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PREFACE

The edited volume STEM in Heritage: Procedures, Methods, and Teach-
ing before you encompasses papers presented at the international conference 
Teaching STEM in Heritage. The conference was held in November 2022 at 
the Faculty of Philosophy, University of Belgrade as the final event of the Eras-
mus+ Strategic Partnership Project STEM in Heritage Sciences (HERISTEM).

The volume explores the application, learning, and teaching of STEM 
in heritage disciplines, primarily in Southeastern Europe. The first chapter 
represents a summary of activities carried out a part of the HERISTEM Pro-
ject, aimed at university students, staff, and young professionals, as well as 
the general public (Vuković). Several papers address issues related to STEM 
teaching: the representation of STEM within university cirricula in Eu-
rope (Novaković), within the subdiscipline of archaeology and the public 
(Cvjetićanin), and within the curriculum of the Conservation-Restoration 
study program (Korolija Crkvenjakov); the history of archaeozoology at the 
University of Belgrade (Dimitrijević et al.); relationships between design 
tools, research strategies, and university courses related to architectural her-
itage (Milovanović et al.); and relations between “hard sciences,” i.e. STEM, 
and archaeology as a humanistic discipline (Babić). Issues related to various 
methods and their application in archaeological fieldwork, laboratory analy-
ses, and data processing are also discussed in the volume: the construction 
of archaological heritage using remote sensing and geophysics (Mlekuž); 
the use and significance of geoarchaeology both in research and heritage 
management (French and Rajkovača); geoarchaeological sampling, soil mi-
cromorphology, and related laboratory procedures (Rajkovača); the history 
and current use and importance of GIS (Mori); the application of UAVs, 
geophysical surveys, laser scanning, and LiDAR in Bosnia and Herzegovina 
(Kaljanac and Hadžihasanović); and the benefits of using photogrammetry 
in archaeological documentation (Tresić Pavičić and Burmaz).

We would like to thank all of the contributors for their presentations 
at the Conference as well as their valuable articles, and the reviewers who 
read all of the papers promptly and shared their opinions. Out gratitude is 
extended to our Institution, the Faculty of Philosophy, for supporting the 
conference and this publication, as well as Tempus Agency for their help 
during the course of the HERISTEM Project.

	 Jasna Vuković
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THE HERISTEM PROJECT: 
TEACHING, LEARNING, AND 

COMMUNICATING STEM IN HERITAGE

Jasna Vuković

Aims and goals of the Project

STEM in Heritage Sciences (HERISTEM) is an Erasmus+ strategic 
partnership project aimed at implementing STEM sciences and enhanc-
ing the university curricula of heritage disciplines. The Project’s main 
goal was to provide an effective transfer of knowledge, skills, and good 
practices, primarily to students of heritage disciplines, in order to improve 
their chances in the job market by mastering new STEM-related methods 
and techniques and gaining experiences in professional working environ-
ments. The Project is based on student and staff mobility, and on provid-
ing intensive courses to higher education learners.

The partners are universities in Belgrade (Lead Institution), Zagreb, 
Ljubljana, Sarajevo, and Cambridge, as institutions where young archae-
ologists receive training. The remaining four partners – the National Mu-
seum in Belgrade, the Institute for the Protection of Cultural Heritage of 
Slovenia, and two private enterprises, Arhej and Kaducej – were selected 
as the most likely types of institutions for students’ further professional 
careers and training in actual working environments.

The Project started at the end of 2019, with the first activities planned 
for 2020, including intensive courses, student stays, and staff visits to for-
eign universities.

Seminar for teachers in online education

The aim of the three-day seminar (Fig. 1) for teachers in online edu-
cation was to train teachers to efficiently use the e-learning platform de-
signed by the University of Zagreb using a Learning Management Sys-
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tem (LMS)1 based on open-source 
MOODLE LMS. All of the lectures 
were recorded and are available as a 
webinar. Several lectures were held 
over the course of the three-day 
seminar. Bearing in mind that the 
majority of teachers – participants of 
the seminar – were unfamiliar with 
e-learning possibilities, the exercises 
and practical work during the semi-
nar were of great importance. At 
the time, the seminar participants 
had no idea that they would soon 
have to apply their newly-acquired 
knowledge due to the COVID-19 
outbreak.

Intensive Course in 
Remote Sensing

The Intensive Course in Re-
mote Sensing was held at the Uni-
versity of Zagreb (Fig.2), with teach-
ers from Ljubljana and Zagreb. The 
topics included aerial archaeology 
and reconnaissance, LiDAR, the use 
of satellite images, and the integra-
tion of data in geographic informa-
tion systems. The students also had 
practical exercises: they worked in 
groups on assigned projects and 
presented them on the final day of 

the workshop.

COVID pandemic and its impact on the Project

Immediately after the conclusion of the Remote Sensing workshop, the 
COVID-19 outbreak emerged. All areas of life had to change on a global 

1	 http://omega.ffzg.hr 

Figure. 1. Seminar for teachers in online 
education

Figure. 2. The Intensive Course in Remote 
Sensing

http://omega.ffzg.hr
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scale, and this new situation heavily 
impacted professional and scientific 
practice as well. Severe lockdowns, 
and especially travel restrictions, 
posed a challenge to further Project 
activities, exclusively based on differ-
ent types of mobility. The situation 
required adjustments, such as turn-
ing to communication with the sci-
entific and general public (Vuković 
et al. in press) on the one hand, and 
implementing online training and 
learning activities on the other. In-
troductory online lectures for in-
tensive courses in bioarchaeology 
(zooarchaeology, archaeobotany, physical anthropology, and ancient DNA 
analyses) (Fig. 3) and geoarchaeology were organized, while the intensive 
Course in Data Science was completely held online. Student and staff mo-
bility, an essential part of the Project, was affected the most severely by the 
pandemic, due to travel restrictions and other special measures. After the 
pandemic ceased, the global political and economic situation made it fur-
ther difficult for mobility to take place, and unfortunately, many trips did 
not occur in the end.

Archaeological Dialogues without Isolation 
(ARDIZO)

Following the COVID-19 outbreak, project activities were halted. 
As soon as the global lockdown was put in place, the Project team or-
ganized an online conference titled Archaeological dialogues without iso-
lation, aimed at scholars, researchers, and the scientific public (Fig. 4). 
From March to June 2020, 21 lectures were given, followed by fruitful 
discussions on a wide range of topics – from the history of archaeology 
to considerations about the state of archaeological heritage to archaeologi-
cal views on the pandemic. All of the lectures were posted on the newly 
launched HERISTEM YouTube channel2, and more than 30 hours of re-
corded videos have received more than 1500 views to date.

Because of the HERISTEM’s prompt response to the new, pandemic 
situation, Archaeological dialogues were recognized as an important strat-
egy during the altered circumstances caused by the COVID-19 outbreak. 

2	 https://www.youtube.com/playlist?list=PLPveCfyN5lZz2rrqC7gvNZg4lpTM_utgm 

Figure. 3. Online introductory lectures for 
the Intensive Course in Bioarchaeology

https://www.youtube.com/playlist?list=PLPveCfyN5lZz2rrqC7gvNZg4lpTM_utgm
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As a result, Project HUMAN: Digital transformation in Humanities3 in-
cluded Archaeological dialogues without isolation among examples of good 
practice in communicating archaeology in a digital environment.

European Researcher’s Night 2020

Due to the pandemic, the European Researcher’s Night was held on-
line in November 2020. One of HERISTEM’s partner institutions, the De-
partment of Archaeology, University of Ljubljana hosted the joint program. 

3	 https://www.digihuman.eu/case-studies/ 

Figure. 4. Archaeological dialogues without isolation on YouTube

Figure. 5. Short videos made for European Researcher’s Night 2020

https://www.digihuman.eu/case-studies/
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The content was presented through a webpage in two languages (Slovene 
and English)4. The general topic was From earth to table and back, and 
it focused on presenting research about human food and diet in the past. 
This field of research was appealing to the general public while also educat-
ing on many interesting topics, including STEM. The webpage, featuring 72 
videos (Fig. 5) lasting 4 hours and 18 minutes, three quizzes, and one live 
event proved to be very interesting to the public, with 550 visits in three 
days. However, the website was very popular in the following months, with 
more than 3000 visits by March 2021 (Vuković et al. in press).

4	 https://arheolog.eu/domov-english/ 

Figure. 6. Online lecture for the Intensive Course in Data Science

Figure. 7. Online lecture for the Intensive Course in Data Science

https://arheolog.eu/domov-english/
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Intensive Course in Data Science
The course was organized online in March 2021 by the University of 

Ljubljana (Figs. 6–7). The covered topics included big data, data classifica-
tion, data clustering, predictive modeling, 3D modeling, text mining, and 

image analytics. The participants en-
gaged in exercises in statistics, pre-
dictive modeling, data clustering, 
and other topics.

Intensive Course in 
Bioarchaeology

The course in bioarchaeology 
was organized in person by the Uni-
versity of Belgrade in March 2022. 
The attendees took part in several 
short lectures, but the focus was on 
the exercises in human and animal 
bone analyses (Fig. 8).Figure. 8. Exercises in human and animal 

bone analysis during the Intensive Course in 
BioarchaeologyResearcher’s Night 2020

Figure. 9. Field exercises during the Intensive 
Course in Geoarchaeology

Figure. 10. Field exercises during the 
Intensive Course in Geoarchaeology
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Intensive Course in Geoarchaeology

The in-person part of the 
Course in Geoarchaeology was or-
ganized by the University of Zagreb, 
Cambridge, and Arhej, and was held 
in spring 2022 in Đakovo, Croa-
tia (Figs. 9–11). The covered topics 
and exercises included the goals of 
geoarchaeological fieldwork, me-
chanical coring, augering, soil sam-
pling and sample processing, and 
physical analyses (see also French 
and Rajkovača, this volume). The 
students discussed what they had 
learned and why they wanted to 
learn about geoarchaeology.5

5	 https://www.youtube.com/playlist?list=PLPveCfyN5lZw8-hDkpO0BMIG4vOcEifeG 

Figure. 11. Field exercises during the Intensive Course in Geoarchaeology

Figure. 12. The Intensive Course in Museum 
Studies

https://www.youtube.com/playlist?list=PLPveCfyN5lZw8-hDkpO0BMIG4vOcEifeG
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Intensive Course in 
Museum Studies

The course was organized by 
the National Museum in Belgrade 
and was held completely in person 
in October 2022 (Fig. 12). The par-
ticipants learned about the nature 
of the archaeological record, various 
analyses of artifacts (archaeometric, 
macroscopic), and the application 
of STEM in preventive and curative 
conservation. They also took part in 
various exercises including exhibi-
tion design.

Seminar in 
Entrepreneurship in 

Archaeology

The seminar was held at the 
Faculty of Philosophy, University of 
Belgrade, and was aimed at young 
professionals (Fig. 13). Among the 
covered topics were experiences in 
entrepreneurship in archaeology in 
various countries, legislative condi-
tions and prerequisites for entrepre-
neurship in archaeology, manage-
ment of field projects, and budget 
planning, among others.

The HERISTEM exhibition
The National Museum in Belgrade hosted the poster exhibition 

HERISTEM – STEM in Heritage Sciences (Fig. 14). The exhibition was 
primarily aimed at the general public to show how STEM is used in the 
understanding and analysis of the past, as well as in the development of 
strategies for responsible management and protection of cultural heritage. 
All of the partners took part in the creation of content for 24 posters. In 

Figure. 13. Seminar in Entrepreneurship in 
Archaeology

Figure. 14. The exhibition HERISTEM – 
STEM in Heritage Sciences at the National 
Museum in Belgrade
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10 days, more than 1000 visitors saw the exhibition. It will open at the 
Faculty of Philosophy at the end of 2022, and it is also planned to go on 
display at partner institutions and several museums in the following year.

Conclusion

Although faced with a difficult situation caused by the pandemic, it 
can be concluded that the Project achieved its main goals. As planned, 
many higher education learners engaged in the Project’s activities: around 
100 participants from partner universities participated and were trained 
in various STEM-related fields through intensive courses. Although the 
online mode of teaching made conducting Project activities more difficult, 
its benefits can be observed in the doubled number (approximately 200) 
of attendees who were able to listen to online lectures. Around 50 teachers 
were engaged in delivering lectures and training, but the online mode also 
allowed teachers from partner universities to join the lectures as listeners.

The evaluations conducted after each intensive course can be used to 
assess the Project’s achievements. Although a detailed analysis is still in 
progress, the main tendencies can be observed. The majority of partici-
pants in all courses were undergraduate students, with little or no experi-
ence in STEM-related fields. Generally, all of the workshops were rated as 
excellent by attendees, with newly acquired knowledge and an inspiring 
working atmosphere especially emphasized. Many participants found the 
topics of intensive courses inspiring and important for their future careers. 
The majority of participants said that they would recommend similar pro-
grams to their colleagues, and several of them even commented that the 
courses should have been longer. In sum, the Project’s teaching and learn-
ing activities confirmed its main goals were achieved.

References:

Vuković, Jasna, Rajna Šošić Klindžić, Staša Babić, and Predrag Novaković. in press 
The HERISTEM (STEM In Heritage Sciences) Project: Communicating Ar-
chaeology during the Pandemic.
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THE LANDSCAPE OF STEM TEACHING IN 
HERITAGE SCIENCES IN EUROPE

Predrag Novaković

This paper presents the findings of a survey of STEM content in high-
er education curricula of heritage-related disciplines1 in several European 
countries. We aimed to “reveal” the STEM-related “educational landscape” 
in the field of heritage sciences in order to observe the content and quan-
tity of STEM courses in these disciplines’ curricula.

However, after conducting preliminary surveys of the curricula, we 
decided to exclude architecture because it is, in many respects, an engi-
neering discipline and thus inadequate for the purposes of our survey. 
Preliminary surveys revealed several important things. It is not news that 
archaeology includes, by far, the biggest amount of STEM content. How-
ever, two other findings were even more striking: the heterogeneity of 
STEM content in archaeology and the virtually complete absence of any 
STEM content in art history, ethnology, and history. While subjects as-
sociated with visualization and the application of audio-visual media can 
occasionally be found in art history and ethnology departments, the tech-
nological aspects and possibilities for implementation remain secondary. 
The history curricula, as a rule, do not contain any STEM at all. For these 
reasons, we have limited our survey to archaeology as essentially the only 
heritage-related discipline that systematically includes STEM in its cur-
ricula. On the other hand, students of other heritage-related disciplines 
can still study STEM and can individually choose various STEM subjects 
as optional courses, which is not visible in the curricula. Furthermore, in 
some countries, Classical Archaeology (as a separate subject or as part of 
Classical Studies) can be studied independently of archaeology; STEM 
content is also absent from these curricula.

1	 By heritage-related disciplines we primarily mean archaeology, art history, ethnology, 
history, and architecture, which are disciplines that study various forms of (mostly) 
material remains from the past that are considered heritage and thus potential ob-
jects of protection. 
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We are fully aware that our survey is incomplete because it does not 
include Ph.D. curricula and associated research activities, where the situa-
tion with STEM can be quite different when compared with undergradu-
ate and graduate levels, even within the same university. In general, Ph.D. 
curricula offer more individualized or customized research tutorship and 
education-through-research, and they are much more difficult to present 
in the same details as pre-Ph.D. curricula. Moreover, research is insti-
tutionalized differently in each country. Some have specialized research 
institutes or centers (e.g. CNRS in France or Italy, institutes within acad-
emies of sciences in Poland, Hungary, Slovakia, and Slovenia), whilst in 
others, the principal research centers are located within universities (e.g. 
the UK, Ireland, Netherlands, Belgium).

Survey

Before presenting and interpreting the findings of the survey, sever-
al remarks are required in order to properly understand and contextual-
ize the collected data. First, all of the data was collected online by looking 
into each university’s undergraduate and graduate (BA/BSc and MA/MSC) 
study programs. A total of 163 curricula (74 BA/BSc and 89 MA/MSc) 
were examined from 78 universities in 27 European countries (Fig. 1). This 
method was quite efficient; however, sometimes we did not get complete 
data. Based on data from the QS University Ranking and Times Higher 
Education rankings, we estimate that the surveyed universities represent 
25–30% of all European universities with archaeological curricula.

Which universities were selected? First, we divided Europe into six 
regions based on cultural criteria proposed by the Permanent Commit-
tee on Geographic Names. We chose this type of regionalization because 
national education systems vary greatly depending on cultural and intel-
lectual backgrounds, particularly in humanities.

In general, three universities were selected from each country. This fig-
ure was lower in some cases, such as for smaller countries. We did our best 
to cover the whole of Europe. Despite our best efforts, at this stage, we were 
unable to include Finland and Hungary, as we could not find translations 
of their programs. We also excluded Belarus because we could not find any 
relevant data on the internet. Russia is underrepresented (only one univer-
sity) because there was not much relevant data on the internet (or at least 
we could not find it). The sample of universities observed is not very sys-
tematic. In the case of larger countries, we aimed at large or more renowned 
universities in the archeology field. Our selection was sometimes limited 
because not all universities make their curricula available on the internet. 
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As a result, while in smaller countries the STEM content is properly reflect-
ed in the humanities program of the selected universities, this may not be 
the case in larger countries with more universities.

Although the Bologna system attempts to unify higher education sys-
tems across Europe to a certain degree, differences between the countries 
remain substantial, making it hard to “normalize” the data. Currently, the 
most common features are two-level study programs (undergraduate and 
graduate) and the ECTS credit system (normally 60 credits per year), with 
the rest being more heterogeneous. Moreover, the ECTS system is not 
applied uniformly. For example, individual subjects may have the same 
ECTS credits but a significantly different number of teaching hours. For 
this reason, we attempted to present individual subjects in teaching hours 
rather than ECTS credits. In cases where the exact number of teaching 
hours was not mentioned in the curriculum, we made estimations based 
on other data.

The survey revealed that it is possible to study archaeology in a va-
riety of ways and programs, including at the same university (as a single 
subject, combined subject, in BA/BSc or MA/MScprograms, or as a spe-

2	 Peter Jordan, A subdivision of Europe into Larger Regions by Cultural Criteria. Unit-
ed Nations Group of Experts on Geographic names, Working Paper 48, Vienna 2005.

Figure 1. Map of the surveyed universities in six European regions (Southern Europe, 
South Eastern Europe, Central Europe, Eastern Europe, Western Europe, and Northern 
Europe; regionalization is based on the cultural-historical criteria of the Permanent 
Committee on Geographic Names).2
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cialization within other programs, such as history). To maintain as much 
coherence as possible, we examined STEM subjects in all archaeological 
curricula within the same university, faculty, or department, regardless 
of program specificities. In short, students in various archaeological pro-
grams at the same university are offered the same or a similar corpus of 
optional courses (STEM courses included).

We established a database of archaeological curricula that focuses on 
STEM or STEM-related courses, so we excluded other subjects. We were pri-
marily interested in the themes of the subject and the number of teaching 
hours. It was, however, impossible to cover all STEM-related courses. Some 
STEM content is “hidden” within broader courses such are Archaeological 
Methods, Research Methods, Field Methods, etc. A detailed examination of 
these subjects would be laborious and may not yield conclusive and compa-
rable results because the ratio and teaching hours of each “sub-subject” would 
not be possible to determine. For this reason, we omitted these courses.

Moreover, when comparing different BA/BSc or MA/MSc programs 
for their STEM contents, one should consider that undergraduate and 
graduate programs are not identical in length. For example, undergradu-
ate programs last three to four years, while graduate ones last one to two 
years; such differences may exist even in the same country.

Our paper did not intend to give definite statistics but rather descrip-
tive ones. The reasons for this were incomplete and fragmented data, 
which were difficult to “normalize” and compare, and also, the selection 
of universities was relatively arbitrary in cases of larger countries. Never-
theless, the intention was to identify the general structure and differences 
between various teaching systems, which can serve as an initial step for 
further, more detailed analyses.

From these “warnings” alone, it is quite clear how complex and het-
erogenous the educational landscape in Europe is, even for such a narrow 
area as archaeology. The organization of studies and the structure of their 
curricula reflect the influence of many factors, ranging from cultural (na-
tional) traditions, disciplinary traditions, the organizational structure of 
the universities or faculties, infrastructural capacities of the institutions, to 
personal preferences and influences of the leading scholars in academia. 
We are completely aware that our sample is not particularly representative, 
but the results provide us with at least a good preliminary assessment.

RESULTS

The results are presented from several perspectives of observation: a) 
geographic perspective (European, regional, national); b) disciplinary per-
spective (STEM content); and c) organizational perspective (how STEM is 



The Landscape of Stem Teaching in Heritage Sciences in Europe	 |  23

structured in curricula). These perspectives are intertwined, and the result 
is an interplay of factors from all three perspectives.

General overview

1. STEM content (and subjects) are present in archaeological curricula 
in all of the surveyed countries, but vary considerably (see “Regional situ-
ation” for more details). However, some countries have universities with 
archaeological curricula that do not, at least nominally, contain STEM 
content. In our survey, we encountered a few such cases.

2. STEM content and subjects are very heterogeneous. We are dealing 
with probably more than 60 different subjects here, which cover a wide 
range of STEM: physics, chemistry, biology, geodesy, physical geography, 
ecology, statistics, computing and informatics, remote sensing, and several 
engineering subjects. To simplify our survey’s findings, we divided them 
into 11 major groups:3

1.	 (A-ENV), Environmental group of subjects (environmental ar-
chaeology, ecological archaeology, etc.)

2.	 (BIO-A); Bioarchaeological group of subjects (i.e. study of various 
aspects of plant, animal, and human remains)

3.	 (GEO-A), Geoarchaeological group (geology, geomorphology, 
physical geography, geophysics, etc.),

4.	 (ANTHR), Anthropology (Physical Anthropology, Palaeoanthro-
pology, Human Osteology). We separated this group from Bio-
archaeology for “historical” reasons. Physical anthropology (ba-
sically osteology) has been present in most curricula for many 
decades, while bioarchaeology is of much more recent date and 
includes other topics and aspects of human biology.

5.	 (A-MET), Archaeometry
6.	 (A-QUANT), Quantitative methods (data science, statistics, etc.)
7.	 (A-REM), Remote sensing (aerial archaeology, satellite imagery, 

LIDAR...)
8.	 (GIS), (Geographic information systems, digital cartography, CAD)
9.	 (A-MATER), Study of materials and ancient technologies
10.	 (COMP), Computing (general, image processing, 3D modeling, etc.)
11.	 (OTHER), Other subjects

3	 One could rightfully argue that some of the groups overlap but in many cases the 
overlap is incomplete, and merging two or three groups into one would still leave 
certain areas unclassified. 
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3. Regarding teaching hours, STEM content is generally more fre-
quently taught at the graduate level (MA or MSC programs). According 
to data from our survey of 78 universities, there are, in total, 7.000–8.000 
teaching hours at the undergraduate level (three to four years) and 10.000–
12.000 teaching hours at the graduate level (one or two years) (Fig. 2).

However, roughly 20% of universities have more STEM content (i.e. 
teaching hours) in undergraduate programs. The reason for this seems to 
be the length of undergraduate and graduate studies. In the 4+1 system, 
the undergraduate level has more room for STEM. In contrast, curricular 
space at the graduate level is more restricted since a large part of gradu-
ate studies is dedicated to a MA/MSc thesis. There are also other reasons; 
some universities, for example, do not provide graduate courses in ar-
chaeology but include STEM content in undergraduate programs. Nev-
ertheless, STEM is generally taught more frequently and systematically in 
archaeology at the graduate level, most often because the graduate level 
is considered a specialized study in archaeology (specialization in STEM 
subjects included).

Figure 2. STEM subjects in teaching hours at undergraduate and graduate levels.
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4. If we combine data for undergraduate and graduate levels, two 
kinds of STEM content or subjects are the most prevalent in archaeologi-
cal curricula: bioarchaeological and geoarchaeological (Fig. 2). The domi-
nance of bioarchaeological content is even greater when combined with 
physical anthropology, which ranks third on its own. One reason for this 
is the broad area covered by bioarchaeology (humans, animals, plants), 
but also the evident rise in the importance of the “bioarchaeological” 
agenda in archaeology in recent decades. Similar reasons could be thought 
of in the case of geoarchaeological content. Other groups of content are 
more or less equally common, with the exception of remote sensing which 
is the least common content.

Another important finding from our survey is the heterogeneity of 
STEM content. The range of STEM content in archaeology is indeed ex-
traordinary. One could hardly find a STEM discipline that is not repre-
sented in archaeological curricula in Europe, making archaeology by far 
the most interdisciplinary of the humanities and social sciences. Despite 
regional differences (see below), in today’s circumstances of much faster 
and easier communication, increased student and research mobility, and 
research collaboration, there is a great potential for the specialization of 
archaeology students in many different fields, as well as collaboration with 
other sciences.

Regional situation

The survey revealed significant regional differences in the teaching of 
STEM content in archaeology. Though the figures are not entirely accurate, 
they still reveal some important facts. Two regions, specifically Central and 
Western Europe, stand out in terms of teaching hours. Northern and East-
ern Europe come third and fourth place with a similar number of teaching 
hours, followed by Southeastern Europe and South Europe (Fig. 3). Howev-
er, the data for Eastern Europe and, to some extent, Northern Europe should 
be taken with caution due to the small number of surveyed universities.

