provide unexplored insights into the environment hominins 

inhabited.   

The presence of hominins in Dmanisi has intrigued researchers since the initial discovery of the 

hominin remains. Studies trying to decipher what different proxies tell us about the environment 

those hominins inhabited have been ample, and the understanding of the habitat has gone 

through many changes through time. The initial view of Dmanisi as a steppe surrounded by 

forested mountains has been continuously revised as new evidence has become available, and 

technical advancements have increased resolution. But with the new-found evidence that 
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hominin migration was not necessarily coincident with the proliferation of grassland 

environments (e.g., Agustí & Lordkipanidze 2019; Foister et al. n.d.; Saarinen et al. 2021b; 

Belmaker & O’Brien 2018), the old characterization of Dmanisi as a grass-dominated habitat 

is now questioned.  

The theory that Dmanisi was an open environment dominated by grasses with occasional 

forested areas is supported by data from palaeobotanical proxies, where grasses are the 

dominant vegetation type (Messager et al. 2008, 2010a, 2010b; Kvavadze & Vekua 1994). 

Broad, qualitative analyses of faunal assemblages of different size classes are likewise 

understood to consist of species adapted to open areas; the micromammal assemblage 

exclusively consists of species that today inhabit warm steppes, similarly to the herpetofauna 

assemblage (Bartolini-Lucenti et al. 2022, Blain et al. 2014). The large mammal assemblage 

has species which are affiliated with either open or forested environments, which has been 

interpreted as supporting the “mosaic open environment” interpretation formulated by 

palaeobotanical studies (Hemmer & Kahlke 2011; Bartolini-Lucenti et al. 2022). More recently, 

Agustí & Lordkipanidze (2019: 5) have challenged these examinations, by suggesting that early 

hominins in Eurasia may have favoured wooded environments due to those habitats offering 

safer scavenging opportunities than in open vegetation. Through this they saw the spread of 

open savannahs in Africa around 2 Mya as forcing “woodland-dweller early Homo to spread to 

the north (out of Africa) after the spread of dry-savannas [sic]”, to maintain their original living 

conditions. While the alternative scenario described by Agustí & Lordkipanidze (2019) is 

purely speculative, it is significant as the first direct contradiction of the tentative agreement on 

the environment the hominins inhabited in Dmanisi.   

The deliberation regarding the environmental conditions at Dmanisi is situated within a wider 

ongoing debate about the environments occupied by Homo during its dispersal out of Africa. 

Whereas palaeobotanical reconstructions from Dmanisi comply with the migration model 

where Homo species can only have expanded out of Africa when environmental change 

allowed, tracking their niche as it grew (The “savannahstan” model), the alternative scenario 

proposed by Agustí & Lordkipanidze (2019) aligns with models which argue that early 

Pleistocene hominins thrived in heterogenous, non-savannah environments (Belmaker & 

O’Brien 2018; Saarinen et al. 2021b; Palombo 2013). If the spread of grasslands indeed was 

the main instigator of hominins migrating out of East Africa, evidence for such environments 

should be found there before the time of Dmanisi. Section 2.1. deals with questions regarding 
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hominin migration in detail, so a meticulous review of the subject is redundant here. However, 

I reiterate that proper evidence of wide-spread grasslands in East Africa are only recorded after 

1.8 Mya, when hominins had already reached Dmanisi. In fact, evidence shows that East Africa 

remained diverse in its vegetation for the early parts Pleistocene (2.5-1.8 Mya) (Feibel 1997; 

Dennell 2011, Carrión et al. 2019, and Patterson et al. 2017).    

In section 2.1., I stressed that not a single African taxon is recorded in Dmanisi, apart from 

Homo itself. In light of the current evidence, Homo appears to have migrated “alone” into 

Dmanisi, meaning that it was not a part of a larger migration of animals of Africa, which would 

be expected in migrations enforced by large-scale climate change (Tchernov 1998; Turner 

1999). In other words, open questions remain about the “Out-of-Africa I” -event. What were 

the causal mechanisms behind hominin dispersal? What was the true impact of climate?  If 

Homo indeed was the only African species, it means that something intrinsic lead to Homo 

migrate out of Africa (Tappen et al. 2007). Perhaps Homo exhibited environmental adaptability 

already on a level that made it comparatively better equipped for long-distance migrations 

relative to other African fauna. Potts (1996, 1998) introduced the Variability Selection 

hypothesis to reflect the idea that hominins might have adapted to environmental fluctuation 

itself, and as a result developed a remarkable degree of ecological plasticity. The relatively 

quick spread of hominins to inhabit diverse environments across Eurasia would place the origin 

of the generalist niche deeper in time than previously assumed.   

