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7.1 Introduction 

Much has been written about the importance of palaeoecology and palaeoenvironments in 

shaping human evolutionary history. “Palaeoenvironment” is often used as a catch-all term 

that variously includes abiotic environmental elements such as those related to climate 

(e.g., rainfall and temperature), elevation, and the landscape (e.g., the presence of lakes and 

rivers, often reconstructed from sediment studies), and biotic components such as 

vegetation, invertebrates, and vertebrates. Climate, seasonality, and particular landscapes 

have all been invoked as selection pressures in early hominin evolution (e.g., DeMenocal, 

1995; Foley, 1993; Winder et al., 2015). For modern humans, most often the focus of 

evolutionary medicine, there are clear examples of adaptations to their environments, such 

as genotypes that facilitate survival at high altitude (Beall, 2007). Palaeoecology is defined 

as the interaction of living organisms, including humans, with their environments, and is 

commonly considered alongside palaeoenvironmental reconstruction. Palaeoecology 

provides a wealth of examples of selective pressures within all periods of human evolution, 

including the roles of parasites, bacteria, viruses and other pathogens in disease causation 

and subsequent adaptation (see Chapters 8, 9, 10, 11, and 17). Consideration of diet is also 

central to understanding palaeoecology. A great deal of attention has been paid to the role 

of diet in human evolution (Chapter 5), from its influences on brain evolution and digestive 

tract morphology (Aiello and Wheeler, 1995), to discussions of the role that “Stone Age 

diets” play in contemporary human health (Eaton and Konner, 1985; Eaton and Eaton, 1999; 

Eaton et al., 1999; Cordain et al., 2000).  

 

Palaeoecology and palaeoenvironments provide the context for evolution and the selective 

pressures that shape it. In formulating relevant hypotheses, it can be challenging to 

accommodate the immense temporal and spatial variation that humans have experienced 

over the course of our evolution (Elton, 2008). Indeed, some prominent and well-

established narratives of human adaptation within evolutionary medicine (such as the 

“Stone Age diet”) tend to underplay the variation and diversity inherent in human 

populations in favour of perspectives that stress “mismatch” between the modern condition 

and a largely homogeneous past (Eaton and Konner, 1985; Eaton and Eaton, 1999; Eaton et 
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al., 1999; Cordain et al., 2000). We argue that human evolutionary history is characterised 

by the exploitation of diverse habitats, consumption of diverse diets, and adoption of varied 

cultural and behavioural practices, a view that has been discussed elsewhere in the 

evolutionary medicine literature (Elton, 2008; Foley, 1995; Gowlett, 2003; Turner and 

Thompson, 2013, 2014; Ulijaszek et al., 2012). It is within this framework of 

palaeoenvironmental and palaeoecological diversity that we must consider the evolution of 

health and disease.  

 

In this chapter, we bring together bioarchaeological data and evolutionary theory to give an 

overview of early Holocene human palaeoecology in changing environments. Given the 

immense temporal and spatial variation in environments across the globe, and across time, 

we necessarily focus on archaeological sites from one region and a restricted time-period, 

Mesolithic and early Neolithic assemblages from contemporary Ukraine. To date, central 

and eastern Europe has not been studied extensively in the context of evolutionary ecology 

and medicine, yet its archaeological record provides an ideal chance to examine detailed 

trends in diet and skeletal pathology in ecological and environmental context. Globally, it is 

clear that environmental diversity resulted in an equally diverse range of cultural 

adaptations and behavioural responses as human groups adapted their food procurement 

strategies. In turn, this may be reflected in biological variation in both space and time. 

Variability and fluctuations in the environment, ecology, prey species, plant biomass, and 

aquatic resources, combine to ensure that multidisciplinary approaches, open to the 

concept of variation, are required if we are to develop realistic and reliable interpretations 

of human responses in these changing and changeable palaeoenvironments. Study of the 

human skeleton offers the perfect opportunity to investigate biological responses to that 

variability and fluctuation in past populations, with stable isotope and palaeopathological 

analysis giving a window into the diets and health statuses of individuals and populations. 

Thus, using palaeopathological and isotopic studies of Ukrainian prehistoric populations, we 

examine dietary variation and health status in the context of Holocene warming and cooling, 

and discuss the impact that these might have had on cultural developments across the 

Mesolithic and Neolithic in Ukraine. We further use our case study of Ukraine to consider 
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the relative importance of ultimate (evolutionary) and proximate (immediate) effects in 

determining the health of individuals and populations during the early Holocene “transition” 

period.   

 

7.1.1 Background 

The Holocene (the current geological epoch, which began ~12,000 years ago) is seen as a 

time of transition in many parts of the world from hunter-gathering mobile ways of life to a 

more sedentary and agriculture-based existence. Human populations in the earliest 

Holocene (referred to by archaeologists as the Mesolithic period) are, like those earlier in 

the Palaeolithic, generally characterised by mobile hunting and gathering (or combinations 

of hunting, fishing, and foraging strategies) (e.g., Zilhão et al., 2020). Somewhat later, in the 

Neolithic, it is commonly understood that many groups became more sedentary, with the 

adoption of agriculture becoming widespread. In the evolutionary medicine literature, much 

has been made of the transition to farming and its implications for human diet and health 

(Eaton and Konner, 1985; Eaton and Eaton, 1999; Eaton et al., 1999; Cordain et al., 2000), 

although some authors have drawn attention to the lack of a “revolutionary” transition or 

argued that the relatively recent Industrial Revolution may have had more profound impacts 

(Elton, 2008, 2016; Strassman and Dunbar, 1999). The bioarchaeological literature 

documents a decline in health with the transition to farming, also known as the first 

epidemiological transition (e.g., Cohen and Armelagos, 1984; Cohen and Crane-Kramer, 

2007; Roberts, 2015).  

 

Significantly, though, numerous studies have shown considerable overlap between foraging 

and farming at the Mesolithic-Neolithic boundary throughout central and eastern Europe. 