The regional distribution reflects at least two factors: archaeologi-
cal academic traditions, and, to a lesser extent, the relative “richness” of 
regional archaeology. The results were expected given the archaeological 
traditions and high values in Western Europe. The universities in this re-
gion have a long tradition of including STEM subjects in curricula, espe-
cially in their research activities, with several significant “centers of excel-
lence” being developed in the last decades. STEM teaching and research 
are probably the most expensive in archaeology and require costly infra-
structure, equipment, and numerous experts outside the core of archaeol-
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ogy. For these reasons, it seems reasonable to assume that the high relative 
frequency of STEM in teaching and research is also associated with the 
wealth of a country, region, or even a single university. But this can only 
be partly true, and it is more true at the regional than the national level.4

The very high values for Central Europe were surprising. Tradition-
ally, Central Europe was home to a culture-historical tradition in archae-
ology, which was not particularly STEM-oriented. However, in recent dec-
ades, a change in the nature of archaeology, or better put, a change in its 
agenda in Central Europe, has to do with the general globalization of ar-
chaeology, the highly increased mobility of scientists (and ideas), and the 
large intensification of communication, which, among other things, has 
brought an increase in STEM-related issues and technologies in Central 
European archaeology as well.

The other three regions – Northern, Southeastern, and Southern Eu-
rope – have, in general, two to three times fewer STEM teaching hours 
in their undergraduate and graduate curricula combined. These regions 
traditionally developed culture-historical approaches, but they differ be-
tween themselves. For example, in the Northern and Southeastern re-
gions, archaeology is similar to the one taught in Central Europe, while 

4	 We attempted a simple linear regression test. The average wealth of an adult person 
(per country) was considered an independent variable while the number of STEM 
teaching hours per country was the dependent variable. The results not only revealed 
the absence of any relationship between these two variables but strongly suggested 
that other variables must be at play. 

Figure 3. Regional distribution of STEM teaching hours at 
undergraduate and graduate levels combined. The figures are 
“normalized” (the mean values/university).levels.
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in Southern Europe, archaeology is more closely associated with classical 
studies, making its humanistic orientation even stronger. In addition to 
this, in Southern European countries, the undergraduate curricula that in-
clude archaeological courses are more general in their orientation. They 
include ancient and modern history, Latin and Greek languages, ancient 
art history, geography, and similar, so they do not have much space for 
more specialized archaeological courses or methods. Nevertheless, in the 
last three decades, the development of archaeology has pushed the disci-
pline to the STEM agenda. On the other hand, the revealed differences 
between Western/Central and Northern/Southeastern/Southern regions 
also reflect the core-periphery relationship, not in overall archaeology but 
in STEM-oriented archaeology.

A good illustration of the regional situation is presented in Fig 4. 
where values for undergraduate and graduate levels are displayed sepa-
rately. Besides the general trend of more hours spent at the graduate level, 
one can also see other regional differences. Again, the same regional trend 
occurs, but with some additional information, such as the low value for 
undergraduate studies in Southern Europe. The principal reason for this 
could be found in the tradition of teaching archaeology at this level. For 
example, in Italy, archaeology at the undergraduate level is part of a more 
general curriculum in humanities and the classics, and archaeology can be 

Figure 4. Regional distribution of STEM teaching hours at 
undergraduate and graduate levels. The figures are “normalized” (the 
mean values/university).
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specialized only at the graduate level. Moreover, in Spain and Greece, ar-
chaeological subjects in BA curricula are frequently combined with other 
classical and humanities subjects (i.e. Greek, Latin, History, Art History, 
etc.). It is therefore not surprising that the value of STEM subjects is three 
times higher at the graduate level.

Figure 5. Regional distribution of the types of STEM subjects in teaching hours at 
undergraduate level. The figures are “normalized” (the mean values/university).

Figure 6. Regional distribution of the types of STEM subjects in teaching hours 
at the graduate level. The figures are “normalized” (the mean values/university).
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The regions also differ in the types of STEM courses their universities 
offer (Figs. 5 and 6). Here again, Western and Central Europe stand out 
in terms of the “total coverage” of STEM fields. As for Northern Europe, 
it should be noted that in most curricula, STEM is part of general courses 
(e.g. Archaeological Science), making it difficult to find individual courses 
like in other regions.

The situation is much clearer at the graduate level. However, all sub-
jects are present in all regions, including South Europe, despite the small 
numbers for STEM at the undergraduate level. Compared to the undergrad-
uate level, the heterogeneity of STEM courses at the graduate level is greater. 
Practically all regions’ curricula contain all 11 groups of STEM disciplines.

STEM-oriented graduate degrees

The map with STEM-oriented degrees is presented in Fig. 7. At the 
undergraduate level, such degrees are possible only in Great Britain at all 
of the five universities surveyed.

The number of STEM degrees is much higher at the graduate level. 
These degrees are available in seven countries. Great Britain has very spe-
cialized STEM-oriented degrees. However, if one university offers various 
MSC courses in “STEM-oriented archaeology” they normally have up to 
half of the subjects in common.

In contrast, in other countries, these degrees have more general 
names but can include numerous modules covering many STEM areas 

Figure 7. Universities with STEM-oriented degrees in archaeology (survey data).
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(e.g. Tuebingen, Paris I, Leiden). They are mostly found in Western and 
Central Europe.

Two such degrees exist in Southeastern Europe, but they are more 
specialized than general.

Distribution by country

Given that the sample size of universities is only partly representative, 
the ranking and values from Fig. 8 should be regarded with caution. The 
countries are listed in declining order of the number of STEM teaching 
hours: some previously observed trends were expected to be confirmed at 
the national level as well. It seemed logical that the general frequency of 
STEM content at the national level would reflect tendencies at the regional 
level.

At present, the first 15 places (top 50% of the countries) are occu-
pied by five universities from Central Europe, four from Western Europe, 
two from Southeastern Europe, two from Southern Europe, one university 
from Northern Europe, and one from Eastern Europe.

Figure 8. Total STEM teaching hours per individual country (survey data).
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Conclusion

The primary aim of our survey was to gain an initial understanding 
of the “educational landscape” in archaeology with regard to STEM-relat-
ed content. The findings were meant to open a discussion rather than pro-
vide definite conclusions. Although the sample of universities is not par-
ticularly systematic, we believe it is large enough to allow for some general 
ideas based on the discovered educational landscape.

Firstly, of all of the “core” heritage disciplines, archaeology has by far 
the most STEM content in terms of both the quantity and diversity of such 
content. This clearly demonstrates how interdisciplinary archaeology was 
and continues to be, and how flexible it is in including methodologies and 
techniques from other sciences in its teaching and research processes. One 
of the primary reasons for this is the nature of the object of archaeological 
research – material remains and material contexts in which these remains 
exist, from micro to macro levels of observation. In order to understand 
the structure, origin, technology, function, effects, relationships, and all 
other pertinent aspects of the observed (material) objects and phenome-
na, archaeology simply had to include knowledge and methods from other 
disciplines, STEM disciplines included. Another reason lies in the require-
ments of the archaeological recording process. Pertinent archaeological 
objects appear in very different forms, sizes, and states, which require the 
use of advanced recording technology, especially digital technology.

Our second conclusion is about the most recent developments in ar-
chaeology. Though we lack comparable data for archaeological curricula 
from 30 years ago, the change in curricula is obvious, at least indirectly, 
in the trends and topics in academic publications. It would be interesting 
to compare today’s situation to that of the “pre-digital” period, for exam-
ple, the 1980s, for which we believe the regional and national differences 
would be even greater. Nevertheless, the fact is that archaeology has seen a 
large transformation in recent decades, especially owing to the expansion 
of its research with STEM knowledge.

If we are interested in the development of a discipline, university cur-
ricula are a good place to look for “stability.” While the developmental dy-
namic in research domains is much greater, new ideas come and go at a 
very fast speed, but the process of changing or upgrading the curriculum 
is much slower due to various non-disciplinary factors. It greatly depends 
on factors such as the organization of university studies, infrastructure, 
tradition, regulations, etc. But once the new topics are included in the cur-
ricula, especially at the undergraduate and graduate levels, this means that 
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they have already been in effective use in the research domain and proved 
valuable, becoming routinized in research practice.

Our fourth conclusion concerns the employability of archaeology stu-
dents. Though not all students take all STEM courses available at their 
university or country, they can, in general, obtain a relatively large corpus 
of specialized knowledge and skills in various STEM fields. In addition to 
this, they became acquainted with different methodologies, if not episte-
mologies. By definition, this increases their chances in the labor market, 
not only within archaeology but also significantly beyond. If we also add 
to this the specific soft skills obtained during their studies, such as deal-
ing with stressful practical project work, teamwork, logistic and organiza-
tional problem-solving abilities, etc., their chances can be very high. How-
ever, the principal problem is with the employers. Our survey did not look 
into this aspect, but based on our experiences, the majority of potential 
non-archaeological employers do not understand the profile of an archae-
ological graduate. Their views on archaeologists are still very simplified 
and traditional. Though this is a separate problem that goes beyond the 
scope of our survey, it is worth reflecting on when designing curricula. 
It is about showing and proving the relevance of archaeology at all levels.

Our survey did not compare “typical” archaeological subjects with 
STEM courses. This would require a significant amount of additional 
work, and the great differences in the organization of university studies 
would further complicate the situation, making it even more difficult to 
understand the influence of all determining factors. At present, this is best 
done at the national level, where universities are governed by the same 
legislation and have similar academic traditions.
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TRANS-DISCIPLINARY NATURE 
OF HERITAGE STUDIES

Tatjana Cvjetićanin

The main objective of the HERISTEM – STEM in Heritage Sciences 
strategic partnership project is to advance the university curricula in her-
itage disciplines by the systematic incorporation of STEM knowledge in 
education and research in heritage disciplines, based on archaeology and 
archaeological heritag.1 Leaving aside problems and concerns related to 
STEM inclusion, I would like to address an issue concerning heritage and 
heritage studies; specifically, are heritage studies acknowledged as a new 
discipline and how are they currently taught? The focus is on universities 
from the Balkans included in the project.

The starting point will be to define heritage. One of the explanations, 
taken from the UNESCO glossary, states: Cultural heritage includes ar-
tefacts, monuments, a group of buildings and sites, museums that have a 
diversity of values including symbolic, historic, artistic, aesthetic, ethnologi-
cal or anthropological, scientific and social significance. It includes tangible 
heritage (movable, immobile and underwater), intangible cultural heritage 
(ICH) embedded into cultural, and natural heritage artefacts, sites or monu-
ments.2 It is commonly seen as a legacy or inheritance from the past, a 
bridge between past and future, which we in the present handle in specific 
ways. But is it really that simple? In yet another UNESCO publication, it 
is stated: Cultural heritage is, in its broadest sense, both a product and a 
process, which provides societies with a wealth of resources that are inherited 
from the past, created in the present and bestowed for the benefit of future 
generations (Alonso and Medic 2014, 130). “Process” is the key word here. 
Heritage is thus a concept in constant development (Smith 2004; Winter 
2013; Abu Khafajah and Badran 2015).

1	 https://www.heristem.edu.rs/
2	 https://uis.unesco.org/node/3079731



34  |	 Tatjana Cvjetićanin

Heritage is a version of the past received through objects and display, 
representations and engagements, spectacular locations and events, memo-
ries and commemorations, and the preparation of places for cultural pur-
poses and consumption. Collectively, these ‘things’ and practices have played 
a central role in structuring and defining the way heritage is understood 
within academic debate, public policy... (Waterton and Watson 2015, 1–17). 
In short, heritage is constructed as an object of knowing in cultural, lei-
sure or tourism, and academic practice (Smith 2006, 13), and as such has 
conceptual and material consequences. The most influential are heritage 
concepts of governing bodies and heritage professionals (cf. Smith 2006; 
Willems 2014), whose added values to particular tangible and intangible 
elements of the past, often changeable, impact heritage policies and herit-
age management, public heritage literacy, involvement of various stake-
holders, and heritage teaching, including higher education curricula.

Even though heritage studies are recognized as an important discipli-
nary and educational field, defining heritage teaching programs remains a 
challenge, and questions such as “what frames the discipline,” what should 
be the focus of heritage curriculum, and how to create a ”balance between 
research and transferable skills” are critical for many in higher education 
(Willems et al. 2018). An analysis of a number of existing programs – 
mostly those connected with archaeology as the central discipline of the 
HERISTEM project – shows that the majority focus on archaeological 
heritage management education (Willems et al. 2018, 298–300).

In recent decades, the concept of archaeological heritage management 
(AHM) has grown in importance in archaeology, especially for the safe-
guarding of archaeological resources/assets. Increased interest in the past 
manifested itself in the heritage boom, the heritage industry, and cultural 
tourism, shaping heritage not only as a social but also a vital economic 
capital (cf. Hewison 1987; Urry 1990; Lowenthal 1998). Managing archae-
ological heritage has developed into a significant field in its own right, 
comprising a variety of activities; it is now more than just archaeology. 
While research and fieldwork are essential parts of AHM, other activities 
are also included, such as stewardship (entailing responsible and sustaina-
ble management and administration, planning, risk and value assessment, 
monitoring), legislation, conservation, safeguarding, interpretation, pres-
entation, promotion, stakeholder management, community interaction, 
participatory processes, and tourism (cf. Willems et al. 2018, 298). Among 
the covered areas are policy development, recognition of political dimen-
sions of heritage, recognition of different dangers to heritage, recognition 
and inclusion of different perspectives, and ethics. In short, heritage pro-
fessionals must possess diverse knowledge and skills.
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And how is AHM or heritage management taught in Balkan univer-
sities involved in the HERISTEM project? Or heritage studies generally? 
Who are we educating? Who are we creating curricula for?

Most people employed in heritage institutions in the region, particular-
ly those concerned with monument protection, typically have an academic 
background in archaeology, architecture, art history, and painting conser-
vation, whereas in complex museums, history, archaeology, anthropology, 
ethnology, and art history prevail. Here are some examples of heritage edu-
cation associated with those disciplines that illustrate the current situation:

1. University of Belgrade, Faculty of Philosophy
The Department of the History of Art offers undergraduate museol-

ogy courses. At the graduate level, MA and Ph.D. titles can be acquired 
at the Center for Museology and Heritology.3 The Center was established 
in 2010, recognizing that the current placing of these studies (problems of 
heritage and museum practice, comm. by author) within the framework of 
traditional humanistic and social sciences is ineffective.4

The Department of Archaeology has only one course – Archaeology 
and the Public – at the undergraduate level where part of the course is 
dedicated to archaeological heritage and AHM.5

2. University of Ljubljana

The Faculty of Arts, Department of Archaeology is the only one of 
the involved universities to have Archaeological Heritage Management at 
the graduate level.6

The Faculty of Chemistry and Chemical Technology has the Heritage 
Science Unit at the Centre for Research Infrastructure,7 which “provides 
researchers and experts from various domains (natural and other sciences, 
engineering and technology, arts and humanities) an interdisciplinary ap-
proach to solving problems in the field of heritage science.”8

3	 http://www.cmih.rs/o-centru/
4	 Issues of archaeological heritage or AHM are very rarely studied, and in the Centre, 

from 16 specialists, 14 are art historians: http://www.cmih.rs/saradnici/
5	 https://www.f.bg.ac.rs/arheologija/silabusi?IID=3466&nivo=1
6	 https://arheologija.ff.uni-lj.si/en/2nd-cycle-archaeology
7	 https://www.fkkt.uni-lj.si/en/research-infrastructure/enota-za-dediscinsko-znanost-

e-rihssi/
8	 https://www.e-rihs.si/ Heritage science unit understands their field as the interdisci-

plinary domain of scientific study of cultural and natural sciences. It can be seen as 
STEM in the heritage studies.
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3. University of Sarajevo, Faculty of Philosophy

The Department of Archaeology from 2022/23 has one course at the 
undergraduate level – Conservation – covering topics concerned with her-
itage management, especially safeguarding and preventive conservation.9

The Department of the History of Art offers the course Museum The-
ory and Practice, also at the undergraduate level.10

4. University of Zagreb, Faculty of Philosophy 
(Humanities and Social Sciences)

The Department of Information and Communication Sciences has 
the course Museology and Heritage Management at the graduate level.11

This overview of heritage-related courses reveals how heritage is 
viewed, and how heritage studies are typically recognized and assigned 
to archaeology (sites, immovable structures, movable finds) and/or art 
history (immovable edifices, monuments, museums), in accordance with 
former – outdated – academic traditions. The exception is the University 
of Zagreb, where heritage studies are treated as a communication disci-
pline, probably recognizing the important role of mediation for heritage 
professionals. Courses mostly cover museology, to a lesser extent heritage 
governing, and occasionally conservation, cultural economy, and heritage 
tourism. Even the more common heritage management education is clear-
ly lacking in curricula. Only one university – the University of Ljubljana 
–offers MPhil or Ph.D. in AHM.

Concerning the skills required from current heritage professionals, 
there is a significant gap between what heritage management, or specifi-
cally AHM, requires, and the formal training that students of tradition-
al heritage disciplines, in this case, archeologists, receive (Willems et al. 
2018, 302). The need for heritage management education at several Bal-
kan universities is obvious. But what should these programs include? And, 
to ask the key question of the HERISTEM project, how to overcome chal-
lenges and incorporate STEM into heritage studies? If heritage studies do 
not currently have a defined profile, this can actually be an opportunity 
rather than a setback.

Looking into existing heritage studies outside the region, two ap-
proaches generally dominate: one emphasizing the social and political 

9	 https://www.ff.unsa.ba/files/22_23/silabusi/Arheologija-sy.pdf
10	 https://www.ff.unsa.ba/files/22_23/silabusi/Historija-umjetnosti-sy.pdf
11	 https://inf.ffzg.unizg.hr/images/Programi20212022/StudiesAndCourses_2021_2022.

pdf (39-46)
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value of heritage, and the other emphasizing STEM application, often ti-
tled heritage science. The example of the first one are topics pertinent to 
the Cambridge Heritage Research Centre, which include subjects such as 
heritage, identity, and migration, or the role of heritage in conflict and 
post-conflict situations, or theorizing and applying the tangible/intangi-
ble heritage distinction. The Cambridge Heritage Research Centre brings 
together Departments and Faculties from a variety of disciplines across the 
University.12 Not surprisingly, there are areas where STEM is easily ap-
plied, such as heritage, methodologies, and fieldwork.

On the other hand, the definition of heritage science accentuates that 
it is the interdisciplinary domain of scientific study of cultural or natural 
heritage.13 Does this imply that heritage studies are not scientific, or that 
science is reserved just for STEM? It seems like a division into those who 
know how to conduct research and those who simply use results, without 
a real understanding of the multidisciplinary and trans-disciplinary po-
tentials of heritage research.

For me, the approach and model of a heritage research center that sup-
ports and enables heritage studies from the standpoint of various disciplines, 
but under one umbrella/authority, is heritage education that does not lose 
sight of the complexity of heritage and, especially, the conceptual and mate-
rial consequences of selected research theories and methods. These are thus 
heritage studies that build upon the knowledge of various disciplines, those 
traditionally associated with heritage as well as those that have recently been 
recognized as valuable for a deeper understanding of heritage features and 
the betterment of heritage. Trans-disciplinary heritage (management) edu-
cation and the development of new professional skills suggest further col-
laborative practices, such as joint teaching programs. As diversity is one of 
the potential strengths of archaeology, so are heritage studies.
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MAKING ROOM FOR ANIMALS: THE 
DEVELOPMENT OF ARCHAEOZOOLOGY 

WITHIN SERBIAN ARCHAEOLOGY

Vesna Dimitrijević 
Sonja Vuković 

Ivana Živaljević

Introduction

Every discipline benefits from a reflexive stance and an overview of 
the history of ideas and practices that shaped it. In the case of the emer-
gence and development of archaeozoology in Serbia, this is especially rele-
vant given its later incorporation into mainstream archaeology, its history 
that is still being written, and its particular object of study which makes 
it uniquely positioned in the Nature-Culture divide, one of the grand nar-
ratives of Modernist thought. To some extent, its later inclusion in this 
particular context coincides with the so-called “Third Science Revolution” 
in archaeology (Kristiansen 2014), as well as calls for an intellectually en-
gaged, collaborative, and confident archaeology that does not lose sight of 
its humanist perspectives and explicitly addresses the epistemologies of 
such interdisciplinary collaborations (Nilsson Stutz 2018).

As a discipline dedicated primarily to the study of animal remains 
(bones, teeth, antlers, horns, scales, shells) from archaeological sites, ar-
chaeozoology has historically fluctuated between natural sciences and 
humanities, between empirical and interpretative approaches. Although 
the establishment of archaeology in Serbia in the second half of the 19th 
century owes as much to geology, palaeontology, anthropology, and bi-
ology as it does to history, architecture, philology, and the history of art 
(Novaković 2021; Srejović 1992), the later dominance of cultural-historical 
approaches led to the marginalization of the study of the “natural” world, 
as opposed and separate from the human domain. Following global trends 
and the emergence of the science-based “new” or processual archaeology 
from the mid-20th century onwards, the first archaeozoological reports, 
mostly by foreign specialists and resulting from international collabora-
tive projects, slowly started to find their way into Serbian archaeology. 
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Although these studies paved the way for scholarly interest in animals and 
their remains from archaeological sites, in the early stages they comprised 
little more than supplements to archaeological monographs, and seldom 
played a prominent role in the interpretation of the past. The disciplinary 
divide, based on the strict separation of the human from the non-human, 
implied that not only should faunal remains be treated and published 
separately from artefacts, architectural features, and burials, but that such 
projects should be undertaken by different specialists and communicated 
in a different scholarly language. Thus, the possibility for interdisciplinary 
dialogue and mutual understanding were greatly hindered (Žakula and 
Živaljević 2018; Živaljević 2013).

The last few decades of the 20th century witnessed a greater number 
of foreign archaeozoologists working on faunal remains from sites in Ser-
bia, the emergence of the first local specialists (mostly from a biological 
background), and a growing recognition of the importance and necessity 
of integrating archaeological and archaeozoological research through the 
education of archaeologists. In this paper, we provide an overview of the 
fairly short but lively history of archaeozoological research in Serbia and 
reflect on how local archaeology, historically focused on human societies 
in its field of study, eventually made room for animals.

The history of archaeozoology in Serbia: 
theoretical and methodological underpinnings

The first snippets of information on faunal remains, including an ob-
servation regarding their relevance for the reconstruction of past environ-
mental conditions, can be found in the 1931 Vinča–Belo Brdo excavations 
field diary of Miloje Vasić1, the first professional archaeologist in Serbia 
and a professor of archaeology at the Faculty of Philosophy in Belgrade. 
However, there was no further mention of them in any of Vasić’s pub-
lications, and the animal bones unearthed during his numerous excava-
tion campaigns, considered of lesser or no importance at the time, were 
entirely discarded (Dimitrijević 2008b). The 1931 excavations of the site 
of Starčevo-Grad, led by Miodrag Grbić from the National Museum in 
Belgrade and Vladimir Fewkes from Harvard University, were the first to 
include the collection of animal bones, which were subsequently trans-
ported to the Peabody Museum to be studied (Clason 1980). Yet, such 
practices were still few and far between, and the archaeological commu-
nity in Serbia was to wait another 38 years for the publication of the first 
archaeozoological report.

1	 We thank Aleksandar Palavestra for bringing this information to our attention.
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According to the prominent Serbian archaeologist Milutin Garašanin, 
this was due to the evident lack of bone specialists in Serbia, but the os-
teological material eventually came to be carefully collected “for the better 
times to come” (Babić and Tomović 1996, 64). It is worth noting that in 
his later years, Garašanin explicitly singled out archaeobotany and archae-
ozoology as extremely valuable (although he personally, like many other 
archaeologists at the time, did not include them in his research), believing 
interdisciplinarity to be “the basic element of work of every archaeologist” 
(Babić and Tomović 1996, 44). A greater scepticism about archaeologi-
cal sub-disciplines stemming from natural sciences was expressed in the 
works of Dragoslav Srejović, another eminent Serbian archaeologist, who 
felt that “new” or processual archaeology tends to approach humanity as 
“a physical fact, knowable only via scientific methods” (Srejović 1992, 9). 
According to Srejović (1992, 9–10), such approaches marginalize culture 
(e.g., religion, art, or ideology), and instead produce “archaeological cook-
books,” “long lists of plant and animal species and raw materials that man 
used, statistical tables of the various physical-chemical dating methods,” 
and “reduce the archaeologist to a collector of samples for laboratory anal-
ysis,” i.e., for other specialists to study and interpret.

It is quite contradictory, then, that archaeozoology was first intro-
duced into Serbian archaeology during the collaboration of Srejović and 
Sándor Bökönyi, a Hungarian specialist in veterinary science and mam-
mal osteology. A prolific scholar with an international reputation, and one 
of the leading figures in the establishment of ICAZ2 (Bartosiewicz and 
Choyke 2002), Bökönyi was invited to study the faunal assemblage from 
the Mesolithic-Neolithic site of Lepenski Vir, whose discovery in 1965, in 
turn, brought international recognition and particular scientific author-
ity to Srejović. Bökönyi’s results, in the form of a short report with an 
overview of the distribution of animal taxa, were published first as a sup-
plementary to Srejović’s monograph on Lepenski Vir (Bökönyi 1969), and 
shortly after as a standalone paper in Science (Bökönyi 1970). The two 
scholars were to collaborate again, in the publication of the monograph 
dedicated to the 1970–1971 excavations of the Mesolithic site of Vlasac, 
led by Srejović and Zagorka Letica. The monograph was divided into two 
volumes, with the first, written by Srejović and Letica (1978) titled Ar-
chaeology, and the second, including the contribution by Bökönyi (1978) 
and other specialists titled Geology – Biology – Anthropology. The underly-
ing principle was that faunal remains and other features of the “natural” 
world were to be published separately from architectural features, burials, 

2	 The International Council of Archaeozoology, https://www.alexandriaarchive.org/
icaz/

https://www.alexandriaarchive.org/icaz/
https://www.alexandriaarchive.org/icaz/


42  |	 Vesna Dimitrijević, Sonja Vuković, Ivana Živaljević

and artefacts. The lack of interdisciplinary dialogue was palpable, e.g. with 
structurally deposited animal bones in human burials often mentioned in 
the first volume (but with no information on the species from which they 
originated or potential traces of modification), and with detailed descrip-
tions of particular bone specimens (taxonomic identification, skeletal ele-
ment, taphonomy, biometric data) in the second volume, with no infor-
mation on their context. The “walls” separating the domains of Nature 
and Culture still stood firmly.