5.3.1. How well does Dmanisi fit the migratory models?   

The “savannahstan” theory of hominin migrations suggests that the earliest hominin migrators 

only expanded out of Africa by tracking their environmental niche. Under this model it is only 

when environmental change expanded savannahs outside of Africa during the early Pleistocene 

that Homo was “able” to expand into Eurasia (e.g., van der Made & Mateos 2010). It is a 

ubiquitous model, even if more recent studies have suggested that earlier Homo species are 

found in varied environmental settings, with our predecessors exhibiting behavioural plasticity 

beyond that previously thought (Saarinen et al. 2021b; Belmaker & O’Brien 2018). In light of 

the results obtained here, we now have a new point of view on whether Dmanisi truly fits the 

Savannahstan or the VS model. I can safely say that the obtained mesowear signal and body 

mass patterns from Dmanisi are incompatible with the Savannahstan model.   
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The combination of “browse-dominated” foraging, modest productivity of the vegetation and 

the small body size in ungulates point to a non-grassy, but relatively low-productivity 

environment, such as a shrubland or a sparse woodland. Alternatively, Dmanisi could have been 

an ecotone of the two habitat types. The palaeobotanical analyses by Messager et al. (2010a, 

201b) and Kvavadze & Vekua (1993) found herbs, trees, and shrubs across phytolith and pollen 

records, so physical evidence for such ecotone exists in addition to what can be inferred from 

the results of this study. The presence of grasses in the vegetation cannot be excluded since 

traces of grassy vegetation are well-recorded both in the palaeobotanical records and the 

abundance of mixed feeders in the mesowear analysis, but the lack of extreme grazing in 

Dmanisi points to the overall insignificance of grasses in the region’s vegetation. This leaves 

open the possibility that grasses are overrepresented in the pollen and phytolith records, which 

is a possibility also admitted by the authors conducting those studies. At the same time, it could 

be argued that Dmanisi’s palaeobotanical record is taxonomically diverse enough to suggest an 

ecotone -like vegetation pattern for the area; Saarinen et al. (2021b: 2) for example saw the 

botanical records taxonomically to be primarily made of oak forest elements with grassy 

vegetation. Considering all the evidence, it is safe to say Dmanisi does not fit the Savannahstan 

model.    

This is hardly the first time that Dmanisi has been described as an ecotone, as Bukhsianidze 

(2018) made a similar inference when analysing the known preferred habitats of the large 

mammal assemblage. These results support the conclusions of that study. The plateau Dmanisi 

sits on formed because of active volcanism from 3.75 to 1.55 Ma, which according to 

Bukhsianidze (2018: 107) directly affected vegetation patterns in Dmanisi; Areas heavily 

disturbed by lava flows supported highly nutritious grasses, forbs, and shrubs, while forests 

were present in areas untouched by volcanism. Local variation in vegetation, caused by 

topography, is also probable. Dmanisi sits on a promontory, overlooking a river valley, which 

would allow vertical vegetation zones to form (Gabunia et al. 2000). Hemmer & Kahlke (2011) 

saw the combination of topographic and vertebrate palaeontological information providing 

strong evidence for the existence of a differentiated landscape pattern around the site of 

Dmanisi caused by topography. In their words (Hemmer & Kahlke 2011: 2705-2706), “The flat 

river valley would have contained open water bodies and areas of wet ground throughout the 

year. Other parts of the valley floodplain were covered by gallery forests. The flanking slopes 

of the river valley would have been significantly dryer and poorer in tree cover. Extended 

grasslands characterised the site vicinity in the adjacent higher ground outside of the valley”. 
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Certainly, it is reasonable to assert than an area as vast and mountainous as Dmanisi would 

have included a wide range of habitats.   