Despite the generalisation that Mesolithic equals hunting and gathering and Neolithic 

equals farming, Dennell (1983:15) stated that “...much confusion has arisen over how to 

distinguish food-extraction from food-production”, and in some areas this remains a valid 

observation. There is increasing awareness that the key features of what we now recognise 

as farming — sedentary life, decreased mobility, food storage, domestication of plants and 

animals — have a prehistory that extends much further back than was originally assumed, 
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into the very earliest Holocene and even the Palaeolithic (e.g., Boaretto et al., 2009; Brown 

et al., 2009; Dobney and Larson, 2006; Revedin et al., 2010; Wu et al., 2012), and that there 

was no single point at which these behaviours were adopted in combination across the 

world. To this day, there exists in some regions a lack of a clear dichotomy between modern 

hunting and farming groups, which is not simply due to biases in research strategies or a 

lack of targeted study. Thus, reducing 21st century insults to human health simply to a 

“mismatch” between the transition to agriculture and our biology is at best an unhelpful 

simplification. At worst it downplays the serious proximate effects of variations in the 

environment on individuals (Elton, 2008), including differential socioeconomic status and 

the inequality that results. Careful study of the archaeological, palaeoecological and 

palaeoenvironmental records will help to understand the proximate and ultimate factors 

that contributed to health in the past, which in turn will facilitate greater awareness of how 

to influence health status positively in contemporary populations.   

 

The Holocene epoch is an interglacial (warm period) that succeeded the significant glacial 

period that reached a peak at ~20000BP (before present), after which northern hemisphere 

ice sheets started to retreat and sea and moisture levels rose. A short and abrupt cold 

period, the Younger Dryas, which started at ~12900BP and ended at 11700BP, marked the 

end of the late Pleistocene and the beginning of the Holocene. Within the Holocene, 

temperatures fluctuated, and include a warming period (the Holocene Climatic Optimum 

[HCO] between ~9000 and 5000BP), and several colder pulses known as Bond Events (Bond 

et al., 1997). The first cold Bond Event at 8200BP is cited as having a significant impact on 

farming groups in the Near East and Europe (e.g., Roffet-Salque et al., 2018). The 

significance of the HCO and the cold Bond Events has recently been correlated both to the 

collapse and development of different cultures in Ukraine (Nikitin 2020). Other studies have 

suggested that far from the 8200BP event causing collapse, site abandonment, and 

migration, the early farming communities of southwestern Asia showed resilience to abrupt 

and severe climate change (Flohr et al., 2016). For the Near East, the impact of the 8200BP 

event can be seen in changes in husbandry and consumption practices at Çatalhöyük East, 

with visible reductions in cattle herd sizes accompanied by an increase in caprine 



6 

(sheep/goat) herd sizes (Roffet-Salque et al., 2018). Such shifts are wholly consistent with 

adaptability and resilience.   

 

In general, the shift from the Late Glacial into the Holocene saw a marked improvement in 

the environments of Europe, with expansion of warmth-loving species (humans included) 

from glacial refugia, and the replacement of open grassland habitats with closed canopy 

deciduous woodlands alongside expansion or contraction of specific ecoregions or zones, 

such as the forest / forest steppe in Ukraine. Khotinsky (1984) notes that in the former 

USSR, the Late Glacial is characterised by a continental climate, with evidence for 

hyperzonality, i.e., a mixture of tundra, forest, and steppe environments (with some taxa 

that are found in present day steppe and desert zones), determined by water drainage and 

whether the land was north or south facing. In the Holocene there was a relatively rapid 

shift to more homogeneous zonal environments, with bands of tundra, forest, and steppe, 

in the pattern that is more familiar today (Khotinsky, 1984). During the Mesolithic period, 

the zones were characterised by tundra in the northern parts of the former USSR (Union of 

Soviet Socialist Republics), steppe in the southern regions, and a belt of birch, pine, spruce, 

and larch forest in between.  

 

There was an expansion of temperate forests during the Mesolithic, but Ukraine lacks direct 

evidence for plant-based subsistence strategies (for example, as outlined by Zvelebil [1994] 

for some other Mesolithic sites in Europe). Exploitation of grasses in Ukraine at this time has 

been inferred from indirect evidence, such as sickle gloss or cereal imprints in pottery (e.g., 

Zvelebil and Dolukhanov, 1991). Nonetheless, the veracity of the identification of cereal 

imprints in relation to domesticated species and the adoption of agriculture in Ukraine has 

been questioned by the recent work of Motuzaite Matuzeviciute (2020), with the earliest 

evidence for domesticated cereals being linked to the appearance of the Linearbandkeramik 

culture in western Ukraine in the second half of the 6th millennium BCE. However, 

Motuzaite Matuzeviciute (2020) notes that the extent of these influences remains to be 

determined and that only limited evidence of cereal use, attributed to the Sredny-Stog 

culture, exists for eastern Ukraine prior to the 4th millennium BCE. 
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As might be anticipated, alongside the shifts in vegetation at the Pleistocene–Holocene 

transition, we see concomitant changes in the nature of the biomass, seasonality in 

resource availability, and a shift away from the large herds of animals, such as reindeer, 

mammoth, bison, and giant deer, which characterised the more open landscapes of the Late 

Glacial to less easily exploited solitary animals or small herds (e.g., aurochsen, red deer, wild 

horse and wild donkey, gazelle, mountain goat, wild boar, elk, and brown bear) that 

occupied the steppe, forest, and tundra zones (Zaliznyak, 2020a, b). In addition, it has been 

noted that during the Mesolithic period, fishing and plant gathering increased in importance 

compared to hunting (Dolukhanov and Khotinskiy, 1984). In essence, despite a broad range 

of species being available for exploitation, the nature of the landscape changes meant that 

the larger game animals were more dispersed in the environment and less predictable in 

terms of their availability than in the Late Glacial period. This necessitated a concomitant 

shift in the nature of food procurement strategies on the part of human groups and changes 

in the nature of the toolkits that were used in subsistence and other tasks (e.g., Lillie, 2015). 

Such a switch in subsistence activity may have had important implications for human 

adaptation and health.  

 

7.2 Environments and health status along the Dnieper River 

We focus on the Dnieper Rapids region of Ukraine, which preserves large cemetery 

populations, many belonging to the Neolithic Dnieper-Donets culture that spans the period 

10400—5470calBP (~10000—3500calBCE). These cemeteries provide the opportunity for in 

depth study of palaeopathological evidence alongside stable isotope data to provide dietary 

context, within a region for which palaeoenvironments are generally well understood. Our 

case study concentrates on four cemeteries (the Epipalaeolithic cemetery of Vasilyevka III, 

the Mesolithic cemetery of Vasilyevka II, and the Neolithic (Mariupol-type) cemeteries of 

Yasinovatka and Dereivka I [Figure 7.1]) where the dating, pathological, and stable isotope 

data provide detailed insights into individual life histories and population dynamics. 