In the years to come, Bökönyi went on to analyze a number of faunal 
assemblages in Serbia and former Yugoslavia. The majority of them origi-
nated from prehistoric sites such as Ludoš-Budžak, Nosa-Biserna Obala, 
Mihajlovac-Knjepište, Divostin, Vinča-Belo Brdo, Mokrin, Kalakača, 
and Gradina na Bosutu (e.g. Bökönyi 1974; 1984; 1988; 1991; 1992; for a 
more detailed review see Stojanović and Bulatović, 2013), indicating that 
archaeozoology’s major contribution was related to questions about the 
transition from a forager to a farming lifestyle and the introduction and 
development of animal husbandry, although some Roman sites were also 
included in his research (e.g. Dumbovo, Bökönyi 1976; see also Vuković-
Bogdanović 2017). Moreover, the inclusion of archaeozoological analyses 
undertaken by Bökönyi and the subsequent foreign archaeozoologists was 
closely associated with large-scale international projects (such as Divostin) 
and the growing internationalisation of Yugoslav archaeology following 
the “turn” towards the West during the 1950s and 1960s (Novaković 2021).

In the last decades of the 20th century, the number of international col-
laborative projects and relevant foreign bone specialists working in Serbia 
proliferated. Particularly noteworthy in this respect were Dutch archaeo-
zoologists Anneke Clason and Dick Brinkhuizen, Canadian archaeozoolo-
gist Haskel Greenfield, British archaeozoologist Anthony Legge, Ameri-
can archaeozoologist Nerissa Russell, and, in the first decade of the 21st 
century, British archaeozoologist David Orton (for a detailed review see 
Stojanović and Bulatović 2013, and references therein). Following the par-
ticular development of archaeozoological research in Serbia and elsewhere, 
i.e. its particular relevance to prehistory, these authors mainly engaged in 
the analysis of faunal assemblages from Mesolithic, Neolithic, Bronze, and 
Iron Age sites. Clason conducted the analysis of animal remains from the 
Late Iron Age site of Gomolava (Clason 1979) and Mesolithic-Neolithic 
Padina and the Early-Mid Neolithic site of Starčevo-Grad (Clason 1980), 
with a particular focus on the diversity of taxa, their habitat, ageing of 
specimens, and a discussion on the advent of animal husbandry. A greater 
emphasis on the contextualization of animal remains, their relationship to 
architectural features and site seasonality in the Early Neolithic, as well as 
animal mortality profiles indicative of particular husbandry strategies and 
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the emergence of transhumant pastoralism in later prehistory, was notable 
in the works of Greenfield (Arnold and Greenfield 2006; Greenfield 1986; 
1994; 2006; 2008; 2014; Greenfield and Greenfield 2014), who analyzed 
the assemblages from the sites of Hajdučka Vodenica, Blagotin, Bukovačka 
Česma, Petnica, Novačka Ćuprija, Ljuljaci, and Vrbica, among others. Rus-
sell (1993; 1999) and Orton (2008; 2012) made significant contributions 
to the study of the Late Neolithic in the region, namely by looking into 
the economic and symbolic role of wild and domestic animals, patterns of 
deposition of faunal remains, taphonomy and associated human activities, 
with case studies from Opovo, Gomolava, and Petnica.

This period also witnessed the emergence of the first local animal 
bone specialists. Svetlana Blažić, a biologist employed from 1975 in the In-
stitute for Nature Conservation in the Vojvodina Province and a collabo-
rator in archaeological projects of the Museum of Vojvodina in Novi Sad, 
joined the museum staff in 1990, becoming the first professional archaeo-
zoologist in Serbia. Her work, mainly focused on taxonomic identification 
and biometric data, included a great number of faunal assemblages from 
various sites and periods (from the Neolithic to the medieval), such as 
Golokut-Vizić, Donja Branjevina, Zlatara-Ruma, Feudvar, Đepfeld, Kale-
Krševica, Vranj, Ras-Gradina, and many more (Blažić 1984–1985; 1995; 
1999; 2005a; 2005b; 2005c). As of 2010, she was succeeded by biologist 
Darko Radmanović in the position of archaeozoology specialist in the 
Museum of Vojvodina, who, jointly with Blažić, is credited for providing 
several synthetic works on the diachronic changes in the taxonomic com-
position of archaeozoological assemblages (e.g. Radmanović et al. 2014). 
In addition, two other museum institutions in Serbia – the Museum of 
Srem in Sremska Mitrovica and the Regional Museum Jagodina – cur-
rently employ specialists engaged in the analysis of archaeozoological ma-
terial: Dragana Nedeljković and Nevena Cvetković respectively, both pal-
aeontologists by education.

At the turn of the century, the need for training archaeozoologists and 
a greater integration of archaeology and animal bone studies was recog-
nized. This was set in motion by one of the authors of this paper – Vesna 
Dimitrijević – a specialist with both palaeontological and archaeological 
backgrounds. Initially employed at the Faculty of Mining and Geology in 
Belgrade (from 1983) and involved in the analysis of a number of faunal 
assemblages from Pleistocene cave deposits, she went on to join the De-
partment of Archaeology of the Faculty of Philosophy in Belgrade, first as a 
guest lecturer (2003) and then as a full professor (2007). Thus, a new phase 
of Serbian archaeozoology began, one of crucial importance for its further 
development: its inclusion in the archaeology curricula and the emergence 
of archaeozoologists with a primarily archaeological background.
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Archaeozoology in the curricula of the  
Departement of Archaeology, Faculty of Philosophy, 

University of Belgrade

For the development of any science or scientific discipline in a par-
ticular region, it is very important that it is included in the educational 
system. This importance is twofold: firstly, because it provides all students  
– and therefore future experts and project leaders – with particular spe-
cialist knowledge that they can employ as an integral part of the field of 
research, i.e. archaeology. When this is not common practice, many future 
archaeologists will not fully recognize that animal remains are important 
for study, will not collect faunal remains during excavations, and will not 
include their analysis in projects. Another important benefit resulting 
from the introduction of archaeozoology into the curriculum is education 
at higher levels of study, which allows for the formation of experts who 
will conduct research within the discipline and further develop it. When a 
particular discipline is not represented in the curriculum, even when rep-
resented by high-quality active experts, it does not have the opportunity 
to expand and develop, and it often shuts down once individual research-
ers cease working.

The teaching in the field of archaeozoology in Serbia is linked to the 
Department of Archaeology of the Faculty of Philosophy, University of 
Belgrade, as the only place where comprehensive teaching in archeology 
takes place and where a degree in archeology can be obtained. Apart from 
that, the Department of History of the Faculty of Philosophy at the Uni-
versity of Novi Sad offers only individual courses in archeology. In this 
respect, Serbia differs from many other countries in Europe and the re-
gion in that it has a single center dedicated to teaching archaeology. This 
certainly has its downsides, but it also has its upsides, namely the concen-
tration of knowledge and expertise which enables the development of sub-
disciplines. This would hardly be possible in a smaller department, which 
could only aspire to provide the basic knowledge and skills in archaeology.

Archaeozoology was first introduced into the curriculum of the De-
partment of Archaeology through the course Environmental Archaeology 
at the undergraduate (bachelor) level. This course changed its name sev-
eral times, first titled Archaeology and the Natural Environment, then Ar-
cheology and the Environment, and finally Environmental Archaeology. It 
was primarily introduced to provide students with the knowledge neces-
sary for Palaeolithic research, with a focus on the chronology and stratig-
raphy of the Quaternary period, the characteristics of the climate and the 
living world in the Pleistocene epoch, as well as the methods for study-
ing Pleistocene deposits. Several lectures in this course were dedicated to 
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Quaternary fauna and the methods for studying animal remains from ar-
chaeological sites. As of 2004, Environmental Archaeology has become a 
two-semester compulsory subject, which students take in their third year 
of study. The first semester of the course retained most of the topics from 
the previous one-semester course, and the second semester became en-
tirely dedicated to archaeozoology.

This fulfilled the first condition for the development of the discipline, 
namely that all students become familiar with the subject and the aims of 
archaeozoology, and that graduated experts treat archaeozoological analy-
ses as an integral part of archaeological research.

The second goal was achieved in the following accreditation cycle, 
which began in 2006–2007, when doctoral-level teaching under this cur-
riculum began.

Students were given the option of majoring in archaeozoology as part 
of their doctoral studies. In addition, three optional courses (Bone Tools, 
Taphonomic Analysis of Archaeozoological Material, and Archaeofaunae of 
Serbia) were introduced, to provide students who have opted for archaeo-
zoology as a major with a breadth of knowledge and specific skills neces-
sary for studying animal remains, and to allow other archaeology students 
to become familiar with faunal analysis relevant for their study field.

In the next accreditation cycle, from 2009, archaeozoology was also 
introduced as the main subject at the master’s level (as the course Method-
ology of Archaeozoological Research II). At the undergraduate level, Archae-
ozoology was separated from the two-semester Environmental Archeology 
course, becoming a mandatory one-semester course. In the same accredi-
tation cycle, optional courses were introduced at the undergraduate level, 
which had multiple positive effects: it provided interested students with an 
opportunity to become familiar with archaeozoological material and the 
methods of its study through practical work, and it also attracted a larger 
number of students who chose archaeozoology as the main focus of their 
master’s and doctoral studies.

The introduction of optional courses at an undergraduate level 
(Methodology of Archaeozoological Research and Bone Tools) in the same 
accreditation cycle, gave students the opportunity to work on the origi-
nal archaeozoological material, to touch and observe faunal specimens 
first-hand, and thus learn about and practice the identification of animal 
bones, determining which animal and which part of the skeleton the frag-
mented specimen originated from. Since the practical part of the work 
is considered the most important in these courses, they are organized 
with a high number of classes, with an emphasis on practice (one hour 
of lectures and four hours of practice). Such a large fund of lessons was 
established because it takes time to prepare the material and even to begin 
archaeozoological analysis. The same formula was more or less applied to 
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the later introduced optional courses in archaeozoology. The main goal 
of the Bone Tools course is for students to recognize anthropogenic and 
non-anthropogenic changes on bones, to distinguish the type of anthro-
pogenic modification and/or the type of artefact, as well as to recognize 
the traces of use and manufacture on raw materials and artefacts. The ma-
terial that students work on during practical classes consists of collections 
from archaeological sites. The priority is given to sites where the collec-
tion includes semi-finished products and fragments discarded during pro-
duction, i.e. all specimens with traces of manufacture and use, regardless 
of whether they represent artefacts in a strict sense. Up to this point, the 
teaching of this course included the collections of bone objects from the 
sites of Vinča-Belo Brdo, Čurug-Stari Vinogradi, and Viminacium.

The teaching at the undergraduate level was enriched in the 2014 ac-
creditation cycle with three new optional courses (Application of Biomo-
lecular Analyzes in Archaeozoology: DNA and Stable Isotopes, People and 
Animals in the Past on the Territory of Serbia: the Interpretation of Biomet-
ric Data, and Palaeolithic Archaeozoology).

Finally, in the latest accreditation cycle, which started in 2021, the 
undergraduate compulsory course  Archaeozoology  has been expanded 
and extended to a two-semester course. In the same year, the first book 
dedicated to archaeozoology was published in Serbian, titled  Arheozo-
ologija: uvod u studije zajedničke istorije ljudi i životinja (Archaeozoology: 
The Introduction to the Studies of Shared History of Humans and Animals) 
(Dimitrijević 2021b), aimed primarily at students and archaeologists in-
terested in broadening their knowledge on the subject.

From 2015 to 2022, eight PhD dissertations in the field of archaeozo-
ology were defended (Sonja Vuković, Stefan Milošević, Ivana Živaljević, 
Jelena Bulatović, Nemanja Marković, Ivana Dimitrijević, Teodora Radišić, 
and Teodora Mladenović) and 16 master theses (Stefan Milošević, Jele-
na Bulatović, Tamara Blagojević, Vuk Koldžić, Nemanja Marković, Igor 
Marjanović, Teodora Mladenović, Teodora Radišić, Dušan Palić, Jovana 
Janković, Maja Kokanović, Dimitrije Marković, Mladen Mladenović, Na-
stasija Radovanović, Bojana Zorić, and Danica Grujić).

Research themes

Archaeozoologists working in Serbia study various topics, which are 
nowadays firmly incorporated into broader archaeological interpreta-
tions. The study of animal bones from the Middle and Upper Palaeolithic 
sites showed the remarkable diversity of taxa and habitats (Dimitrijević 
1991; 1997; 1998; 2021c; Dimitrijević et al. 2014; Dimitrijević et al. 2018; 
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Roksandić et al. 2011). The taphonomical aspects of research enabled a 
better understanding of the nature of animal remains accumulation, as 
well as of hominin behavior (e.g. Borić et al. 2022; Marín-Arroyo 2014; 
Mihailović et al. 2022; Stiner et al. 2022), while also inciting questions 
about the competition between humans and carnivores (e.g. Dimitrijević 
2011; Milošević 2020). Furthermore, the Pleistocene mammals from cave 
deposits in Serbia have been taxonomically, morphologically, and metri-
cally well studied, contributing to the knowledge of the taxonomic posi-
tion and paleobiology of particular species, such as cave bears (Cvetković 
and Dimitrijević 2014), cave hyaenas (Dimitrijević 2011), and horses 
(Forsten and Dimitrijević 2004).

The research of animal remains from Mesolithic-Neolithic sites in 
the Danube Gorges (Lepenski Vir, Vlasac, Padina, Hajdučka Vodenica, 
Kula, Mihajlovac-Knjepište) addressed questions of subsistence strate-
gies (Bökönyi 1970; 1978; 1992; Borić and Dimitrijević 2005; Clason 1980; 
Dimitrijević 2000; Greenfield 2008; Živaljević, Dimitrijević, et al. 2017), the 
seasonality of settlements (Dimitrijević et al. 2016), and local dog domesti-
cation (Bökönyi 1975; Dimitrijević and Vuković 2015), while the contextu-
alization of faunal material enabled a better understanding of human activi-
ties and the significant features of human-animal relationships (Dimitrijević 
2008a; Živaljević 2015). The hypothesis on the crucial importance of fish 
and fishing in the formation and development of these settlements was sup-
ported – amongst others – by archaeozoological analysis of fish remains 
(Živaljević 2017b; Živaljević et al. 2021), as well as by the use-wear analysis 
of ornaments made from cyprinid teeth (Cristiani et al. 2014).

Given that the beginning of the Early Neolithic in the region coin-
cided with the advent of farming societies, which is, amongst others, evi-
denced by the presence of domestic cattle, sheep, goats, and pigs in the 
faunal assemblages (Blažić 2005c; Bökönyi 1974; 1984; 1988; Bulatović 
and Spasić 2019; Clason 1980; Greenfield 1994; Greenfield and Greenfield 
2014; Živaljević 2017a), archaeozoological research was mainly focused 
on questions about the economy of Early Neolithic societies. Thus, rel-
evant research topics include the general discussion on herding and hunt-
ing strategies (e.g. Grujić 2022; Orton et al. 2016), and the symbolic and 
social aspects of human-animal interactions have been addressed as well 
(Živaljević 2017a).

The research dedicated to human-animal relationships in Late Prehis-
tory (Bulatović and Filipović 2022; Radišić 2020; Stojanović and Bulatović 
2013), continued to address primarily issues related to the economy. The 
studies of animal remains from the sites of Vinča-Belo Brdo (Bulatović 
2018; Dimitrijević 2008b), Pločnik (Bulatović and Orton 2021), Drenovac, 
Pavlovac (Dimitrijević 2021a), Belovode (Dimitrijević and Orton 2021), 
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Gomolava (Clason 1979; Orton 2012), Petnica (Greenfield 1986; Orton 
2008) and Opovo (Russell 1993) stand out in terms of the vast number of 
analyzed bones and the relevance of the results, which enabled a better un-
derstanding of animal husbandry, hunting, meat diet, as well as social and 
symbolic roles of animals in the Late Neolithic (e.g. Bulatović 2018; Orton 
in press; Radovanović 2020). The faunal assemblages from the Eneolithic 
(Bulatović 2020; Bulatović and Filipović 2022, and the literature therein) 
and Bronze Age sites (Becker 1991; Bökönyi 1991; Bulatović 2020; Green-
field 1986; 2014), apart from the aforementioned data on animal breed-
ing and hunting activities, provided information on the intensification of 
secondary products exploitation (Greenfield 1986; 2014), the emergence 
of transhumant pastoralism (Arnold and Greenfield 2006), the effects of 
the Neolithic-Eneolithic transition on the food economy and consump-
tion (Filipović et al. 2020), the relationships between the emergence of 
social hierarchy in the Bronze Age and the faunal record (Greenfield 
2006), as well as the roles of animals in the Bronze Age funerary practices 
(Blagojević 2020). Although the number of analyzed Iron Age faunal as-
semblages is still fairly small (Radišić 2020, and the literature therein), a 
recent study on animal remains from the Late Iron Age fortifications and 
open-air sites in the Vojvodina region (Radišić 2022) shed more light on 
animal husbandry and hunting strategies in the Late La Tène period, and 
looked into the similarities and differences in animal use between differ-
ent types of settlements.

The changes in animal husbandry and hunting activities, brought 
by the Roman conquest of the region, and consequently by the Roman 
impact on the economy and society, are also evidenced in the archaeo-
zoological record (Vuković 2020, and the literature therein). Although the 
number of analyzed faunal assemblages from the Roman period is rela-
tively small compared to the number of excavated sites on the territory 
of Serbia (Vuković – Bogdanović 2017), the archaeozoological analysis 
of animal remains from different areas of the Roman site of Viminacium 
enabled a better understanding of the diet of the inhabitants of the city 
and its surroundings (Vuković – Bogdanović 2018), the meat and animal 
products supply of the city and the army (Marković 2018a), the supply 
of horses (Marković and Danković 2020), the symbolic meanings of dog 
burials (Vuković and Jovičić 2015; Vuković et al. 2021), the emergence of 
exotic camels in the Balkan provinces of the Roman Empire (Vuković– 
Bogdanović and Blažić 2014; Vuković and Bogdanović 2013), the signifi-
cance of fish and fishing (Živaljević, Vuković – Bogdanović, et al. 2019), 
as well as the questions of the use of wild beasts in the Roman amphi-
theater games (Vuković 2015). The analysis of the large faunal assemblage 
from the Early Byzantine site of Caričin Grad (Baron et al. 2019; Marković 
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2018b; Marković, Reuter, et al. 2019) significantly contributed to the com-
prehension of the economy, specifically the features of animal manage-
ment and subsistence strategies during the Early Byzantine period, while 
also shedding more light on the camel caravan trade networks (Marković 
et al. 2021) and the provisioning of early Byzantine cities in exotic fish 
(Baron and Marković 2020). Jointly with a recent analysis of faunal re-
mains from the site of Gamzigrad (Mladenović 2020a), these studies sig-
nificantly broadened our knowledge of the changes in animal manage-
ment brought by ruralization in the region, which occurred after the fall 
of the Western Roman Empire.

The studies of human-animal relationships in the medieval period, 
inferred from animal remains (Blažić 1999; Marković and Bulatović 2021; 
Mladenović and Mladenović 2020, and the litterature therein) have pro-
liferated in more recent years. The recent studies of faunal remains from 
the medieval settlements in the Southwestern Banat region (Mladenović 
2020b; 2022), as well as the settlements of Braničevo (Zorić 2021) and 
Rudnik (Bulatović and Marković 2019), provide insight into the daily life, 
animal management, and meat diet in medieval times. Furthermore, the 
analysis of animal remains from the Monastery of Studenica provides a 
general overview of the monastery diet (Marković 2015), but also ad-
dressed issues of the significance of poultry (Marković et al. 2016) and 
fish consumption and long-distance fish trade (Živaljević, Marković, et al. 
2019), relevant for the understanding of the economic, social, and religious 
practices in medieval Eastern Orthodox monasteries. The foundations of 
the archaeozoology of the modern era have recently been established with 
the analysis of animal remains from the 16th’17th centuries’ features exca-
vated at the El Kal Vež Synagogue in Belgrade (Kokanović 2022).

Given that archaeozoology has a strong interdisciplinary potential, 
specialists in Serbia are collaborating with a number of scientists of non-
archaeological background in order to gain a better understanding of vari-
ous aspects of human-animal relationships in the past. Stemming from 
the cooperation of archaeozoologists and veterinary medicine scientists, 
the discipline of animal paleopathology started to develop in recent years 
(e.g. Bulatović et al. 2022; Bulatović et al. 2016; Marković and Bulatović 
2013; Marković et al. 2022; Marković, Stevanović, et al. 2019; Marković 
et al. 2018; Marković et al. 2014), shedding more light on animal health 
and diseases in the past, as well as the scale of environmental and hu-
man influence on the development of pathologies. Joint efforts of Serbian 
archaeozoologists and archaeogeneticists unraveled important aspects of 
the history of animal domestication (e.g. Bergström et al. 2020; Frantz et 
al. 2019; Krajcarz et al. 2022; Verdugo et al. 2019), as well as the signifi-
cance of prehistoric fishing and aquatic ecologies (Živaljević, Popović, et 
al. 2017). The studies of stable isotopes in animal bones and teeth shed 
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more light on human diet (e.g. Jovanović et al. 2019) and seasonal calving 
of domesticates (Balasse et al., 2021), jointly with lipid residue and dental 
calculus analysis focusing on milk exploitation and its availability in the 
Early Neolithic (Balasse et al. 2021; Stojanovski et al. 2020), while such 
studies also provided insight into animal diets and herding strategies in 
the Late Neolithic period (Gillis et al. 2021).

Although the vast majority of archaeozoological studies focus on ver-
tebrate (mammal, bird, and fish) remains given their prevalence in fau-
nal assemblages, it is important to note the advances in the field of ar-
chaeomalacology. For example, the analysis of remains of shells and snails 
provided additional insights into Late Neolithic diets (Dimitrijević and 
Mitrović 2016), while studies of marine shell ornaments from the Bal-
kan Late Neolithic sites (e.g. Dimitrijević 2014; Dimitrijević et al. 2021; 
Dimitrijević and Tripković 2006) revealed important information on the 
provision, production, and exchange of prestigious items and materials in 
prehistoric Europe. The studies of other objects made from osseous ma-
terials, mainly focusing on the provenience of raw materials, manufactur-
ing techniques, the typological repertoire, and the interpretation of their 
function, also intensified in the last two decades (e.g. Cristiani et al. 2016; 
Stefanović et al. 2019; Vitezović 2016; 2017; 2020; Vitezović 2021).

As of 2012 and the conference in Valjevo, the Annual Meeting of the 
Serbian Archaeological Society was enriched with the addition of the Sec-
tion for Bioarchaeology (Miladinović-Radmilović and Vitezović 2013), in 
which archaeozoologists regularly take part. They have also actively par-
ticipated in the aforementioned ICAZ conference and its various working 
groups, as well as many other high-profile meetings such as the EAA (Eu-
ropean Association of Archaeologists). In 2021, doctoral and master’s stu-
dents of archaeozoology in Serbia organized and hosted the international 
9th PZAF (Postgraduate Zooarchaeology Forum) meeting (Marković and 
Mladenović 2021), a further testimony to the stimulating and vibrant 
working environment for early career researchers, their initiative, and 
their competence.

The important contribution of archaeozoology to contemporary ar-
chaeology in Serbia is also evidenced in the number of relevant archaeo-
logical projects involving archaeozoological research. Within the ERC 
project BIRTH3 (2015–2020), faunal analysis was undertaken in order to 
explore the effects of the emergence of new foodstuffs (domestic animals 
and cereals, dairy products) on human health and fertility in the Early 
Neolithic Balkans. As of 2022, the Science Fund of the Republic of Serbia 
within the program IDEAS funds two scientific three-year projects which 
heavily rely on the analysis of archaeological animal remains. The project 

3	 https://www.ercbirth.com/
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NEEMO4 involves the analysis of faunal remains from the Middle/Upper 
Palaeolithic sites to understand early human evolution and behavior. The 
project ARCHAEOWILD5, which studies human-wildlife interactions in 
the Central Balkans throughout the Holocene era, is particularly focused 
on archaeozoology. By providing the baselines of wild mammal distribu-
tion, extinction, and introduction in the Holocene, as well as changes in 
wildlife diet and genetics through time, the ARCHAEOWILD project is 
relevant for the understanding of human-animal interactions in the past, 
but it also aims to provide a temporal framework for addressing current 
environmental issues on a global scale.