Multiple proxies agree that Dmanisi was in the midst of a rapid increase in aridity when 

hominins were roaming the region. Water-stress indices derived from the phytolith record 

clearly show this change in moisture level, which perhaps allowed fossil fruits adapted to dry 

conditions to expand in the region (Messager 2008, Messager 2010a). Aridity is again evident 

in the micromammal and herpetofaunal assemblages, where taxa associated specifically with 

dry climates are abundant, and those associated with water sources lacking. Aridity would also 

explain the concurrent occurrence of low vegetation productivity and browse vegetation (Sun 

& Du 2017). Dmanisi has a comparatively lower net primary productivity when compared to 

other European Pleistocene sites (Figure 8), so through their relation to the NPP, the mesowear 

results and body mass estimations tentatively agree with the aridity of the habitat.    

Agustí and Lordkidpanidze (2019) suggested that early hominins preferred wooded/forested 

environments that offered safer scavenging opportunities compared to open savannah 

environments, from which the authors argued that the early dispersal of Homo from Africa to 

the Caucasus region (Dmanisi) would have followed the distribution of such wooded habitats 

ca.1.8 Ma. My results do not support this view. Admittedly, the mesowear analysis of the 

herbivore assemblage does mostly have mixed feeders and browsers, which in literature is 

typically linked with more forested and closed environments. But browsing means eating any 

type of leafy, non-grass food, not just leaves from lush forests. The theory is challenged further 

by the relatively low NPP estimated for Dmanisi, since closed environments are expected to 

have high NPP-values. Diet and vegetation productivity do not always go hand in hand; 

environments rich in browse resources can exist in relatively low productivity. Moreover, the 

continuous presence of hominins in Eurasia since the Early Pleistocene across different habitats 

might indicate that they were able to survive periods of climatic deterioration and the spread of 

more steppe-like environments (Saarinen et al. 2021b). Physical evidence for hominins 

inhabiting deteriorating climates is found in the early Pleistocene localities Barranco León and 

Fuente Nueva 3, where Sánchez-Bandera et al. (2020) found the sedimentary layers with the 

highest density of anthropic evidence to coincide with aridification of the environmental 

conditions. This implies that the hominins of the late Early Pleistocene were able to cope with 

changing environmental conditions.  
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Terrestrial paleoclimatic and -environmental records focusing on the time range of Dmanisi are 

not abundant, with comparative material mostly coming from sites that either have significant 

temporal or spatial distance from Dmanisi. Furthermore, direct comparison is truly applicable 

only to Eurasian Pleistocene hominin localities, in which similar reconstructive methods have 

been used. Such studies have been done in Guadix-Baza Basin in Spain, and ‘Ubeidiya in Israel. 

Guadix-Baza Basin has 3 Pleistocene sites: Fuente Nueva 3, Barranco Léon 5 and Venta 

Micena. Saarinen et al. (2021b) used dental ecometric variables (including mesowear) and 

mean body size in fossil ungulate communities to infer the environment of the Guadix-Baza 

Basin in the early and middle Pleistocene. They found mesowear and mean body sizes 

indicating woodland or shrubland environments in Guadix-Baza Basin, albeit with higher NPP 

than in Dmanisi. Of the three sites, the results from Venta Micena are most comparable with 

mine from Dmanisi; it had an abundance of browsing and browse-dominated feeders and dryer 

estimated climatic conditions. Venta Micena also had a comparable NPP to Dmanisi (766.583 

versus 705.294). However, Venta Micena does have a species with a true grazing signal (Equus 

altidens), which is lacking in Dmanisi. So, in this regard Dmanisi is distinguishable from Venta 

Micena. A mesowear analysis by by Belmaker & O’Brien (2018) aimed to describe the 

environment at the hominin locality of Ubeidiya, located in northern Israel. Like Dmanisi, 

Ubeidiya had been previously assumed to have had palaeoenvironments similar to African 

savannahs, but the mesowear analysis of the ungulate fauna from there overwhelmingly 

consisted of ungulates with browsing diets, a result which point to the occupation of closed and 

woodland habitats by early Homo in the Ubeidiya with a low proportion of grass in the 

environment.   

To answer the question ‘what influenced Homo to inhabit in Dmanisi?’, I can conclude that the 

presence of particular biomes probably was not the main reason for Homo to inhabit the region. 

