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ABSTRACT

This article gives an overview of the development and the current state of the art of
biomolecular archaeology in the three Baltic countries — Estonia, Latvia, and Lithuania.
First, a general background and the emergence of biomolecular archaeology on a global
scale are outlined. Thereafter, the key trends in incorporating biomolecular analyses
into Baltic archaeological research are provided. Finally, the paper discusses the main
opportunities and challenges of conducting biomolecular archaeological research in
smaller research institutions and countries, outlining the strengths and weaknesses of
such dedicated research infrastructures. These dynamics are widely applicable to any
smaller interdisciplinary research enterprises located away from world-leading research
centres. This somewhat personal reflection also aims to contribute to the further
development of good scientific practices within and beyond contemporary geopolitical
borders and to the conceptualisation of DEI (diversity, equity, and inclusion) science in
archaeology and beyond.
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Introduction

The essence of archaeological research has always been its interdisciplinary
nature — as a field tapping into human nature and experience over the past
millennia, archaeology has always combined different fields from the
humanities and social sciences to medical and natural sciences (Trigger
2006). The past decades have evidenced a rapid increase in the integration
of biomolecular methods into archaeological research, resulting in an
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exponential growth of the interdisciplinarity of the field. When Kristian
Kristiansen (2014) published his paper ‘Towards a new paradigm? The third
science revolution and its possible consequences in Archaeology’, he left a
question mark behind the concept of a new paradigm, but there is no question
now that biomolecular methods have not only revolutionised archaeological
research practice, but also the overall knowledge obtained about past
societies.

One of the first uses of the term ‘biomolecular archaeology’ (BMA) dates
back to an article by Hedges and Sykes (1992), and it was also picked up
a year later by Richard P. Evershed (1993) when setting his specialisation
in lipid residue analysis into the wider context of biomolecular research of
ancient objects. However, the study of organic molecules had been part of
archaeological research already decades before. Contrary to the common
perception that BMA has its roots in DNA research, the first ‘ancestral
publications’ focused on studying fossilised amino acids (Abelson 1954),
lipid residue analysis of bog butter (Thornton et al. 1970), and isotopic studies
of human diet (van der Merwe & Vogel 1978). The renowned ancient DNA
(aDNA) field entered the stage somewhat later, in the 1980s, with the first
attempts to analyse aDNA from extinct animal specimens (Higuchi 1984)
and human remains (Pdidbo 1985). For a long time, aDNA-based research
was in a certain cocoon-like phase due to its methodological limitations and
major authentication obstacles (Pdibo et al. 2004), only to hatch and flourish
following the methodological developments of next-generation sequencing
(NGS) from the late 2000s onwards (Hagelberg et al. 2015; de Groot 2023).

Meanwhile, the substantial foundational work, active methodological
advancement, and applications of newly developed analytical approaches
continued in lipidomics (Heron et al. 1991; Heron & Evershed 1993; Dudd et
al. 1998; Craig et al. 2004; Evershed 2008a; 2008b), strontium isotope-based
provenance studies (Budd et al. 2000; 2004; Price et al. 2002; 2012; Bentley
et al. 2004; Bentley 2006; Montgomery et al. 2007), and stable isotope
analyses encompassing carbon, nitrogen, and sulphur isotopes (Schoeninger
& Moore 1992; Richards et al. 2001; Lee-Thorp 2008; Makarewicz & Sealy
2015). These were soon complemented by palacoproteomics — both collagen
peptide mass fingerprinting and shotgun approaches — that gained substantial
acceleration from the wvarious developments of mass spectrometry
instruments (Ostrom et al. 2000; Tokarski et al. 2006; Buckley et al. 2009;
Warinner et al. 2022).

However, the boom of BMA has gone hand in hand with the
advancements of aDNA research, whilst the latter has direct correlations
with the overall development of genomic research in modern medicine,
biotechnology, and environmental sciences (M’Charek 2005; de Groot 2023).
The increasing importance of BMA in archaeological sciences is also evident
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from dedicated textbooks (Brown & Brown 2011) and from the fact that
BMA-related chapters form a substantial part of general archaeological
science overviews (Richards & Britton 2020; Pollard et al. 2023), not to
mention the increasing number of courses or even full study curricula being
integrated into higher education across the world today, e.g. through the
ChemArch Marie Sklodowska-Curie Actions (MSCA) doctoral training
network (2021-2025), the University of York’s BioArCh Centre, or dedicated
master’s-level programmes at e.g. Cambridge and Durham. The initiation
of a dedicated scientific conference series — the International Symposium
for Biomolecular Archaeology (ISBA), first held in Amsterdam in 2004 —
further increased the viability of the field, leading to the foundation of the
International Society for Biomolecular Archaeology in 2022.

All in all, the impact of BMA on the study of both nearby and distant
communities is difficult to underestimate, and in many instances the
experiences (both positive and negative) and developments in BMA can be
used as guidelines and learning points for any interdisciplinary research.
In fact, the field is playing a crucial role in shaping a completely new
understanding of transdisciplinary research combining natural sciences and
the humanities, which has led to the proposal of a new research era — the
biomolecular humanities (Oras et al. 2025).

Yet, as with most cutting-edge and world-changing science, the vast
majority of novel BMA work still takes place in leading, mostly western
(if not Anglo-American) research centres with long-standing and well-
established educational and research ecosystems, centrally supported
analytical infrastructure, and, last but not least, the much-needed critical
mass of active scholars and technical support staff (Ribeiro & Giamakis
2023; Luo et al. 2025; Beck et al. 2026). Evidence for this can be found in
higher education ranking lists and in the most-cited BMA papers in major
article databases. These centres act as knowledge hubs, serving as cross-
regional magnets that bring together the brightest students and scholars,
leading to exciting new discoveries, prestigious publications, and generous
funding opportunities.

The key to the BMA research, however, is not only where and at what
speed those new skills can be acquired and implemented, but also how
these new cutting-edge methods can be put into practice and developed in
sustainable and proactive ways. In this context, it is intriguing to observe if,
how, where, and when the developments of BMA arrive in more distant areas
and research institutions. How does the transfer of knowledge occur? How
do new scientific research centres get established locally? Can, and if so how
do, ‘peripheral’ research groups keep up with the well-oiled, efficient, well-
staffed, and financially more advanced leading institutes? How can small
laboratories and research groups build their reliability and accountability
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given their unavoidably limited human and financial resources? Are there
any intrinsic values or areas of activity in which smaller research groups
actually stand out or surpass larger scientific hubs? In a nutshell, what are the
possibilities and obstacles of ‘getting a foot in the door’ in BMA for those
located outside the main research centres?

The aim of this paper is to reflect on those questions by mapping the
developments of BMA in the three Baltic countries. Due to academic
proximity and familiarity, I will mostly focus on Estonia, but also bring in
some general trends from Latvia and Lithuania to understand the roots, the
current state of the art, and future perspectives of BMA in the Baltics. In
doing so, I also aim to position BMA research in the Baltics within a wider
international context in terms of both the research topics covered and the local
facilities created. The purpose is not only to examine the obstacles, but also
to highlight the opportunities that research centres in the Baltics (and other
peripheral regions and smaller institutions) might create for themselves.

Yet, I aim to keep the focus on the three Baltic countries intentionally.
Not only do these countries share geographical and cultural proximity, e.g. as
small nations with a keen interest in historical narratives as part of the process
of regaining independence, but they also share a common socio-political and
historical context as well as research and educational traditions and facilities.
A major impact derives from their post-Soviet background, which has shaped
the development of western-oriented research infrastructure since the 1990s,
conveniently overlapping with the major developments of BMA. I hope to
reveal the underlying processes shaping BMA research in the Baltics today,
and the implications and/or tensions that these trends have for the future
development of the field in these countries.

However, several of the trends that I outline here, particularly in terms
of future opportunities and perspectives, might be applicable to other small,
non-central or non-western research enterprises, whether already existing or
still in the planning stage, whether in the field of archaeological sciences
or beyond. Furthermore, I intend to address the role of leading research
hubs, acknowledging their contribution to the spread of knowledge, but also
explaining when and why their input and involvement can be crucial or,
sometimes, on the contrary, impeding. On a wider scale, I hope that this
somewhat personal reflection contributes to the further development of good
scientific practices within and beyond contemporary geopolitical borders and
to the conceptualisation of DEI (diversity, equity, and inclusion) science (El
Boghdady 2025; Titirici et al. 2025) in the 21st century at its best.
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The history of BMA in the Baltic countries

BMA IN THE BALTIC COUNTRIES IN THE 20TH CENTURY

As in the rest of the world, natural science methods have been an integral part
of archaeological research in the Baltic countries since the beginning. Active
integration with environmental sciences was initiated by the local Baltic-
German intelligentsia-led learned societies (Kriiska & Lougas 2006; Vasks et
al. 2025), with, e.g., excavations conducted by geologists (Grewingk 1882)
or pioneering chemical analyses of archaeological materials such as metal
objects (Hausmann 1905). The development of novel radiocarbon dating
methods was rapidly adopted also under Soviet conditions, with a
conventional dating laboratory being established in Tartu as early as at the
end of the 1950s (Liiva et al. 1966).

As in the rest of the world, direct applications of BMA were introduced
in the very last decade of the 20th century. However, the extensive integration
of bioarchaeology, covering zooarchaecology, archacobotany, and physical
anthropology, was at the core of local archaeological research both during the
period of the first republics (the 1920s—1930s) and within the later framework
of Soviet occupation (1940s—1991), as well as after the restoration of
independence in the 1990s. The initiation of the new central networks of
national research institutes at the national academies of sciences during the
Soviet period, which included multiple scholarly subsections dedicated to
history, archaeology, and the natural sciences, somewhat supported scientific
cross-pollination (Lang 2006; Lang et al. 2010; Vasks et al. 2025).

A clear and long-term development of expertise in zooarchaeology is
visible in all three Baltic countries (Paaver 1965; Piliciauskiené & Micelicaité
2020; Plankajs 2025). Archaeobotanical research was largely led by the
Latvian expert Alfréds Rasin$ (1959), who actively collaborated with
scholars across the Baltics (Johanson et al. 2025), although
palacoenvironmental reconstructions and collaboration with geologists,
especially in pollen research, were more widespread (Poska et al. 2004;
Stancikaité et al. 2012; Cerina 2025). At the same time, physical
anthropology was at the forefront of scientific applications throughout the
20th century (Kriiska & Ldugas 2006; Jankauskas 2012; Radins 2025; Zarina
2025a). Dedicated anthropological collections were created as part of
archaeological collections in Estonia (Kriiska & Lougas 2006), in direct
association with the medical faculty in Lithuania (Jankauskas 2012), or as
a separate archaeological collection in Latvia (Zarina 2025c). Their main
strand of research focused on osteometry, palacopathology, and demographic
reconstructions, with leading experts being actively involved in scientific
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communication across the Soviet Union (Mark & Heapost 2014; Radin$
2025; Zarina 2025a; 2025b). All these developments in bioarchaeology and
environmental sciences, including the establishment of collections and the
research conducted, were crucial in building the foundations for
acknowledging the informative value of ecofacts and for collecting the
material to which novel biomolecular techniques could be applied in the years
to come.