Concluding remarks: 
the future of archaeozoology in Serbia

Archaeozoology in Serbia has gone a long way, from sporadic reports 
and short supplements and archaeological monographs, to becoming 
fully integrated into the curriculum of the Department of Archaeology 
and commonly included in research strategies. Especially promising is the 
number of researchers specializing in particular cultural contexts (from 
the Palaeolithic to the modern period) and pursuing specific research 
questions. This suggests the discipline is developing towards more inter-
pretative approaches, rather than being a source of specialist knowledge 
whose practitioners are solely expected to provide the raw data and easily 
shift from assemblage to assemblage, from one cultural context to another.

While there are many reasons for optimism, archaeozoology and ar-
chaeology in Serbia are not exempt from the challenges the academia is 
facing globally – namely the precarious work prospects for early career 
researchers (Brami et al. 2022), the increasing marginalization of humani-
ties, and neoliberal demands for unambiguous, marketable results, mainly 
associated with applied sciences (Nilsson Stutz 2018). What can be taken 
from the development of archaeozoology in Serbia is that some of these 
challenges can be addressed by acquiring new skills, experiences, and ide-
as, while retaining a strong archaeological and humanist stance.

Acknowledgments
This paper is the result of the project STEM in Heritage Science – 

HERISTEM, funded by the Erasmus + Programme of the European Un-
ion. The research of Vesna Dimitrijević is supported by the Science Fund 

4	 https://neemoproject.com/
5	 https://archaeowild.org/



52  |	 Vesna Dimitrijević, Sonja Vuković, Ivana Živaljević

of the Republic of Serbia, # GRANT no 7746827, Neanderthals and early 
modern human interactions in the Central Balkans – NEEMO. The re-
search of Sonja Vuković is supported by the Science Fund of the Republic 
of Serbia, #GRANT no 7750265, The Holocene History of Human-Wild-
life Conflict and Coexistence: Archaeozoological, Archaeobotanical, Iso-
topic, Ancient DNA, Iconographic and Written Evidence from the Central 
Balkans – ARCHAEOWILD.

References
Arnold, Elizabeth, and Haskel Greenfield. 2006. The Origins of Transhumant Pas-

torialism in Temperate South Eastern Europe: A Zooarchaeological Perspective 
from the Central Balkans. Oxford: Archaeopress.

Babić, Staša, and Miodrag Tomović, eds. 1996. Milutin Garašanin. Razgovori o 
arheologiji. Beograd: 3T.

Balasse, Marie, Rosalind Gillis, Ivana Živaljević, Rémi Berthon, Lenka Kovačiková, 
Denis Fiorillo, Rose-Marie Arbogast, Adrian Bălăşescu, Stéphanie Bréhard, 
Éva Á Nyerges, Vesna Dimitrijević, Eszter Bánffy, László Domboróczki, Arka-
diusz Marciniak, Krisztián Oross, Ivana Vostrovská, Mélanie Roffet-Salque, 
Sofija Stefanović, and Maria Ivanova. 2021. Seasonal calving in European Pre-
historic cattle and its impacts on milk availability and cheese-making. Scien-
tific Reports 11 (1):8185. doi: 10.1038/s41598–021–87674–1.

Baron, Henriette, and Nemanja Marković. 2020. “Fish Consumption and Trade 
in Early Byzantine Caričin Grad (Justiniana Prima)”, In Animal Husbandry 
and Hunting in the Central and Western Balkans Through Time, ed. Nemanja 
Marković and Jelena Bulatović, 154–166. Oxford: Archaeopress.

Baron, Henriette, Anna Elena Reuter, and Nemanja Marković. 2019. Rethink-
ing ruralization in terms of resilience: Subsistence strategies in sixth-century 
Caričin Grad in the light of plant and animal bone finds. Quaternary Interna-
tional 499:112–128. doi: https://doi.org/10.1016/j.quaint.2018.02.031.

Bartosiewicz, Laszlo, and Alice Choyke. 2002. Archaeozoology in Hungary. Ar-
chaeofauna 11:117–129.

Becker, Cornelia. 1991. “Haustierhaltung und Jagd in der frühen Bronze– und Ei-
senzeit in der Vojvodina – Erste Resultate zu Tierknochenfunden aus Feudvar”, 
In Vorbericht über die jugoslawisch-deutschen Ausgrabungen in der Siedlung 
von Feudvar bei Mosorin (Gern. Titel, Vojvodina) von 1986–1990. Bronzezeit 
– Vorrömische Eisenzeit, ed. Bernhard Hänsel and Predrag Medović, 178–190. 
Mainz: Philipp von Zabern.

Bergström, Anders, Laurent Frantz, Ryan Schmidt, Erik Ersmark, Ophelie Leb-
rasseur, Linus Girdland-Flink, Audrey T. Lin, Jan Storå, Karl-Göran Sjögren, 
David Anthony, Ekaterina Antipina, Sarieh Amiri, Guy Bar-Oz, Vladimir I. 
Bazaliiskii, Jelena Bulatović, Dorcas Brown, Alberto Carmagnini, Tom Davy, 
Sergey Fedorov, Ivana Fiore, Deirdre Fulton, Mietje Germonpré, James Haile, 
Evan K. Irving-Pease, Alexandra Jamieson, Luc Janssens, Irina Kirillova, Liora 



Making Room for Animals	 |  53

Kolska Horwitz, Julka Kuzmanovic-Cvetković, Yaroslav Kuzmin, Robert J. 
Losey, Daria Ložnjak Dizdar, Marjan Mashkour, Mario Novak, Vedat Onar, 
David Orton, Maja Pasarić, Miljana Radivojević, Dragana Rajković, Benjamin 
Roberts, Hannah Ryan, Mikhail Sablin, Fedor Shidlovskiy, Ivana Stojanović, 
Antonio Tagliacozzo, Katerina Trantalidou, Inga Ullén, Aritza Villaluenga, 
Paula Wapnish, Keith Dobney, Anders Götherström, Anna Linderholm, Love 
Dalén, Ron Pinhasi, Greger Larson, and Pontus Skoglund. 2020. Origins and 
genetic legacy of prehistoric dogs. Science 370 (6516):557–564. doi: 10.1126/
science.aba9572.

Blagojević, Tamara. 2020. “Animals in the Early Bronze Age Funerary Practice at 
Mokrin and Ostojićevo Cemeteries, Serbia”, In Animal Husbandry and Hunt-
ing in the Central and Western Balkans Through Time, ed. Nemanja Marković 
and Jelena Bulatović, 80–92. Oxford: Archaeopress.

Blažić, Svetlana. 1984–1985. Prilog poznavanju ostataka faune sa arheološkog 
lokaliteta “Golokut”. Rad vojvođanskih Muzeja 29:33–36.

Blažić, Svetlana. 1995. “Ostaci životinjskih vrsta sa lokaliteta na trasi auto-puta 
kroz Srem”, In Arheološka istraživanja duž auto-puta kroz Srem, ed. Zoran 
Vapa, 331–346. Novi Sad: Pokrajinski zavod za zaštitu spomenika kulture.

Blažić, Svetlana. 1999. “Ostaci životinjskih kostiju sa lokaliteta Ras – Gradina”, In 
Tvrđava Ras, ed. Marko Popović, 439–445. Beograd: Arheološki institut.

Blažić, Svetlana. 2005a. Fauna arheoloških lokaliteta u Vojvodini. Novi Sad: Muzej 
Vojvodine.

Blažić, Svetlana. 2005b. Fauna lokaliteta Kale – Krševica. Zbornik Narodnog 
muzeja 18 (1):263–290.

Blažić, Svetlana. 2005c. “The Faunal Assemblage”, In Donja Branjevina: A Neo-
lithic Settlement near Deronje in the Vojvodina (Serbia), ed. Sergej Karmanski, 
74–78. Trieste: Societa per la Preistoria e Protostoria della Regione Friuli-Ven-
ezia Giulia.

Bökönyi, Sandor. 1969. “Kičmenjaci (prethodni izveštaj)”, In Lepenski Vir – Nova 
praistorijska kultura u Podunavlju, ed. Dragoslav Srejović, 224–228. Beograd: 
Srpska književna zadruga.

Bökönyi, Sandor. 1970. Animal Remains from Lepenski vir. Science 167:1702–
1704. doi: 10.1126/science.167.3926.1702.

Bökönyi, Sandor. 1974. History of Domestic Mammals in Central and Eastern Eu-
rope. Budapest: Akadémiai Kiadó.

Bökönyi, Sandor. 1975. “Vlasac: an early site of dog domestication”, In Archae-
ozoological studies: papers of the Archaeozoological Conference 1974, held at 
the Biologisch-Archaeologisch Instituut of the State University of Groningen, ed. 
Anneke Clason, 167–178. Amsterdam, Oxford: Norh-Holland.

Bökönyi, Sandor. 1976. Ostaci životinjskih kostiju u Dumbovu – lokalitetu u 
Fruškoj gori iz rimskog carskog perioda. Preliminarni izveštaj. Građa za 
proučavanje spomenika kulture Vojvodine 6–7:49–51.

Bökönyi, Sandor. 1978. “The vertebrate fauna of Vlasac”, In Vlasac, A Mesolith-
ic Settlement in the Iron Gates. Volume 2: Geology-Biology-Anthropology, ed. 



54  |	 Vesna Dimitrijević, Sonja Vuković, Ivana Živaljević

Dragoslav Srejović and Zagorka Letica, 36–65. Beograd: Serbian Academy of 
Sciences and Arts Monograph DXI.

Bökönyi, Sandor. 1984. Die früneolitische Wirbeltierfauna von Nosa. Acta Ar-
chaeologica Hungarica 36:29–41.

Bökönyi, Sandor. 1988. “The Neolithic Fauna of Divostin”, In Divostin and the 
Neolithic of Central Serbia, ed. Alan McPherron and Dragoslav Srejović, 419–
446. Pittsburgh: University of Pittsburgh, Department of Anthropology.

Bökönyi, Sandor. 1991. Prehistoric animal remains from Bubanj-Hum at Niš. 
Starinar 40–41:89–94.

Bökönyi, Sandor. 1992. Animal remains from Mihajlovac-Knjepište, an Early Ne-
olithic settlement of the Iron Gates Gorge. Balcanica 23 (77–87).

Borić, Dušan, Emanuela Cristiani, Rachel Hopkins, Jean-Luc Schwenninger, Ka-
tarina Gerometta, Charly A. I. French, Giuseppina Mutri, Jelena Ćalić, Vesna 
Dimitrijević, Ana B. Marín-Arroyo, Jennifer R. Jones, Rhiannon Stevens, Ala-
na Masciana, Kevin Uno, Kristine Korzow Richter, Dragana Antonović, Karol 
Wehr, Christine Lane, and Dustin White. 2022. Neanderthals on the Lower 
Danube: Middle Palaeolithic evidence in the Danube Gorges of the Balkans. 
Journal of Quaternary Science 37 (2):142–180. doi: https://doi.org/10.1002/
jqs.3354.

Borić, Dušan, and Vesna Dimitrijević. 2005. Continuity of foraging strategies in 
Mesolithic--Neolithic transformations: Dating faunal patterns at Lepenski Vir 
(Serbia). Atti della Società per la preistoria e protoistoria della regione Friuli-
Venezia Giulia XV:33–80.

Brami, Maxime, Stephanie Emra, Antoine Muller, Bianca Preda-Bălănică, Benja-
min Irvine, Bogdana Milić, Aldo Malagó, Katie Meheux, and Manuel Fernán-
dez-Götz. 2022. A Precarious Future: Reflections from a Survey of Early Ca-
reer Researchers in Archaeology. European Journal of Archaeology:1–25. doi: 
10.1017/eaa.2022.41.

Bulatović, Jelena. 2018. Arheozoološki aspekti društvenih i kulturnih promena na 
centralnom Balkanu u petom milenijumu pre nove ere. Doktorska disertacija, 
Filozofski fakultet, Univerzitet u Beogradu.

Bulatović, Jelena. 2020. “Preliminary report on animal bones from Bubanj”, In 
Bubanj: the Eneolithic and the Early Bronze Age Tell in Southeastern Serbia, 
ed. Aleksandar Bulatović and Dragan Milanović. Wien: Österreichische Aka-
demie der Wissenschaften.

Bulatović, Jelena, and Dragana Filipović. 2022. “Pregled arheozooloških i 
arheobotaničkih podataka sa eneolitskih nalazišta u Srbiji”, In Bubanj, pra-
istorijsko naselje i nekropola iz novog veka, ed. Aleksandar Bulatović, Dra-
gan Milanović and Tatjana Trajković-Filipović, 160–177. Beograd & Niš: 
Arheološki institut Beograd & Narodni muzej Niš.

Bulatović, Jelena, and Nemanja Marković. 2019. “Rudnik 2009–2013: rezul-
tati arheozooloških istraživanja”, In Rudnik 1: istraživanja srednjovekovnih 
nalazišta (2009–2013. godina), ed. Dejan Radičević and Ana Cicović, 119–
129. Gornji Milanovac: Muzej rudničko-takovskog kraja.



Making Room for Animals	 |  55

Bulatović, Jelena, Nemanja Marković, Nikola Krstić, Aleksandar Bulatović, Marko 
Mitrović, and Darko Marinković. 2022. Animal diseases in the Central Bal-
kan Eneolithic (ca. 4500–2500 BC)—A diachronic perspective on the site of 
Bubanj, south-eastern Serbia. International Journal of Osteoarchaeology 32 
(2):303–316. doi: https://doi.org/10.1002/oa.3065.

Bulatović, Jelena, Nemanja Marković, Oliver Stevanović, Darko Marinković, 
Ivana Stojanović, and Nikola Krstić. 2016. Spavin in red deer: A case study 
from the Early Neolithic Blagotin, Serbia. International Journal of Paleopathol-
ogy 14:31–35. doi: https://doi.org/10.1016/j.ijpp.2016.04.006.

Bulatović, Jelena, and David Orton. 2021. “Animal remains from Pločnik”, In 
The Rise of Metallurgy in Eurasia. Evolution, Organisation and Consumption 
of Early Metal in the Balkans, ed. Miljana Radivojević, Benjamin W. Roberts, 
Miroslav Marić, Julka Kuzmanović Cvetković and Thilo Rehren, 422–432. 
Oxford: Archaeopress.

Bulatović, Jelena, and Miloš Spasić. 2019. Životinjski ostaci sa neolitskog nalazišta 
Grabovac – Đurića vinogradi. Zbornik Narodnog muzeja XXIV (1):63–84.

Clason, Anneke. 1979. The Farmers of Gomolava in the Vinca and in the La Tene 
period. Palaeohistoria 21:42–81.

Clason, Anneke. 1980. Padina and Starcevo: game, fish and cattle. Palaeohistoria 
XXII:141–173.

Cristiani, Emanuela, Vesna Dimitrijević, and Selena Vitezović. 2016. Fishing with 
lure hooks at the Late Neolithic site of Vinča – Belo Brdo, Serbia. Journal of Ar-
chaeological Science 65:134–147. doi: https://doi.org/10.1016/j.jas.2015.11.005.

Cristiani, Emanuela, Ivana Živaljević, and Dušan Borić. 2014. Residue analysis 
and ornament suspension techniques in prehistory: cyprinid pharyngeal teeth 
beads from Late Mesolithic burials at Vlasac (Serbia). Journal of Archaeologi-
cal Science 46:292–310. doi: https://doi.org/10.1016/j.jas.2014.03.018.

Cvetković, Nevena, and Vesna Dimitrijević. 2014. Cave bears (Carnivora, Ursidae) 
from the Middle and Late Pleistocene of Serbia: A revision. Quaternary Inter-
national 339–340:197–208. doi: https://doi.org/10.1016/j.quaint.2013.10.045.

Dimitrijević, Ivana. 2021a. Ekonomski i društveni značaj životinja u vinčanskim 
naseljima u Pomoravlju. Doktorska disertacija, Filozofski fakultet, Univerzitet 
u Beogradu.

Dimitrijević, Ivana, and David Orton. 2021. “Animal remains from Belovode”, In 
The Rise of Metallurgy in Eurasia. Evolution, Organisation and Consumption 
of Early Metal in the Balkans, ed. Miljana Radivojević, Benjamin W. Roberts, 
Miroslav Marić, Julka Kuzmanović Cvetković and Thilo Rehren, 249–258. 
Oxford: Archaeopress.

Dimitrijević, Vesna. 1991. Quaternary mammals of the Smolućka cave. Paleont. 
Jugosl. 41:1–88.

Dimitrijević, Vesna. 1997. Upper Pleistocene mammals from cave deposits of Ser-
bia. Geološki anali Balkanskog poluostrva 61:179–370.

Dimitrijević, Vesna. 1998. “Fossil Remains of Vertebrates in Serbian Cave De-
posits”, In Speleological Atlas of Serbia, ed. Predrag Đurović, 51–57. Belgrade: 



56  |	 Vesna Dimitrijević, Sonja Vuković, Ivana Živaljević

Geographical Institute of the Serbian Academy of Sciences and Arts “Jovan 
Cvijić”, Special Issues, No. 52.

Dimitrijević, Vesna. 2000. The Lepenski Vir Fauna: Bones in Houses and Between 
Houses. Documenta Praehistorica XXVII:101–117.

Dimitrijević, Vesna. 2008a. “Lepenski Vir animal bones: what was left in the 
houses?”, In The Iron Gates Prehistory: new perspectives, ed. Clive Bonsall, Va-
sile Boroneant and Ivana Radovanović, 117–130. Oxford: Archaeopress.

Dimitrijević, Vesna. 2008b. Vertebrate fauna of Vinča – Belo Brdo: Excavation 
campaigns 1998–2003. Starinar LVI:245–269.

Dimitrijević, Vesna. 2011. “Late Pleistocene hyaena Crocuta crocuta spelaea 
(Goldfuss, 1823) from Baranica Cave (southeast Serbia): competition for a 
den site”, In Fragments of Ice Age Environments. Proceedings in Honour ofIvan 
Turk’s Jubilee, ed. Borut Toškan, 69–84. Ljubljana: Inštitut za arheologijo ZRC 
SAZU, Založba ZRC.

Dimitrijević, Vesna. 2014. “The provenance and use of fossil scaphopod shells at 
the Late Neolithic/Eneolithic site Vinča – Belo Brdo, Serbia”, In Archaeomala-
cology: Shells in the Archaeological Record, ed. Katherine Szabó, Catherine Du-
pont, Vesna Dimitrijević, Luis Gómez Gastélum and Nathalie Serrand, 33–42. 
Oxford: Archaeopress.

Dimitrijević, Vesna. 2021b. Arheozoologija: uvod u studije zajedničke istorije 
životinja i ljudi. Beograd: Univerzitet u Beogradu – Filozofski fakultet.

Dimitrijević, Vesna. 2021c. Ključna dopuna faunističke sekvence srednji-kasni pleis-
tocen Srbije: ostaci sisara iz naslaga pećine Pešturina (Jelašnica, istočna Srbija). 
Posebna izdanja Srpske akademije nauka i umetnosti, Odeljenje za matematiku, 
fiziku i geo-nauke, Zbornik Odbora za kras i speleologiju 11:91–102.

Dimitrijević, Vesna, Ivan Dulić, and Nevena Cvetković. 2014. The Janda cavity at 
Fruška Gora, the first cave assemblage from the southeast Pannonian lowland 
(Vojvodina, Serbia). Quaternary International 339–340:97–111. doi: https://
doi.org/10.1016/j.quaint.2013.06.005.

Dimitrijević, Vesna, Dušan Mihailović, Steven L. Kuhn, and Tamara Dogandžić. 
2018. “Evidence for subsistence strategies of Gravettian hunter-gatherers in 
the Central Balkans. Subsistence strategies in the Stone age, direct and indi-
rect evidence of fishing and gathering”, In Materials of the International con 
ference dedicated to the 50th anniversary of Vladimir Mikhailovič Lozovski, – 
May 2018, 47–48. St. Petersburg: Russian Academy of Sciences, Institute for 
the Fistory of Material Culture, The State Hermitage Museum, Samara State 
University of Social Sciences Education, Sergiev Posad State History, Art Mu-
seum-Preserve.

Dimitrijević, Vesna, and Biljana Mitrović. 2016. Školjke (Unio spp.) i drugi slat-
kovodni i kopneni mekušci na kasnoneolitskom nalazištu Vinča – Belo Brdo 
(iskopavanja 1998–2003). Arhaika 4:23 – 39.

Dimitrijević, Vesna, Goce Naumov, Ljubo Fidanoski, and Sofija Stefanović. 2021. 
A string of marine shell beads from the Neolithic site of Vršnik (Tarinci, Ovče 
pole), and other marine shell ornaments in the Neolithic of North Macedonia. 
Anthropozoologica 56 (4):57–70. doi: 10.5252/anthropozoologica2021v56a4.



Making Room for Animals	 |  57

Dimitrijević, Vesna, and Boban Tripković. 2006. Spondylus and Glycymeris 
bracelets: trade reflections at Neolithic Vinča-Belo Brdo. Documenta Praehis-
torica XXXIII:237–252.

Dimitrijević, Vesna, and Sonja Vuković. 2015. Was the Dog Locally Domesticated 
in the Danube Gorges? Morphometric Study of Dog Cranial Remains from 
Four Mesolithic-Early Neolithic Archaeological Sites by the Comparison with 
Contemporary Wolves. International Journal of Osteoarchaeology 25:1–30.

Dimitrijević, Vesna, Ivana Živaljević, and Sofija Stefanović. 2016. Becoming sed-
entary? The seasonality of food resource exploitation in the Mesolithic-Neo-
lithic Danube Gorges. Documenta Praehistorica XLIII:103–122.

Filipović, Dragana, Jelena Bulatović, and Aleksandar Bulatović. 2020. Food Econ-
omy During and After the Neolithic-Eneolithic Transition in the Central Bal-
kans: Contextualising Crops and Domestic Animals from Eneolithic Bubanj, 
Southern Serbia. Glasnik Srpskog arheološkog društva 36:27–56.

Forsten, Ann, and Vesna Dimitrijević. 2004. Pleistocene horses (genus Equus) in 
the central Balkans. Geološki anali Balkanskoga poluostrva 65:55–75.

Frantz, Laurent A. F., James Haile, Audrey T. Lin, Amelie Scheu, Christina Geörg, 
Norbert Benecke, Michelle Alexander, Anna Linderholm, Victoria E. Mullin, 
Kevin G. Daly, Vincent M. Battista, Max Price, Kurt J. Gron, Panoraia Alex-
andri, Rose-Marie Arbogast, Benjamin Arbuckle, Adrian Bӑlӑşescu, Ross Bar-
nett, László Bartosiewicz, Gennady Baryshnikov, Clive Bonsall, Dušan Borić, 
Adina Boroneanţ, Jelena Bulatović, Canan Çakirlar, José-Miguel Carretero, 
John Chapman, Mike Church, Richard Crooijmans, Bea De Cupere, Cleia De-
try, Vesna Dimitrijevic, Valentin Dumitraşcu, Louis du Plessis, Ceiridwen J. 
Edwards, Cevdet Merih Erek, Aslı Erim-Özdoğan, Anton Ervynck, Domen-
ico Fulgione, Mihai Gligor, Anders Götherström, Lionel Gourichon, Martien 
A. M. Groenen, Daniel Helmer, Hitomi Hongo, Liora K. Horwitz, Evan K. 
Irving-Pease, Ophélie Lebrasseur, Joséphine Lesur, Caroline Malone, Ninna 
Manaseryan, Arkadiusz Marciniak, Holley Martlew, Marjan Mashkour, Roger 
Matthews, Giedre Motuzaite Matuzeviciute, Sepideh Maziar, Erik Meijaard, 
Tom McGovern, Hendrik-Jan Megens, Rebecca Miller, Azadeh Fatemeh Mo-
haseb, Jörg Orschiedt, David Orton, Anastasia Papathanasiou, Mike Parker 
Pearson, Ron Pinhasi, Darko Radmanović, François-Xavier Ricaut, Mike 
Richards, Richard Sabin, Lucia Sarti, Wolfram Schier, Shiva Sheikhi, Elisabeth 
Stephan, John R. Stewart, Simon Stoddart, Antonio Tagliacozzo, Nenad Tasić, 
Katerina Trantalidou, Anne Tresset, Cristina Valdiosera, Youri van den Hurk, 
Sophie Van Poucke, Jean-Denis Vigne, Alexander Yanevich, Andrea Zeeb-
Lanz, Alexandros Triantafyllidis, M. Thomas P. Gilbert, Jörg Schibler, Peter 
Rowley-Conwy, Melinda Zeder, Joris Peters, Thomas Cucchi, Daniel G. Brad-
ley, Keith Dobney, Joachim Burger, Allowen Evin, Linus Girdland-Flink, and 
Greger Larson. 2019. Ancient pigs reveal a near-complete genomic turnover 
following their introduction to Europe. Proceedings of the National Academy 
of Sciences 116 (35):17231–17238. doi: 10.1073/pnas.1901169116.

Gillis, Rosalind E., Jelena Bulatović, Kristina Penezić, Miloš Spasić, Nenad N. 
Tasić, and Cheryl A. Makarewicz. 2021. Of herds and societies—Seasonal as-
pects of Vinča culture herding and land use practices revealed using sequen-



58  |	 Vesna Dimitrijević, Sonja Vuković, Ivana Živaljević

tial stable isotope analysis of animal teeth. PLOS ONE 16 (10):e0258230. doi: 
10.1371/journal.pone.0258230.

Greenfield, Haskel. 1986. The Paleoeconomy of the Central Balkans (Serbia). A 
Zooarchaeological Perspective on the Late Neolithic and Bronze Age (ca. 4500 – 
1000 B.C.), BAR International Series Oxford:: Archaeopress.