Instead, this thesis provides further support to observations presented in Saarinen et al. (2021b), 

who found human occupation in Europe during the early Pleistocene primarily happening in 

diverse environments.  The rejection of niche-driven hominin expansion now allows 

subsequent research to focus on investigating the degree of heterogeneity in hominin habitats. 

An adaptation to heterogenous environments would certainly provide the physiological means 

for Homo to widely colonize Eurasia.   
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6. CONCLUSIONS 

In this thesis I studied the diet of herbivorous mammal taxa from the early Pleistocene of 

Dmanisi using the original mesowear method introduced by Fortelius and Solounias (2000) and 

the ‘mesowear angle’ method developed for proboscideans by Saarinen et al. (2015). The 

mesowear analyses show that the herbivores in Dmanisi were browsers, browse-dominated 

mixed feeders, or graze-dominated mixed feeders. The mesowear signal disagrees with the 

views that the habitat in Dmanisi was dominated by grassy vegetation, since evidence for 

grazing is minimal in the mesowear sample. 

Additionally, the body masses of ungulates in Dmanisi were estimated using the regression 

equations from Scott (1990) for all ungulates except for Stephanorhinus, for which the 

equations from Fortelius & Kappelman (1993) were used. Mean body mass was calculated for 

Dmanisi as the mean value of the body mass estimates of each ungulate species, which was 

then compared with mean body mass estimates for other Eurasian Pleistocene localities. 

Relative body mass indices (BMloc) were calculated for each locality by dividing their mean 

body mass value with the largest mean body mass value in the total set of 92 localities. The 

results show that Dmanisi had small-sized ungulate community relative to other known 

Pleistocene localities. This is potentially explained by the comparatively low net primary 

productivity estimated for the site. When the mean body masses for each locality were plotted 

against their respective net primary productivity values, the results revealed that the ungulates 

in Dmanisi were also small in relation to its estimated net primary productivity. This is likely 

due to additional pressure inter- and intraspecific competition put on resource availability, as 

Dmanisi had a taxonomically diverse faunal community relative to the estimated productivity 

of its vegetation. 

Overall, the findings of this study suggest that Dmanisi was either a shrubland or woodland 

habitat, or more likely, a combination (ecotone) of both. The results presented here are 

consistent with the results of previous faunal and botanical studies conducted in Dmanisi, in 

that they confirm the “mosaic” description of the site, even if they do not agree with the 

predominance of open habitats as suggested previously. Consequently, this confirms that 

“savannahs” or grasslands was not a major attractant for Homo, and thus not the reason why 

they inhabited Dmanisi. With this, the result also challenges the central tenet of the 

Savannahstan hypothesis, that Homo was only able to disperse out of Africa into savannah 
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ecosystems analogous to its inherited African niche (R. W. Dennell, 2011; Louys & Roberts, 

2020). We cannot thus safely assume that Homo in Eurasia occurred only in savannahs or 

grasslands with the low proportion of grass in Dmanisi.  

 

  

https://www.zotero.org/google-docs/?9u2TFH
https://www.zotero.org/google-docs/?9u2TFH
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APPENDIX 1 

Individual mesowear data (measurements in mm) for ungulates in Dmanisi, Georgia. 

Measurements include the Cusp Shape, Cusp Height. 

Collection Number Species Cusp Shape Cusp Height 

Dm. 53/59.3B1g1.192 Equus altidens S L 

Dm. 5/154.3/4.A4.5 Equus stenonis R L 

Dm. M6/2.ii.D4255 Equus stenonis R L 

Dm.67/59.IV.122.D2442 Equus stenonis R H 

D1449 Equus stenonis R H 

D5106 Arvernoceros insolitus S H 

D5204 Arvernoceros S H 

D6624 Arvernoceros insolitus S H 

D6625a Arvernoceros insolitus S H 

D6625b Arvernoceros insolitus S H 

D4689 Praemegaceros obscurus R H 

D2862 Praemegaceros obscurus R H 

D2224 Praemegaceros obscurus R H 

D1307 Praemegaceros obscurus S H 

D525 Praemegaceros obscurus S H 

D6628 Praemegaceros obscurus S H 

D39 Praemegaceros obscurus S H 

D6629 Praemegaceros obscurus R H 

D6631 Praemegaceros obscurus R H 

D2335 Bison georgicus R H 

D185 Bison georgicus R H 

Dm.M7/k20.2A4-1.27 Bison georgicus R H 

Dm.M6/2.II.423 Bison georgicus R H 

Dm.7/153.1.A4.16 Bison georgicus R H 

D246 Bison georgicus R H 

D1066 Bison georgicus R H 

No ID Bison georgicus B L 

D5108 Cervus nestii S H 

D6239 Cervus nestii S H 

D6243 Cervus nestii S H 
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D4975 Cervus nestii S H 