With the fall of the Soviet Union, new westward-facing research networks
were initiated, oftentimes building on the connections with scholars who had
emigrated, or whose parents had emigrated, abroad during World War II.
For instance, several frameworks for the exchange of knowledge, as well as
practical training, were established in Estonia. One of the earliest and most
flourishing was the European Council-funded PACT (European Study Group
on Physical, Chemical, Biological and Mathematical Techniques Applied
to Archaeology), which focused on past environmental reconstructions and
resulted in three dedicated collections of articles (PACT 37; 51; 57). Baltic
researchers gained new opportunities to study and visit laboratory facilities in
the west, especially in neighbouring countries and research centres, primarily
Finland and Sweden in the case of Estonia. More and more scholars also
became integrated into worldwide scholarly networks such as the
International Council for Archaeozoology and other individual collaborations
within the field of bioarchaeology (Plankajs 2025), whilst, building on
previous connections, older eastern contacts were also maintained for some
time (Mark & Heapost 2014).

The first pioneers in the field of BMA, strictly speaking, also belong to
this early post-independence period (Fig. 1). Through collaborations with the
Archaeological Research Laboratory at Stockholm University, dietary stable
isotope analysis was introduced to local academic audiences (Lugas et al.
1996). Simultaneously, and in fact already in the making from the 1980s
onwards, the field of genetics was emerging. The leading figure here was
Professor Richard Villems at the University of Tartu, who became professor
of molecular genetics in the late 1980s, followed by the professorships in
molecular biology and evolutionary biology, and, crucially, a professorship in
archaeogenetics in 2004. The rapid development and leading role of aDNA
studies initiated by the aDNA group at the University of Tartu from 2010
onwards relied heavily on Villems’ foundational work and international
contacts (Villems et al. 1998; Kivisild et al. 1999), although some first
encounters with aDNA analysis were established by Lithuanian scholars in
late 1990s as well (Faerman & Jankauskas 2000).
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FIG. 1. Representation of the different fields of biomolecular archaeology in the Baltics
based on a Scopus Boolean search combining the search term ‘archaeolog*’ (all fields) with
a specific type of analysis (title, abstract, and keywords), by country, for the following
combinations: a — ‘biomolec* archaeolog*’, b — ‘DNA’, ¢ —‘isotop*’, d — ‘lipid*’,

e — ‘protei*’, as of 11 December 2025. Abbreviations: EST — Estonia, LAT — Latvia,

LIT - Lithuania.

DEVELOPMENTS IN BMA IN THE BALTIC COUNTRIES IN THE 21ST
CENTURY

Since the boom of BMA across the world in the 2000s, there have been
different pathways for incorporating biomolecular research into local
archaeological scholarship across the three Baltic countries. The most
prevailing, especially in the early 2000s, was collaboration with leading
western research institutions, where the role of local Baltic scholars was often
to provide access to samples and incorporate local archaeological knowledge



12 Ester Oras

into the interpretation of new analytical datasets. Substantial new knowledge
has been obtained through these international collaborations on ancient
dietary practices using stable isotope analysis, e.g. at the renowned
Mesolithic and Neolithic sites of Zvejnieki and Rinnukalns in Latvia
(Eriksson & Zagorska 2003; Eriksson et al. 2003; Beérzins et al. 2014;
Meadows et al. 2016), or as part of radiocarbon-focused research (Oinonen et
al. 2013), but also through the first studies led by local scholars in Lithuania
(Antanaitis-Jacobs & Ogrinc 2000; Antanaitis-Jacobs et al. 2009). The
possibilities of reconstructing ancient foodways through pottery organic
(lipid) residue analysis emerged through collaborations with leading western
experts who were interested in analysing Baltic materials (Heron et al. 2015;
Robson et al. 2019). More substantial adoption of novel methods by local
scholars followed in subsequent years, mostly focusing on dietary stable
isotope analysis (Zarina et al. 2016; Pilic¢iauskas et al. 2017a; 2017b;
Simcenka et al. 2020; 2022; Vasks et al. 2021), sometimes also using more
unconventional approaches, such as trace element or carbonate analysis
(Rudovica et al. 2009; Bliujiené¢ et al. 2020). An important milestone in early
21st-century Estonian archaeology was the establishment of the professorship
of Laboratory Archaeology, inaugurated by Professor Aivar Kriiska at the
University of Tartu in 2007, with a strong emphasis on aDNA-related
collaborations.

Notably, the somewhat exceptional case within Baltic BMA scholarship
has been aDNA research centred around the Tartu group. Building on a strong
evolutionary biology background, analytical techniques were developed and
tested locally, and following the rapid methodological improvements in DNA
sequencing in the late 2000s, the Tartu group grew into one of the leading
research hubs for aDNA research, collaborating widely and offering its
expertise across the globe (Kivisild et al. 2003; Behar et al. 2010; Chaubey
et al. 2011; Karmin et al. 2015; Saag et al. 2019). At the same time, several
attempts at aDNA research were conducted in Latvia as well (Kazarina et
al. 2017; Krumina et al. 2018). Nevertheless, in the early days of aDNA and
during the wake of the global aDNA hype, foreign collaborations and sample-
provision-based approaches were also practised by Baltic scholars (Bramanti
et al. 2009; Allentoft et al. 2015; Jones et al. 2017; Mathieson et al. 2018;
Mittnik et al. 2018). In parallel with human aDNA, substantial work was
conducted on faunal and pathogen aDNA research too (Korsten et al. 2009;
Rannamie et al. 2016; 2020; Hindrikson et al. 2017).

The 2010s introduced yet another way of incorporating biomolecular
sciences into Baltic archaeological scholarship. This was, and still is, built on
a younger generation of researchers who studied abroad, e.g. by undertaking
master’s degrees, doctoral studies, research projects, or postdoctoral positions
in leading western BMA centres, and then returned home to establish
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facilities for continuing this research locally. Active involvement and hands-
on practice in laboratories appear to be crucial here, as merely working with
foreign scholars who provide novel datasets and publishing them together
does not seem to result in obtaining practical skills and analytical knowledge
needed to establish new analytical infrastructures locally. Examples of such
endeavours, often building on ongoing close collaborations with foreign
scholars and educators, include the foundation of an organic residue analysis
facility at the University of Tartu in the mid-2010s (Oras et al. 2017a; 2017b;
2017¢; 2018), the first applications of human provenance studies using
strontium isotopes (Oras et al. 2016; Price et al. 2016), the locally initiated
collagen stable isotope analysis of Baltic materials (P&tersone-Gordina et al.
2013; 2018; Torv & Meadows 2015; Torv 2016), the start of stable isotope
analysis work at Tallinn University (Aguraiuja-Létti & Lougas 2019), and
the establishment of a dedicated archaeobotany laboratory with a strong
biomolecular angle at Vilnius University (Ananyevskaya et al. 2018; 2020;
Motuzaite Matuzeviciute et al. 2019), later also established in Tartu
(Johanson et al. 2025). The rapid development of aDNA research, with a
younger generation of researchers willing to dedicate themselves to this
field, has also instigated the establishment of aDNA laboratories in Latvia
(Kazarina et al. 2021a; 2021b; Kimsis et al. 2023; PokSane et al. 2025) and
Lithuania (Domarkiené et al. 2025). In the case of the former, the deeper
roots of the dedicated field lie in biomedical research, whereas in Vilnius the
establishment of aDNA research builds upon long-term expertise in medical
sciences and physical anthropology at Vilnius University.

Some of those initiatives have developed into independent BMA research
laboratories and groups in the 2020s, mostly affiliated with local universities,
but serving as regional hubs for the consolidation of BMA knowledge.
Besides the previously mentioned long-term and newly established aDNA
groups, these include, e.g., Archemy Lab at the University of Tartu and
the Bioarchaeology Research Centre of Vilnius University, which are
internationally recognised and capable of conducting cutting-edge BMA
work independently. In other instances, this knowledge potential has not
(yet) been developed into dedicated research infrastructures but remains more
closely tied to local individual expert knowledge, e.g. stable isotope work
in Latvia (P&tersone-Gordina et al. 2022a; 2022b; Legzdina & Zarina 2023).
These centres and individual experts have started to act as nodal points,
attracting students and young scholars locally and internationally. Many are
actively involved in international research networks through both long-
standing and newly established collaborations, have started to secure local
and international research funding (including, e.g., Horizon Europe widening
programmes such as Twinning and European Research Council grants), and
provide analytical services for scholars across the Baltic countries
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(Gunnarssone et al. 2020; 2024; Spataro et al. 2021; Visocka (Haferberga)
2022) and elsewhere (Bjernevad et al. 2019; Papakosta et al. 2019; Price et
al. 2021; Wisher et al. 2025). One of the key events that placed the BMA
facilities at the University of Tartu, and more broadly those of all three Baltic
countries, on the global map, was certainly the organisation of the 10th ISBA
conference in Tartu in 2023.

Although it is still early days, and the majority of the BMA expertise in
the Baltic countries is still under development, the main analytical capacities
and expertise of local research centres, as reflected in their scientific output
over the last ten years, can be described as follows:

1. Archemy Lab, University of Tartu: dietary stable isotope analysis,
strontium isotope provenance studies, organic residue analysis,
palaeoproteomics (including ZooMS and metaproteomics), plant
micro- and macrofossil analysis.

2. aDNA Lab, University of Tartu: aDNA, including population
genomics, metagenomics, and metaproteomics.

3. Archaeological Research Collections, Tallinn University: dietary
stable isotope analysis.

4. aDNA group, Latvian Biomedical Research and Study Centre:
aDNA, including population genomics and metagenomics.

5. Institute of Latvian History: dietary stable isotope analysis,
strontium isotope provenance studies.

6. Bioarchaeology Research Centre, Vilnius University: dietary stable
isotope analysis, plant micro- and macrofossil analysis.

7. Centre for Human Bioarchaeology and Palacogenetics, Faculty of
Medicine, Vilnius University: aDNA, mostly population genomics.

Challenges and perspectives of BMA in the Baltic countries

There are several factors influencing the existence, growth, and sustainability
of BMA research in the three Baltic countries. Some of them are intrinsic,
i.e. related to how the work in these rather newly established facilities is
organised and executed. Others, however, are extrinsic, relating to the
perception of and support for these new laboratories from BMA
infrastructures abroad, but also from local archaeological and wider research
communities. I reflect on these issues from a Baltic perspective, particularly
drawing on my experience of establishing and maintaining Archemy Lab
in Tartu, but the majority of these observations are applicable to any BMA
research group located away from leading western centres. In particular, I
want to highlight two crucial phenomena: collaboration and recognition.
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INTERNATIONAL AND REGIONAL COLLABORATIONS

One key aspect of the success of BMA research in the Baltics is international
collaboration. The vast majority of the currently existing groups stem from
deeply rooted, active collaborations with leading BMA research centres,
where the local experts gained their first-hand experience and laboratory
training. Maintaining these connections is crucial for several reasons. First,
as the majority of the new laboratories are rather small in terms of human
and financial resources, and their critical mass of dedicated scholars is not
compatible with that of the leading centres, involvement in these international
networks allows researchers to keep abreast of recent developments in the
field, learn and test novel approaches, and perhaps even facilitate access to
instruments that are not available locally.