Greenfield, Haskel. 1994. Faunal remains from the Early Neolithic Starčevo Set-
tlement at Bukovačka Česma. Starinar XLIII-XLIV:103–113.

Greenfield, Haskel. 2006. “The Social and Economic Context for Domestic Horse 
Origins in the Southeastern Europe: A View from Ljuljaci in the Central Bal-
kans”, In Horse and Humans: The Evolution of Human – Equine Relationships, 
ed. S. Olsen, S. Grant, A. Choyke and L. Bartosiewicz. Oxford: Archaeopress.

Greenfield, Haskel. 2008. “The vertebrate fauna from Hajdučka Vodenica”, In The 
Iron Gates Prehistory: new perspectives, ed. Clive Bonsall, Vasile Boroneant 
and Ivana Radovanović, 205–226. Oxford: Archaeopress.

Greenfield, Haskel. 2014. “The origins of secondary product exploitation and the 
zooarchaeology of the Late Neolithic, Eneolithic, and Middle Bronze Age at 
Vinča-Belo Brdo, Serbia: the 1982 excavations”, In Animal Secondary Products. 
Domestic Animal Exploitation in Prehistoric Europe, the Near East and the Far 
East, ed. Haskel Greenfield, 274–334. Oxford: Oxbow books.

Greenfield, Haskel, and Tina Greenfield. 2014. Subsistence and Settlement in the 
Early Neolithic of Temperate SE Europe: A View from Blagotin, Serbia. Ar-
chaeologia Bulgarica XVIII (1):1–33.

Grujić, Danica. 2022. Uloga domaćih životinja u ranom neolitu u Panonskoj niziji: 
stočarstvo i sezonalnost naselja na lokalitetu Gospođinci-Nove zemlje. Master 
rad, Filozofski fakultet, Univerzitet u Beogradu.

Jovanović, Jelena, Camille de Becdelièvre, Sofija Stefanović, Ivana Živaljević, Ves-
na Dimitrijević, and Gwenaëlle Goude. 2019. Last hunters–first farmers: new 
insight into subsistence strategies in the Central Balkans through multi-iso-
topic analysis. Archaeological and Anthropological Sciences 11 (7):3279–3298. 
doi: 10.1007/s12520–018–0744–1.

Kokanović, Maja. 2022. Arheozoološki aspekti ishrane stanovnika dunavskog 
predgrađa Beogradske tvrđave tokom srednjeg veka i ranog novog doba. Master 
rad, Filozofski fakultet, Univerzitet u Beogradu.

Krajcarz, Magdalena, Maciej T. Krajcarz, Mateusz Baca, Michał Golubiński, 
Zora Bielichová, Jelena Bulatović, Péter Csippán, Vesna Dimitrijević, René 
Kyselý, Daniel Makowiecki, Adrian Marciszak, Nemanja Marković, Mladen 
Mladenović, Wim Van Neer, Theodor Obada, Ivana Živaljević, Aleksandar 
Bulatović, Vujadin Ivanišević, Stefan Pop-Lazić, Dušan Mihailović, Adam Os-
tasz, Kristina Penezić, Nenad Tasić, Perica Špehar, Jarosław Wilczyński, and 
Danijela Popović. 2022. The history of the domestic cat in Central Europe. 
Antiquity:1–6. doi: 10.15184/aqy.2022.128.

Kristiansen, Kristian. 2014. Toward a New Paradigm? The Third Science Revolu-
tion and its Possible Consequences in Archaeology. Current Swedish Archaeol-
ogy 22:11–34.



Making Room for Animals	 |  59

Marín-Arroyo, Ana Belen. 2014. “Middle Pleistocene subsistence in Velika Balan-
ica, Serbia: Preliminary results”, In Palaeolithic and Mesolithic Research in the 
Central Balkans, ed. Dušan Mihailović, 121–129. Belgrade: Serbian Archaeo-
logical Society.

Marković, Dimitrije. 2018a. Ekonomija naselja na lokalitetu Rit i potencijal snab-
devanja Viminacijuma: arheozoološki pristup. Master rad, Filozofski fakultet, 
Univerzitet u Beogradu.

Marković, Dimitrije, and Ilija Danković. 2020. “The Potential for Horse Breed-
ing in the Vicinity of Viminacium”, In Animal Husbandry and Hunting in the 
Central and Western Balkans Through Time, ed. Jelena Bulatović and Nemanja 
Marković, 143–153. Oxford: Archaeopress.

Marković, Dimitrije, and Teodora Mladenović. 2021. The 9th PZAF (Postgraduate 
ZooArchaeology Forum), Online, June 25th-27th, 2021. Arhaika 9 (120–124).

Marković, Nemanja. 2015. “Ishrana u manastiru Studenici: arheozoološka 
svedočanstva”, In Manastir Studenica. Arheološka otkrića, ed. Marko Popović, 395–
407. Beograd: Republički zavod za zaštitu spomenika kulture i Arheološki institut.

Marković, Nemanja. 2018b. Ekonomija ranovizantijske metropole Caričin grad: 
arheozoološki pristup. Doktorska disertacija, Filozofski fakultet, Univerzitet u 
Beogradu.

Marković, Nemanja, and Jelena Bulatović. 2013. Ploughing in medieval times on 
the territory of present-day Serbia. Archeometriai Muhely 10 (3):225–230.

Marković, Nemanja, and Jelena Bulatović. 2021. “Arheozoološke odlike sredn-
jovekovnog privređivanja na primerima Tvrđave Ras, manastira Studenice i 
Rudnika (Archaeozoological Aspects of Medieval Subsistence in the Fortress 
of Ras, Studenica Monastery and Rudnik)”, In Svet srednjovekovnih utvrđenja, 
gradova i manastira. Omaž Marku Popoviću (The Medieval World of Fortresses, 
Towns and Monasteries. Homage to Marko Popović), ed. Vujadin Ivanišević, 
Vesna Bikić and Ivan Bugarski. Belgrade: Institute of Archaeology, Belgrade, 
and The City of Belgrade – Youth theatre DADOV.

Marković, Nemanja, Jelena Bulatović, Nikola Krstić, Darko Marinković, Ivana 
Pantović, Nerissa Russell, Bruce Rothschild, and Miroslav Marić. 2022. Se-
vere traumatic lesions in the Late Neolithic cattle from the site of At-Vršac, 
Serbia. International Journal of Osteoarchaeology n/a (n/a). doi: https://doi.
org/10.1002/oa.3147.

Marković, Nemanja, Vujadin Ivanišević, Henriette Baron, Craig Lawless, and 
Michael Buckley. 2021. The last caravans in antiquity: Camel remains from 
Caričin Grad (Justiniana Prima). Journal of Archaeological Science: Reports 
38:103038. doi: https://doi.org/10.1016/j.jasrep.2021.103038.

Marković, Nemanja, Teodora Radišić, and Vesna Bikić. 2016. “Uloga živine u 
srednjevekovnoj ekonomiji manastira Studenica”, In Bioarheologija na Bal-
kanu: Metodološke, komparativne i rekonstruktivne studije života u prošlosti, 
ed. N. Miladinović-Radmilović and S. Vitezović, 99–116. Beograd, Sremska 
Mitrovica: Srpsko arheološko društvo, Blago Sirmijuma.

Marković, Nemanja, Anna Elena Reuter, and Jago Birk. 2019. Bioarheološka 
istraživanja svakodnevnog života u Caričinom Gradu (Iustiniana Prima). 
Leskovački zbornik 59 (21–45).



60  |	 Vesna Dimitrijević, Sonja Vuković, Ivana Živaljević

Marković, Nemanja, Oliver Stevanović, Nikola Krstić, Darko Marinković, and Mi-
chael Buckley. 2019. A case study of vertebral fusion in a 19th-century horse 
from Serbia. International Journal of Paleopathology 27:17–23. doi: https://doi.
org/10.1016/j.ijpp.2019.07.007.

Marković, Nemanja, Oliver Stevanović, Nikola Krstić, Darko Marinković, Ma-
ciej Janeczek, Aleksander Chrószcz, and Vujadin Ivanišević. 2018. “Animal 
Health in Justiniana Prima (Caričin Grad): Preliminary Results”, In Care or 
Neglect? Evidence of Animal Disease in Archaeology. Proceedings of the Animal 
Palaeopathology Working Group of the International Council for Archaeozool-
ogy (ICAZ), Budapest, Hungary, 2016, ed. L. Bartosiewicz and Erika Gál, 288-. 
Oxford: Oxbow books.

Marković, Nemanja, Oliver Stevanović, Vladimir Nešić, Darko Marinković, 
Nikola Krstić, Dragana Nedeljković, Darko Radmanović, and Maciej Janec-
zek. 2014. Palaeopathological study of Cattle and Horse bone remains of the 
Ancient Roman city of Sirmium (Pannonia / Serbia). Revue de Médecine Vété-
rinaire 165 (3–4):77–88.

Mihailović, Dušan, Steven L. Kuhn, Katarina Bogićević, Vesna Dimitrijević, Ana 
B. Marín-Arroyo, Jelena Marković, Norbert Mercier, Bojana Mihailović, Mike 
W. Morley, Predrag Radović, William J. Rink, Senka Plavšić, and Mirjana 
Roksandic. 2022. Connections between the Levant and the Balkans in the 
late Middle Pleistocene: Archaeological findings from Velika and Mala Bal-
anica Caves (Serbia). Journal of Human Evolution 163:103138. doi: https://doi.
org/10.1016/j.jhevol.2021.103138.

Miladinović-Radmilović, Nataša, and Selena Vitezović. 2013. “Bioarheološka 
istraživanja na Balkanu”, In Bioarheologija na Balkanu. Bilans i perspektive, 
ed. Nataša Miladinović-Radmilović and Selena Vitezović. Beograd & Sremska 
Mitrovica: Srpsko arheološko društvo & Blago Sirmijuma.

Milošević, Stefan. 2020. Competition Between Humans and Large Carnivores: Case 
studies from the Late Middle and Upper Palaeolithic of the Central Balkans, 
BAR International Series. Oxford: BAR Publishing.

Mladenović, Mladen. 2020a. Ishrana stanovnika utvrđene palate Felix Romuliana 
– Gamzigrad tokom kasnoantičkog i ranovizantijskog perioda: ostaci životinja 
iz kule 15. Master rad, Filozofski fakultet, Univerzitet u Beogradu.

Mladenović, Teodora. 2020b. Animal management in the Medieval Banat: faunal 
remains from the settlement at the Pančevo – Livade site (Serbia). Materiale şi 
Cercetări Arheologice (serie nouă) XVI:245–265.

Mladenović, Teodora. 2022. Ekonomija naselja od 11. do sredine 13. veka u ju-
gozapadnom Banatu: arheozoološki pristup. Doktorska disertacija, Filozofski 
fakultet, Univerzitet u Beogradu.

Mladenović, Teodora, and Mladen Mladenović. 2020. “Animal exploitation on the 
territory of present-day Serbia during the Medieval period: a zooarchaeologi-
cal perspective”, In Animal Husbandry and Hunting in the Central and West-
ern Balkans Through Time, ed. Nemanja Marković and Jelena Bulatović, 167 
– 186. Oxford: Archaeopress.



Making Room for Animals	 |  61

Nilsson Stutz, Liv. 2018. A Future for Archaeology: In Defense of an Intellectually 
Engaged, Collaborative and Confident Archaeology. Norwegian Archaeologi-
cal Review 51 (1–2):48–56.

Novaković, Predrag. 2021. The History of Archaeology in the Western Balkans. Lju-
bljana: Filozofska Fakulteta.

Orton, David. 2008. Beyond hunting and herding: humans, animals, and the politi-
cal economy of the Vinča period PhD, University of Cambridge.

Orton, David. 2012. Herding, Settlement, and Chronology in the Balkan Neolithic. Eu-
ropean Journal of Archaeology 15 (1):5–40. doi: 10.1179/1461957112Y.0000000003.

Orton, David. in press. False Dichotomies: Balkan Neolithic hunting in archaeo-
logical context.

Orton, David, Jane Gaastra, and Marc Vander Linden. 2016. Between the Danube 
and the Deep Blue Sea: Zooarchaeological Meta-Analysis Reveals Variability 
in the Spread and Development of Neolithic Farming across the Western Bal-
kans. Open Quaternary 2 (6):1–26. doi: http://doi.org/10.5334/oq.28.

Radišić, Teodora. 2020. “Archaeozoological research of the Late La Tène period 
in Serbia: an overview of the data”, In Animal Husbandry and Hunting in the 
Central and Western Balkans Through Time, ed. Jelena Bulatović and Nemanja 
Marković, 119 – 129. Oxford: Archaeopress.

Radišić, Teodora. 2022. Ekonomija u kasnom latenu južnopanonskog podunavlja: 
arheozoološki pristup. Doktorska disertacija, Filozofski fakultet, Univerzitet u 
Beogradu.

Radmanović, Darko, Desanka Kostić, Jelena Lujić, and Svetlana Blažić. 2014. 
Vertebrate fauna at the Neolithic and Eneolithic sites in Vojvodina (Serbia). 
Zbornik Matice srpske za prirodne nauke 126:75–86.

Radovanović, Nastasija. 2020. Ekonomski, društveni i simbolički značaj divljih 
životinja u kasnom neolitu centralnog Balkana. Studija slučaja naselja Stragari-
Šljivik. MA, Departement for Archaeology, University of Belgrade.

Roksandić, Mirjana, Dušan Mihailović, Norbert Mercier, Vesna Dimitrijević, 
Mike W. Morley, Zoran Rakočević, Bojana Mihailović, Pierre Guibert, and 
Jeff Babb. 2011. A human mandible (BH-1) from the Pleistocene deposits of 
Mala Balanica cave (Sicevo Gorge, Nis, Serbia). Journal of Human Evolution 
61 (2):186–196.

Russell, Nerissa. 1993. Hunting, Herding and Feasting: human use of animals in 
Neolithic Southeast Europe. Berkeley: University of California.

Russell, Nerissa. 1999. “Symbolic dimensions of animals and meat at Opovo, Yu-
goslavia”, In Material Symbols: Culture and Economy in Prehistory, ed. J. ROBB. 
Carbondale: Center for Archaeological Investigations.

Srejović, Dragoslav. 1992. “Arheologija i prirodne nauke – mogućnosti i 
ograničenja”, In Arheologija i prirodne nauke, ed. Dragoslav Srejović. Beograd: 
Srpska akademija nauka i umetnosti.

Srejović, Dragoslav, and Zagorka Letica. 1978. Vlasac: mezolitsko naselje u 
Đerdapu. Tom I. Arheologija. Beograd: Srpska akademija nuka i umetnosti.



62  |	 Vesna Dimitrijević, Sonja Vuković, Ivana Živaljević

Stefanović, Sofija, Bojan Petrović, Marko Porčić, Kristina Penezić, Jugoslav 
Pendić, Vesna Dimitrijević, Ivana Živaljević, Sonja Vuković, Jelena Jovanović, 
Sanja Kojić, Andrej Starović, and Tamara Blagojević. 2019. Bone spoons for 
prehistoric babies: Detection of human teeth marks on the Neolithic arte-
facts from the site Grad-Starčevo (Serbia). PLOS ONE 14 (12):e0225713. doi: 
10.1371/journal.pone.0225713.

Stiner, Mary C., Vesna Dimitrijević, Dusan Mihailović, and Steven L. Kuhn. 2022. 
Velika Pećina: Zooarchaeology, taphonomy and technology of a LGM Upper 
Paleolithic site in the central Balkans (Serbia). Journal of Archaeological Sci-
ence: Reports 41:103328. doi: https://doi.org/10.1016/j.jasrep.2021.103328.

Stojanović, Ivana, and Jelena Bulatović. 2013. “Arheozoološka istraživanja mlađe 
praistorije na teritoriji Srbije”, In Bioarheologija na Balkanu. Bilans i perspek-
tive, ed. N. Miladinović-Radmilović and S. Vitezović, 13–24. Beograd: Srpsko 
arheološko društvo.

Stojanovski, Darko, Ivana Živaljević, Vesna Dimitrijević, Julie Dunne, Richard P. 
Evershed, Marie Balasse, Adam Dowle, Jessica Hendy, Krista McGrath, Ro-
man Fischer, Camilla Speller, Jelena Jovanović, Emmanuelle Casanova, Timo-
thy Knowles, Lidija Balj, Goce Naumov, Anđelka Putica, Andrej Starović, 
and Sofija Stefanović. 2020. Living off the land: Terrestrial-based diet and 
dairying in the farming communities of the Neolithic Balkans. PLOS ONE 15 
(8):e0237608. doi: 10.1371/journal.pone.0237608.

Verdugo, Marta Pereira, Victoria E. Mullin, Amelie Scheu, Valeria Mattiangeli, Kevin 
G. Daly, Pierpaolo Maisano Delser, Andrew J. Hare, Joachim Burger, Matthew J. 
Collins, Ron Kehati, Paula Hesse, Deirdre Fulton, Eberhard W. Sauer, Fatemeh 
A. Mohaseb, Hossein Davoudi, Roya Khazaeli, Johanna Lhuillier, Claude Rapin, 
Saeed Ebrahimi, Mutalib Khasanov, S. M. Farhad Vahidi, David E. MacHugh, 
Okan Ertuğrul, Chaido Koukouli-Chrysanthaki, Adamantios Sampson, George 
Kazantzis, Ioannis Kontopoulos, Jelena Bulatovic, Ivana Stojanović, Abdesalam 
Mikdad, Norbert Benecke, Jörg Linstädter, Mikhail Sablin, Robin Bendrey, Li-
onel Gourichon, Benjamin S. Arbuckle, Marjan Mashkour, David Orton, Liora 
Kolska Horwitz, Matthew D. Teasdale, and Daniel G. Bradley. 2019. Ancient 
cattle genomics, origins, and rapid turnover in the Fertile Crescent. Science 365 
(6449):173–176. doi: 10.1126/science.aav1002.

Vitezović, Selena. 2016. Metodologija proučavanja praistorijskih koštanih indus-
trija. Beograd: Srpsko arheološko društvo.

Vitezović, Selena. 2017. Antler exploitation and management in the Vinča culture: 
An overview of evidence from Serbia. Quaternary International 450:209–223. 
doi: https://doi.org/10.1016/j.quaint.2016.12.048.

Vitezović, Selena. 2020. “Eneolithic Bone Industries from Bubanj 373”, In Bubanj: 
The Eneolithic and the Early Bronze Age Tell in Southeastern Serbia, ed. A. 
Bulatović and Dragan Milanović, 371–386. Wien: Österreichische Akademie 
der Wissenschaften.

Vitezović, Selena. 2021. Praistorijski lokalitet Pločnik kod Prokuplja: koštana indus-
trija (istraživanja 1996–2011. godine). Beograd: Arheološki institut Beograd.

Vuković– Bogdanović, Sonja, and Svetlana Blažić. 2014. Camels from Roman Im-
perial sites in Serbia. Anthropozoologica 49 (2):281–295.



Making Room for Animals	 |  63

Vuković – Bogdanović, Sonja. 2017. Roman archaeozoology in Serbia: State of the 
discipline and preliminary results. Arheologija i prirodne nauke 12:99 – 114.

Vuković – Bogdanović, Sonja. 2018. “Meat Diet at the Upper Moesian Limes: Ar-
chaeozoological Evidences from the City of Viminacium and its Surround-
ings”, In VIVERE MILITARE EST From Populus to Emperors – Living on the 
Frontier. Volume II, ed. Snežana Golubović and Nemanja Mrđić, 269 – 310. 
Belgrade: Institute of Archaeology.

Vuković, Sonja. 2015. Životinje u rimskim afiteatrima. Studija slučaja amfiteatra u 
Viminacijumu. Doktorska disertacija, Filozofski fakultet, Univerzitet u Beogradu.

Vuković, Sonja. 2020. “Animal Husbandry and Hunting in Roman Provinces in 
Serbia: a Zooarchaeological Overview”, In Animal Husbandry and Hunting in 
the Central and Western Balkans Through Time, ed. Nemanja Marković and 
Jelena Bulatović, 130 – 142. Oxford: Archaeopress.

Vuković, Sonja, and Ivan Bogdanović. 2013. A Camel Skeleton from the Vimina-
cium Amphitheatre. Starinar 63:251–267.

Vuković, Sonja, and Mladen Jovičić. 2015. “Dog Burials from the Cemeteries 
of the Roman City of Viminacium (Moesia Superior, Kostolac, Serbia)”, In 
LIMES XXII. Proceedings of the 22nd International Congress of Roman Frontier 
Studies. Ruse, Bulgaria, September 2012., ed. Lyudmil Vagalinski and Nicolay 
Sharankov, 687–702. Sofia: National Archaeological Institute with Museum 
Bulgarian Academy of Sciences. .

Vuković, Sonja, Mladen Jovičić, Dimitrije Marković, and Ivan Bogdanović. 2021. 
“Sacrificing dogs in the late Roman World? A case study of a multiple dog 
burial from Viminacium amphitheatre”, In Roman Animals in Ritual and Fu-
nerary Contexts, ed. Sabine Deschler-Erb, Umberto Albarella, Silvia Valenzue-
la-Lamas and Gabriele Rasbach, 237 – 256. Wiesbaden: Deutsches Archäolo-
gisches Intitut.

Žakula, Sonja, and Ivana Živaljević. 2018. Izučavanje ljudsko–životinjskih odno-
sa u antropologiji i arheologiji I. Glasnik Etnografskog instituta SANU 66 
(2):255–270.

Živaljević, Ivana. 2013. Životinje između prirode i kulture: priča o arheozoologiji. 
Etnoantropološki problemi 8 (4):1137–1163.

Živaljević, Ivana. 2015. Concepts of the body and personhood in the Mesolithic-
Neolithic Danube Gorges: interpreting animal remains from human burials. 
Issues in Ethnology and Anthropology 10 (3):675–699.

Živaljević, Ivana. 2017a. Lov, stočarstvo i simbolički značaj životinja na Goloku-
tu: nove analize arheozoološkog materijala (Hunting, Herding and the Sig-
nificance of Animals in Golokut: New Analyses of Faunal Remains). Arhaika 
5:3–26.

Živaljević, Ivana. 2017b. Ribolov na Djerdapu u ranom holocenu (10. – 6. milenijum 
pre n.e.). Doktorska disertacija, Filozofski fakultet, Univerzitet u Beogradu.

Živaljević, Ivana, Igor V. Askeyev, Dilyara N. Shaymuratova (Galimova), Oleg V. 
Askeyev, Sergey P. Monakhov, Dušan Borić, and Sofija Stefanović. 2021. “Size 
estimations of sturgeons (Acipenseridae) from the Mesolithic-Neolithic Dan-



64  |	 Vesna Dimitrijević, Sonja Vuković, Ivana Živaljević

ube Gorges”, In Foraging Assemblages. Volume 2, ed. Dušan Borić, Dragana 
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MIND THE GAP! CHEMISTRY IN THE 
CURRICULUM OF THE CONSERVATION- 

-RESTORATION STUDY PROGRAM  
– THE EXPERIENCE OF THE ACADEMY OF 

ARTS NOVI SAD

Daniela Korolija Crkvenjakov

Introduction

Conservation-restoration is a discipline traditionally associated with 
manual dexterity. In the past, conservators were often skilled artists or 
craftspeople, with vast knowledge of art materials and techniques. How-
ever, today’s knowledge of conservation and restoration must be at an 
academic level, and hence theoretical knowledge from various fields is in-
cluded in the curriculum.

In Serbia, as in many other countries, conservation studies are asso-
ciated with art academies (Korolija Crkvenjakov and Đukanović 2021). 
As art academies and faculties do not always have the necessary inter-
nal scientists, the need for teachers in scientific fields that are included 
in the conservation curriculum is met by professors from other relevant 
faculties, usually within the same university. Although they are undoubt-
edly experts in their fields, it can be challenging to teach students from a 
very different discipline with very specific requirements. Conservators are 
tasked with understanding the materials of the treated object as well as 
the degradation processes and performing treatments. The conservation 
of objects of artistic, historical, and cultural interest is a highly interdis-
ciplinary activity. Conservators undoubtedly need scientific expertise and 
they often employ scientific reasoning in various stages of their work. The 
first expected outcome of teaching science to conservation students is thus 
the ability of students to apply science-based logic in various phases of 
conservation treatment.
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The importance of chemistry to conservators

We will take chemistry as an example of a scientific field that is highly 
important in the conservation of art objects. Degradation processes are of-
ten associated with oxidation, hydrolysis, salt formation, and other chemi-
cal interactions of an art object’s materials with the environment. Due to 
these interactions, the art object’s surface needs to be cleaned. Removing 
degradation products from the surface of the art object is one of the most 
common tasks performed by conservators. In the case of paintings, this 
involves removing dirt and grime or removing discolored varnish and any 
traces of prior restoration. This is performed by putting the painting’s sur-
face in direct contact with solvents and is considered to pose a risk to 
the original surface, which has to be preserved in its integral state. The 
mistakes could result in irreversible damage and a reduction in the signifi-
cance of the heritage object.