D6241 Cervus nestii S H 

D4787 Cervus nestii S H 

D5109 Cervus nestii S H 

D4944 Cervus nestii S H 

D4997 Cervus nestii S H 

D5161 Cervus nestii R H 

D6242 Cervus nestii R H 

D5310 Cervus nestii S H 

D6635 Cervus nestii S H 

Dm.54/60.4.B1g4.67 Soergelia R H 

Dm.69/63.4.B1p.113 Gallogoral meneghinii sickenbergii S H 

D5393 Gallogoral meneghinii sickenbergii S H 

D28 Gallogoral meneghinii sickenbergii S H 

D5520 Gallogoral meneghinii sickenbergii R H 

D2842 Gallogoral meneghinii sickenbergii S H 

D334 Gallogoral meneghinii sickenbergii R H 

D9/151.3.A1.53 Gallogoral meneghinii sickenbergii R H 

D2078 Gallogoral meneghinii sickenbergii S H 

Dm.42/57.4.B1b.56 Gallogoral meneghinii sickenbergii R H 

Dm.M7K20.2AY-1.14 Gallogoral meneghinii sickenbergii R H 

Dm.71/39.2.A4.23 Gallogoral meneghinii sickenbergii R H 

D3902 Praeovibos sp. R H 

D174 Praeovibos sp. S H 

D5388 Praeovibos sp. S H 

D3876 Praeovibos sp. R L 

Dm.69/63.2A1.132 Alcini sp. R H 

D5313 Alcini sp. S H 

D6609 Palaeotragus cf.priasovicus S H 

D6607 Palaeotragus cf.priasovicus S H 

D3671 Palaeotragus cf.priasovicus R H 

D4148 Palaeotragus cf.priasovicus S H 

D195 Capra sp. R H 

D610 Capra sp. R H 

Dm.5/154.1.A2.83 Capra sp. R H 

Dm.51/53.4.A4.18 Capra sp. S H 
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Dm.7/151.3.A2.33 Capra sp. S H 

D3557 Capra sp. R H 

Dm.6/155.3.B1.210 Pontoceros surprine R H 

Dm. 5/154.2.A2.74 Pontoceros surprine R H 

No number Ovibovini sp. R H 

Dm.29/131.2.15 Ovibovini sp. R H 

APPENDIX 2 

Complete list of taxa used (fossil and modern) and their statistical data used in the clustering. 

Mesowear data includes the average mesowear score and percent of individuals (%) with 

sharp cusps, blunt cusps, and high occlusal relief. Dietary abbreviations: B, browser; G, 

grazer; M, mixed feeder. 