On the other hand, maintaining these connections may be beneficial for
foreign centres as well, providing first-hand input regarding local history and
archaeological context, while also allowing a certain division of labour when
it comes to sampling and analysing new materials. The active involvement
of local laboratories in major international projects should not be
underestimated, as, with the exponential growth of BMA research, one of
the major criticisms of such endeavours is the phenomenon of so-called
helicopter or parachute science (Stefanoudis et al. 2021; Odeny & Bosurgi
2022; Brache 2025). The latter often entails, e.g., overlooking or
underestimating local, especially indigenous, research communities (Yanou
et al. 2023; Reid et al. 2024; [jatuyi et al. 2025), or a tendency to oversimplify
obtained results without sufficient consideration of regional archaeological
information and relevance. The mutually beneficial structure and active
collaboration of central and newly established laboratories allow small
groups to avoid isolation while simultaneously highlighting the dedication
of leading centres to the global transfer of knowledge and to increased
epistemic and cognitive justice. The latter is an investment leading towards
a more balanced regional coverage of scientific opportunities — the concept
of DEI science — not to mention increased encouragement of international
collaborations across all academic sectors.

A more intrinsic aspect of future developments is the collaboration of
BMA facilities across the Baltic countries. Given the restricted financial and
human resources available to each country, it will probably never be possible
to develop and master all the novel methods locally. Here, close research
collaboration between laboratories should not be underestimated. Expertise
available in one group can be transferred to others through joint research
projects, cross-use of laboratory facilities, and making them accessible to one
another in the long term via, e.g., the training of students and early-career
researchers. The first step here is to be fully aware of existing expertise.
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Activities such as regular open seminars showcasing ongoing research,
exemplified by the establishment of the Baltic Biomolecular Archaeology
Group (initiated by Archemy Lab in Tartu) in 2023, are effective channels
for disseminating knowledge. On the other hand, the inclusion of multiple
laboratories in different research and training networks and projects will
certainly increase opportunities to learn together and from one other. Here,
the initiation of Horizon Europe widening actions such as the so-called
Twinning projects, e.g. the ECHO project (lead by the aDNA group in Tartu),
bringing together aDNA facilities from the three Baltic countries to learn
best practices from the world-renowned aDNA groups at the Globe Institute
(University of Copenhagen) and KU Leuven, has proven to be particularly
useful.

Interactions with local research infrastructures, both at the level of one’s
home university and within one’s home country, should not be
underestimated. As laboratory work is expensive and investment-intensive,
both in terms of the working environment and the development of specific
expertise, access to and support for establishing laboratory infrastructures
are the pledge of success. Finding the right people is crucial here, as some
are more willing to collaborate, open their facilities for wider use, stand
out for their approachability and trustworthiness, and provide free training
than others. For example, the Archemy Lab has obtained immense support
from institutes across the University of Tartu, especially those specialising
in analytical chemistry, geology, and aDNA research. Without their help
and contribution, the development of a brand-new laboratory and research
group would have been impossible. The need for cross-institutional access
to expert knowledge and analytical infrastructures is also evident from the
co-authorship lists of works published by Latvian and Lithuanian scholars
(Indrulénaité-Simanauskiené et al. 2022; Kimsis et al. 2023; Poksane et al.
2025; Shoda et al. 2025).

Indeed, one of the benefits of small countries and research institutions is
the almost complete absence of hierarchy. It is easy to get in touch and ask
for help, whilst solutions to practical problems, such as finding financial or
technical support, can often be worked out quickly and informally. The latter,
by the way, often results in a rapid turnover of analytical measurements and
access to instruments, with more flexible booking schedules and easier access
to apparatus in case of urgency. This is perhaps one of the many strengths of
smaller analytical infrastructures, where they may outperform large western
centres. At the same time, such cross-use of facilities and shared access to
laboratories should be explicitly encouraged and evaluated, both in research
evaluation and in the allocation of funding within home institutions and at the
national level.
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INTERNATIONAL AND REGIONAL RECOGNITION

The second crucial factor contributing to the success and sustainability of
newly established BMA laboratories is the recognition of their expertise and
endeavours. The starting point here is the general perception of, and trust
in, newly built analytical infrastructures by the local research community,
especially archaeologists, other scholars, museum curators, and related
stakeholders. The avoidance of collaboration with local experts and the
decision not to use their analytical capacities can sometimes be problematic.

There are probably several reasons for such attitudes. First, and often the
most important one, is the fact that local research communities have not been
fully informed and are therefore simply unaware of the new possibilities. This
is where newly established laboratories should place greater emphasis on
awareness-raising through, e.g., dedicated seminars, open laboratory visits,
and similar activities. The second reason could be the existence of long-
standing collaborations with leading foreign institutes. ‘If it works, do not
try to fix it’ is an understandable attitude. Sometimes, the opportunities and
prestige associated with well-known institutions can also have an effect.
Although there are many reasons to remain satisfied with this status quo,
considerations regarding regional knowledge advancement and support for
the sustainability and growth of local research infrastructures should also
be highlighted. Local scholars often understand the problems and nuances
without detailed explanation, speak the same professional language (e.g.
regarding periodisation, sites, and socio-cultural context), are capable of
being more involved in research design, and can respond to and explain novel
results more rapidly and accessibly. Hence, a preference for the services of
‘big names’ is not always beneficial, especially considering that the expertise
and analytical services provided by local scholars are comparable to, and
indeed often derive directly from, those leading centres and scholars.

At the same time, the decision to avoid local expertise will have an
impact on the development and future availability of these unique areas of
expertise and may impede the diversification and flourishing of the local
research ecosystem. No laboratory can maintain itself without any external
interest and demand in the long term, whether in the form of dedicated
funding, inclusion in publications and projects, or the provision of services
to different stakeholders. Hence, local recognition and active involvement are
important components in keeping laboratories and experts active. Moreover,
when working in research institutions and small laboratories with limited
resources, one always needs to find a balance between serving the wider
public (including through commercial services) and pursuing one’s own
curiosity-driven research. The majority of BMA laboratories in the Baltics
tend to concentrate on the latter, i.e. research, while incorporating
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collaborations with other public stakeholders according to their available time
and analytical capacity.

Turning to international recognition, the perceived quality and status of
new BMA laboratories cannot rely solely on ongoing foreign collaborations
and local service provision. There are several criteria that need to be fulfilled
in order to become an internationally recognised research centre, and no
concessions are made for smaller laboratories; they face the same fierce
competition as the leading hubs. One clear proof of concept is the acquisition
of funding, especially prestigious and highly competitive international grants
such as those provided through the European Research Council and other
Horizon programmes, the European Molecular Biology Organization
(EMBO), the Wellcome Trust, and similar schemes. These frameworks not
only contribute financial support for establishing and maintaining
laboratories, but also serve as proof that the work conducted in the region
and in smaller centres is of high international quality, novel, and trustworthy
both locally and internationally. Perhaps worth mentioning in this context,
however, is the almost complete absence of private foundations and
philanthropic enterprises in the three Baltic countries that could provide
large-scale financial support for research. Put simply, the range of available
research funding is much narrower here, making access to limited funds even
more competitive.

The second indicator of international approval for the conducted work
is the output of high-quality publications in leading international journals.
The question is not so much the research material presented, nor the name
of the first author, but rather the recognition of the research group and/or
institution from which the work originates. Scholars from smaller laboratories
(including those who have moved from leading centres back to their home
universities) have probably considered, if not faced, the inescapable and
infamous problem of implicit bias in grant evaluation and article peer-review
processes (McGillivray & De Ranieri 2018; Giannakakos et al. 2025). As
much as we would like to emphasise the utmost importance of scientific
excellence and academic rigour, the reputation and brand-awareness of a
country, university, research group, or individual scholar can still influence
decisions and feedback. This is not specific to BMA, but applies to almost
any globally applicable field. ‘Big names’ and enormous outputs, building
on richer and larger research infrastructures and sheer human investment, do
serve as stronger signals of community approval and reliability. However,
the question remains: what do you do when you simply cannot have them
all? The introduction of implicit-bias tests before evaluation procedures,
advocacy for double-blind peer-review, or the introduction of certain quotas
in cases of equal candidates may have an encouraging and uplifting effect
on members of smaller research institutions. Yet such measures will never
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change the sheer fact that research facilities, available resources, and
scientific outputs vary considerably between regions and disciplines, and the
scales or metrics suitable for larger institutions do not necessarily fit everyone
else.

The latter brings me to a point that is more closely related to the
organisational culture and leadership of newly established BMA centres.
As setting up new analytical facilities and research groups such as BMA
laboratories in smaller countries and research institutions can be intensive
in terms of labour and emotional investment, building resilience and
contingency plans is crucial, at least in my own experience. In this context,
shared responsibility and joint effort in establishing such infrastructures, not
to mention the distribution of the mental load and the creation of true team
spirit, should not be underestimated. There is only so much that one person
can know or do, and avoiding overdependence on individuals by expanding
the team with different experts who share responsibility, both for research
and funding, while also investing in team-building, can turn out to be the
key to success and sustainability (Marx 2025). In circumstances where all
resources required to keep a laboratory operational (including personnel,
instruments, and daily consumables) are entirely project-based, as is the
case for Archemy Lab in Tartu, sustaining all this under a single principal
investigator is basically impossible. Hence, in Tartu, we have introduced
a broader and more inclusive leadership model by setting up an Archemy
Board that consists of experts in specific fields (organic residue analysis,
stable isotope analysis, zooarchacology, and archacobotany), who contribute
not only to the strategic planning and decision-making of the laboratory, but
also to funding acquisition, daily administration, outreach activities, project
writing, and supervision. Such a strategic approach, especially when it comes
to shared PI roles and collective responsibility for acquiring funding, not
only relieves the burden on a single person, but also makes the whole
infrastructure more active and sustainable.

Finally, I would like to outline some suggestions for internal development
that could be beneficial for the future of continuous and active BMA research
in the Baltics. One aspect where we still need to improve is our broader
strategy for internationalisation. As we ourselves are mostly rooted in
international collaboration, it is necessary to open up our laboratories to
the international research community more explicitly, i.e. to transform local
centres into knowledge transfer facilities and to attract new intelligence via
visiting researchers and more permanent early-career researchers. Solutions
here are manifold, ranging from international postdoctoral programmes (e.g.
MSCA) and PhD training networks to building European-wide international
teaching programmes for master’s students (e.g. Erasmus Mundus). We must
also invest in increasing our international visibility through, e.g., active
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online presence and recruitment activities, providing active grant-writing
support for incoming scholars. Furthermore, the proposed actions for opening
ourselves up to the world should not be merely formal, but should also
involve ensuring accessibility in terms of language and culture. The things
to be considered are diverse: supporting daily communication (particularly
in English), explaining local academic rules and norms (and withdrawing
from these where necessary), making sure to avoid any discrimination against
foreign (and indeed local) scholars, supporting newcomers in settling into
local towns and universities, and investing in their overall emotional well-
being.