  

<<FIGURE 7.1 NEAR HERE>> 
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Vasilyevka III is located on the left bank of the Dnieper, to the south of the town of 

Dniepropetrovsk, and is dated to 10400—9920calBP (10,000 to ~9300calBCE) (Jacobs, 1993, 

Lillie et al., 2003), at the Late Glacial – Holocene transition, with evidence that it was in use 

into the Mesolithic period at ~8850calBP (8280—7967calBCE) (Matthiesen et al., 2017). 

During the periods that Vasilyevka III was being used for interment (probably the final stages 

of the Younger Dryas, with temperatures rising into the Holocene, plus the early Holocene 

itself), a cool/dry to warm/dry climate persisted. The environment is initially characterised 

by poorly watered steppe away from the river valleys in the southern part of Ukraine (the 

Black Sea lowlands), with a central belt of forest-steppe, and the Polissya forest lowlands in 

the North (Zaliznyak, 2020a). During the period ~9000—5000BP temperatures increased 

across the northern hemisphere, reaching a peak at ~8000BP. Significant warming marks the 

onset of the earliest Holocene in Ukraine, and the cool climate and moist soils promoted the 

expansion of birch-pine in the north and the expansion of pine in the south, with birch-pine 

woodlands extending ~150km along the left bank of the Dnieper (Zaliznyak, 2020b).  

 

As noted by Zaliznyak (2020b), the extent of the changes across the Pleistocene—Holocene 

transition were not as marked in the southern part of Ukraine as the north, although the loss 

of the cold-tundra forests resulted in the disappearance of herd animals such as bison, saiga, 

and donkey in the Black Sea lowland zone (Zaliznyak, 2020b). In general, the early Holocene 

in Ukraine at 10,300BP is characterised by decreased continentality and a reduction in 

hyperzonality (Velichko, 1973 cited by Dolukanov and Khotinskiy, 1984). By ~8,000 BP there 

was a transition to a more humid, increasingly warm, and differentiated landscape. At this 

time, broadleaved forests expanded into the lower Dnieper valley and steppe cover became 

more mesophilous (Kremenetski, 1995), with vegetation that preferred more moderate 

climates. At ~8200 BP (~8000BP in northern Eurasia), a Bond event (Bond et al., 1997) 

ushered in a period of dry and cold conditions for a period of ~60 years, with a milder 

interval of a few decades followed by progressive warming that took ~70 years (Kobashi et 

al., 2007; Thomas et al., 2007). However, whilst it has been suggested that this may also 

have occurred in the lower mid-latitudes, much farther south than previously thought, the 
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actual impacts of this remain to be established, and the climatic fluctuation itself may have 

simply been an element of longer-term climatic instability (Wainwright and Ayala, 2019).     

 

Vasilyevka II is located on the left bank of the Dnieper, in the Rapids region near the village 

of Vasilyevka, and is dated to the later Mesolithic at 9190—8020calBP (~7000—6200calBCE) 

(Telegin and Potekhina, 1987; Lillie and Jacobs, 2006). Based on the available dating, the 

Vasilyevka II assemblage at the Dnieper Rapids occurred at a time when the climate was 

nearing its optimum, which was reached between 6000 and 4600BP. At this point, the 

steppe vegetation became more mesophytic (adapted to neither particularly dry nor wet 

environments) when compared to that of the early Neolithic periods (cf. Dolukhanov and 

Khotinskiy, 1984). The period leading up to the climatic optimum appears to be reflected in 

the increased concentration of cemetery activity in and around the Dnieper Rapids region 

across the later Mesolithic and Neolithic periods. However, currently there is very little 

evidence to suggest that the 8200BP Bond event exerted any tangible impacts on the 

populations exploiting the Dnieper region, beyond the fact that the cemetery evidence is 

limited across the period of inferred climatic instability.  

 

The Neolithic Mariupol-type cemetery of Yasinovatka is located on a high terrace ~25—30m 

above the left bank of the river, near the Dnieper Rapids. It is dated to 7476—6990calBP 

(~5800—4780calBCE) (Lillie, 1998a; Lillie et al., 2009). In contrast, the Neolithic Mariupol-

type cemetery of Dereivka I is located on the right bank of the Omelnik river at the point 

where it joins the Dnieper near the village of Dereivka, ~120 km upstream of the other sites 

included in our case study. It is dated to 7253—6700calBP (~5270—4750calBCE), although 

this site also contains Mesolithic burials, with a date of 8340—7875calBP (6360—

5879calBCE) on burial 84 (OxA-6161) (Lillie 1998a, Lillie et al., 2009). This site is located 

closer to the forest-steppe boundary at this time, but it is feasible to suggest that the 

conditions adjacent to the Dnieper may well have been similar throughout its middle and 

lower reaches due to the existence (and persistence) of forests along the valley throughout 

the periods discussed. However, we might anticipate some differing isotope values for biota 
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at the forest-steppe boundary when contrasted with those encountered in the steppe zone 

near the Dnieper Rapids, irrespective of the forested nature of the river valley itself. 

 

Both Neolithic cemeteries in our case study were established in the period of climatic 

stability between the 8200 BP and the 6300 BP Bond events, and indeed there are probably 

seven cemeteries in total that were established at the Rapids, or at the edge of the forest-

steppe zone, during this period. This may well reflect the fact that optimum conditions 

existed for the expansion of populations into the region across this period, as the available 

dating indicates that activity and settlement along the Dnieper continued past the 6300 BP 

Bond event.  

 

In the following “cemetery sections”, we focus on stable isotope data for diet and 

palaeopathological evidence for compromised health, for both males and females. Most of 

the palaeopathological evidence is documented on dentitions, with other conditions less 

frequent or altogether absent. Further information about skeletal preservation and other 

aspects of the sites and material can be found in the relevant cited literature. It should be 

noted that the excavations generally revealed excellent preservation of the cranial region, 

and the cranial material was preferentially curated in the collections available for study. 

There was differential postcranial preservation, and (for dating purposes) only certain long 

bones were retained. Due to the free-draining nature of the loess soils, the postcranial 

material often could not be lifted, and age and sex estimation was undertaken in situ. 