Species Common name  % Sharp % Blunt % High Diet  

Aepyceros melampus Impala 35.2 0.0 100.0 M  

Alcelaphus buselaphus Hartebeest 3.2 28.0 57.0 G  

Alcelaphus lichtensteinii Lichtenstein's hartebeest 5.8 11.7 82.0 G  

Alces alces Moose 100.0 0.0 100.0 B  

Ammodorcas clarkei Dibatag 28.5 0.0 100.0 B  

Antidorcas marsupialis Springbok 73.0 0.0 96.0 M  

Antilocapra americana Pronghorn 88.6 0.0 96.0 B  

Axis axis Chital 6.9 25.5 79.0 M  

Axis porcinus Indian hog deer 4.1 0.0 88.0 M  

Bison bison American bison 0.0 73.3 0.0 G  

Boocercus euryceros Bongo 44.4 0.0 100.0 B  

Boselaphus tragocamelus Nilgai 0.0 0.0 87.0 M  

Budorcas taxicolor Takin 42.1 0.0 95.0 M  

Camelus dromedarius Dromedary 31.2 0.0 100.0 M  

Capra ibex Alpine ibex 54.1 8.3 97.0 M  

Capreolus capreolus Roe deer 72.0 2.9 96.0 B  

Carpicornis sumatraensis Sumatran serow 45.4 4.5 100.0 M  

Cephalophus dorsalis Bay duiker 32.1 7.1 93.0 B  

Cephalophus natalensis Red forest duiker 16.0 0.0 100.0 B  

Cephalophus niger Black duicker 35.4 3.2 91.0 B  

Cephalophus nigrifrons Black-fronted duiker 25.0 4.5 82.0 B  

Cephalophus silvicultor Yellow-backed duicker 0.0 5.1 80.0 B  

Ceratotherium simum White rhinoceros 0.0 28.0 0.0 G  

Cervus canadensis Wapiti 47.3 0.0 100.0 M  

Connochaetes taurinus Blue wildebeest 15.3 28.8 55.0 G  

Damaliscus lunatus Common tsessebe 20.0 20.0 20.0 G  

Dendrohyrax arboreus Southern tree hyrax 50.0 0.0 100.0 B  

Dendrohyrax dorsalis Western tree hyrax 46.4 0.0 82.0 B  

Dicerorhinus sumatrensis Sumatran rhinosceros 80.0 0.0 100.0 B  
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Diceros bicornis Black rhinosceros 94.1 0.0 100.0 B  

Equus burchelli Plains zebra 27.0 33.6 0.0 G  

Equus grevyi Grévy's zebra 34.4 24.1 0.0 G  

Eudorcas thomsonii Thomson's gazelle 55.4 1.3 88.0 M  

Giraffa camelopardalis Northern giraffe 73.7 0.0 94.0 B  

Heterohyrax brucei Yellow-spotted rock hyrax 81.8 0.0 36.0 B  

Hippotragus equinus Roan antelope 3.8 0.0 85.0 G  

Hippotragus niger Sable antelope 0.0 15.0 85.0 G  

Hyaemoschus aquaticus Water chevrotain 16.6 0.0 100.0 B  

Kobus ellipsiprymnus Waterbuck 0.0 0.0 96.0 G  

Lama glama Llama 28.1 3.1 100.0 M  

Lama vicugna Vicuna 41.6 0.0 100.0 M  

Litocranius walleri Gerenuk 33.3 0.0 96.0 B  

Nanger granti Grant's gazelle 50.0 0.0 88.0 M  

Odocoileus hemionus Mule deer 72.7 0.0 100.0 B  

Odocoileus virginianus White-tailed deer 88.8 0.0 100.0 B  

Okapia johnstoni Okapi 87.5 0.0 100.0 B  

Ourebia ourebi Oribi 21.8 0.7 96.0 G  

Ovibos moschatus Muskox 57.6 0.0 81.0 M  

Ovis canadensis Bighorn sheep 48.3 0.0 87.0 M  

Procavia capensis Rock hyrax 62.5 0.0 46.0 M  

Redunca fulvorufula Mountain reedbuck 0.0 0.0 86.0 M  

Redunca redunca Bohor reedbuck 6.4 2.5 91.0 G  

Rhinoceros sondaicus Javan rhinosceros 100.0 0.0 100.0 B  

Rhinoceros unicornis Indian rhinosceros 80.0 0.0 100.0 M  

Rucervus duvaucelii Barasingha 12.0 24.0 67.0 M  

Rusa unicolor Sambar deer 14.2 4.7 91.0 M  

Saiga tatarica Saiga antelope 60.0 0.0 40.0 M  

Syncerus caffer African buffalo 0.0 6.4 100.0 M  

Taurotragus oryx Common eland 50.0 0.0 100.0 M  

Tetracerus quadricornis Four-horned antelope 28.5 0.0 91.0 M  

Tragelaphus angasi Nyala 35.0 0.0 100.0 M  

Tragelaphus imberbis Lesser kudu 61.2 0.0 100.0 M  

Tragelaphus scriptus Cape bushbuck 51.0 0.0 100.0 M  

Tragelaphus strepsiceros Greater kudu 0.0 0.0 100.0 B  

Equus altidens/stenonis  20.0 0.0 40.0 M  

Arvernoceros insolitus  100.0 0.0 100.0 B  

Praemegaceros obscurus  44.44 0.0 100.0 B  

Bison georgicus  0,00 12.5 87.5 M  

Cervus nestii  84.6 0.0 100.0 B  

Gallogoral meneghinii sickenbergii  45.5 0.0 100.0 B  

Praeovibos sp.  50.0 0.0 75.0 M  

Alcini  66.6 0.0 100.0 B  

Palaeotragus cf.priasovicus  75.0 0.0 100.0 B  

Capra sp.  50.0 0.0 100.0 B  
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Pontoceros surpine  0.0 0.0 100.0 M  