Explicit recognition of individual scholars’ merits, multiple opportunities
for self-fulfilment, space for personal development, appreciation of DEI,
tailored mentoring, incorporation of academic and research freedom into
daily research practice, and investment in transferable skills and future career
development perspectives — in short, taking thoughtful and individualised
care of our people according to their capacities, needs, and aspirations — are
perhaps some of the aspects in which smaller laboratories are better equipped
and motivated. Here, broader institutional support from local universities
or institutions in the form of active human resources, financial, and
communications strategies may prove tremendously beneficial, and special
efforts have to be made to secure the highest-quality support of this kind in
smaller countries and research organisations. Crucially, all these costs may
prove to be investments in the future success of laboratories (and universities
in general), because the loss of expertise is much harsher in smaller groups,
as it is more difficult and time-consuming to find suitable replacement,
especially when this must be done rapidly, as is often necessary in a
laboratory context. On a wider scale, however, all these proposed endeavours
ought to be viewed within the framework of science diplomacy. The foreign
scholars who join, and later leave, our laboratories and research groups in
these remote regions may ultimately become spokespersons for our countries
and universities across the globe.

Conclusion and food for thought

Despite its long-term history, BMA is a relatively new field that has perhaps
reached its (late) teenage years by the mid-2020s. Indeed, this parallel could
hardly be more accurate, considering that many scholars have left their
safe ‘home-sweet-homes’ and apprenticeship positions, and are now starting
to build their own careers further away from the parent hubs. However,
believing that scientific rigour and advancement can only happen through the
active exchange of knowledge and involvement in global scholarship, there
are several critical aspects — some deriving from our history and generational
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values, others from our cultural and academic contexts — that the new BMA
facilities and scholars working in the Baltics (and beyond) ought to consider.

First, it is crucial to find a balance between international collaborations
and seeking academic prestige, and serving the needs of local stakeholders.
As the saying goes, ‘No man is an island’, and no laboratory infrastructure, at
least from the perspective of BMA research, can exist in isolation from wider
scholarship networks. Active and intentional collaboration and networking
are key to keeping oneself updated and securing or providing access to recent
developments in the field. At the same time, one has to be careful not to
underrate local expertise and scientific achievements. Given the historical
development of BMA facilities in the Baltics, we must start to overcome our
imposter syndrome and recognise ourselves as peers of the leading centres
and scholars that shaped our field. Extending the list of renowned grants
and publications as proof of high-quality research could be one way to do
that; another would be not to undersell our knowledge, heritage materials,
and analytical capacity. To continue the family analogy, it takes time to face
one’s ‘parents’ on an equal footing, but when it happens, the beauty of these
relationships becomes truly vivid and new adventures may begin.

At the same time, there is little point in conducting world-class
international research if the local scholarly community does not see the merit
and tangible outcomes of this work. Hence, we must put extra work into
communicating our capacities and remaining open to analytical consultancy
and collaborations with different stakeholders (academic, the heritage sector,
museums, and public outreach initiatives) at the regional level as well.
Furthermore, as we operate with more limited human and financial resources,
it is important for each research facility to explicitly articulate its values,
interests, and expertise — the magnets that can help attract and enable the
flourishing of new and young scholars.

Finally, as examples of new interdisciplinary research infrastructures,
the establishment of BMA facilities in the Baltics is of more than minor
importance. The research agendas we set, the values we adhere to, and the
teams we create will shape not only the future of our field, but also, more
broadly, the future of cross-sectional research that breaks down traditional
boundaries between the humanities, natural sciences and medicine, at our
home universities and countries, and also on a global scale. The unique
experiences, actions, and decisions of smaller research institutions, such
as BMA laboratories in the Baltics, contribute to the broader development
of 21st-century science — not only by raising awareness of and appraising
cognitive justice, multilateral scientific capacity-building, and the
democratisation of research, but also by tackling contemporary geopolitical
tensions and supporting balanced regional development.



22

Ester Oras

DATA AVAILABILITY STATEMENT
All data are contained within the article.

ACKNOWLEDGEMENTS

I am ever so grateful to the people who introduced and welcomed me to the world
of biomolecular archaeology — first and foremost to Tamsin O’Connell (University
of Cambridge) for setting the standard of an excellent and inspiring scholar, Oliver
E. Craig (York BioArCh) for teaching me the secrets of organic residue analysis that
ultimately changed my career path, and Matthew Collins (University of Copenhagen)
for constantly reminding me of the importance of sharing and caring, combined with
a rebellious attitude towards academic life. My sincere thanks go to my dear friend
and colleague Mari Torv (University of Tartu) for our many intensive discussions about
the state of the art and future of BMA in Tartu and beyond, and, last but not least,
for creating and nurturing our Archemy Lab together. Several lines in this paper are
inspired by the session ‘“Academic feudalism”: research ethics and sustainability in
biomolecular archaeology*, organised by Rita Peyroteo Stjerna (Uppsala University) and
Mari Torv at ISBA 11 in Turin in 2025. I also wish to thank Elina P&tersone-Gordina
for sharing information about the history of BMA in Latvia. This research was funded
by the European Union’s Horizon Europe research and innovation programme (grant
No. 101079396), UK Research and Innovation under the UK government’s Horizon
Europe funding guarantee (grant No. 10063975), the European Union (ERC, FoodID,
grant No. 101162819), Riksbankens Jubileumsfond (Pro Futura Scientia Fellowship),
and the Estonian Ministry of Education and Research (TK215). The publication costs of
this article were partially covered by the Estonian Academy of Sciences.

References

Abelson, P. H. 1954. Amino acids in fossils. — Science, 119: 3096, 576.
Aguraiuja-Litti, U. & Léugas, L. 2019. Stable isotope evidence for medieval diet in urban

and rural northern Estonia. — Journal of Archaeological Science: Reports, 26, 101901.
https://doi.org/10.1016/j.jasrep.2019.101901

Allentoft, M. E., Sikora, M., Sjogren, K.-G., Rasmussen, S., Rasmussen, M.,
Stenderup, J. et al. 2015. Population genomics of Bronze Age Eurasia. — Nature, 522,
167-172. https://doi.org/10.1038/nature14507

Ananyevskaya, E., Aytqaly, A. K., Beisenov, A. Z., Dmitriev, E. A., Garbaras, A.,
Kukushkin, I. A. et al. 2018. Early indicators to C4 plant consumption in central
Kazakhstan during the Final Bronze Age and Early Iron Age based on stable isotope
analysis of human and animal bone collagen. — Archaeological Research in Asia, 15,
157-173. https://doi.org/10.1016/j.ara.2017.12.002

Ananyevskaya, E., Akhatov, G., Loman, V., Dmitriev, E., Ermolayeva, A.,
Evdokimov, V. et al. 2020. The effect of animal herding practices on the diversity of
human stable isotope values in North Central Asia. — Journal of Archaeological Science:
Reports, 34, 102615. https://doi.org/10.1016/j.jasrep.2020.102615

Antanaitis-Jacobs, I. & Ogrinc, N. 2000. Chemical analysis of bone: stable isotope
evidence of the diet of Neolithic and Bronze Age people in Lithuania. — Istorija, XLV,
3—12. https://www.lituanistika.lt/content/41402



23

Biomolecular archaeology in the Baltics
Antanaitis-Jacobs, 1., Richards, M., Daugnora, L., Jankauskas, R. & Ogrinc, N. 2009.
Diet in early Lithuanian prehistory and the new stable isotope evidence. — Archaeologia

Baltica, 12, 12-30.
Beck, J., Flad, R., Alex, B., Caramanica, A., Costopoulos, A., Kawa, N. C. et al. 2026.
Changing the landscape of archaeological publishing. — Current Anthropology, 67: 1.

https://www.doi.org/10.1086/739789
Behar, D. M., Yunusbayev, B., Metspalu, M., Metspalu, E., Rosset, S., Parik, J.

et al. 2010. The genome-wide structure of the Jewish people. — Nature, 466, 238-242.
https://doi.org/10.1038/nature09103
Bentley, R. A. 2006. Strontium isotopes from the Earth to the archaeological skeleton:
a review. — Journal of Archaeological Method and Theory, 13: 3, 135-187. https://doi.org/
10.1007/s10816-006-9009-x
Bentley, R. A., Price, T. D. & Stephan, E. 2004. Determining the ‘local” 87Sr/%6Sr range for
archaeological skeletons: a case study from Neolithic Europe. — Journal of Archaeological
Science, 31: 4, 365-375. https://doi.org/10.1016/j.jas.2003.09.003
Bérzins, V., Brinker, U., Klein, C., Liibke, H., Meadows, J., Rudzite, M. et al. 2014. New
research at Rinnukalns, a Neolithic freshwater shell midden in northern Latvia. — Antiquity,
88: 341, 715-732. https://doi.org/10.1017/S0003598X0005064X

Bjoernevad, M., Jonuks, T., Bye-Jensen, P., Manninen, M. A., Oras, E., Vahur, S.
et al. 2019. The life and times of an Estonian Mesolithic slotted bone ‘dagger’. Extended

object biographies for legacy objects. — Estonian Journal of Archaeology, 23: 2, 103—125.

https://doi.org/10.3176/arch.2019.2.02
Bliujiené, A., Skipityté, R., Garbaras, A., Miliauskiené, Z., Sapolaite, J.
Ezerinskis, Z. et al. 2020. The first data on the human diet in Late Roman and Early
Migration period western Lithuania: evidence from stable isotope, archaebotanical and
zooarchaeological analyses. — Journal of Archaeological Science: Reports, 33, 102545.
https://doi.org/10.1016/j.jasrep.2020.102545
Brache, L. C. 2025. Parachute science in paleontology as distributive epistemic injustice. —

Philosophy of Science, 92: 5, 1-10. https://doi.org/10.1017/psa.2025.10149
Bramanti, B., Thomas, M. G., Haak, W., Unterlaender, M., Jores, P., Tambets, K.
et al. 2009. Genetic discontinuity between local hunter-gatherers and central Europe’s first

farmers. — Science, 326: 5949, 137-140. https://doi.org/10.1126/science.1176869
Brown, T. A. & Brown, K. 2011. Biomolecular Archaeology: An Introduction. Wiley-

Blackwell, Oxford.
Buckley, M., Collins, M., Thomas-Oates, J. & Wilson, J. C. 2009. Species identification
by analysis of bone collagen using matrix-assisted laser desorption/ionisation time-of-flight
mass spectrometry. — Rapid Communications in Mass Spectrometry, 23: 23, 3843-3854.

https://doi.org/10.1002/rcm.4316
Budd, P., Montgomery, J., Barreiro, B. & Thomas, R. G. 2000. Differential diagenesis of
strontium in archaeological human dental tissues. — Applied Geochemistry, 15: 5, 687-694.
https://doi.org/10.1016/S0883-2927(99)00069-4
Budd, P., Millard, A., Chenery, C., Lucy, S. & Roberts, C. 2004. Investigating population
movement by stable isotope analysis: a report from Britain. — Antiquity, 78: 299, 127-141.

https://doi.org/10.1017/S0003598X0009298X
Cerina, A. 2025. Palaecobotany. — Latvian Archaeology. Eds A. Vasks, G. Zaripa, A. Vilcane