Conservators must deal with solvents, chemical tests, neutraliza-
tion, and toxicity daily while working on valuable surfaces. Considering 
the importance of chemistry to conservators, this field has been rapidly 
developing. Since 2000, many books on chemistry applied in conserva-
tion have been published in various languages. The most relevant authors 
are chemists with conservation experience and extensive knowledge of 
art materials. Such scientists are rare. When it comes to chemistry, spe-
cifically chemistry expertise applied in conservation, the best teachers are 
those scientists who work with conservators on a daily basis and have ac-
cumulated experience working on various cases and situations in heritage 
conservation. Only a few people with scientific backgrounds work in her-
itage institutions (museums and conservation institutes) in Serbia: chem-
ists, materials scientists, and physical chemists, and their number has not 
changed for decades. Those scientists possess precious interdisciplinary 
knowledge, but they do not teach. Different administrations, with separate 
ministries, laws, and budgets, are in charge of education. Because of these 
formal restrictions, it is very complicated to be both a scientist in a herit-
age institution and a university teacher.

Developing a curriculum for the MA in 
conservation and restoration at the  

Academy of Arts Novi Sad

Bearing in mind the relevance of science for conservators, the method 
for teaching students the principles, theory, and practice for the cleaning 
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of paintings, developed for the needs 
of conservation students at the Acad-
emy of Arts Novi Sad, will be discussed. 
The conservation-related lectures and 
laboratory work are taught in two 
courses that run concurrently during 
the semester. One course is taught by 
a chemist and covers theoretical prin-
ciples of chemical bonds, solvent prop-
erties, solubility, toxicity, etc., as well as 
laboratory exercises where conserva-
tion students learn how to use labora-
tory equipment. The other is taught by 
a conservator, with lectures combining 
ethical principles, techniques, and aes-
thetics in the cleaning of paintings. The 
technical aspect of cleaning paintings 
is closely tied to the theoretical chemi-
cal lectures. In the conservation lab, the 
students prepare solvent tests and mix-
tures themselves under the supervision 
of a teacher and then apply them in the 
cleaning while working on different 
examples (Figs. 1, 2, 3). This learning 
process is filled with discussions and 
estimations. Students learn through ex-
amples and by solving problems. There 
is no strict set of rules, as each painting 
is different. It is important that conser-
vation students acquire scientific rea-
soning skills during the cleaning pro-
cess, and understand the interaction of 
solvents with the painted surface and 
the layers to be removed from it. They 
learn principles and procedures that 
will lead them through the practical 
work.

The cleaning of the surface is the 
task of the conservator, not a chemist. 
Chemists participate in the discussions, answer questions, and conduct 
analyses, but working on the art object is solely the conservator’s responsi-

Figure 1. Preparing test solutions for 
cleaning

Figure 2. The beginning of a painting’s 
cleaning
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bility. Besides using chemicals as 
a technical part of the cleaning, 
conservators must estimate the 
ethical and aesthetic aspects of 
the treatment before and during 
the process. This combination of 
necessary expertise from differ-
ent fields is what makes conser-
vation so multidisciplinary.

Conservation studies at the 
Academy of Arts Novi Sad are 
organized in collaboration with 
museums and conservation insti-
tutes in Novi Sad and other cit-

ies, where students get the opportunity to work on selected cases. This 
contributes to the high quality of the learning process. Moreover, although 
publications about cleaning paintings in various languages do exist, we 
were aware that a textbook in the Serbian language would be useful. 
Therefore, a book dedicated to cleaning paintings was published (Korolija 
Crkvenjakov and Gadžurić 2020) as a result of the close collaboration of a 
chemist and a conservator, and following the method used in Italian con-
servation schools.

There are different approaches to teaching conservation, which are 
discussed in various conservation conferences and journals (Fuster-López 
and Krarup Andersen 2014). The Academy of Arts Novi Sad also hosted a 
conference on education in art – Artn’Edu, with lectures on teaching con-
servation (Academy of Arts Novi Sad, n.d.). International organizations 
such as ICCROM are actively developing courses on various aspects of 
teaching conservation and related sciences. Particularly interesting for the 
issue of teaching STEM in heritage studies is the summer school “Com-
munication and Teaching Skills in Conservation and Science,” which in-
troduces science and teaching methods in a fresh, non-traditional way, 
with a lot of fun (ICCROM, n.d.).

To describe the steps we take in teaching chemistry applied in conser-
vation procedures such as cleaning paintings, a scheme that presents the 
general learning process is useful. The scheme divides this process into 
four stages. The first stage, named Unconscious Incompetence, describes 
the student at the beginning of learning: they do not know what they do 
not know. The teacher’s task in the first stage is to provide direct instruc-
tions. The second stage is defined as Conscious Incompetence: students of-

Figure 3. Supervision during practical work
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ten feel that it is harder than they thought as they discover the complex-
ity, they are insecure, and doubt if they will ever learn. This describes the 
phase where conservation students are at the beginning of the practical 
experience in cleaning paintings and encounter challenges related to real 
examples of paintings from museum collections. The teacher’s task is to 
remain highly supportive while also providing a safe space for students 
to practice. The third stage is Conscious Competence. Students have now 
gained some experience and a measure of confidence, although they are 
still unsure about their competence. They need assurance that a teacher is 
always available for a check. We would like to think that students at the 
end of their master’s studies are in the third stage, but they usually de-
scribe themselves as having lower competence. The fourth and final stage 
of the learning process is the expert stage: Unconscious Competence. It is a 
point at which someone can teach others.6

Conclusion

The four stages of learning are similar to the old master-apprentice 
tradition of teaching and learning in arts and crafts. Given the character of 
conservation as a heritage-related profession, which requires manual dex-
terity and strong craft skills along with theoretical knowledge, this scheme 
seems appropriate. Moreover, it can be extended to the process of teaching 
STEM, in our example chemistry, to conservation students. Being aware 
of the progress students make at various stages of their studies might in-
spire teachers to refine the teaching process.

It is necessary that chemists (or experts from any other STEM field) 
and heritage experts work together. Teachers from both disciplines need 
to leave their “comfort zone” as a critical step towards interdisciplinarity.
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Introduction

In higher education in architecture and urbanism, the theme of cul-
tural heritage is traditionally encouraged within study programs and vari-
ous educational extracurricular initiatives. In the context of multiple in-
fluences affecting the development and transformation of cities – such as 
climate change, green challenges, and social transformation – the prob-
lematization of heritage issues in the setting of the city and landscape 
becomes a priority topic. For this topic to have far-reaching implications 
in the practical sense, its integration into existing study programs as well 
as new study programs is of immense importance. The General Consid-
eration of UNESCO/UIA Charter for Architectural Education (UIA 2017) 
highlights that architectural heritage education is essential for “under-
standing sustainability, the social context and sense of place in building 
design, and transforming the professional architectural mentality so that 
its creative methods are part of a continuous and harmonious cultural 
process” (Appendix X, UIA paper on Heritage Education, of UIA Edu-
cation Commission Reflection Group 7, on Heritage Education, Torino 
2008, cited in UIA 2017). Following this consideration, understanding 
heritage issues in the built environment within the framework of cultural 
and artistic studies in architectural education is listed as part of manda-
tory knowledge (UIA 2017).
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Although the subject of cultural heritage is already deeply rooted in ar-
chitectural education, it has grown in importance in the last decade, taking 
a priority position in architectural education, practice, and policy. Within 
this context, a number of authoritative networks and bodies at the Europe-
an level (both professional and educational) emphasize the role of heritage 
in creating a contemporary agenda of architectural action through decla-
rations, charters, strategies, and policies. ACE’s Policy Position on Urban 
Regeneration: Renovating the Existing Building Stock defines architectural 
heritage as “a capital of irreplaceable spiritual, cultural, social and econom-
ic value,” and accordingly, advocates for the architectural profession’s key 
role in the preservation of heritage through conservation and appropriate 
intervention (ACE 2016, 2). In the context of the European Conference 
for Architectural Policies, the vitality of architecture is explained through 
its connection with heritage – “Architecture is one of the layers of cultural 
heritage that speaks of who we are and where we are going, with a strong 
impact on creating the local and national identity” (Goagea et al. 2019). 
Moreover, research on architectural policies conducted between 2013 and 
2020 revealed that built heritage is one of the ten priority thematic areas 
for achieving the objectives of architectural policies (Goagea et al. 2019). 
For the current architectural priorities established in accordance with the 
policy framework to be achieved, a research framework and new architec-
tural strategies that promote circularity as one of the leading drivers of sus-
tainable development must be developed. Consequently, the Statement of 
the Architects’ Council of Europe (ACE 2019) on Designing for a Circular 
Economy indicates the need for introducing a cultural approach directed 
towards maintaining and re-using cultural heritage (ACE 2019).

Discipline of design and architectural heritage

Over the previous decade, there has been an immense growth of re-
search and work on the principles of sustainability, particularly the pres-
ervation of cultural heritage in all domains and in the broadest sense. In 
this context, it is especially important to examine the relationship between 
the built environment and heritage in general, having in mind that recog-
nizing and instilling built heritage values has become a critical theme in 
both the education and the practice of architects. As a result, a new pro-
file of architects/urban designers is needed in the wider architectural field, 
and design education faces new challenges that demand fresh didactic 
perspectives and tools. A new professional profile, with specific technical, 
technological, socio-humanistic, and artistic skills is needed to respond 
to these challenges. Accordingly, a new profile of architectural educators 
is required, one who may be in charge of improving didactic methods 
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and tools in architectural design and heritage education. Therefore, it is 
necessary to emphasize the importance of critical thinking as well as the 
complexity of developing an adequate methodological framework for ad-
dressing sustainability and heritage in architectural higher education and 
the design discipline in order to enable future professionals to meet the 
expectations of 21st-century societies for a sustainable and value-based 
built environment in a variety of cultural settings.

Objectives and paper outline

The primary goal of this paper is to develop a methodological frame-
work for addressing tools in the context of sustainability and heritage, 
thereby enriching curricula and broadening the scope of tools to be used 
in the design process. By defining the group of terms perceived as en-
gaging learning contents (Notions, Heritage Types, Design Approaches, 
Design Actions, and Tools) with a focus on tools within various design 
approaches, the paper reconsiders the current educational framework 
(which includes, among other things, multiple scales, thematic scopes, 
course types), thereby contributing to the integration of three elements 
of research: value, method, and instrument. The specific objective of this 
paper is to analyze the relationship between tools and (1) research strate-
gies, (2) spatial scales, and (3) educational frameworks and course types, 
to conceptualize them as supporting structures around which future cur-
ricula in architectural schools can be built, and as guiding frameworks 
for case study analysis in research and professional contexts. Following 
these objectives, two research questions arise: (1) what is the importance 
of tools in the analyzed domain of heritage and sustainability concerning 
high-quality standards of architecture and urban design higher education, 
and (2) what is the relationship between specific tools and research strat-
egies, scales, and course types, i.e. what are the prerequisites needed to 
identify specific starting points and the role of specific tools.

The first part of the paper presents the research context. It provides 
insight into the Erasmus+ Strategic Partnership – Enhancing of Heritage 
Awareness and Sustainability of Built Environment in Architectural and 
Urban Design Higher Education (HERSUS) and HERSUS Intellectual 
Output 3. The second part of the paper presents a research framework for 
establishing correlation links between tools and research strategies, spatial 
scales, and course types for creating a methodological framework address-
ing the role of tools in sustainability and heritage in architectural higher 
education. The conclusion summarizes the findings and highlights essen-
tial aspects to be addressed in the further development of the remaining 
intellectual outputs within the HERSUS project.
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Research context: 
HERSUS Strategic Partnership

1. HERSUS project

The HERSUS project (Enhancing of Heritage Awareness and Sustain-
ability of Built Environment in Architectural and Urban Design Higher 
Education) is developed and implemented as an Erasmus+ project within 
the Strategic Partnerships for higher education action scope. The project 
started in 2020 and is developed by five higher education institutions 
(HEIs) from five different European countries: 1) the University of Bel-
grade, Faculty of Architecture as the Lead Organization (Serbia), 2) Iuav 
University of Venice (Italy), 3) The University of Cyprus, Department of 
Architecture (Cyprus), 4) The Aristotle University of Thessaloniki, School 
of Architecture (Greece), and 5) the University of Seville, the UNESCO 
Chair on Built Urban Heritage CREhAR in the digital era (Spain).1 To cre-
ate a multi-contextual research platform, HERSUS consortium members 
give distinct reflections and contextual knowledge deriving from their 
unique socio-economic and cultural backgrounds, following the geo-
graphic line of Southern European schools of architecture. The project is 
structured around five types of activities: (1) Design and development of 
Intellectual Outputs (IO) – six results with tangible and meaningful out-
comes, specifically publications, book of courses, an interactive platform, 
and a handbook (2) Learning, Training, and Teaching (LTT) activities – 
one seminar for teachers, three student workshops, and one training for 
teachers, (3) Multiplier Events (ME) – nine events for the dissemination 
of intellectual outputs and the overall results in the form of public presen-
tations, and Open Houses at participating higher education institutions; 
(4) Transnational Project Meetings (TPM) – six design and development 
meetings of consortium members; and (5) Project Management and Im-
plementation activities (PMI) – communication, dissemination, and cre-
ating a sustainable framework for implementing results. Learning, train-
ing, and teaching activities with intellectual outputs are at the core of the 
HERSUS project’s implementation, with all other activities supporting 
and supplementing their design and development. LTT is a platform for 
testing principles and methodologies developed from intellectual outputs, 
ME is a platform for the dissemination and public presentation of intel-
lectual outputs, and TPM promotes the discussion, creative development, 
and critical reflection of intellectual outputs. As part of the project, four 
intellectual outputs, along with three student workshops and one seminar, 
were finished by November 2022 (Fig. 1).

1	 For more information, see: https://hersus.org.
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Figure 1. HERSUS Completed Results until November 2022 (IO1 - Review of the Best 
Practices on Educating Sustainability and Heritage (developed from November 2020 – 
May 2021), IO2 - Questionnaire for the State of the Art (developed from January 2021 
– June 2021), IO3 - Statements for Teaching through Design for Sustainability of the Built 
Environment and Heritage Awareness (developed from February 2021 – December 2021), 
IO4 - HERSUS Sharing Platform (development started in December 2020, published in 
November 2021, updating and maintenance until the end of the project), LTT1 - Workshop 
1: Sustainable Reconstruction in Urban Areas (Venice, Italy - 22nd–26th November 2021 
(onsite), LTT2 - Workshop 2: Adaptive Reuse (Nicosia, Cyprus - 2nd–6th May 2022 
(onsite), LTT3 - Workshop 3: Resilience and Future Heritage (Thessaloniki, Greece - 
17th–21st October 2022 (onsite). (Figure by authors)
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Over the previous two years, the project was gradually implemented, 
offering a wide scope of activities for cooperation between the research, 
private, and public sectors, securing both local and regional support for 
cooperation within higher education and the practical arena. With its re-
search activities and the establishment of high-level expert groups, the 
project strives to analyze critical issues for the modernization and devel-
opment of higher education in architecture and urban design across Eu-
rope, with an emphasis on the social and educational value of European 
cultural heritage. The HERSUS project is specific in that there is a visible 
conditionality between the six intellectual outputs (IO), which are con-
ceptualized both as inputs for each other and as an integral result of the 
project that is gradually evolving and establishing a conceptual framework 
for improving higher education in architecture and urban design with a 
focus on heritage and sustainability.

2. Statements on teaching through design for sustainability of 
the built environment and heritage awareness

“Statements on Teaching through Design for Sustainability of the 
Built Environment and Heritage Awareness” are part of HERSUS’ third 
intellectual output (IO3), coordinated by the University of Belgrade – 
Faculty of Architecture, and aimed at reaching an agreement among the 
HERSUS consortium on the concepts and fields of action relevant to 
sustainability and heritage (Djokić et al. 2022, 7). The results from IO3 
have been prepared in the form of Teaching Vademecum: Statements on 
Notions, Ideas, Design Strategies, Design Tactics, Tools and Techniques, 
and Heritage Types relevant to the HERSUS scope. The IO3 findings led 
to the development of a strategy containing: (1) the requirements for an 
architect to be qualified in architectural and urban design, and (2) up-
to-date qualifications an architectural educator must obtain to advance 
their teaching about the sustainability of the built environment and herit-
age awareness (Djokić et al. 2021). Vademecum provides insight into the 
above-mentioned analyzed terms along with their definition (explanation) 
and information regarding the content, methods, goals, course type, scale, 
learning outcomes, and teachers’ competencies most suitable for the edu-
cation of future professionals in the field. The general structure and in-
structions for reading Vademecum, as a system of terms relevant to the 
study of heritage and sustainability in architectural and urban design, is 
presented in Figure 2.

An important part of this publication is the HERSUS Glossary, which 
the project’s target groups (students/teachers/trainers/tutors) can use to get 
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a clearer picture of specific training and teaching activities that help to align 
the needs of the practice and teaching of urban and architectural heritage 
sustainability. The Glossary was developed to help the project consortium 
establish consensus on concepts and fields of action relevant to the project, 
and it has specificities and limitations as a result of the expertise and views 
of individual researchers and experts involved in its development.2

The overall focus of IO3 was on a set of recommendations that aim to 
define and elaborate on professional competencies that need to be developed 
by both architects/urban designers and architectural educators in a dual per-
spective by (a) developing statements on the relevant notions, ideas, design 
strategies, design tactics, tools, techniques, and heritage types, and (b) devel-
oping statements on their importance for education (Djokić et al. 2022, 9).

Research framework: Review of analytical tools 
and design approaches

Based on previous HERSUS IO3 findings, a specific research frame-
work was developed to test the applicability of tools as a driving and opera-
tional element of a design process that should be applied systematically to 
achieve a design goal and solve a design problem. By analyzing the group 
of terms used to cover all analytical and problem-based approaches in the 
design process and to treat and preserve a particular category of heritage, 
specific design approaches were identified.3 Accordingly, a set of distinctive 
tools that are currently used or are in the domain of the expertise of re-
searchers participating in the HERSUS project were analyzed following the 
predefined structure (Fig. 2).4 Nevertheless, the established list of tools is by 

2	 The overall methodology of the HERSUS glossary design and development has been 
previously elaborated (Đorđević et al. 2022).

3	 While focusing on individual aspects in the fields of heritage and sustainability, the 
HERSUS project identifies several different approaches aimed at (1) preserving and 
emphasising inherited socio-cultural, spatial, and ecological values (Community 
Building and Representation, Historic Urban Landscape (HUL), Design For All In 
Cultural Heritage, Multi-scale Design Approach), (2) increasing ecological perfor-
mance of buildings/places (Environmentally Responsive / Energy – Conscious/Cli-
mate-Sensitive/Whole-Lifecycle/Carbon-Neutral/Passive/Active Sustainable Design, 
Thermal/Visual/Acoustic Comfort Design, and Green Blue Infrastructure), and (3) 
investigating architectural programs capable of generating a sustainable use of heri-
tage (Heritage Reprograming)

4	 The HERSUS project identifies various tools in the field of heritage and sustainabil-
ity: Image Rectification, 3D Printing, As Built / as Found Recording, Space Syntax, 
Morphogenesis Study, Mapping, Documenting, Cataloguing, Use of GIS Technology, 
Heritage Building Information Modelling HBIM, Collaborative cartography, Collab-
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no means complete and it needs to be constantly upgraded in line with the 
ever-changing nature of tools used in architectural and urban design.

1. Role of tools in architectural and urban design

The constant evolution of design tools from perceptual (concrete) to 
conceptual (abstract), from static (the practice of representation) to dy-
namic (the practice of simulation), is adding new layers to already com-
plex operations (Đorđević et al. 2022).

Tools in relation to research strategies and design processes
When referring to the design process, three phases are commonly 

highlighted: (1) the analytical phase characterized by systematic observa-
tion, inductive reasoning, experience, and measurement, (2) the creative 
phase characterized by assessment, deduction, reasoning, and decision 
making, and (3) the executive phase consisting of describing, translating, 
and transmission. The design process, perceived in this manner, enables 
one to understand when a specific tool is applied within the design pro-
cess. Simultaneously, linking tools to research strategies enables one to 
understand the rationale behind applying specific tools. In this research, 
seven types of research strategies were adopted: historical research, quali-
tative research, correlational research, experimental and quasi-experimen-
tal research, simulation research, logical argumentation and case studies, 

orative Workshop CHARRETTE, Creative and Artistic Approaches, Heritage Value 
Matrix HVM, Thermal Energy Simulation, Lighting Simulation, Post-Occupancy 
Evaluation POE, Petrography, Conservation Status Evaluation, Archaeometry, Digi-
tization of Heritage

Figure 2. How to read HERSUS Vademecum Statements. (Figure by authors)
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and combined strategies, all of which are elaborated in detail by Linda 
Groat and David Wang (Groat and Wang 2013).

In this sense, the research framework is based on the methodological 
matrix (Figure 3) of tools and their affiliation with research strategies. The 
methodological matrix enables mapping the position of the tool within 
the design process in line with the mentioned indexes (analytical, creative, 
and executive phases).

Tools in relation to spatial scales

Considering the multi-scale nature of urban phenomena, spatial scale 
is of great importance for understanding urban processes and applying 
design approaches, necessitating architectural education to prepare future 
professionals to think broadly and act on multiple scales. Accordingly, the 
spatial scales included within the curricula can be classified as Construc-
tion Detailing and Interior Design Scale (XS), Architecture: Buildings 
Scale (S), Urban Design Scale (M), Urban and Regional Planning Scale 
(L), and Landscape Scale (XL). Concerning the relationship between spa-
tial scales and design tools, a methodological matrix allows one to map 
the scope of tools in relation to the spatial scales (Figure 4). Visual repre-
sentation within the matrix enables additional reading of the applicability 
span of specific tools (horizontal axes) and the level of tool representation 
within each scale (vertical axes).

Figure 3. Methodological matrix: Examining the relation in-between research 
strategies, design phases and design tools. (Figure by authors)
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Tools in relation to educational framework and course types

The list of specific course types based on the HERSUS intellectual out-
put 3 (IO3) included the following: Design Studio (DS), Intensive Work-
shop (IW), Theory Course (TC), Seminar (short comprehensive) (SSC), 
Laboratory Work (LW), Research Thesis (RT), Field Work (FW), and In-
ternship Practical Training (IPT). The methodological matrix allows one 
to map the course types within which specific tools can be taught (hori-
zontal axes), while vertical axes helps one to identify the various tools that 
can be taught within specific course types (Fig. 5).

Conclusions

The conclusions in this paper are conceived as a Concept Note for 
further research – as a methodological framework for the further critical 
development of tools and design approaches to heritage. Regarding the 
importance of tools when dealing with the specific subject of heritage and 
value-based design, one can recommend their equal use in all phases of 
the design process – analytical, creative, and executive. Contrary to the 
most widely held opinion that tools are predominantly used in the ana-
lytical phase, the HERSUS project advocates for the equal importance of 
tools in all phases of the design process. The project’s methodological ma-
trix provides a framework for future research and knowledge acquisition: 
(1) Research strategies and tools – collecting the best examples of good 
practice of tool application in research and practice which are and will be 

Figure 4. Methodological matrix: Examining the relation in-between spatial 
scales and design tools. (Figure by authors)
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further disseminated through Intellectual Output 4 – Hersus Sharing Plat-
form5 and used for its upgrade; (2) Spatial scales and tools – developed 
within IO3 by mapping a wide specter of possibilities and identifying gaps 
within these relations; this enables the framework for creating new tools 
and expanding the level of application of existing ones; (3) Course types 
and tools – tested and promoted through the development of new study 
courses from the HERSUS book of courses, as part of IO5 findings.
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TEACHING STEM IN ARCHAEOLOGY 
– NOTES FROM A DEVIL’S ADVOCATE

Staša Babić

The aim of this volume, and the entire HERISTEM project that 
generated it, is to work towards the advancement of university curricula in 
heritage-related disciplines through the systematic incorporation of STEM 
knowledge and skills in higher education training of heritage professionals. 
Particularly in archaeology, the rapid developments over the past few 
decades in the application of various methods and techniques derived 
from engineering, natural, and computer sciences, aimed at acquiring 
ever more fine-grained information on the past, have given rise to a wave 
of optimism, notably expressed by Kristian Kristiansen’s proclamation 
of the third science revolution (Kristiansen 2014). Although this firm 
belief, championed from a position of unquestionable authority, sparked 
immediate critical responses (cf. Chilton 2014, Gonzáles-Ruibal 2014), the 
claim has gained purchase that archaeology is undergoing a revolutionary 
paradigm shift, predominantly induced by the new technical possibilities 
for generating and processing data about the past. For example, one of the 
themes for the 2022 annual conference of the European Association of 
Archaeologists invited participants to examine the state of the discipline 
ten years after the ‘Third Science Revolution’1 (Babić and Milosavljević 
2022), implying that there is no doubt that yet another radical turning 
point in the development of archaeology has occurred and that the entire 
field is decisively shaped by the strong influx of ideas from the domain 
of hard sciences. However, there are still challenges to be resolved, both 
theoretical and practical, before the third science revolution in archaeology 
can be declared completed (Chilton 2014; Gonzáles-Ruibal 2014). The 
aim here is not to provide comprehensive coverage of these issues, but 
rather to point to some of the implications of this situation for the current 
practices in higher education.