 

7.2.1 Vasilyevka III 

Forty-four individuals were originally excavated from this cemetery, with 21 individuals 

available for study. These 21 individuals comprised ten males, nine females, one “sub-adult” 

individual and an individual of indeterminate age and sex (Lillie et al. 2003). The 

palaeopathological evidence suggests that the individuals at Vasilyevka III consumed 

protein-rich diets (attested to by calculus deposition on their teeth; Hillson 1979), with no 

evidence for the consumption of cariogenic foodstuffs such as carbohydrates or soft sticky 

foods (given the complete absence of caries on the teeth). Low levels of sub-optimal 
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juvenile health are indicated by infrequent occurrences of enamel hypoplasia (Goodman et 

al., 1984a and b; Goodman and Armelagos, 1985a and b). The rates of expression of these 

non-specific indicators of juvenile physiological stress suggest that, in general, the human 

groups in the Dnieper region were probably not overly stressed in their growing years, in 

dietary terms at least. The age distribution of the incidence of the enamel hypoplasias 

suggests that prolonged weaning, through to the ages of 4.0—5.5 years, may have been in 

place for this population, with occasional instances of sub-optimal health prior to this age 

range (e.g., a female and a male individual who exhibit hypoplasia correlated to ~3—3.5 

years of age), perhaps reflecting causes (e.g., sub-optimal living conditions) unrelated to the 

post-weaning diet (Lillie, 1998a). There was no indication of porotic hyperostosis/cribra 

orbitalia on any of the crania examined from Vasilyevka III (Lillie 1998a). 

 

Stable isotope analysis of 21 individuals from Vasilyevka III (Lillie et al., 2003) produced 

results for 14 individuals. The average δ13C value was -22.2±0.2‰ and average δ15N value 

was 12.7±0.6‰ (Lillie et al., 2003), which indicate a diet with a significant input from 

freshwater resources, which links straightforwardly back to the evidence for calculus 

deposition on the detentions studied. This is perhaps unsurprising given the position of 

these cemeteries close to the Dnieper Rapids, giving direct access to freshwater resources. 

Interestingly, two of the three individuals with the highest nitrogen isotope values at 

Vasilyevka III were from males aged 50+, perhaps suggesting that these older people were 

consuming diets that comprised significant inputs of fish, a soft foodstuff. The fact that a 

female aged 18—22 exhibits the second highest nitrogen value of 13.10‰ is less easy to 

interpret in this context (i.e., she is not an old individual), but the value is not too much 

higher than other females in the skeletal sample, which range from 11.66 to 13.10‰ (six 

individuals). This may indicate that whilst males may have hunted, perhaps expending a lot 

of energy for unpredictable returns, females were exploiting a more reliable and easily 

accessible food resource through fishing. In addition, the older male individuals in the 

society, who were potentially no longer able to hunt, were also involved in these activities in 

some way. 
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At Vasilyevka III, Nuzhnyi (1989, 1990) identified evidence for interpersonal violence on five 

of the individuals from the cemetery population, with arrowheads and slotted bone points 

in association with the remains. In two instances, the deceased had microliths embedded in 

their lumbar vertebrae, indicating that they had been shot in the back, and another 

individual had arrow and spear points embedded in their skeleton. Furthermore, at the 

cemetery sites of Vasilyevka I and Voloshkoe, evidence for impact damage from arrows has 

also been recovered. Whilst these latter cemeteries remain undated in absolute terms, the 

stratigraphic context and type of artefacts led Nuzhnyi (1989, 1990) to suggest that they are 

broadly contemporary in chronological age with Vasilyevka III. The evidence for 

interpersonal violence may well indicate increased competition for resources at the Late 

Glacial to Holocene transition in the region, and the positioning of the cemeteries at the 

Rapids could be interpreted as an assertion of ancestral rights of access to the reliable 

freshwater resources available at this location (Lillie 1998a). 

 

Overall, despite the chronological position of Vasilyevka III near the Late Glacial – Holocene 

boundary, the data suggest that there is minimal evidence for dietary stressors in the 

skeletal remains studied and that whilst there is good evidence for the consumption of 

protein-rich diets, the complete absence of evidence for dental caries indicates that 

cariogenic foodstuffs were not integral to the diet of these individuals. Perhaps the most 

important indicator of some form of “stress” in terms of access to resources is the 

prevalence of bone damage related to interpersonal violence and the fact that the 

cemeteries themselves are located at the Dnieper Rapids, in a riparian (riverbank) 

environment where a broad range of resources were available for exploitation. 

 

7.2.2 Vasilyevka II 

Demographic and palaeopathological analyses of the Vasilyevka II cemetery population (14 

individuals [five females and nine males]) demonstrate that they lived well past the mean 

average life expectancy for the Mesolithic period, with three individuals (two males and a 

female) reaching the 50—60 year age bracket at death (assessed via molar wear seriation 

and cranial suture closure), and a further three males and one female surviving into the 
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40—50 year age category. Interestingly, one of the older males also has evidence for healed 

cranial surgery (trepanation) and linear enamel hypoplasia on the left upper 1st molar (Lillie, 

1998b). This hypoplastic event correlates with a non-specific metabolic disruption occurring 

at 2.0—2.5 years of age (Goodman et al., 1987). Despite this childhood stressor, this 

individual clearly lived to a mature age, and even subsequently survived the surgical 

intervention associated with a trepanning procedure (Lillie, 1998b). 

 

At Vasilyevka II, there is no evidence for caries on the dentitions of this group, nor porotic 

hyperostosis, an indicator of anaemia of potentially many causes, such as infection (Lillie, 

1998a; Stuart-Macadam, 1992). To assess protein consumption, the preserved teeth (n=324) 

were studied for calculus deposition, although 147 teeth could not be considered due to 

factors such as exhibiting postmortem damage, advanced functional-related wear affecting 

the crowns (where calculus mainly accumulates), or a low functional age (i.e., the individual 

was below ~24 years of age and calculus deposition was not evidenced). Despite these 

limitations, all male teeth that could be studied exhibited calculus, whilst females had more 

teeth with no evidence for calculus deposition. There are limitations to the data in that 

there are no females represented in the 25—40 year age categories and, whilst the 

population analysed is small, the lack of females in these age groups is unusual (Lillie, 

1998a).  

 

There is a clear lack of evidence on the dentitions for the consumption of dietary foodstuffs 

that would have initiated dental caries and, as only one individual exhibited a single 

hypoplasia, there is also a lack of evidence for childhood stress at Vasilyevka II. The presence 

of postcranial skeletal remains at Vasilyevka II offers a rare opportunity for the study of 

pathology in this region of the skeleton, as skulls usually dominate in the curated Dnieper 

Rapids human remains, due to preservation issues in the loess soils of the steppe region. 