& J. T. Urtans. Latvian Association of Archaeologists, Riga, 65-69.
Chaubey, G., Metspalu, M., Choi, Y., Migi, R., Romero, I. G., Soares, P. et al. 2011.
Population genetic structure in Indian Austroasiatic speakers: the role of landscape barriers

and sex-specific admixture. — Molecular Biology and Evolution, 28: 2, 1013-1024.
https://doi.org/10.1093/molbev/msq288


https://doi.org/10.1016/S0883-2927(99)00069-4

24 Ester Oras

Craig, O. E., Love, G. D., Isaksson, S., Taylor, G. & Snape, C. E. 2004. Stable carbon
isotopic characterisation of free and bound lipid constituents of archaeological ceramic
vessels released by solvent extraction, alkaline hydrolysis and catalytic hydropyrolysis. —
Journal of Analytical and Applied Pyrolysis, 71: 2, 613—634. https://doi.org/10.1016/
j-jaap.2003.09.001

Domarkiené, 1., Krastinaité, 1., Kozakaiteé, J., Kavaliauskiené, 1., Witas, H. W.,
Kucinskas, V. et al. 2025. Millennia of mitochondrial change: tracing haplogroup variation
in Lithuania. — Heritage, 8: 12, 531. https://doi.org/10.3390/heritage8120531

Dudd, S. N., Regert, M. & Evershed, R. P. 1998. Assessing microbial lipid contributions
during laboratory degradations of fats and oils and pure triacylglycerols absorbed in
ceramic potsherds. — Organic Geochemistry, 29: 5-7, 1345—1354. https://doi.org/10.1016/
S0146-6380(98)00093-X

El Boghdady, M. 2025. Equality and diversity in research: building an inclusive future. —
BMC Research Notes, 18: 1, 14. https://doi.org/10.1186/s13104-025-07096-4

Eriksson, G., Lougas, L. & Zagorska, 1. 2003. Stone Age hunter—fisher—gatherers at
Zvejnieki, northern Latvia. — Before Farming, 2003: 1, 1-25. https://doi.org/10.3828/
bfarm.2003.1.2

Eriksson, G. & Zagorska, 1. 2003. Ko &da akmens laikmeta suni? — Arheologija un
etnografija, 21.

Evershed, R. P. 1993. Biomolecular archaeology and lipids. — World Archaeology, 25:

1, 74-93. https://doi.org/10.1080/00438243.1993.9980229

Evershed, R. P. 2008a. Organic residue analysis in archaeology: the archaeological
biomarker revolution. — Archaecometry, 50: 6, 895-924. https://doi.org/10.1111/
j-1475-4754.2008.00446.x

Evershed, R. P. 2008b. Experimental approaches to the interpretation of absorbed organic
residues in archaeological ceramics. — World Archaeology, 40: 1, 26—47. https://doi.org/
10.1080/00438240801889373

Faerman, M. & Jankauskas, R. 2000. Paleopathological and molecular evidence of human
bone tuberculosis in Iron Age Lithuania. — Anthropologischer Anzeiger, 58: 1, 57-62.
https://doi.org/10.1127/anthranz/58/2000/57

Giannakakos, V. P., Karanfilian, T. S., Dimopoulos, A. D. & Barmettler, A. 2025. Impact
of author characteristics on outcomes of single- versus double-blind peer review:

a systematic review of comparative studies in scientific abstracts and publications. —
Scientometrics, 130, 399—421. https://doi.org/10.1007/s11192-024-05213-x

Grewingk, C. 1882. Geologie und Archacologie des Mergellagers von Kunda in Estland.
Verlag der Dorpater Naturforscher-Gesellschaft, Dorpat.

de Groot, J. 2023. Double Helix History: Genetics and the Past. Routledge, London, New
York.

Gunnarssone, A., Oras, E., Talbot, H. M., Ilves, K. & Legzdina, D. 2020. Cooking for the
living and the dead: lipid analyses of Rausi settlement and cemetery pottery from the
11th—13th century. — Estonian Journal of Archaeology, 24: 1, 45-69. https://doi.org/
10.3176/arch.2020.1.02

Gunnarssone, A., Oras, E. & Lucquin, A. 2024. Dietary practices of the Gauja Livs: lipid
residue analyses of the Turaida hillfort and Piteli cemetery pottery material. —
Interdisciplinaria Archaeologica — Natural Sciences in Archaeology, 15: 1, 63-75.
https://doi.org/10.24916/iansa.2024.1.5

Hagelberg, E., Hofreiter, M. & Keyser, C. 2015. Ancient DNA: the first three decades. —
Philosophical Transactions of the Royal Society B: Biological Sciences, 370: 1660,
20130371. https://doi.org/10.1098/rstb.2013.0371


https://doi.org/10.1016/S0146-6380(98)00093-X
https://doi.org/10.1016/S0146-6380(98)00093-X

Biomolecular archaeology in the Baltics 25

Hausmann, R. 1905. Eine Bronze-Depotfund mit einer rémischen Bronze-Lampe, gefunden
zu Kawwast bei Dorpat. — Sitzungsberichten der Gesellschaft fiir Geschichte und
Altertumskunde der Ostseeprovinzen Russlands fiir das Jahr 1905, 64-74.

Hedges, R. E. M. & Sykes, B. C. 1992. Biomolecular archaeology: past, present and future.
— Proceedings of the British Academy, 77, 267-283.

Heron, C., Evershed, R. P. & Goad, L. J. 1991. Effects of migration of soil lipids on
organic residues associated with buried potsherds. — Journal of Archaeological Science, 18:
6, 641-659. https://doi.org/10.1016/0305-4403(91)90027-M

Heron, C. & Evershed, R. P. 1993. The analysis of organic residues and the study of pottery
use. — Archaeological Method and Theory, 5, 247-284.

Heron, C., Craig, O. E., Luquin, A., Steele, V. J., Thompson, A. & Pili¢iauskas, G. 2015.
Cooking fish and drinking milk? Patterns in pottery use in the southeastern Baltic,
3300-2400 cal BC. — Journal of Archaeological Science, 63, 33—43. https://doi.org/
10.1016/j.jas.2015.08.002

Higuchi, R., Bowman, B., Freiberger, M., Ryder, O. A. & Wilson, A. C. 1984. DNA
sequences from the quagga, an extinct member of the horse family. — Nature, 312,
282-284. https://doi.org/10.1038/312282a0

Hindrikson, M., Remm, J., Pilot, M., Godinho, R., Stronen, A. V., Baltriinaité, L.
et al. 2017. Wolf population genetics in Europe: a systematic review, meta-analysis and
suggestions for conservation and management. — Biological Reviews of the Cambridge
Philosophical Society, 92: 3, 1601-1629. https://doi.org/10.1111/brv.12298

Ijatuyi, E. J., Lamm, A., Yessoufou, K., Suinyuy, T. & Patrick, H. O. 2025. Integration of
indigenous knowledge with scientific knowledge: a systematic review. — Environmental
Science & Policy, 170, 104119. https://doi.org/10.1016/j.envsci.2025.104119

Indrulénaité-Simanauskiené, V., Girlevitius, L. & Matuzeviciité, G. M. 2022. Population
diet and palacoenvironment in the 16th—18th ¢ Rusy Str. 5 Vilnius: insights from the
archaeobotanical analysis and historical sources. — Archaeologia Lituana, 23, 218-236.
https://doi.org/10.15388/ArchLit.2022.23.13

Jankauskas, R. 2012. Bioarchaeological research during two last decades. — Archaeological
Investigations in Independent Lithuania (1990-2010). Eds G. Zabiela, Z. Baubonis &

Johanson, K., Unt, A. & Hiie, S. 2025. Archaeobotany in Estonia — history, state of the art
and future perspectives. — Estonian Journal of Archaeology, 29: 1, 34—71. https://doi.org/
10.3176/arch.2025.1.02

Jones, E. R., Zarina, G., Moiseyev, V., Lightfoot, E., Nigst, P. R., Manica, A. et al. 2017.
The Neolithic transition in the Baltic was not driven by admixture with early European
farmers. — Current Biology, 27: 4, 576-582. https://doi.org/10.1016/j.cub.2016.12.060

Karmin, M., Saag, L., Vicente, M., Wilson Sayres, M. A., Jirve, M., Gerst Talas, U.
et al. 2015. A recent bottleneck of Y chromosome diversity coincides with a global change
in culture. — Genome Research, 25: 4, 459—466. https://doi.org/10.1101/gr.186684.114

Kazarina, A., Pole, 1., Leonova, V., Igumnova, V., Kimsis, J., Capligina, V. et al. 2017.
Insights into archaeological human sample microbiome using 16S rRNA gene sequencing.
—2017 IEEE International Conference on Bioinformatics and Biomedicine (BIBM), 13—-16
November 2017, Kansas City, USA. IEEE, 2264-2266. https://ieecexplore.ieee.org/
document/8218018

Kazarina, A., Kimsis, J., Pétersone-Gordina, E., Zayakin, P., Poksane, A., Gerhards, G.
et al. 2021a. Exploring DNA preservation and taxonomic diversity in postmedieval human
tooth samples in Latvia. — Journal of Archaeological Science: Reports, 40, 103213.
https://doi.org/10.1016/j.jasrep.2021.103213


https://doi.org/10.1016/0305-4403(91)90027-M

26 Ester Oras

Kazarina, A., Pétersone-Gordina, E., Kimsis, J., Kuzmicka, J., Zayakin, P.,

Griskjans, Z. et al. 2021b. The postmedieval Latvian oral microbiome in the context of
modern dental calculus and modern dental plaque microbial profiles. — Genes, 12: 2, 309.
https://doi.org/10.3390/genes12020309

Kimsis, J., PokSane, A., Kazarina, A., Vilcane, A., Pétersone-Gordina, E., Zayakin, P.
et al. 2023. Tracing microbial communities associated with archaeological human samples
in Latvia, 7-11th centuries AD. — Environmental Microbiology Reports, 15: 5, 383-391.
https://doi.org/10.1111/1758-2229.13157

Kivisild, T., Bamshad, M. J., Kaldma, K., Metspalu, M., Metspalu, E., Reidla, M.
et al. 1999. Deep common ancestry of Indian and western-Eurasian mitochondrial DNA
lineages. — Current Biology, 9: 22, 1331-1334. https://doi.org/10.1016/
S0960-9822(00)80057-3

Kivisild, T., Rootsi, S., Metspalu, M., Mastana, S., Kaldma, K., Parik, J. et al. 2003. The
genetic heritage of the earliest settlers persists both in Indian tribal and caste populations. —
The American Journal of Human Genetics, 72: 2, 313-332. https://doi.org/10.1086/346068

Korsten, M., Ho, S. Y. W., Davison, J., Pihn, B., Vulla, E., Roht, M. et al. 2009. Sudden
expansion of a single brown bear maternal lineage across northern continental Eurasia after
the last ice age: a general demographic model for mammals? — Molecular Ecology, 18: 9,
1963-1979. https://doi.org/10.1111/j.1365-294X.2009.04163.x

Kriiska, A. & Lougas, L. 2006. Scientific methods in Estonian archaeology. —
Archaeological Research in Estonia 1865-2005. Eds V. Lang & M. Laneman. (Estonian
Archaeology, 1.) University of Tartu Press, Tartu, 269-291.