1	 https://www.e-a-a.org/EAA2022/Programme.aspx?WebsiteKey=13a70299-
9 c f 2 - 4 c c 8 - 9 8 c 2 - 2 8 6 2 c 5 c 6 a 8 d d & h k e y = 0 1 d c 4 7 f 6 - 6 8 b d - 4 d 8 7 - b c d f -
183a7eb484d2&Program=2#Program

https://www.e-a-a.org/EAA2022/Programme.aspx?WebsiteKey=13a70299-9cf2-4cc8-98c2-2862c5c6a8dd&hkey=01dc47f6-68bd-4d87-bcdf-183a7eb484d2&Program=2#Program
https://www.e-a-a.org/EAA2022/Programme.aspx?WebsiteKey=13a70299-9cf2-4cc8-98c2-2862c5c6a8dd&hkey=01dc47f6-68bd-4d87-bcdf-183a7eb484d2&Program=2#Program
https://www.e-a-a.org/EAA2022/Programme.aspx?WebsiteKey=13a70299-9cf2-4cc8-98c2-2862c5c6a8dd&hkey=01dc47f6-68bd-4d87-bcdf-183a7eb484d2&Program=2#Program
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There is no doubt that the landscape of archaeology has indeed 
changed conspicuously in the first decades of the 21st century, to a large 
extent as a consequence of the vast array of novel techniques from the 
STEM arena. This broadening of horizons obliges us to reconsider the 
ways in which young professionals are introduced to the field and what 
skills are essential for their future success. However, when pondering 
upon this issue, we should bear in mind that from the turn of the 
century, other archaeological voices have proposed different agendas, also 
declaring radical changes in the ways we approach our object of study, but 
inspired by a different source: concepts and ideas from the domains of 
anthropology and philosophy (e.g. Harris and Cippola 2017; Hodder 2012; 
Olsen et al. 2012) and engendering lively discussions (Babić 2019). This is 
certainly not the first time that archaeologists have debated whether their 
field of expertise is/should be more closely affiliated with hard sciences or 
humanities, and similar theory wars (Chapman and Wylie 2016, 7) have 
been waged throughout the history of the discipline, without ever reaching 
a conclusive outcome. Although attempts have been made to advocate a 
more balanced approach, with the aim of bridging the gap (Jones 2002; 
Chapman amd Wylie 2016; Babić and Milosavljević 2022), the proponents 
of the extreme views in these debates have often talked past each other, 
claiming the exclusive privilege of revolutionizing the field.

Whether any of these contending proposals represents a paradigm 
shift is a moot point (Lucas 2016; Babić 2018, 33–35, 68), but it can hardly 
be denied that the introduction of an array of methodological procedures 
heavily borrowed from the field of STEM has made a profound impact 
on the practices of archaeologists around the world. Many scholars share 
Kristiansen’s enthusiasm that, as a result of this, the science of archaeology 
is progressively producing a more detailed and accurate knowledge of the 
past. At the same time, death of theory has been announced (Bintliff 2011; 
Thomas 2015b), at least partially indicating that the matter is settled and 
that an epistemic consensus has been reached. And yet, there have been 
moments in the history of archaeology, notably during the 1960s and the 
1980s, when parts of the archaeological community expressed their firm 
belief that the state of normal science has been achieved and that the sole 
remaining task is to apply and refine the determined set of rules of good 
research. Nevertheless, it can be safely argued that none of these radical 
theoretical turns have changed the entire field of archaeology and that 
the majority of researchers around the globe in fact continue to adhere to 
some kind of hybrid approach, partly adopting novelties while retaining 
previously deeply rooted practices (Babić 2018). Crucial for the present 
purpose, this seemingly unruly state of affairs may present particular chal-
lenges for university teachers, charged with the task of introducing nov-
ices to the field (Babić 2016) and determining the knowledge and skills 
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necessary and sufficient for their incorporation into the disciplinary com-
munity (Bourdieu 2004).

Rather than interpret this state of affairs as a sign of an unstable and 
somehow imperfect field of knowledge, the intention here is to raise the 
point already stressed by other authors (cf. Currie 2018; Lucas 2015; Thomas 
2015a, 2015b), that the plurality of approaches present today and throughout 
the history of archaeology as an academic endeavour is a significant asset 
of the discipline. Taking advantage of this theoretical and methodological 
plurality requires constant scrutiny of disciplinary epistemic norms. Useful 
guidance in this endeavour can be found in the field of social epistemology, 
particularly in the following advice by Melinda Fagan:

Purely abstract standards for epistemic justification, lacking any 
connection to our practices, are at best pretty fictions, descriptions of 
imaginary science to dazzle the uninitiated and inspire novices. At 
worst, they mask relations of power and politics that determine what is 
accepted as scientific knowledge, protecting inequities from critique and 
lending social biases an appearance of inevitability. To prevent such 
misuse of epistemic ideals, their connection with scientific practice must 
be articulated (Fagan 2010, 103, underlined by S.B.; see also: Longino 
2002; Babić 2018: 43 ff.).

In other words, the tenets of any particular theoretical program 
proposed by archaeologists are literally tested in the field, through actual 
practices of recovering and processing the material remains of the past 
and constituting the archaeological record – a permanent association of 
specific materiality with the observations and inferences of researchers on 
its various qualities (Lucas 2012). The massive influx of STEM-derived 
methods and techniques no doubt significantly increases both the quality 
and the quantity of data at our disposal. And yet, it has been put very 
bluntly that archaeometry has made many people lazy – and justified their 
laziness (Gonzáles-Ruibal 2014, 42). Harsh as it may seem, this statement 
points to a number of important issues worthy of careful scrutiny, especially 
in the context of training future cohorts of archaeologists. Generating, 
processing, and manipulating these data requires specific skills that were 
previously not a standard part of university curricula for archaeology 
students. Including training in these skills in university programmes may 
require excluding certain other, traditionally taught content, in order to 
avoid the danger of overcrowding. This raises the problem of priorities 
and choices to be made by university teachers: what are the core skills and 
knowledge necessary and sufficient for archaeologists entering the labour 
market in the third decade of the 21st century, and how do they differ 
from those required prior to the wave of STEM? What can be safely and 
justifiably excluded, and at what point do we enter the dangerous zone 
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of throwing the baby out with the bathwater? Following Gonzáles-Ruibal, 
when do we become lazy and assume that mastering the sophisticated 
methods of gathering and processing data automatically vouches for good 
archaeology? Ultimately, when do we fall into the trap of scientism, putting 
our faith firmly and exclusively in the power of empirical research (Haack 
2017), and forsaking the long humanistic tradition running throughout 
the history of archaeology? When contemplating these questions, it 
may be beneficial to reconsider some of the reasons behind the notable 
increase in STEM-derived elements in archaeological practices, other 
than their obvious and indubitable potential to increase the viable options 
for gathering and processing the data on material traces of past human 
activities. And yet, precisely because these advancements have already 
immensely extended the scope of our research, it is essential to reconsider 
both their advantageous impact upon the discipline and the possible 
dangers of over-enthusiastic expectations. The previous experiences of 
archaeologists engaging in interdisciplinary dialogue with empirical 
sciences may serve as a cautionary tale, demonstrating that this rapport 
may prove to be complex and lead to disappointing results (Babić 2018, 
116–120; Chapman and Wylie 2015, 8–10). The disappointment may 
well have been the result of an insufficiently clear distinction between 
the methodological and epistemic domains of research: what we do and 
why we do it. This is particularly important when the already existing 
research procedures are transferred into another domain since their 
original purpose and rationale rarely precisely match the ones at the 
receiving end. In this process of “trading with the enemy,” (Galison 2010) 
misunderstandings are frequent, especially concerning the limitations 
of the “borrowed goods,” expected to solve the problems they were not 
designed to face in the first place. The application of radiocarbon dating is 
no doubt one of the most successful cases of momentous advancements in 
the archaeological interpretation of the past enabled by one such transfer 
of hard-science knowledge:

The ambition was to build a body of evidence that could stand as an 
empirical foundation for absolute chronologies, secure in its own terms, 
warranted by material postulates drawn from physics that would decisively 
banish the ‘element of conjecture’ inherent in existing archaeological 
dating systems. In the event, the effective application of nuclear science 
to archaeological problems required an extended process of calibration, 
often against the very lines of evidence 14C dating was meant to displace 
(Chapman and Wylie 2016, 144).

Hence, it is not necessary to subscribe to the fervent critique aimed at 
the processual program for its excessively positivistic postulates (Babić 2018, 
68 f.) in order to point out that archaeological knowledge cannot be achieved 
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solely by the means of physics. The radiocarbon dating cautionary tale aptly 
illustrates that, even when successfully adapting the findings, methods, 
techniques, and skills of the very model of exact science, archaeologists 
need to refer back to their own specific mode of evidential reasoning in 
order to meaningfully benefit from the trans-disciplinary exchange (sensu 
Chapman and Wylie 2016). This in turn means that the epistemic goods 
– new knowledge on the phenomena we investigate (Currie 2018) – may 
not be achieved by abandoning our own epistemic concerns in the hope 
that this neglect can be compensated by the application of sophisticated 
scientific procedures (cf. Haack 2017). And yet, the discipline periodically 
comes dangerously close to this turning point, when a paradigmatic shift is 
announced based largely on the reliance upon the epistemic norms coming 
from the domain of hard science. In many instances, most notably in the 
most recent influential programmatic text of this kind – that of Kristiansen 
(2014) – this argument is framed largely in terms of listing the vast 
possibilities of applying ready-made solutions, while a reflexive discussion 
on the complexities of interdisciplinary transfers is largely absent. The 
underlying assumption appears to be that all research is and can only be 
conducted according to a unified set of scientific principles. This, however, is 
a highly contestable position, with a long history of debate, dating at least to 
the 19th century (Babić 2018, 57–62, passim).

The reasons for the eagerness to comply with the principles of hard 
science as the only legitimate way of generating true knowledge can be 
sought in various directions and from various starting points, and a 
detailed discussion of this topic far exceeds the intentions and possible 
scope of this text. However, one important rationale behind the periodical 
searches for the legitimacy and security of exactness may lie in the desire 
of archaeologists to overcome the discipline’s subservient position in 
relation to other fields of inquiry into the past, especially its complex 
relationship to history (Babić 2018, 49 ff.), and to seek “a better position 
at the table of human sciences” (Lucas 2012, 133). This tendency may be 
brought into perspective by the fact that even Sigmund Freud claimed 
analogies with physics when formulating the basis of psychoanalysis, in 
order to gain respect and trust for his revolutionary theory of the human 
mind (Weinert 2009, 191–209). The irresistible pull of the procedures and 
protocols deemed objective, exact, robust, and thus properly scientific and 
worthy of social esteem is smartly summarized in the title of an essay by 
Bruno Latour: Give Me a Laboratory and I will Raise the World (Latour 
1983), examining the ways in which Louis Pasteur profoundly transformed 
the French society, its attitudes towards public health, the human body, 
animals, food, housing, and, finally, the procedures and mechanisms of 
governance. Setting out to change the world, for the benefit of all and 
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according to what was perceived as a neutral scientific discovery, the 
famous microbiologist in fact engaged in a number of eminently social 
activities to convince many actors in the public arena, including other 
researchers – medical doctors and veterinarians – that his conclusions 
are sound. “How has Pasteur succeeded in capturing the interests of other 
indifferent groups? ... He transfers himself and his laboratory into the mist 
of a world untouched by laboratory science” (Latour 1983, 144). In this 
intricate interplay, all actors are constantly changing in relation to one 
another, including strategies of negotiation and concessions, which are 
familiar to any practicing researcher in search of funds, today certainly no 
less than during the time of Pasteur. The laboratory – the particular locus 
of scientific discovery, isolated from the outside world in order to obtain 
the most objective and controlled observations – proved to be influenced 
in several fundamental ways by the society it was embedded in.

Pasteur is one of the most celebrated scientists for good reason, and 
the significance of his work for the health of the human population can 
hardly be overestimated. Along with his breakthrough inferences about 
the microorganisms that cause human and animal illness, there is also 
reason to celebrate his prowess in navigating the world outside his lab and 
securing social relevance and adequate action from decision-makers of his 
time – a feat not fully matched by the success of the current scientific 
community in warning the public about climate change. Public opinion 
on and confidence in science – whatever is colloquially encompassed by 
the term – has changed in profound ways from the time of Pasteur (Haack 
2017), and communicating research results to the community and inducing 
social action in accordance with them is now even more difficult than it 
was at the end of the 19th century. The strategy advocated by a number of 
archaeologists – to assume the position of objective observers of facts, in 
order to secure a more influential role in society – may be less efficient 
in a world fraught with scepticism and denial of disturbing realities. It 
may be much more productive to devote our energies to articulating our 
unique position as researchers straddling the divide between natural and 
social sciences and humanities, equally capable of discerning all aspects of 
human life, both those observable by STEM-derived skills and those not 
readily accessible by such approaches. In the words of Elisabeth Chilton:

... as a child of the 1960s I optimistically consider humans to be capable of 
using scientific and technological methods to solve any number of pressing 
global problems (disease, war, violence, food stress, global warming, 
etc.). But as a social scientist I also strongly believe that we need first to 
work on issues that will not be solved by data alone: social inequality, 
the sustainability of our natural resources, equitable decision-making 
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and priority setting, and an understanding of the politics of science and 
funding mechanisms (Chilton 2014, 39).

Fully embracing this stance, as a university teacher tasked with 
introducing new professionals to the field of archaeology, I strongly 
believe that our main goal should be to present to them the full range of 
archaeological reasoning. Some of the epistemic demands before us are 
similar to other fields of inquiry, searching for explanations of the deep 
past from the naturalistic angle, such as paleontology or evolutionary 
biology (Currie 2018). Nevertheless, there is also a long and highly relevant 
tradition of archaeological thinking that leans heavily on the humanities 
(Babić 2018), which may be obscured by the new wave of enthusiasm 
generated by STEM-driven advances. This methodological omnivory has 
been the source of epistemic optimism (Currie 2018), but in order to 
fully embrace the potential, just like in the case of radiocarbon dating, 
archaeologists – experienced researchers as well as novices – would be wise 
to constantly and carefully consider both the possibilities and limitations of 
the ideas, concepts, and methods we find useful in other fields of research, 
regardless of their provenance (Babić 2019). Necessary in this endeavour 
is the skill of engaging in critical and reflexive interdisciplinary dialogue, 
profoundly informed by the social relevance of archaeologically produced 
narratives of the human past. In these exchanges, questions about why 
we choose certain methodological steps should come before concerns 
about how we actually perform certain procedures. It is our duty to teach 
students how to pose these questions, always bearing in mind the specific 
quality of our data sources – the materiality of human lives.

References
Babić, Staša. 2016. Arheologija na univerzitetu u Srbiji – Između zahteva struke i 

društva. Arhaika 3: 1–14.
Babić, Staša. 2018. Metaarheologija. Ogled o uslovima znanja u prošlosti (Metaarche-

ology. An Essay on the Conditions of Knowledge about the Past). Belgrade: Klio.
Babić, Staša. 2019. Arheološka stratigrafija, ravna ontologija i tanka deskripcija. 

Beleška o (inter)disciplinarnom dijalogu (Archaeological Stratigraphy, Flat 
Ontology and Thin Description. A Note on (Inter)disciplinary Dialogue). 
Etnoantropološki problemi 14 (3): 811–831.

Babić, Staša and Monika Milosavljević. 2021. Večita pitanja? Etnoantropološki 
problemi 17 (3): 1127–1132.

Bintliff, John L. 2011. “The death of archaeological theory?” In The death of archaeo-
logical theory?, edited by John L. Bintliff and Mark Pearce, 7–22. Oxford: Oxbow.

Bourdieu, Pierre. 2004. Science of Science and Reflexivity. Cambridge: Polity Press
Chapman, Robert and Alison Wylie. 2016. Evidential Reasoning in Archaeology. 

London: Bloomsbury.



90  |	 Staša Babić

Chapman, Robert and Alison Wylie (eds). 2015. Material Evidence. Learning from 
archaeological practice. London, New York: Routledge.

Chilton, Elizabeth S. 2014. Plus ça change. From postprocessualism to “Big Data”. 
Current Swedish Archaeology 22, 35–40.

Currie, Adrian. 2018. Rock, Bone and Ruin. An Optimist’s Guide to Historical Sci-
ences. Cambridge, MA: The MIT Press.

Fagan, Melinda. 2010. Social Construction Revisited: Epistemology and Scientific 
Practice. Philosophy of Science 77 (1): 92–116.

Galison, Peter. 2010. “Trading with the Enemy”. In Trading Zones and Interac-
tional Expertise, edited by Michael E. Gorman, 25–52. Cambridge MA: The 
MIT Press.

Gonzáles-Ruibal, Alfredo. 2014. Archaeological revolution(s). Current Swedish 
Archaeology 22: 41–45.

Haack, Susan. 2017. Scientism and Its Discontents. Rounded Globe.
Harris, Oliver and Craig Cippola. 2017. Archaeological Theory in the New Millen-

nium. Introducing Current Perspectives. London, New York: Routledge.
Hodder, Ian. 2012. Entangled. An Archaeology of the Relationships between Hu-

mans and Things. Oxford: Wiley-Blackwell.
Jones, Andrew. 2002. Archaeological Theory and Scientific Practice. Cambridge 

University Press.
Kristiansen, Kristian. 2014. Towards a new paradigm? The Third Science Revolu-

tion and its Possible Consequences in Archaeology. Current Swedish Archaeol-
ogy 22: 11–34.

Latour, Bruno. 1983. “Give Me a Laboratory and I Will Raise the World”. In Sci-
ence Observed: Perspectives on the Social Study of Science, edited by Karin 
Knorr-Cetina and Michael Mulkay, 141–170. London: Sage.

Longino, Helen. 1990. Science as Social Knowledge: Values and Objectivity in Sci-
entific Inquiry. Princeton, NJ: Princeton University Press.

Longino, Helen. 2002. The Fate of Knowledge. Princeton, NJ: Princeton University 
Press.

Lucas, Gavin. 2012. Understanding the Archaeological Record. Cambridge Univer-
sity Press.

Lucas, Gavin. 2015. The mobility of theory. Current Swedish Archaeology 23: 13–32.
Lucas, Gavin. 2016. The paradigm concept in archaeology. World Archaeology 

49(2): 260–270. http://dx.doi.org/10.1080/00438243.2016.1252688
Olsen, Bjørnar, Michael Shanks, Timothy Webmoor, and Cristopher Witmore. 

2012. Archaeology – The Discipline of Things. Berkeley: University of Califor-
nia Press.

Thomas, Julian. 2015a. The future of archaeological theory. Antiquity 89: 1287–1296.
Thomas, Julian. 2015b. “Why ‘The Death of Archaeological Theory’? ” In Debating 

Archaeological Empiricism. The Ambiguity of Material Evidence, edited by Char-
lotta Hillerdal and Johannes Siapkas, 11–31. London, New York: Routledge.

Weinert, Friedel. 2009. Copernicus, Darwin & Freud: Revolutions in the History 
and Philosophy of Science. Oxford: Blackwell.

http://dx.doi.org/10.1080/00438243.2016.1252688


	 |  91

THE CONSTRUCTION OF 
ARCHEOLOGICAL HERITAGE

Dimitrij Mlekuž Vrhovnik

Archaeological heritage is constructed

Archaeological heritage is not something given in advance. It does 
not exist in and of itself; rather, it is constructed through the research pro-
cess. Archaeological traces are, by definition, fragmentary, obscured, and 
difficult to identify. For a trace to become archaeological heritage, it must 
go through the stages of identification, registration, documentation, inter-
pretation, and evaluation.

Processes of heritage recognition are historically contingent. They are 
embedded in the larger theoretical, social, and ideological contexts of re-
flections and ideas about what heritage is, how to recognize it, and how 
to protect it. These considerations set the framework for understanding 
and constructing archaeological heritage. Which archaeological trace is 
recognized as archaeological heritage and which is not primarily depends 
on material possibilities, considerations, doctrines, and theories. Archaeo-
logical heritage is thus a product of its time.

The protection of archaeological heritage was previously based on 
the rescue of isolated rare and exceptional monuments, important finds 
and sites. However, recent decades have seen the emergence of preventive 
archeology (or development led archeology), based on the assumption of 
archaeological traces as a limited resource that must be managed sustain-
ably, primarily through the avoidance of interventions, particularly spatial 
planning.

Archaeological traces are under threat of being destroyed, processed, 
or covered (Solli 2011) as a result of increasingly intensive interventions 
in space that are characteristic of the Anthropocene. These conditions call 
for different approaches to protecting archaeological heritage, since “res-
cue,” or the act of documenting traces during interventions in the space, is 
unproductive for both the heritage and the investors.
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The concept of preventive archeology in Slovenia dates back to the 
late 1980s, when Slovenian archeology developed a number of conceptual 
and methodological innovations, especially in non-invasive methods of 
landscape observation such as systematic surface surveys, aerial photog-
raphy, and geophysics. For the first time, new ideas and methods were put 
into practice on a major highway construction project, resulting in a dra-
matic increase in the number and density of new sites, i.e. archaeological 
heritage. The experience of conserving archaeological heritage during the 
highway construction project also significantly contributed to the change 
in the doctrine and organization of archaeological heritage protection. It 
was this experience that led to the development of preventive archaeology, 
its implementation in legislation, and the establishment of the Center for 
Preventive Archeology (Djurić 2007).

This development was the result of larger changes in the understand-
ing of archaeological heritage and the role of archeology in its production. 
The change in doctrine is reflected in the Le Valetta Convention on the 
Protection of Archaeological Heritage, adopted in 1992 and ratified by the 
Republic of Slovenia in 1999. The main points of the Convention are the 
inclusion of archaeological research in the spatial planning process and 
the “polluter pays” principle. They are also the foundations of preventive 
archaeology where archaeological heritage is threatened by intervention.

Preventive archeology is thus a conceptual innovation that incorpo-
rates archaeological research into the process of planning interventions in 
space. Archaeological heritage becomes a feature of the space and archeol-
ogy one of the partners in spatial development planning as a result.

Heritage is produced  
through cycles of accumulation

For something to be recognized as archaeological heritage, knowl-
edge must be produced through the arc of research. The process of pro-
tecting archaeological heritage is therefore nothing more than a process 
of knowledge production. And if we reflect on the process of knowledge 
production, especially through the perspective of Science and Technology 
Studies (STS), we can identify some key stages of the process of construct-
ing heritage.

One key aspect of knowledge production is cycles of accumulation. 
Knowledge is created through layering, addition, and multiplication. 
Thus, in cartography, for example, the cycle of accumulation begins with 
a researcher being sent to an unknown part of the world. The explorer 
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then returns with notes and a map of the area. The next explorer does not 
venture there bare-handed but is already equipped with the map that the 
first explorer has made. He returns home with a new, improved, and more 
accurate map. A new card has therefore been added to the pile. Science, 
including archaeology, is nothing but repeated accumulation cycles of ac-
cumulation (Latour 1987, 225–2267).

In preventive archaeology, cycles of accumulation are formalized 
through the arc of research, from preliminary research to excavation. The 
arc of research establishes different forms, statuses, or aggregate states of 
heritage. The practice of preventive archeology is thus based on the arc of 
increasingly intensive research, which is divided into three phases. The first 
phase includes research to assess the archaeological potential (archaeologi-
cal potential assessment), followed by research to determine the content 
and composition of the site, and finally, excavation. Surveys for the assess-
ment of archaeological potential are often extensive, covering large areas 
with methods that do not require significant time and costs per unit area.

A key innovation is the concept of archaeological potential, or the 
potential of a space to contain archaeological heritage. Archaeological po-
tential is understood as something that is not (yet) archaeological heritage 
but has the potential to become one.

Figure 1. Some visualization of the data from the archaeological heritage 
information system of the Centre for Preventive Archaeology (CPA): a) 
archaeological sites, b) archaeological intervention, c) systematically mapped 
records of the airborne laser scanning (ALS); and d) “white spots” (light) and 
archaeologically better known areas in Slovenia (dark).
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Archaeological potential cannot, therefore, be simply equated with 
concrete archaeological traces such as finds or structures. The map of ar-
chaeological potential is not a map of archaeological sites, nor of archaeo-
logical traces. Archaeological potential speaks only about the property of 
the space, and refers to the fact that there are archaeological traces there, 
which may or may not become archaeological heritage. Archaeological 
potential is thus a step toward the actualization of archaeological sites and 
archaeological heritage. Unactualized potential resists actualization and 
requires effort, work, and research to be actualized (Dimitrij Mlekuž et 
al. 2016).

The idea of potential, of course, does not deny that concrete physical 
traces in the landscape exist before research. However, for these concrete 
physical traces to become archaeological heritage, they must first be dis-
covered, identified, analyzed, and interpreted. Archaeological traces will 
be actualized only through research, when the traces have actually been 
discovered, when we have recognized their extent and the stratigraphic 
relationships between them and the image. The idea of potential thus as-
sumes that archaeological potential is actualized in the process of research 
into concrete archaeological remains or archaeological sites. An updated 
archaeological site can be understood as archaeological remains, whose 
extent, structure, stratification, chronology, and finds we know.

The foundation for the assessment of the archaeological potential is 
cabinet research, particularly “historical analysis,” or the compilation and 
critical examination of existing data available in the archaeological litera-
ture, as well as “grey literature” such as various unpublished reports, stud-
ies, and expertise, as well as other mentions in the public media, in oral 
tradition, toponymy, and the like.

An important innovation of preventive archeology in Slovenia is the 
systematic application of meta and remote sensing, which enables us to 
observe the Earth’s surface from afar. This includes aerial photography, 
satellite images, laser recording, thermal recording, and others.

The spatial scope of the methods for determining the archaeological 
potential includes the entire area of Slovenia, despite the fact that in prac-
tice it is limited to the areas of individual projects. This is precisely why 
standardized sampling, which allows for the comparison of individual 
project findings, is key.