The only other pathological evidence on these remains was osteoarthritis, which was visible 

on the joints of the left femur, humerus, and ulna of one individual. Meiklejohn and Zvelebil 

(1991) previously noted that osteoarthritis is the most common pathology found on 

Mesolithic post-cranial skeletal remains in Europe. The evidence of disease from Vasilyevka 
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II is limited due to the small number of individuals, but the data do conform to the generally 

low levels of pathology that were in evidence at Vasilyevka III. 

 

Stable isotope analysis carried out on 14 individuals from the cemetery of Vasilyevka II (Lillie 

and Jacobs, 2006) revealed isotope ratios with a mean of -20.94±0.49‰ for δ13C and 

13.39±0.62‰ for δ15N, with the individual with the highest δ15N value being a male aged 

20—30 years. The Vasilyevka II individuals all have δ15N values above 12.35‰, and the data 

indicate relatively uniform diets among males and females, with freshwater fish and animal 

proteins being important dietary elements (Lillie and Jacobs, 2006). The δ15N values from 

Vasilyevka II differ slightly from the Epipalaeolithic—Earlier Mesolithic values from 

Vasilyevka III, with the later Mesolithic values at 13.39±0.62‰ being higher when compared 

to the chronologically earlier values of 12.47±0.61‰. The elevated nitrogen from Vasilyevka 

II may indicate a higher input from freshwater fish in the later Mesolithic when compared to 

the Epipalaeolithic period.  The δ13C value, at -20.94±0.49‰, is more positive than at 

Vasilyevka III where values of -22.2±0.2‰ are recorded. This shift may well reflect variations 

in the resources that were available for exploitation by the populations in this region of 

Ukraine, linked to the changing environments that occurred during the time that Vasilyevka 

II was in use (Velichko et al., 2009; Kotova and Makhortykh, 2010; Budd and Lillie, 2020).  

 

7.2.3 Yasinovatka 

There were 68 individuals excavated from the Neolithic cemetery of Yasinovatka across its 

use. The cemetery area was identified as a sub-rectangular pit which was highlighted by red 

staining associated with the ochre applied to Neolithic burials in the region (Telegin and 

Potekhina, 1987). Two distinct burial contexts were distinguished, with a number of discrete 

grave pits of oval form overlain by a large collective burial pit. For the current study, 31 

individuals with preserved teeth were assessed (comprising 20 males, six females and five 

individuals of indeterminate biological sex, although two individuals had teeth that were too 

worn to allow detailed study) (Lillie 1998a, Budd et al., 2020). No carious lesions were 

identified in the preserved dentitions, again suggesting that their diet was high in proteins 

and/or low in carbohydrates. At this cemetery, only one of the studied individuals lacked 
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calculus (the presence of which in archaeological remains is generally common) and six of 

the 31 individuals studied had evidence for enamel hypoplasia. Of the individuals with 

calculus, all males and females exhibited deposits across the grades, from light to heavy, 

although a substantial number of teeth (130/441) had no evidence for any calculus despite 

some high functional ages (i.e., older than ~45 [Lillie 1998a]). The timing for enamel 

hypoplasia formation appeared variable, occurring as early as 2.5 years of age in some 

individuals, and later (up to 5 years) in others, suggesting that low levels of juvenile stress 

were occurring in early childhood. However, this cannot be reliably linked to weaning stress, 

as opposed to any of the other childhood stressors that might cause hypoplasia, such as 

hypoparathyroidism, and vitamin A and D deficiencies, fever, maternal diabetes, neonatal 

asphyxia and jaundice, nephrotic syndrome, and gastroenteritis (Goodman et al., 1984a, b; 

Goodman et al., 1987; Goodman, 1993; Seow, 1997, 2013).  

 

Interestingly, statistical analysis of the observed versus expected frequencies of calculus for 

males versus females at Yasinovatka (Lillie, 1998a) highlights a reversal in the general trends 

observed for the remainder of the skeletal series from the Dnieper region. Namely, it is the 

females who exhibit the highest prevalence of heavy calculus. The fact that an 18—25 year 

old female exhibits heavy calculus deposition suggests preferential access to dietary 

proteins for females from an early age. Such heavy deposits would suggest high protein 

intakes, as would the overall wider distribution of calculus seen in individuals from 

Yasinovatka. As males outnumber females at a ratio of 4:1 in the assemblage studied, this 

observation suggests that the male—female expression of calculus at Yasinovatka reflects 

the consumption of (at the very least) equivalent levels of protein-rich foodstuffs between 

the sexes in this cemetery population. However, it is tempting to suggest that at 

Yasinovatka, females are central to securing dietary protein, potentially through fishing, 

and/or that the males at this site are not actively engaged in the procurement of dietary 

proteins to the same degree as females. Obviously, caution is needed given the low 

numbers of individuals available for study, but some intriguing trends appear at Yasinovatka 

that are not seen elsewhere in the skeletal series studied to date.  
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Where crania were preserved (24 individuals), no evidence for cribra orbitalia or porotic 

hyperostosis (bone changes in the orbits and on the cranial bones, respectively) was found 

and, despite the fact that fish and deer tooth pendants are ubiquitous in the burial 

inventory at Yasinovatka, levels of fish consumption do not appear to have resulted in 

increased parasitic infestation (e.g., Seow 1997, 2014). As this observation runs contra to 

the evidence from Dereivka I (considered below), we might hypothesise that the group 

using Yasinovatka as a burial ground were perhaps more peripatetic than the people who 

were burying their dead at Dereivka I.  

 

At Yasinovatka, samples from 38 individuals produced reliable isotope measurements. 