Ovibovini sp.  0.0 0.0 100.0 M  

 

APPENDIX 3 

All the bone measurements conducted on Dmanisi herbivores. All the measurements are in 

millimetres (mm). Further bone measurements for the equids were obtained from Cirilli et al. 

(2021). 

Collection number Species Diaphysis width Proximal epiphysis width Distal epiphysis width Bone 

D140 Caprinae 2 29,00 45,00 53,00 MC R 

D2971 Caprinae 2 27,50 40,50 47,00 MC L 

D3180 Caprinae 2 26,50                                     no data 48,60 MC 

D6891 Caprinae 2 26,60 43,30 48,70 MC R 

D6887 Caprinae 2 24,50 44,00 52,20 MC R 

D6876 Caprinae 1 27,00 43,50                            no data MC R 

D3662 Spiroceros 19,20 29,90                            no data MT R 

D6856 Spiroceros 22,00                                     no data 35,50 MT R 

D1043 Spiroceros 22,50 31,00                            no data MT L? 

D787 Spiroceros                 no data 30,80                            no data MT indet. 

D340 Spiroceros                 no data 30,10                            no data MT indet. 

D6857 Pontoceros surpine 25,80 42,00 40,00 MC L 

D60 Pontoceros surpine 22,70                                        38,80 37,50 MC L 

D2625 Pontoceros surpine 24,80 40,50 39,00 MC L 

D6852 Pontoceros surpine 22,50 35,00 37,50 MT L 

D5052 Pontoceros surpine 22,50 35,70 39,70 MT 

D3277 Caprinae 1 19,60                                     no data 35,60 MC R 

D3346 Caprinae 2 17,00 31,00                            no data MC L 

D6860 Caprinae 2 19,30 29,00 32,20 MT R 

D6885 Capra (indet.) 23,60 34,30                            no data MT L 

D6497 Arvernoceros insolitus 28,30 43,00 49,00 MT 

D58 Arvernoceros insolitus 31,60 50,10 53,40 MT 

D3176 Arvernoceros insolitus 28,00 52,00 51,70 MT 

D2525 Arvernoceros insolitus 26,70 46,30 49,00 MT 

D6486 Arvernoceros insolitus 25,30 41,50                            no data MT 

D6499 Arvernoceros insolitus 27,00 39,50 46,60 MT 

D6552 Arvernoceros insolitus 28,00                                    no data 51,10 MT 

D6525 Praemegaceros obscurus 30,00 46,50 46,30 MC R 

D6531 Praemegaceros obscurus 25,30 45,50                            no data MC 

D6529 Praemegaceros obscurus 26,40 47,00                            no data MC R 

D6534 Praemegaceros obscurus 29,00 48,50 51,50 MC R 

D6103 Cervus nestii 19,20 32,00 33,50 MC L 

D6104 Cervus nestii 18,20 30,30 31,50 MC L 
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D6105 Cervus nestii 20,00 32,50 33,20 MC L 

D5039 Cervus nestii 18,00 31,00                            no data MC L 

D4125 Cervus nestii 20,60 34,70 35,60 MC L 

D2299 Cervus nestii 18,90 29,80 31,00 MC L 

D4126 Cervus nestii 21,20 36,00                            no data MC R 

D365 Cervus nestii 18,00 30,50 31,30 MC L 

D1366 Cervus nestii 22,00 34,00 33,80 MC L 

D2705 Cervus nestii 20,70 33,70 34,00 MC R 

D416 Cervus nestii 20,50 34,50 33,70 MC R 

D2119 Cervus nestii 18,80 31,00                            no data MC R 

Dm.50/63.IV.109 Palaeotragus cf. priasovisus 35,10 60,00                            no data MT 

Dm.68/62.B1y.74 Palaeotragus cf. priasovicus 40,10 59,70                            no data MT 