Kristiansen, K. 2014. Towards a new paradigm? The third science revolution and its
possible consequences in archaeology. — Current Swedish Archaeology, 22: 1, 11-34.
https://doi.org/10.37718/CSA.2014.01

Krumina, A., Pliss, L., Zarina, G., Puzuka, A., Zarina, A., Lace, B. et al. 2018.
Population genetics of Latvians in the context of admixture between north-eastern
European ethnic groups. — Proceedings of the Latvian Academy of Sciences. Section B:
Natural, Exact, and Applied Sciences, 72: 3, 131-151. https://doi.org/10.2478/
PROLAS-2018-0025

Lang, V. 2006. The history of archaeological research (up to the late 1980s). —
Archaeological Research in Estonia 1865-2005. Eds V. Lang & M. Laneman. (Estonian
Archaeology, 1.) University of Tartu Press, Tartu, 13—40.

Lang, V., Miesalu, A., Tvauri, A., Valk, H., Kriiska, A., Konsa, M. et al. 2010.
Arheoloogia lugu Tartu Ulikoolis 19202010 / The Story of Archaeology at the University
of Tartu 1920-2010. Tartu Ulikooli Ajaloo ja Arheoloogia Instituut, Tartu.

Lee-Thorp, J. A. 2008. On isotopes and old bones. — Archaecometry, 50: 6, 925-950.
https://doi.org/10.1111/j.1475-4754.2008.00441.x

Legzdina, D. & Zarina, G. 2023. Living on the climate edge suitable for early farming:
the complex subsistence strategies of the Late Neolithic people at the Abora site in Latvia.
— Proceedings of the Latvian Academy of Sciences. Section B: Natural, Exact, and Applied
Sciences, 77: 1, 1-14. https://doi.org/10.2478/prolas-2023-0001

Liiva, A., Ilves, E. & Punning, J. M. 1966. Tartu radiocarbon dates 1. — Radiocarbon, 8,
430-441. https://doi.org/10.1017/S0033822200000278

Lougas, L., Lidén, K. & Nelson, D. E. 1996. Resource utilisation along the Estonian coast
during the Stone Age. — PACT 51. Council of Europe, Rixensart, 359-369.

Luo, J., Hua, Z., Chen, J., Yang, Q., Wei, Q., Liu, S. et al. 2025. Global trends in DNA
research on aged human skeletal remains: a bibliometric analysis (1989-2024). —
International Journal of Legal Medicine, 140, 605-619. https://doi.org/10.1007/
s00414-025-03672-2


https://doi.org/10.1016/S0960-9822(00)80057-3
https://doi.org/10.1016/S0960-9822(00)80057-3

Biomolecular archaeology in the Baltics 27

Makarewicz, C. A. & Sealy, J. 2015. Dietary reconstruction, mobility, and the analysis of
ancient skeletal tissues: expanding the prospects of stable isotope research in archaeology.
— Journal of Archaeological Science, 56, 146—158. https://doi.org/10.1016/
j.jas.2015.02.035

Mark, K. & Heapost, L. 2014. Soome-ugri rahvaste fiiiisiline antropoloogia. Eesti Teaduste
Akadeemia Kirjastus, Tallinn.

Marx, V. 2025. Two as one: when scientists run a lab together. — Nature Methods, 22: 12,
2465-2466. https://doi.org/10.1038/s41592-025-02938-2

Mathieson, L., Roodenberg, S. A., Posth, C., Szécsényi-Nagy, A., Rohland, N., Mallick, S.
et al. 2018. The genomic history of southeastern Europe. — Nature, 555, 197-203.
https://doi.org/10.1101/135616

McGillivray, B. & De Ranieri, E. 2018. Uptake and outcome of manuscripts in Nature
journals by review model and author characteristics. — Research Integrity and Peer Review,
3, 5. https://doi.org/10.48550/arXiv.1802.02188

M’Charek, A. 2005. The Human Genome Diversity Project: An Ethnography of Scientific
Practice. Cambridge University Press, Cambridge.

Meadows, J., Bérzins, V., Brinker, U., Liibke, H., Schmélcke, U., Staude, A. et al. 2016.
Dietary freshwater reservoir effects and the radiocarbon ages of prehistoric human bones
from Zvejnieki, Latvia. — Journal of Archaeological Science: Reports, 6, 678—689.
https://doi.org/10.1016/j.jasrep.2015.10.024

van der Merwe, N. J. & Vogel, J. C. 1978. 13C content of human collagen as a measure of
prehistoric diet in woodland North America. — Nature, 276: 5690, 815-816. https://doi.org/
10.1038/276815a0

Mittnik, A., Wang, C.-C., Pfrengle, S., Daubaras, M., Zarina, G., Hallgren, F. et al. 2018.
The genetic prehistory of the Baltic Sea region. — Nature Communications, 9, 442.
https://doi.org/10.1038/s41467-018-02825-9

Montgomery, J., Evans, J. A. & Cooper, R. E. 2007. Resolving archaeological populations
with Sr-isotope mixing models. — Applied Geochemistry, 22: 7, 1502—1514. https://doi.org/
10.1016/j.apgeochem.2007.02.009

Motuzaite Matuzeviciute, G., Lightfoot, E., Liu, X., Jacob, J., Outram, A. K.,

Zaibert, V. F. et al. 2019. Archaeobotanical investigations at the earliest horse herder site
of Botai in Kazakhstan. — Archaeological and Anthropological Sciences, 11, 6243-6258.
https://doi.org/10.1007/s12520-019-00924-2

Odeny, B. & Bosurgi, R. 2022. Time to end parachute science. — PLOS Medicine, 19: 9,
1004099. https://doi.org/10.1371/journal.pmed.1004099

Oinonen, M., Vasks, A., Zarina, G. & Lavento, M. 2013. Stones, bones, and hillfort:
radiocarbon dating of Kivutkalns bronze-working center. — Radiocarbon, 55: 3, 1252-1264.
https://doi.org/10.1017/S0033822200048165

Oras, E., Lang, V., Rannamie, E., Varul, L., Konsa, M., Limbo-Simovart, J. et al. 2016.
Tracing prehistoric migration: isotope analysis of Bronze and Pre-Roman Iron Age coastal
burials in Estonia. — Estonian Journal of Archaeology, 20: 1, 3-32. https://doi.org/10.3176/
arch.2016.1.01

Oras, E., Higham, T. F. G., Cramp, L. J. E. & Bull, I. D. 2017a. Archaeological science
and object biography: a Roman bronze lamp from Kavastu bog (Estonia). — Antiquity, 91:
355, 124-138. https://doi.org/10.15184/aqy.2016.247

Oras, E., Lucquin, A., Lougas, L., Torv, M., Kriiska, A. & Craig, O. E. 2017b. The
adoption of pottery by north-east European hunter-gatherers: evidence from lipid residue
analysis. — Journal of Archaeological Science, 78, 112—119. https://doi.org/10.1016/
jJjas.2016.11.010



28 Ester Oras

Oras, E., Vahur, S., Isaksson, S., Kaljurand, I. & Leito, 1. 2017c. MALDI-FT-ICR-MS for
archaeological lipid residue analysis. — Journal of Mass Spectrometry, 52: 10, 689-700.
https://doi.org/10.1002/jms.3974

Oras, E., Torv, M., Jonuks, T., Malve, M., Radini, A., Isaksson, S. et al. 2018. Social food
here and hereafter: multiproxy analysis of gender-specific food consumption in conversion
period inhumation cemetery at Kukruse, NE-Estonia. — Journal of Archaeological Science,
97, 90-101. https://doi.org/10.1016/j.jas.2018.07.001

Oras, E., de Groot, J. & Bjorkstén, U. 2025. The “biomolecular humanities”? New
challenges and perspectives. — iScience, 28: 2, 111679. https://doi.org/10.1016/
j-1s¢i.2024.111679

Ostrom, P. H., Schall, M., Gandhi, H., Shen, T.-L., Hauschka, P. V., Strahler, J. R.
et al. 2000. New strategies for characterizing ancient proteins using matrix-assisted laser
desorption ionization mass spectrometry. — Geochimica et Cosmochimica Acta, 64: 6,
1043-1050. https://doi.org/10.1016/S0016-7037(99)00381-6

Piiibo, S. 1985. Molecular cloning of Ancient Egyptian mummy DNA. — Nature, 314: 6012,
644-645. https://doi.org/10.1038/314644a0

Piibo, S., Poinar, H., Serre, D., Jaenicke-Després, V., Hebler, J., Rohland, N. et al. 2004.
Genetic analyses from ancient DNA. — Annual Review of Genetics, 38, 645-679.
https://doi.org/10.1146/annurev.genet.37.110801.143214

Paaver, K. 1965 = I1aaBep K. ®opmupoBanue TepuodayHsl # "3MEHYHBOCTD
witekonutaronux [Ipubantuku B rononene. Axkagemus Hayk DCCP, Tartu.

PACT 37. Estonia: Nature, Man and Cultural Heritage. Proceedings of a Round Table held at
Tallinn, April 1991 at the Estonian Academy of Sciences. Eds T. Hackens, V. Lang & U.
Miller. (Journal of the European Network of Scientific and Technical Cooperation for
Cultural Heritage PACT, 37.) PACT Belgium, Rixensart.

PACT 51. Coastal Estonia. Recent Advances in Environmental and Cultural History.

Eds T. Hackens, S. Hicks, V. Lang, U. Miller & L. Saarse. (Journal of the European
Network of Scientific and Technical Cooperation for Cultural Heritage PACT, 51.) PACT
Belgium, Rixensart.

PACT 57. Environmental and Cultural History of the Eastern Baltic Region. Eds
U. Miller, T. Hackens, V. Lang, A. Raukas & S. Hicks. (Journal of the European Network
of Scientific and Technical Cooperation for Cultural Heritage PACT, 57.) PACT Belgium,
Rixensart.

Papakosta, V., Oras, E. & Isaksson, S. 2019. Early pottery use across the Baltic —

a comparative lipid residue study on Ertebelle and Narva ceramics from coastal hunter-
gatherer sites in southern Scandinavia, northern Germany and Estonia. — Journal of
Archaeological Science: Reports, 24, 142—151. https://doi.org/10.1016/
j-jasrep.2019.01.003

Pétersone-Gordina, E., Gerhards, G. & Jakob, T. 2013. Nutrition-related health problems
in a wealthy 17—18th century German community in Jelgava, Latvia. — International
Journal of Paleopathology, 3: 1, 30-38. https://doi.org/10.1016/j.ijpp.2013.01.002

Pétersone-Gordina, E., Roberts, C., Millard, A. R., Montgomery, J. & Gerhards, G.
2018. Dental disease and dietary isotopes of individuals from St Gertrude Church
cemetery, Riga, Latvia. — PLOS One, 13: 1, e0191757. https://doi.org/10.1371/
journal.pone.0191757

Pétersone-Gordina, E., Gerhards, G., Vilcane, A., Millard, A. R., Moore, J., Kimsis, J.
et al. 2022a. Diet and social status in the Lejasbiténi Iron Age population from Latvia. —
Journal of Archaeological Science: Reports, 44, 103519. https://doi.org/10.1016/
j-jasrep.2022.103519


https://doi.org/10.1016/S0016-7037(99)00381-6

Biomolecular archaeology in the Baltics 29

Pétersone-Gordina, E., Montgomery, J., Millard, A. R., Nowell, G., Peterkin, J.,
Roberts, C. A. et al. 2022b. Strontium isotope identification of possible rural immigrants
in 17th century mass graves at St. Gertrude Church cemetery in Riga, Latvia. —
Archaeometry, 64: 4, 1028—1043. https://doi.org/10.1111/arcm.12759

Pili¢iauskas, G., Jankauskas, R., Pili¢iauskiené, G., Craig, O. E., Charlton, S.