These results, with δ13C at -22.3±0.9‰ and δ15N at 13.7±1.5‰, are commensurate with 

data from the site of Nikolskoye (another key Mariupol-type cemetery that fully overlaps 

with the dating evidence from Yasinovatka and Dereivka), and are more positive than those 

from Dereivka I. The data indicate that freshwater aquatic proteins formed the mainstay of 

the diet at Yasinovatka (Budd et al., 2020). The material culture inventory from Yasinovatka 

includes bivalve shells and teeth of freshwater fish (Telegin and Potekhina, 1987), and as 

many Dnieper-Donets Mariupol-type cemeteries have evidence for the exploitation of these 

resources, these data reinforce the importance of, and dependence on, the freshwater 

environment (Lillie, 2020; Budd and Lillie, 2020). Nonetheless, as has been recorded at other 

locations, there is variation among the population. Two individuals produced lower values 

than most of the population analysed. A young adult male (aged 18—25), who stands out in 

having decorative plates of boar tusk that appear to have been sewn on to the arm of his 

clothing, produced a δ13C value of -23.6‰ and a δ15N value of 11.4‰, and a female aged 

20—25, had a δ13C value of -22.4‰ and a δ15N value of 7.4‰. There is clear variability in 

diet at Yasinovatka and, in the latter two individuals, C3 terrestrial proteins formed the basis 

of their diets, although the lower δ15N value of the female suggests she ate proportionately 

less animal protein than the male. Recent assessment of this cemetery (Budd et al., 2020) 

has also suggested that these individuals may have been consuming terrestrial plants and 

animals from areas away from the Rapids, i.e., that potentially they were recent immigrants 
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into the region. Intriguingly, these individuals date as the earliest burials at Yasinovatka 

(Lillie et al. 2020).  

 

7.2.4 Dereivka I 

For the Neolithic period, the site of Dereivka I offers insights into dietary pathways away 

from the concentration of cemeteries that are located ~120km downstream at the Dnieper 

Rapids. This is the largest Mariupol-type cemetery in the Dnieper system. This site also 

stands out from the other cemeteries studied by Lillie (1998a) in that it is the only location 

where the palaeopathological evidence highlights a combination of a degree of sedentism 

associated with what appears to be an increased risk of parasite loading. A total of 104 adult 

individuals were excavated, and 62 individuals, comprising 42 males, 13 females and 7 

individuals of indeterminate biological sex, were analysed by Lillie (1998a). As with the other 

cemeteries in the Dnieper region, there is a complete absence of caries on the dentitions of 

the individuals studied. However, calculus is again in evidence, although at this location all 

the individuals with teeth exhibited some degree of calculus deposition. In relation to the 

rates of calculus, an interesting aspect of the dentitions from Dereivka I is the fact that five 

individuals in the younger age range (12—22 years) have lower levels of calculus deposition 

than the five people in the 18—25 age category. This distribution suggests heavier protein 

consumption patterns for some than have generally been recorded elsewhere in the 

cemetery samples studied. Importantly, statistical analysis indicates that male-female 

expression of calculus is equivalent (Lillie, 1998a), suggesting that equality in access to 

dietary protein is occurring at Dereivka I. This dietary equivalence may also help to account 

for the single instance of enamel hypoplasia, indicative of a non-specific childhood stress 

event. 

 

At Dereivka I, a total of 80 individuals were represented by preserved crania suitable for the 

study of pathology and, of this number, four (5% of the cemetery population) had cribra 

orbitalia (Hengen, 1971; Stuart-Macadam, 1991, 1992). When coupled with the absence of 

corresponding osseous involvement in the facial region, the levels of cribra orbitalia 

recorded at Dereivka I indicate that hereditary causes, haematological and circulatory 
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disorders can be discounted as the cause for lesion development; this is because the 

population-based expression exceeds 1% (cf. Klepinger, 1992). Whilst several factors may 

have influenced cribra orbitalia development (Stuart-Macadam, 1989; Walker et al., 2009), 

the dependence on fish in the diet of these people at Dereivka, coupled with increased 

sedentism, could have led to increased pathogen loads (fish-borne parasites) and the 

initiation of an adaptive response in the immune system (cf. Kent, 1986; Macchiarelli, 1989; 

Stuart-Macadam 1992; Walker 1986). Evidence from elsewhere in Europe, such as the 

Danish Ertebølle and Danubian Iron Gates, has demonstrated that a heavy reliance on 

aquatic/marine resources can lead to reductions in the quality of fisher-forager diets due to 

parasite infection (Meiklejohn and Zvelebil 1991), and the evidence from Dereivka I lends 

additional support to these observations. 

 

At Dereivka I, which lies at the boundary between the forest-steppe and steppe zones, the 

atypical nature of the pathologies discussed above are not reflected in the isotope ratios 

that have been recorded to date (Lillie et al., 2011; Budd and Lillie, 2020). Of the 104 

individuals available for study, so far only thirteen have been analysed for diet using stable 

isotope analysis. The results for δ13C and δ15N are -23.2±0.6‰ and 12±1‰, indicating that 

aquatic proteins did contribute a significant proportion to the diet at Dereivka, but these 

values are lower than those for the earlier Mesolithic site of Vasilyevka II, and they are in 

fact lower that those found at Yasinovatka and Nikolskoye, at 13.4±0.6‰ (Lillie et al., 2011; 

Budd et al., 2020). Budd and Lillie (2020) have argued, based on the diet isotope data, that 

the location of Dereivka, ~120km to the northwest of the Rapids sites, near the forest-

steppe boundary, and on a tributary of the Dnieper, may potentially have facilitated access 

to different fish species, and also to a broader spectrum of terrestrial plant and animal 

species. 

 

The nitrogen isotope values from two individuals at Dereivka I, at 9.9‰ and 10.5‰ 

respectively, suggest that some of the individuals consumed diets that were focussed on 

terrestrial resources (Lillie et al., 2011). As one individual from this site has been shown to 

group with Anatolian and European Neolithic farmers at the whole genome level 
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(Mathieson et al., 2018), it is entirely feasible that at this relatively early date in the 

Neolithic of the Dnieper region we are seeing the first immigration of individuals with 

southwestern origins into this steppe region. The fact that Dereivka I is at the forest-steppe 

to steppe boundary, at a location that mirrors the subsequent spread and distribution of the 

Trypillia farming culture in Ukraine, may well be more than mere coincidence. As such, we 

might hypothesise that variability in diet at Dereivka I could indicate a shift towards a more 

terrestrial resource focussed subsistence strategy, at least for some individuals, occurring at 

a time (7253—6700calBP (4949—4799calBCE)) when the initial stages of contact with 

western farmers were happening in this region. 