Dm.67/61.VI.76 Palaeotragus cf. priasovicus                no data 73,80                            no data MC 

Dm.53/60.IV.119 Palaeotragus cf. priasovicus                 no data 69,30                            no data MC 

Dm.65/64.4.B1B1.122 Equus altidens 30,60 47,10 44,00 MC 

Dm.64/63.B1z.343 Equus altidens 34,70 44,70 45,00 MC 

Dm.5/153.1/3.A2/A1.47 Equus stenonis 37,10 no data 49,10 MC 

Dm.4/153.3.B.27 Equus stenonis 35,60                                     no data                            no data MC 

Dm.5/153.2.A4.9 Equus stenonis 35,40 51,20 49,00 MC 

Dm.K20.4/37 Equus altidens 28,10 43,60 40,80 MT 

Dm.66/60.IV.60 Equus altidens 27,00 42,10                            no data MT 

Dm.55/61.B1gl.148/D6929 Bison georgicus 37,50 64,90 63,00 MC 

Dm.67/61.IV.51/D2812 Bison georgicus 40,50 68,40 64,60 MC 

Dm.D3426 Bison georgicus 45,50 70,80 69,20 MC 

Dm.64/63.B1z.364/D5191 Bison georgicus 38,60 66,50 65,20 MC 

Dm.5/154.A4.35/D6927 Bison georgicus 41,60 65,00                            no data MC 

Dm.50/63.IV.66 Bovini indet. 34,20 62,30 60,40 MC 

Dm.67/54.III.29f.D6902f Bovini indet. 31,10 51,80 53,10 MC 

Dm.6/151.A.84/D6905 Bovini indet. 35,20 60,30 50,20 MC 

Dm.55/60.B1gl.90/D6903 Bovini indet. 31,90 56,40 56,40 MC 

Dm.M11.4.B3.3/D5856 Bovini indet. 32,90 52,30 52,40 MT 

Dm.54/60.B1gu.90/6904 Bovini indet. 28,30 47,50 49,60 MT 

Dm.62/60.III.52_D2995 Caprinae 4 34,40 53,80 56,60 MC 

Dm.9/151.Bj.97 Caprinae 2 29,00 51,40 51,10 MC 

Dm.8/151.A4.28/D6869 Caprinae 2 30,50 47,70 52,00 MC 

Dm.b.XI.test-pit-1.sq6a.IV._D132 Caprinae 1 32,10 49,90 56,50 MC 

D6865 Caprinae 3 30,40 50,10 54,20 MC 

Dm.b.XI.test-pit-1.sq7d.IV._D63 Caprinae 3 29,40 48,00 52,50 MC 

Dm.68/60.IV.17_D3013 Caprinae 3 31,00 49,70 54,00 MC 

Dm.63/62.B1x.177_D5613 Caprinae 3 29,90 48,50 53,90 MC 

Dm.b.X.sq_m_51.sq_11.IV._D1311 Caprinae 1 33,80 50,60 56,30 MC 

Dm.M5.N/17.A4-1.63/D5526 Stephanorhinus sp. 60,80                             92,2 (caput)                            no data 
humerus 
(dext.) 

Dm.68/62.2.131p.52 Stephanorhinus sp. 68,00                           92,00 (caput) 137,80 
humerus 
(dext.) 

Dm.66/61.VI.70/3407 Stephanorhinus sp. 63,70                                     no data                            no data 
humerus 
(sin.) 
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Dm.68/61.IV.43 Stephanorhinus sp. 50,50 no data 115,40 
humerus 
(sin.) 

APPENDIX 4 

Complete list of all the mesowear angle measurements done on the Dmanisi proboscidean tooth 

remains. All the measurements are in degrees (°) 

Collection number Genus Tooth Loph 
1 

Loph 
2 

Loph 
3 

Mean MW 
angle 

D2295 Mammuthus 
meridionalis 

m2 (sin.) 100,6 98 102,7 100,4333333 

Dm.b.X.sq.3.II.104/D1370 Mammuthus 
meridionalis 

m2 or m3 anterior part with 2 
lamellae 

98,1 104 no data 101,05 

Dm.74/34.II.84/D1858 Mammuthus 
meridionalis 

dp4? Fragment with 3 lamellae no data 109,1  no 
data 

109,1 

 