& Dupras, T. 2017a. The transition from foraging to farming (7000-500calBC) in the SE
Baltic: a re-evaluation of chronological and palaeodietary evidence from human remains. —
Journal of Archaeological Science: Reports, 14, 530-542. https://doi.org/10.1016/
j-jasrep.2017.06.004

Pili¢iauskas, G., Jankauskas, R., Pili¢iauskiené, G. & Dupras, T. 2017b. Reconstructing
Subneolithic and Neolithic diets of the inhabitants of the SE Baltic coast (3100-2500 cal
BC) using stable isotope analysis. — Archaeological and Anthropological Sciences, 9,
1421-1437. https://doi.org/10.1007/s12520-017-0463-z

Piliciauskiené, G. & Micelicaité, V. 2020. Zooarchaeology in Lithuania. — Archaeologia
Lituana, 21, 155-168. https://doi.org/10.15388/ArchLit.2019.21.10

Plankajs, E. 2025. History of zooarchaeology in Latvia. — Latvian Archaeology. Eds A.
Vasks, G. Zarina, A. Vilcane & J. T. Urtans. Latvian Association of Archaeologists, Riga,
87-89.

Poksane, A., Kimsis, J., Pétersone-Gordina, E., Vilcane, A., Gerhards, G. & Ranka, R.
2025. Characterization of ancient DNA preservation in copper-patinated human bone and
tooth samples from Latvia. — Microbiology Spectrum, 13: 9, €0270524. https://doi.org/
10.1128/spectrum.02705-24

Pollard, A. M., Armitage, R. A. & Makarewicz, C. A. (eds) 2023. Handbook of
Archaeological Sciences. 2nd ed. Wiley, Hoboken.

Poska, A., Saarse, L. & Veski, S. 2004. Reflections of pre- and early-agrarian human impact
in the pollen diagrams of Estonia. — Palacogeography, Palacoclimatology, Palacoecology,
209: 1-4, 37-50. https://doi.org/10.1016/j.palaco.2003.12.024

Price, T. D., Burton, J. H. & Bentley, R. A. 2002. The characterization of biologically
available strontium isotope ratios for the study of prehistoric migration. — Archaeometry,
44: 1, 117-135. https://doi.org/10.1111/1475-4754.00047

Price, T. D., Frei, K. M., Tiesler, V. & Gestsdottir, H. 2012. Isotopes and mobility: case
studies with large samples. — Population Dynamics in Prehistory and Early History: New
Approaches Using Stable Isotopes and Genetics. Eds E. Kaiser, J. Burger & W. Schier. De
Gruyter, Berlin, New York, 311-321.

Price, T. D., Peets, J., Allmie, R., Maldre, L. & Oras, E. 2016. Isotopic provenancing of
the Salme ship burials in Pre-Viking Age Estonia. — Antiquity, 90: 352, 1022-1037.
https://doi.org/10.15184/aqy.2016.106

Price, T. D., Bliuer, A., Oras, E. & Ruohonen, J. 2021. Baseline 37Sr/30Sr values in
southern Finland and isotopic proveniencing of the cemetery at Ravattula Ristiméki. —
Fennoscandia Archaeologica, XXXVIII, 135-152.

Radins, A. 2025. Archaeology during the periods of Soviet occupation (1940-1941,
1944-1991). — Latvian Archaeology. Eds A. Vasks, G. Zarina, A. Vilcane & J. T. Urtans.
Latvian Association of Archaeologists, Riga, 17-21.

Rannamiie, E., Lougas, L., Niemi, M., Kantanen, J., Maldre, L., Kadérova, N.
et al. 2016. Maternal and paternal genetic diversity of ancient sheep in Estonia from the
Late Bronze Age to the post-medieval period and comparison with other regions in
Eurasia. — Animal Genetics, 47: 2, 208-218. https://doi.org/10.1111/age.12407



30 Ester Oras

Rannamiie, E., Saarma, U., Armpalu-Idvand, A., Teasdale, M. D. & Speller, C. 2020.
Retroviral analysis reveals the ancient origin of Kihnu native sheep in Estonia: implications
for breed conservation. — Scientific Reports, 10: 1, 17340. https://doi.org/10.1038/
$41598-020-74415-z

Rasins, A. 1959 = Pacunbm A. I1. KyneTypHbIe U COpHBIC pacTECHHS B MaTepHaiax
apXeoJIOTHYECKUX pacKonok Ha Tepputopu Jlarsuiickoit CCP. — Bonpocs! aTHHUECKOH
ucTopuu HapoaoB [IpubanTHKy: IO JaHHBIM apXEOJIOTUH, STHOrPaQUK ¥ aHTPOIIOJIOTHH.
Tlox penaxnneii C. A. Tapakanosoit u JI. H. TepentseBoii. M3narenbcTBo AKafieMHu HayK
CCCP, Mocksa, 316-339.

Reid, A. J., McGregor, D. A., Menzies, A. K., Eckert, L. E., Febria, C. M. & Popp, J. N.
2024. Ecological research ‘in a good way’ means ethical and equitable relationships with
Indigenous Peoples and Lands. — Nature Ecology & Evolution, 8, 595-598. https://doi.org/
10.1038/541559-023-02309-0

Ribeiro, A. & Giamakis, C. 2023. On class and elitism in archaeology. — Open Archaeology,
9: 1, 20220309. https://doi.org/10.1515/0opar-2022-0309

Richards, M. P., Fuller, B. T. & Hedges, R. E. M. 2001. Sulphur isotopic variation in
ancient bone collagen from Europe: implications for human palaeodiet, residence mobility,
and modern pollutant studies. — Earth and Planetary Science Letters, 191: 3—4, 185-190.
https://doi.org/10.1016/S0012-821X(01)00427-7

Richards, M. P. & Britton, K. (eds) 2020. Archaeological Science: An Introduction.
Cambridge University Press, Cambridge. https://www.cambridge.org/core/books/
archaeological-science/1AC07BF49B17930D12D5811DE8969B27 (last accessed
08.01.2026).

Robson, H. K., Skipityté, R., Pili¢iauskiené, G., Lucquin, A., Heron, C., Craig, O. E.
et al. 2019. Diet, cuisine and consumption practices of the first farmers in the southeastern
Baltic. — Archaeological and Anthropological Sciences, 11, 4011-4024. https://doi.org/
10.1007/s12520-019-00804-9

Rudovica, V., Viksna, A., Katkevich, J. & Zarina, G. 2009. Some aspects of diet of the
13th - 17th century population of Latvia. — Papers on Anthropology, XVIII, 328-338.

Saag, L., Laneman, M., Varul, L., Malve, M., Valk, H., Razzak, M. A. et al. 2019. The
arrival of Siberian ancestry connecting the Eastern Baltic to Uralic speakers further east. —
Current Biology, 29: 10, 1701-1711. https://doi.org/10.1016/j.cub.2019.04.026

Schoeninger, M. J. & Moore, K. 1992. Bone stable isotope studies in archaeology. — Journal
of World Prehistory, 6: 2, 247-296. https://doi.org/10.1007/BF00975551

Shoda, S., Kozak, A., Watanabe, C., Shiono, A. & Motuzaite Matuzeviciute, G. 2025.
Thermal desorption GC/MS on human dental calculus detected minute millet consumption
in medieval Ukraine. — Scientific Reports, 16: 1, 1749. https://doi.org/10.1038/
$41598-025-31019-9

Sim¢enka, E., Jakulis, M., Kozakaité, J., Pili¢iauskiené, G. & Lidén, K. 2020. Isotopic
dietary patterns of monks: results from stable isotope analyses of a seventeenth—eighteenth
century Basilian monastic community in Vilnius, Lithuania. — Archaeological and
Anthropological Sciences, 12: 5, 102. https://doi.org/10.1007/s12520-020-01063-9

Simcenka, E., Kozakaité, J., Pili¢iauskiené, G., Gaizauskas, L. & Pili¢iauskas, G. 2022.
Human diet during the Stone Age and Early Metal Period (7000-1 cal BC) in Lithuania: an
update. — Radiocarbon, 64: 5, 1171-1189. https://doi.org/10.1017/RDC.2022.41

Spataro, M., Oras, E., Lucquin, A. & Bérzin$, V. 2021. Hunter-fisher-gatherer pottery
production and use at the Neolithic shell-midden of Rinpukalns, Latvia. — Antiquity, 95:
384, 1446—-1463. https://doi.org/10.15184/aqy.2021.127


https://doi.org/10.1016/S0012-821X(01)00427-7

Biomolecular archaeology in the Baltics 31

Stantikaité, M., Kisieliené, D. & Seiriené, V. 2012. Palaeobotanical investigations in
Lithuania: old traditions and new approaches. — Archaeological Investigations in
Independent Lithuania (1990-2010). Eds G. Zabiela, Z. Baubonis & E. Marcinkeviciité.
Society of the Lithuanian Archaeology, Vilnius, 416—419.

Stefanoudis, P. V., Licuanan, W. Y., Morrison, T. H., Talma, S., Veitayaki, J.

& Woodall, L. C. 2021. Turning the tide of parachute science. — Current Biology, 31: 4,
R184-R185. https://doi.org/10.1016/j.cub.2021.01.029

Thornton, M. D., Morgan, E. D. & Celoria, F. 1970. The composition of bog butter. —
Science and Archaeology, 2: 3, 20-25.

Titirici, M., Hutchinson, C., Ahmed, N., Isaacs, A., Higa, L., Arendse, J. et al. 2025.
Global perspectives on the critical role of diversity, equity, and inclusion in science. — Cell
Reports Physical Science, 6: 9, 102791. https://doi.org/10.1016/j.xcrp.2025.102791

Tokarski, C., Martin, E., Rolando, C. & Cren-Olivé, C. 2006. Identification of proteins in
Renaissance paintings by proteomics. — Analytical Chemistry, 78: 5, 1494-1502.
https://doi.org/10.1021/ac051181w

Torv, M. 2016. Persistent Practices. A Multi-Disciplinary Study of Hunter-Gatherer
Mortuary Remains from c. 6500-2600 cal. BC, Estonia. University of Tartu Press, Tartu.

Torv, M. & Meadows, J. 2015. Radiocarbon dates and stable isotope data from the Early
Bronze Age burials in Riigikiila I and Kivisaare settlement sites, Estonia. — Radiocarbon,
57: 4, 645-656. https://doi.org/10.2458/azu_rc.57.18459

Trigger, B. G. 2006. A History of Archaeological Thought. 2nd ed. Cambridge University
Press, Cambridge.

Vasks, A., Zarina, G., Legzdina, D. & Plankajs, E. 2021. New data of funeral customs and
burials of Bronze Age Reznes cemetery in Latvia. — Estonian Journal of Archaeology, 25:
1, 3-31. https://doi.org/10.3176/arch.2021.1.01

Vasks, A., Zarina, G., Vilcane, A. & Urtans, J. T. (eds) 2025. Latvian Archaeology.
Latvian Association of Archaeologists, Riga.