 

7.3 Discussion 

Using the evidence from the Dnieper River region in Ukraine, we attempt to disentangle the 

climate/environmental and archaeological data with a view to identifying significant impacts 

on the socio-cultural and economic trajectories of the groups in this region across the period 

10400—5700calBP (~10,000—3800calBCE), and in turn assess how these may have 

influenced evolutionary fitness. The data underline that even in a small geographic area and 

relatively short period of time (~6000 years or so), human diets varied within and between 

groups, even if the basic spectrum of available resources was similar. In the Dnieper region 

red and roe deer, elk, aurochs, and wild boar were all hunted across the Mesolithic period, 

as seen in faunal evidence, and archaeological evidence further attests to the exploitation of 

freshwater resources such as carp, pearl roach, and freshwater molluscs (Telegin and 

Potekhina, 1987). This is consistent with other Mesolithic sites in central and eastern 

Europe. At Zvejnieki in Latvia, Larsson et al. (2017:60) report that elk and beaver dominate 

the faunal remains at this Mesolithic settlement site, while pike  is the most common fish 

species. The Danubian Iron Gates sites (Serbia and Romania) have evidence for the 

consumption of sturgeon, carp, catfish, and freshwater mussels (Cook et al., 2009). Whilst C3 

terrestrial resources such as red deer, aurochs, and wild boar were important, Bonsall et al., 

(2015:696) have argued that substantial amounts of fish were consumed by the Iron Gates 

populations at Vlasac, Lepenski Vir, Hajdučka Vodenica and Padina across the Mesolithic, 

with the possibility that marine resources (including sturgeon) increased in importance 
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during the later Mesolithic period (Cook et al., 2009). In Karelia and north-western Russia, 

Mesolithic economies were oriented towards the hunting of forest animals (such as 

reindeer, red deer, boar, and beaver) and waterfowl, with fishing also being of some 

importance (Dolukhanov, 2017). Indeed, it has been argued that “fishing and gathering were 

of great importance everywhere” in the forest zone of the former USSR (Dolukhanov and 

Khotinskiy, 1984:321). 

 

Fish certainly comprised an important part of the diet in the Dnieper region across the 

Epipalaeolithic (the transitional period at the very earliest part of the Holocene) through to 

the Eneolithic (the period at the junction between the latest Neolithic and Copper Age) 

periods (Lillie and Richards, 2000; Lillie et al., 2003; Lillie and Jacobs, 2006; Lillie et al., 2011; 

Budd and Lillie, 2020; Budd et al., 2020). However, the stable isotope data reviewed here 

indicate that these resources were not of equal importance for all people and all groups. 

Older males at Vasilyevka III seemingly ate more fish than did other members of that 

population (possibly because of ease of mastication) (Lillie, 1998a, 2020). A couple of 

individuals at both Dereivka I and Yasinovatka had diets dominated by terrestrial rather than 

aquatic foodstuffs. All people at Vasilyevka II had a greater emphasis on fish in the diet than 

those at the earlier site of Vasilyevka III and the later site of Dereivka I. This may reflect the 

preferences of people in those different groups. There is a wealth of ethnographic data 

indicating that humans do not simply eat the foods available to them, but make cultural 

choices about their diet, governed, among other things, by symbolic value, prestige, and 

enculturated taste (see review in Ulijaszek et al., 2012). However, it may also reflect short 

term shifts in resource availability that could have been caused by the climatic fluctuations, 

or Bond events, occurring between ~8200 and 6300 BP.  

 

Across the early to mid-Holocene the climate, environment, and landscape of central and 

eastern Europe are characterised by relative stability punctuated by a series of global and 

localised climatic perturbations that vary in their duration, severity, and potential impacts 

on human populations, which are identified in part by differences in stable isotope 

signatures in the humans living in the region. The difference in diet at Vasilyevka II (8200—
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8020calBP) might be a response to the developing Bond cooling event that occurred around 

8200BP. This could be because patterns of terrestrial mammal availability shifted, forcing a 

greater reliance on fish. Although the geographic distribution of freshwater fish will shift 

with long-term thermal changes, fish initially respond to temperature changes through 

shifts in behaviour and microenvironment within a given water source (Pletterbauer et al., 

2018). Therefore, whereas the marked environmental shift that characterised the Late 

Glacial to the Holocene period led to a significant restructuring of the available biomass (and 

by extension human subsistence) (Dolukhanov, 1997), the opportunism and flexibility that 

has such a long evolutionary history in hominins (Elton, 2008; Potts, 1998; Ulijaszek et al., 

2012) potentially facilitated a shorter-term dietary response to the more modest climatic 

perturbations of the Holocene.    

 

One important question for those interested in evolutionary medicine, and indeed human 

health and disease more generally, is how that short-term variation may have influenced 

health outcomes, proximately and ultimately. The available palaeopathological data from 

the Dnieper series indicate generally low rates of pathology, although caveats obviously 

exist in relation to the absence of curation of postcranial remains due to factors such as 

preservation (Lillie 1998a). The pathologies in evidence accord well with known rates of 

pathology identified in hunter-gatherer skeletons excavated from sites in central and 

northern Europe. In those groups, outside of the Mediterranean region, caries rates are 

generally low (Meiklejohn and Zvelebil, 1991). The age at which stress episodes occur in the 

Dnieper series (evidenced by enamel hypoplasias) is commensurate with Mesolithic 

populations elsewhere, such as those at Skateholm I and II (Meiklejohn and Zvelebil, 1991; 

Lillie 1998a). This indicates that, overall, there was no health and, by implication, fitness, 

cost or benefit to small variations in diet over time and space. However, a combination of 

the diet consumed and human behaviour may have resulted in adverse health outcomes. 

The identification of cribra orbitalia at Dereivka I is not unusual for a population exploiting 

fish resources wherein increased pathogen (parasite) loads could have been present. This 

situation is especially significant given the fact that the Dereivka population appears to have 

been more sedentary than the groups downstream in the Dnieper system at the Rapids, and 
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the temporally overlapping group at Yasinovatka. Although early exposure to parasites may 

help to prevent autoimmune conditions (the “Hygiene Hypothesis”; see Chapter 11), long-

term research on contemporary hunter-gatherer populations suggests that parasite load 

increases interbirth intervals and reduces overall health and well-being, potentially 

impacting on evolutionary fitness (Hurtado et al., 2008). 

 

The concept of “transition” is influential in evolutionary medicine. It is closely aligned to 

“mismatch”, with the former often argued to lead to the latter. When thinking about 

palaeodiets, the transition from mobile hunting and gathering to a sedentary agrarian 

existence is emphasised. The Neolithic is often viewed as a transition point, with hunting 

and gathering giving way to a more sedentary agrarian subsistence pattern. Whilst 

influences upon cultural evolution are exerted by a range of mechanisms including social, 

economic, and ecological variables, there is little doubt that the relative significance of 

these factors varied across the transition from the late Pleistocene to Holocene periods 

throughout Europe (Dolukhanov, 1984; Dolukhanov and Khotinskiy, 1984). Being located 

between western and eastern Europe, Ukraine experienced influences from incipient 

farming cultures in the west from ~6500calBCE onwards. However, the rate of spread and 

adoption of farming is protracted and variable in both a west-east direction and a south-

north direction such that, whilst contacts with farming groups are increasing across the 

latter part of the seventh millennium and into the sixth millennium BCE in the south and 

west of Ukraine, populations to the east and north retain a fisher-hunter-gatherer 

subsistence lifestyle.  

 

Lillie (1998a) has previously suggested that if not for the differences in material culture, 

there is little to distinguish the skeletal remains from Mesolithic sites from those of the early 

Neolithic period in the Dnieper region of Ukraine. These populations were clearly following 

very similar lifeways, with a reliance on freshwater resources continuing from the 

Epipalaeolithic at Vasilyevka III through to the end of the Neolithic period and into the 

Eneolithic period in this region. The Dnieper-Donets populations who buried their dead in 

the Mariupol-type cemeteries align closely with Mesolithic groups in the Danube and Baltic 
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regions. However, at the Neolithic transition, whilst some aspects of material culture 

suggest that changes are occurring, unlike in areas to the west, these populations retain the 

essentially Mesolithic subsistence strategies that are attested at sites like Olenii Ostrov in 

Karelia and Zvejnieki in Latvia. At the former site, recent stable isotope analysis (Budd and 

Lillie, in prep) has shown that the Mesolithic individuals interred at this location have 

elevated nitrogen ratios that are fully commensurate with those in evidence at Mesolithic 

sites in the Danubian Iron Gates sites (e.g. Vlasac and Schela Cladovei; Cook et al., 2009; 

Lillie et al., 2011), the Mesolithic period burials at Zvejnieki in northern Latvia (Eriksson et 

al., 2003), and the Dnieper Rapids series (Lillie et al., 2011; Budd and Lillie, 2020).  

 

In the context of transition, it is the change in terrestrial biomass between the Pleistocene 

and Holocene that is more important for diet and behaviour in the Dnieper Rapids region 

than the shift between the Mesolithic and Neolithic periods. The increasing importance of 

aquatic resources in the Mesolithic came about because of the increasingly dispersed nature 

of large game animals and the need to exploit a “broader spectrum” of resources (Binford, 

1968; Flannery, 1969). Of course, exploitation of small game and fish was not a new 

phenomenon in the Mesolithic and had its roots in the Pleistocene (see review in Ulijaszek 

et al., 2012), but its relative importance probably increased (sensu Stiner, 2001). This may 

have helped shape behaviour, with groups no longer travelling large distances following 

game herds but instead staying closer to home and extracting resources from a more settled 

and secure base (as seen in the Danube region [Bonsall et al., 1997; Cook et al., 2001, 2002, 

2009; Bonsall et al., 2015]).  

 

What the Mesolithic – Neolithic data from Ukraine indicate is that potentially adverse health 

outcomes may arise not from dramatic shifts in subsistence (the premise on which “Stone 

Age diet” arguments are built), but from small, potentially transient behavioural changes, 

such as a decrease in mobility in one group compared to another, that may interact with 

diet (or its indirect effects). All the groups represented in the Mariupol-type cemeteries in 

the Dnieper River region have the same fundamental diet, albeit with variations in the 

relative importance of terrestrial and aquatic resources. The palaeopathological data 
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described here are largely homogeneous among these groups (and align with findings in 

other European hunter-fisher-forager groups), except for the evidence for cribra orbitalia at 

Dereivka. This health stress, and a condition that develops in the growing years of 

childhood, was not obvious from the dietary data, and it is only with the combination of 

archaeological, isotopic, and palaeopathological data that inferences about its cause can be 

made. In this case, a greater exposure to fish-borne parasites because of a probable 

increase in settled living is evidenced. What is interesting from an evolutionary perspective 

is that this was not a consistent, long-lasting change, or indeed one that was mirrored at the 

contemporary sites of Yasinovatka and Nikolskoye (the latter site continues in use until the 

Eneolithic transition in this region, 5700—5470calBP) (Lillie, 2020). Thus, although the 

reproductive success of the Dereivka population may have been adversely affected by 

increased pathogen load, there is no evidence that this was a consistent health risk in the 

Neolithic of the region that led to a long-term selective pressure. This in turn lends weight 

to arguments that, in many cases, we should not view changes of diet and human behaviour 

in terms of “revolutions” that promoted mismatch, and that we should also think about 

people’s health through a proximate as well as an ultimate lens when considering how 

evolutionary approaches may inform our understanding of health, both in the past and 

today.  

 

7.4 Conclusion  

Undeniably, pathogens and diets have exerted selective pressures on humans, but variation 

and variability in environments and behaviours may have also applied profound pressures 

on humans, leading to selection for plasticity in morphology, physiology, and behaviour 

(reviewed in Elton, 2008). Plasticity has fitness advantages in rapidly changing environments 

and the potential range of responses within and among populations to varied and varying 

habitats and situations is so great that we must critique the notion of adaptation to a 

monotypic ancestral environment. However, this is not to say that plastic responses in all 

combinations have similarly beneficial or even neutral outcomes. The data we present here, 

based on a detailed examination of health and dietary indicators from populations on a 

small geographic and temporal scale, at a key juncture in human history, indicate that 
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modest changes in behaviour may synergise to create adverse health outcomes. In this way, 

understanding the ecology of human populations may be as important as evolution in 

appreciating the trajectory of human health. Using the palaeopathological record to identify 

small scale differences in health among populations sheds light on these ecological 

differences. The take home message from the work described here is that although an 

evolutionary perspective over a long time-span provides undeniably important context, we 

must not overlook the impact of changes on a small, proximate scale that affects the health 

of individuals. For the most part, it is these proximate effects on individuals that are the 

subject of treatment by clinicians, and it is hard to see how this could be altered 

substantially without detriment to health and well-being. One key challenge for the future is 

thus to link proximate and evolutionary perspectives to improve our understanding of 

health in the past and to influence health status positively in contemporary populations.   
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