Villems, R., Adojaan, M., Kivisild, T., Metspalu, E., Parik, J., Pielberg, G. et al. 1998.
Reconstruction of maternal lineages of Finno-Ugric speaking people and some remarks on
their paternal inheritance. — The Roots of Peoples and Languages of Northern Eurasia I.
Eds K. Julku & K. Wiik. Societas Historiae Fenno-Ugricae, Turku, 180-200.

Visocka (Haferberga), V. 2022. Pottery Production, Function and Meaning During the
Bronze and Pre-Roman Iron Age in the Eastern Baltic. PhD thesis. Latvijas Universitate,
Riga. https://dspace.lu.lv/handle/7/62072 (last accessed 30.06.2026).

Warinner, C., Korzow Richter, K. & Collins, M. J. 2022. Paleoproteomics. — Chemical
Reviews, 122: 16, 13401-13446. https://doi.org/10.1021/acs.chemrev.1c00703

Wisher, L., Birch, T., Andreasen, R., Canosa, E., Norrehed, S., Reguer, S. et al. 2025. The
earliest evidence of blue pigment use in Europe. — Antiquity, 99: 408,1-16. https://doi.org/
10.15184/aqy.2025.10184

Yanou, M. P., Ros-Tonen, M. A. F., Reed, J., Moombe, K. & Sunderland, T. 2023.
Integrating local and scientific knowledge: the need for decolonising knowledge for
conservation and natural resource management. — Heliyon, 9: 11, €21785. https://doi.org/
10.1016/j.heliyon.2023.e21785

Zarina, G. 2025a. Bioarchaeology. — Latvian Archaeology. Eds A. Vasks, G. Zarina,

A. Vilcane & J. T. Urtans. Latvian Association of Archaeologists, Riga, 86.

Zarina, G. 2025b. Palacodemography. — Latvian Archaeology. Eds A. Vasks, G. Zarina,
A. Vilcane & J. T. Urtans. Latvian Association of Archaeologists, Riga, 89—90.

Zarina, G. 2025c¢. Repository of Bioarchaecological Material of the Institute of Latvian
History at the University of Latvia. — Latvian Archaeology. Eds A. Vasks, G. Zaripa,

A. Vilcane & J. T. Urtans. Latvian Association of Archaeologists, Riga, 641-642.



32 Ester Oras

Zarina, G., Sholts, S. B., Tichinin, A., Rudovi¢a, V., Viksna, A., Engizere, A. et al. 2016.
Cribra orbitalia as a potential indicator of childhood stress: evidence from paleopathology,
stable C, N, and O isotopes, and trace element concentrations in children from a 17th-18th
century cemetery in Jekabpils, Latvia. — Journal of Trace Elements in Medicine and
Biology, 38, 131-137. https://doi.org/10.1016/j.jtemb.2016.05.008

Jalga ukse vahele saamas:
biomolekulaarne arheoloogia
Baltikumis

Ester Oras

RESUMEE

Arheoloogia on alati olnud interdistsiplinaarne valdkond, mis tiihendab
humanitaar-, sotsiaal- ja loodusteadusi. Viimastel kiimnenditel on
biomolekulaarsed meetodid — vana DNA analiiiis, stabiilsed isotoobid,
lipiidide analiiiisid ja paleoproteoomika — arheoloogiat siigavalt mojutanud.
Kui 2010. aastate alguses arutleti, kas tegemist on uue teadusparadigmaga,
siis niitidseks on selge, et biomolekulaarne arheoloogia (BMA) on mojutanud
arheoloogide igapdevast uurimistegevust ja ka arusaamist minevikust olulisel
maidral.

Kuigi BMA juured ulatuvad 20. sajandi keskpaiga aminohapete, lipiidide
ja isotoopide uuringuteni, toimus téeline murrang koos DNA-sekveneerimise
metoodilise arenguga 2000. aastate 10pus. Siiski on BMA valdkonna
keskused koondunud peamiselt Ladne-Euroopasse ja Angloameerika
teadusruumi, kus on tugev laboratoorne infrastruktuur, kriitiline mass teadlasi
ja suuremad rahastusvdimalused, mis loovad soodsad tingimused BMA kui
teadussuuna kiireks arenguks.

Kéesolevas artiklis vaadeldakse BMA kujunemist Eestis, Litis ja Leedus
ning arutletakse selle {iile, millised on védiksemate ja nn perifeersete
teaduskeskuste voimalused ja takistused tipptasemel BMA viljelemisel.

Loodusteaduslike meetodite kasutamine ei ole Baltikumi arheoloogias
uus ndhtus. Juba 19. sajandi 16pul kaasati kaevamistele geolooge ning tehti
esimesi keemilisi analiiiise. 20. sajandil kujunes vilja tugev zooarheoloogia,
arheobotaanika ja fiilisilise antropoloogia koolkond. Noukogudeaegne
teadusinstituutide slisteem toetas samuti teataval mééral
interdistsiplinaarsust, kuigi rahvusvaheline suhtlus oli piiratud.
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Pérast taasiseseisvumist 1990. aastatel toimus ka teadusvorgustike
iimberkujunemine just 144ne suunal. Loodi kontaktid Soome, Rootsi ja teiste
Euroopa keskustega ning Baltikumi teadlased liitusid rahvusvaheliste
vorgustikega. Just sel perioodil joudsid piirkonda esimesed biomolekulaarsed
analiiiisid — stabiilsete isotoopide uuringud ja geneetilised uuringud. Viimase
puhul kujunes juba varakult omalaadseks pioneeriks Richard Villemsi
algatatud uurimisgrupp Tartus.

2000. aastatel toimus BMA kiire areng ka Baltikumis. Alguses tdhendas
see peamiselt koostdod lddne tippkeskustega: kohalikud teadlased pakkusid
arheoloogilist materjali ja konteksti, analiiiisid tehti sageli vélismaal. Selline
mudel pakkus uut ja olulist teadmust, kuid ei tdhendanud veel kohaliku
analiiiitilise suutlikkuse véljakujunemist.

Oluline muutus toimus 2010. aastatel, kui vdlismaal koolitatud noorem
polvkond hakkas rajama kohalikke laboreid. Eestis kujunesid vélja Archemy
labor ja jitkuvalt kiiresti arenes Tartu Ulikooli aDNA grupp; Leedus ja
Litis loodi samuti stabiilsete isotoopide, arheobotaanika ja vana DNA
uurimisriihmad. Moned neist keskustest on 2020. aastateks saavutanud
rahvusvahelise tunnustuse ning suudavad pakkuda tipptasemel analiilise nii
Baltikumis kui ka vilisriikides.

Ténaseks holmavad Baltikumi BMA keskused laia spektrit meetodeid:
toitumise stabiilsete isotoopide analiilis, strontsiumi isotoobid péritolu-
uuringuteks, orgaaniliste jadkide analiilis, paleoproteoomika, arheobotaanika
ja vana DNA uuringud — ning suur osa neist on esindatud koigis kolmes riigis.

Need arengusuundumused on esile toonud mitmeid viljakutseid, aga ka
voimalusi. Viiksemate teaduskeskuste edu soltub tugevalt rahvusvahelisest
koostodst. Tihe side juhtivate laboritega voimaldab piisida kursis
metodoloogiliste arengutendentsidega ja viltida teaduslikku isolatsiooni.
Samas peab koosto0 olema vastastikku kasulik ja véltima nn
helikopterteadust, kus kohalikud teadlased ja kogukonnad on iiksnes
proovide véljaandja rollis ja jadvad tipptasemel teaduse tegemisest praktikas
ning tunnustuse osas korvale.

Sama oluline on regionaalne koost66 Baltimaade vahel. Arvestades
piiratud ressursse, ei ole realistlik arendada koiki meetodeid igas riigis eraldi.
Teadmiste ja  infrastruktuuri  jagamine, iihised projektid ja
koolitusvorgustikud on jitkusuutliku arengu eelduseks. Uks selline niide
on Archemy uurimisgrupi initsiatiivil Baltikumi biomolekulaararheoloogia
grupi loomine 2023. aastal.

Viikeste riikide teadustegevuse eelisteks on paindlikkus, kiirus ja vdhene
hierarhia. Otsused silinnivad kiiremini, ligipdds aparatuurile voib olla
paindlikum ning institutsioonidevaheline koost66 sujuvam kui suurtes
siisteemides.
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Uute laborite kestlikkus soltub aga ka kohalikust ja rahvusvahelisest
tunnustusest. Kohalik arheoloogiakogukond peab olema informeeritud
olemasolevatest voOimalustest ja usaldama kodumaist kompetentsi.
Viljakutseks voib siin olla harjumuspérane koostod suurte viliskeskustega
vOi nende prestiizi m&ju.

Rahvusvahelisel tasandil madravad kvaliteeditaju sageli
konkurentsitihedad grandid ja kdrgetasemelised publikatsioonid. Viiksemad
keskused seisavad silmitsi piiratud rahastusvdoimaluste ja monikord ka
varjatud eelarvamustega hindamisprotsessides, seda nii rahastustaotluste kui
ka tipptasemel publikatsioonide osas. Samas on rahvusvaheliste projektide
ja tippajakirjades avaldamise kaudu vdimalik toestada oma teaduslikku taset
ning kindlustada positsioon voOrdvédrse partneri ja tipptasemel
teaduskeskusena.

Samas nduab uute laborite rajamine suurt to6d ja plihendumust. Archemy
kogemuse pdhjal tagab jitkusuutlikkuse jagatud vastutus, meeskonnatod ja
kaasav juhtimine. Viikeses rithmas vdib iihe inimese lahkumine tihendada
suurt kaotust; seetdttu tuleb panustada teadmiste jagamisse, jérelkasvu
koolitamisse ja rahvusvahelisse avatuse suurendamisse.
Rahvusvahelistumine ei tihenda iiksnes projektipohist koostood, vaid ka
vastloodud laborite avamist vilisteadlastele, ingliskeelse tookeskkonna
vOimaldamist ja individuaalset 1&henemist grupi liitkmetele, nt mentorlust
ning mitmekesisuse, vordse kohtlemise ja sisulise kaasatuse tagamist. Nii
kasvab Baltikumi enda teaduslik voimekus ja siinsete uurimisasutuste tuntus
ile maailma.

BMA on Baltikumis jdudnud etappi, kus esimesed iseseisvad keskused
on end edukalt tdestanud. Edasine areng soltub tasakaalust: rahvusvaheline
tipptase ja koostod iihelt poolt, kohalik vastutus ja kogukondlik vastutus ning
toetus eri ressursside niol teiselt poolt. Viiksemad teaduskeskused ei pea
jaama kaugeteks iiksikiiritajateks. Nende tugevusteks on paindlikkus, tihedad
koostodsidemed ja teadlik véértuspohine tegutsemine ning oma uurimisgrupi
kompetentsi stigavam hindamine. Viikeriikide infrastruktuuride, sealhulgas
enamiku Baltimaade BMA laborite areng ei mdjuta iiksnes regionaalset
teadust, vaid panustab laiemalt ka 21. sajandi teaduse kujundamisse —
teadusesse, mis iiletab distsiplinaarseid ja geopoliitilisi piire ning vaartustab
mitmekesisust ja vordseid vdimalusi.
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