Methods for determining the extent and structure of archaeological 
traces are more thorough than methods for determining archaeological 
potential; their purpose is to define archaeological traces more precisely, 
in terms of their age, preservation, functionality, structure, extent, and 
stratification. The spatial extent of research is usually limited to areas with 
high archaeological potential. These include intensive field inspections (of 
open and closed areas), geophysical surveys, drilling of core wells, digging 
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of manual test probes, and mechanical excavation of test trenches. The se-
lection of individual methods depends on the circumstances and expected 
results, and similarly to the method for determining the archaeological 
potential, the key is standardized sampling, which allows for quantitative 
comparisons between surveys and the integration of surveys across the 
country. Through this kind of research, potential can be actualized into 
heritage.

Archaeological excavations result in the destruction of the material 
integrity of archaeological traces. It is the most complicated, intensive, 
costly, and invasive archaeological method that requires large organiza-
tional and logistical inputs, and produces large amounts of data that re-
quire complex and demanding post-excavation processing and interdis-
ciplinary cooperation of specialists from many fields. Precisely because 
of its destructiveness and cost, excavation should only be used as a last 
resort, especially in cases where the destruction of archaeological traces is 
unavoidable; the Valletta Convention already recommends the preserva-
tion of archaeological traces in situ.2 Nevertheless, archaeological excava-
tions are still an important and frequently used method in practice.

We produce archaeological heritage  
with inscription devices

Another significant aspect of knowledge production – if we return to 
the example of cartography – is that explorers return from distant lands 
with notes, plans, and maps. When we look at scientists, including archae-
ologists at work, we notice that most of their time is spent making records, 
pictures, images, graphs, plans, forms, sketches, photographs, and so on. 
In short, the majority of their time is devoted to coding reality and then 
manipulating these codes. In science and technology studies, these are 
called inscriptions (Latour 1987, 63–103). Inscriptions refer to all records 
(texts, maps, sketches, illustrations, graphs, photographs, point clouds, 
etc.) that document particular real-world relationships and so consolidate 
and stabilize them while neglecting the majority of others.

Bruno Latour thus describes inscriptions as immutable and mobile 
(immutable mobiles) as they allow for the movement and dissemination of 
information (hence mobile), which nevertheless remain coherent (hence 
immutable).

2	 Which in the Slovenian archaeological heritage profession is often understood as the 
presentation of remains at any cost, even as aliens in a new environment, but not 
preservation in the original context.
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Thus, an archaeological site’s floor plan can be duplicated, reduced, 
and combined with other plans, which cannot be done with the site it-
self (also because it no longer exists as a coherent material entity). The 
floor plan can be used as an illustration in a book, it can be simplified 
and compared with other site plans, and thus with the actual sites. Despite 
these manipulations, it retains the composition of the original situation, as 
well as shapes and the spatial relationships between elements such as the 
boundaries of stratigraphic units, the position of artifacts, and so on.

Unlike real phenomena, inscriptions allow us to compose, confront, 
combine, and simplify them. In this way, we create more and more ab-
stract hybrids as the result of changing, transforming, simplifying, and 
combining an increasing number of inscriptions, which Bruno Latour 
calls a cascade of inscriptions (Latour 1990).

The process of knowledge production is thus a process of creating 
inscriptions, a process of combining, confronting, and assembling inscrip-
tions making them increasingly abstract and universal. With each step of 
the transformation, we lose “locality, particularity, materiality, multiplicity 
and continuity” – which are the characteristics of the material world – but 
we gain in return “compatibility, standardization, texts, the possibility of 
calculation, dissemination and relative universality,” which are the quali-
ties of documentation. The process of creating inscriptions is thus one of 
creating knowledge (Latour 1999, 70) from observations and interactions 
with reality.

Another aspect of inscription production is the use of inscription de-
vices (Latour 1987, 67). They, like all artifacts, are also scientific records, 
inscriptions compiled with the help of machines or devices. Machines, or 
inscription devices, play a key role in the researcher’s contact with reality, 
as they condition what we write down, what we stabilize, and how. Tools, 
or inscriptional devices, determine how we approach reality. Tools such 
as a meter, a spectrometer, or, for example, Munsell soil charts allow us 
to record aspects of reality in a more or less universal way. In reality, the 
difference between a scientist and a non-scientist lies precisely in the use 
of tools, or inscription devices. Inscription devices allow for the observa-
tion of phenomena that cannot be perceived by humans alone and help 
to formalize the observation, most often through mathematization, or the 
quantification and transfer of the phenomenon into a mathematical space. 
These devices and tools transform a concrete material phenomenon into 
a set of coordinates.

Archaeological traces are often invisible, fragmented, and buried. To 
find and identify them, we need inscription devices, which often deter-
mine which types of traces we perceive and which become heritage. The 
choice and use of tools often determine our understanding of archaeologi-
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cal heritage. With geophysical methods, such as laser scanning and other 
remote sensing methods, we can detect completely different aspects of ar-
chaeological traces.

Remote sensing methods are a fast, systematic, non-invasive, and 
relatively accessible way of obtaining data on archaeological traces in the 
landscape. This includes aerial photography, satellite images, laser record-
ing, thermal recording, and others. Aerial observations are a way of ob-
taining data on archaeological potential. Most importantly, aerial photog-
raphy has significantly contributed to the discovery of new archaeological 
sites and the understanding of the time depth of the landscape since the 
1920s. Aerial photography is based on the observation of signs such as 
different soil colors (color signs), differences in crop growth (vegetation 
signs), and shadows (topographic signs) that may indicate archaeological 
traces below the surface (Grosman 1998).

Unfortunately, aerial photography had little influence on the archaeo-
logical practice and heritage protection in Slovenia. There are several rea-
sons for this. The first is that the majority of Slovenia – around 60% – is 
covered in forest, with a vegetation cover on the ground. For systematic ob-
servation, large areas planted with monocultures are best suited since the 
landscape can be observed as a whole, and differences in the color and tex-
ture of the soil and crops between possible archaeological structures and the 

Figure 2. Standardized inscriptions of the systematically mapped ALS records in 
the archaeological heritage information system.
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surroundings can be more easily detected. In Slovenia, which is character-
ized by rugged topography, a heterogeneous geological base, and fragment-
ed land division, with different crops, each with its own growth cycle, ob-
serving vegetation and color signs can be difficult. Thus, it is not surprising 
that the only great successes of aerial photography have occurred in Prek-
murje, where the landscape is more suitable for observation (Kerman 1999).

On the other hand, the method of aerial laser scanning (ZLS) of the 
surface has been extremely successful in Slovenia. The phrase “laser scan-
ning” describes any technology that measures accurately and frequently 
the distance from a device to a target using a laser. It collects these meas-
urements as a set of coordinates, or a cloud of points, from which it is pos-
sible to obtain information about the shape of the object being scanned. 
Aerial laser scanning, which often goes under the term lidar (LiDAR, 
Light Detection and Ranging), is a remote sensing method that can be used 
to measure the Earth’s surface very accurately. A laser mounted on an air-
plane or helicopter illuminates the Earth’s surface with laser beams, which 
are reflected to the receiver. Based on the travel time of the laser pulse 
from the transmitter to the receiver, the distance to the ground is calcu-
lated. With the help of the differential global positioning system (GPS) 
and inertial meters, it calculates the three-dimensional coordinates of the 
measured point on the Earth’s surface. The device on the plane sends up 
to hundreds of thousands of laser beam pulses per second, which allows 
one to cover large areas very quickly (Opitz 2012).

Lidar has proven to be an extremely successful method due to its abil-
ity to observe ground covered by forest. Large areas that were previously 
closed to systematic observation now became visible. Forests are places 
where archaeological traces have been well preserved due to limited hu-
man interventions.

Using remote sensing techniques, we discovered and accurately docu-
mented a multitude of new traces of human activities in the past, such 
as sunken paths, cultural terraces, cemeteries, plot boundaries, limestone, 
mounds, quarries, fields, and the like. All of these traces are not archaeo-
logical sites in the classical sense of the word, at least not as understood 
by the current practice of archaeological heritage protection. Landscape 
seems to be full of these traces (Mlekuž 2013).

Heritage is produced in centers of calculation

The key areas within which knowledge production occurs are centers 
of calculations, a concept developed by Bruno Latour in his seminal work 
Science in Action from 1987 (Latour 1987, 215–45). Centers of calcula-
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tion are the points from which cycles of accumulation are initiated and 
where the obtained inscriptions are accumulated. Centers of calculation 
are either individuals, institutions, countries, or even regions that system-
atically enable, organize, and direct cycles of accumulation. Returning to 
the example from cartography, the calculation center has an overview of 
the white spots on the map, decides where to send explorers, and compiles 
and completes the maps.

Calculation centers combine acquired inscriptions, combine and du-
plicate information, and create new, more abstract and more universal 
inscriptions and knowledge from acquired inscriptions. Centers of calcu-
lation are thus venues where knowledge is multiplied through cycles of 
accumulation.

If the main centers of calculation were primarily scientific and re-
search institutions, which coordinated larger cycles of accumulation of ar-
chaeological knowledge, such as the project of archaeological topography 
of Slovenia or the project of archeology on highways, this is now changing 
with the introduction of preventive archaeology.

The introduction of preventive archeology in the protection of ar-
chaeological heritage was a revolution for the discipline itself. Archeology 
was primarily an academic science decades ago. Now, with the introduc-
tion of preventive archeology, preventive archaeology has became a main 
task of the discipline. Most accumulation cycles in archaeology are or-
ganized and implemented by preventative archeology. An overview of ar-
chaeological research in the last decade shows that the majority of it takes 
place within the framework of preventive archaeology, with only a handful 
of pure exploratory research. Preliminary archaeological research is thus 
the main source of archaeological information, and most archaeological 
research is embedded in accumulation cycles of the arc of research, which 
is primarily driven by spatial planning.

The emergence and development of preventive archeology in Slove-
nian archaeological heritage protection coincides with the introduction 
of new geoinformation technologies. Managing large amounts of infor-
mation and large areas of research requires the use of modern computer 
tools, particularly geographic information systems (GIS) and databases. 
Only in this way can a large number of inscriptions obtained in a variety 
of ways, with various methods, in different periods... be combined, up-
graded, maintained, and managed in the long term.

The Center for Preventive Archeology ZVKDS has developed an in-
formation system that gathers all information about archaeological traces 
and interventions in Slovenian territory (FN differs in this from the Reg-
ister of Cultural Heritage, which only contains information on registered 
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Figure 3. Registered heritage (a) and map of archaeological traces recognized on 
ALS  in the vicinity of Tabor near Vrabče (b).
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heritage units, i.e. already constructed heritage). The information system 
comprises several databases. The first is the catalog of sites, where infor-
mation gathered through cabinet research of archival sources is collected, 
and which currently contains around 12,000 located units of known, de-
stroyed, and potential archaeological sites mentioned in various sources. 
The collection of archaeological sites builds on the project of archaeologi-
cal topography of Slovenia and was also created by combining other da-
tabases (such as Arkas, the collection of the Institute of Archeology ZRC 
SAZU, and the Register of Immovable Cultural Heritage). The second da-
tabase contains digitized scale and structure plans of more complex sites 
(e.g. Emona, Celeia...) and more extensive archaeological traces such as 
Roman roads or the Claustra Alpium Iuliarum system, and is based on 
published and gray literature. Then, the database of archaeological re-
search documents the extent and type of all archaeological interventions, 
documented with a report or a written source, and currently comprises 
around 6,000 entries. In addition to basic information on the type of in-
tervention, time, contractor, and spatial scope of the research, it also con-
tains a link to the digitized report. The record of archaeological research 
enables the tracking of research and interventions in the territory of Slo-
venia, the planning of new research, and greater responsiveness in proce-
dures for the protection of cultural heritage.

In the information system, we also collect results of systematic ar-
chaeological interpretation of aerial laser scanning data and interpretation 
of cyclic aerial photography of Slovenia.

The mapping of surface features of ditches, embankments, abandoned 
paths, former land divisions, various remains of structures, mounds, etc., 
are all examples of the interpretation of remote sensing images. The 
mapped traces are classified into several categories and interpreted, be-
coming standardized entries in the information system.

The heritage information system is based on the combination and 
re-combination of standardized inscriptions into new knowledge. The 
archaeological heritage information system provides an overview of the 
extent, density, and type of archaeological traces and the intensity of re-
search, and also enables visualization of archaeological potential and vari-
ous types of, even quite complex, inquiries.

The archaeological heritage information system enables the planning 
of new cycles of accumulation and the management of the archaeological 
heritage of Slovenia. It has become a key tool for heritage protection, a 
central tool of the calculation center, and a tool through which we pro-
duce new knowledge about archaeological heritage in Slovenia.
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The quantity of inscriptions brings a new quality to 
the archaeological heritage

The Archaeological Heritage Information System is the center of ar-
chaeological heritage calculation in the 21st century. The establishment 
of this center of calculation brought new, unpredictable implications for 
the understanding of archaeological heritage. Over 80,000 different en-
tries have been amassed in the information system in ten years, while the 
number of information on archaeological sites has increased by several 
orders of magnitude. We are currently witnessing a phenomenon where 
the quantity of archaeological traces, the result of ten years of accumula-
tion cycles at the CPA calculation center, transforms into a new quality, to 
use Hegel’s words. What is this new quality?

Using extensive methods, especially remote sensing techniques, we 
discover and accurately document a multitude of new traces of human 
activities from the past, such as sunken paths, cultural terraces, cemeter-
ies, plot boundaries, limestone, mounds, quarries, fields, cemeteries and 
the like. All these traces are not archaeological sites in the classical sense 
of the word, at least not as understood by the current practice of archaeo-
logical heritage protection. These are traces of activity in the landscape 
(Mlekuž 2014).

The landscape is no longer an empty space between sites; it is now a 
space full of archaeological traces. What is more, all of these traces make 
up the landscape. Archaeological heritage no longer appears as a multi-
tude of isolated scattered points or areas but as a continuum of archaeo-
logical traces that cover the area of Slovenia with different densities. It is 
no longer about individual sites, but about entire landscapes. The multi-
tude of isolated traces became a new quality, which is the landscape.

“Landscape” is now a polyvalent term with many shades of meaning 
(Mlekuž 2012) (Mlekuž 2011).

In this context, it is best to rely on the definition of landscape as of-
fered by the European Convention on Landscape, which defines it as “an 
area as perceived by people and the result of the action and interaction of 
natural and human factors.” As a science of long-term change, archeology 
can contribute in many ways to understanding how people’s actions in the 
past have shaped the present.

Archaeological traces appear in different relationships to the modern 
landscape. They can be part of the landscape, where the modern land-
scape organically grew out of them. Later land uses incorporated the older 
traces, either because of possible continuity of land use or field division 
or because these traces were so massive and inert. Later uses incorporated 
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these traces, adapting and modifying them. These traces indicate great 
time depth and the processes of landscape growth and development.

In some places, however, these traces appear in places that were not 
impacted by later use. The landscape was abandoned and remained in fos-
sil form. Well-preserved patches of fossilized landscapes can be found in 
marginal areas, such as Karst, or forests that were not destroyed, covered, 
or processed by subsequent land use (Mlekuž 2015).

Individual protection of all of these traces is unproductive in the 
great majority of cases. Not only because there are simply far too many 
of these traces, and protecting them would entail protecting vast numbers 
of monuments; the main reason is that by protecting them individually, 
we exclude them from the context of the landscape, freezing and closing 
them. With individual protection, we also reduce their visibility, as they 
are less important in and of themselves than the components of the whole, 
the landscape.

Changes, interventions, and transformations are an integral part of 
landscapes. Cultural landscapes are cultural precisely because of the long 
history of changes, interventions, and transformations that took place 
in them. The landscape bears witness to past changes, it is materialized 
change and it is changes in the making.

Landscapes are also places where people and other creatures live, 
work, and visit, where many interests intertwine and collide. Landscapes 
are shaped not only by those who protect them but also by those who want 

Figure 4. Well-preserved prehistoric fossil landscape around the hill 
fort Tabor near Vrabče.
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to change them. The protection of archaeological heritage must, therefore, 
be included in the democratic process. The main instrument of protection 
cannot be simply restriction but rather positive spatial planning (Mlekuž 
2014, 2017).

Knowledge is a prerequisite for adequate, integrated heritage protec-
tion. Without knowing and comprehending traces, their origin, and the 
ways in which they have transformed and become tied to older traces and 
features, any protection is futile. However, even this is insufficient if we 
want to demonstrate the heritage meanings and values of the landscape 
that we want to preserve.

Heritage is defined by its meaning

Archaeological heritage is not just a collection of recognized archaeo-
logical traces or a simple archaeological record created during research. 
The meaning we attribute to it, its value, is what makes archaeological 
heritage what it is (Pirkovič 1987).

Values or meaning can only be determined in the context of the wider 
society, its needs, issues, dilemmas, and opportunities. Evaluation thus 
also requires sensitivity to society’s problems and an understanding of the 
social role of the discipline (Smith 2006).

The production of heritage is therefore primarily the production of 
meanings and values; it is the process of evaluating archaeological traces. 
Of course, archaeological heritage always has inherent scientific value as 
well, the value of using it to understand the past and answer scientific 
questions, but is that enough?

The social role of archeology is changing; archeology is no longer just 
a science that deals with the academic study of the past, but a discipline 
that actively participates in the democratic process of making decisions 
about archaeological heritage, as well as interventions in space and the 
development of the country. The main products of the discipline are no 
longer monographic publications of individual problem areas, but reports, 
documents that enable decision-makers to bring decisions about interven-
tions in space.

The role of heritage organization is not only in recognition and pro-
tection but above all in recognizing the value of heritage in the process 
of landscape development. Heritage cannot be protected by prohibitions 
alone. Heritage can be protected primarily through arguments as to why 
its individual aspects are important enough to be preserved and to direct 
spatial development in such a way that they remain in the space.
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What can be the values and meanings of archaeological heritage (in 
addition to the pure scientific value)?

Archaeologists can point to the great temporal depth of the landscape, 
to the multitude of traces that are forgotten, overlooked, and ignored but 
make up the landscape and contribute to its identity. To the fact that some 
landscapes developed shape and basic features deep in the past.

On the other hand, we can point to the long duration, temporality, 
and slow rhythms that transformed and defined the landscape and contin-
ue to define it today. Archaeologists can point to continuities and changes 
that took place in the past, they can identify areas of steady settlement and 
much more dynamic areas where settlement changes, breaks, and ceases.

The third aspect we can point to is difference. Archaeology, as a sci-
ence of others, can point to completely different uses of space, to the pres-
ence of anthropological others who lived – perhaps in a radically different 
way – on the same part of the Earth’s surface as us. Archeology can point 
to the possibility of a different development of landscape and history, to 
the contingency of historical development and the present, and the pos-
sibility of radically different forms of life.

This, of course, requires different approaches to the protection of ar-
chaeological heritage. The key is the transition from the protection of iso-
lated sites to the protection of the landscape as a whole. Approaches such 
as historical landscape characterization or landscape biographies (Fair-
clough 2006) are used here.

These approaches are based on the idea that the modern cultural 
landscape represents thousands of years of human action and confron-
tation with the natural environment, and includes not only archaeologi-
cal sites but also systems of field distribution, communications, resources, 
patterns, and use of space... Landscape is a comprehensive and complex 
spatial system, in which natural and cultural components are intertwined. 
It is the result of the interaction between natural processes and histori-
cal development. Landscapes are thus one of the most important records 
of human activity in the past and at the same time a living space where 
the interests, intentions, will, and strength of many participants collided. 
In the landscape, people write down their identity and life story, while 
places and landscapes play an active role in their biographies at various 
time scales.

Conservation must be able to recognize and argue for the value hid-
den in the landscape. We must also recognize that we cannot preserve all 
heritage. We need to determine which are important enough to be worth 
arguing for and which are not. Thus, conservators are mainly in the role 
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of development directors and cultural mediators, representatives of her-
itage in the process of making decisions about the development of the 
landscape. In the long term, the most sustainable and productive way to 
protect landscapes is education and familiarizing people with their depth 
and complexity. Here, of course, we must cooperate with other disciplines, 
such as landscape architecture, architecture, ethnology, etc. Archaeologists 
can recognize the depth of time in the landscape, point to hidden and 
overlooked aspects, and offer alternative stories about its development, 
based on concrete scientific evidence and research, which separates arche-
ology from other, increasingly aggressive voices and initiatives that want 
to give heritage its own meaning.

If the heritage is constructed well enough,  
it can protect itself

Returning to the initial assumption, archaeological heritage does not 
exist in and by itself but is constructed through research and evaluation. 
The definition of archaeological heritage is also constantly changing. Her-
itage is no longer a collection of isolated monuments but rather part of the 
landscape. As such, archaeological heritage is often the scene of several 
conflicting interests. If we want to preserve heritage, our task is to recog-
nize and argue for its value and meaning. Only in this way will we be able 
to represent it in the democratic decision-making process on landscape 
development. Our task is to construct heritage as firmly as possible. Be-
cause when people recognize something as their heritage, as valuable and 
meaningful remnants of the past, heritage will have enough allies to de-
fend it against opposing interests. When heritage is sufficiently well con-
structed, solidly composed, and actualized, it will be able to defend itself 
(within a functioning system of norms that makes it possible) (Solli 2011). 
This is the challenge that awaits us in the 21st century.
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THE USE AND IMPORTANCE 
OF GEOARCHAEOLOGY IN 

ARCHAEOLOGICAL PROSPECTION, 
MANAGEMENT, AND CURATION WITH 

CASE STUDIES FROM THE BALKANS

Charles French 
Tonko Rajkovača

The importance of geoarchaeology as a sub-
discipline within archaeology

Geoarchaeology is the combined study of archaeological, soil, and geo-
morphological records and the recognition of how natural, climatic, and hu-
man-induced processes alter landscapes (French 2003, 3). The main aim of 
geoarchaeology is to construct integrated models of human-environmental 
systems and to interrogate the nature, sequence, and causes of human ver-
sus natural impacts on our landscapes. It is equally important at the macro-
scale of land-use and landscape change as at the meso– and micro-scale for 
the use of space and human activities in a settlement context. At any scale, it 
is possible to investigate the formation and modification of past soils, sedi-
ments, and occupation sequences, primarily through the use of soil micro-
morphological techniques (or the study of the components, features, and 
fabrics of soils and sediments at the microscopic level in thin section) com-
bined with various physical and geo-chemical techniques (e.g. Blume 2008; 
Courty et al. 1989; Fleisher and Sulas 2015; French 2015, 2022; Goldberg 
and Macphail 2006; Kubiena 1938; Macphail and Goldberg 2018; Rapp and 
Hill 1998; Waters 1992; Wilson et al. 2008). Kubiena (1938) viewed ‘micro-
pedology’ (or micromorphology) as part of general pedology examining the 
genesis, morphology, dynamics, and biology of soils. Blume (2008) widened 
the remit of micromorphology to be a tool that is able to integrate all soil 
disciplines. Of course, this field of study only benefits from corroborative 
and complementary sets of other palaeo-environmental data, especially 
chronological, stratigraphical, palynological, macro-botanical, faunal, and 
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molluscan data. It could be said that geoarchaeology is an over-arching dis-
cipline capable of integrating all these types of complementary data to cre-
ate long-term histories of human landscape development. Without utilising 
geoarchaeology and its approaches, attaining a better understanding of hu-
man contexts of living is generally inadequate.

The contribution of geoarchaeology is integral to archaeology. Indeed, 
the understanding of stratigraphy in the field, site formation processes, and 
landscape reconstruction are the most fundamental tenets of geoarchaeol-
ogy (cf. Butzer 1982; Rapp and Hill 1998; Waters 1992). Having a thor-
ough understanding of the context of a site in its landscape is central to any 
interpretation of landscape change and the associated human dimensions 
and influences. The nature of the potential information can contribute at 
a whole variety of scales, contexts, and levels to the detailed interpretation 
of archaeological sites and past and present-day landscapes. Increasingly 
over the past couple of decades, geoarchaeological methods have become a 
mainstream part of most archaeological projects, although the application 
of soil micromorphology is not always possible because of time, funding, 
and too few practitioners and laboratories to meet the demand.

In studying past landscapes, what are geoarchaeological studies trying 
to achieve? First, it is essential to understand the interaction of topogra-
phy, climate, soil development, rainfall, run-off rates, and erosion, vegeta-
tional change, and human activities, and their combined roles in shaping 
the landscape system that is observed today (Butzer 1982; De Smedt et al. 
2013, 2022; Gerrard 1992; Macphail and Goldberg 2018). Second, one is 
aiming to develop chrono-sequences and palaeo-catenas that can be used 
to estimate the age of surficial deposits and relate these to human set-
tlement and living activities in that region, and discern the sequence of 
how that landscape has developed and been utilised through time (French 
2003; Goldberg and Berna 2010; Karkanas and Goldberg 2019; Macphail 
et al. 2016). It is essential to know how long it has taken to form key prop-
erties and deposits in different environments, and/or when major changes/
transformations occurred, whether cultural and/or environmental. Third, 
soils and vegetation types can be used as indicators of long and/or short-
term stability or instability, and consequently may be used to show how 
they have shaped and/or reflect cultural development and change through 
time. Fourth, is it possible to determine the evidence for and indicators of 
climatic and/or human impact on land-use change, and discern how these 
may have influenced landscape development and human activity narra-
tives and biographies? Finally, from these datasets and interpretations, is 
it possible to understand environmental-human interactions, and give an-
swers as to why any observed change(s) may have occurred?

Geoarchaeological approaches are also an essential component of 
the microstratigraphic analysis of former settlement sites, whether it is an 
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open air, single occupation structure, or multiple aggradations of many 
structures and depositionary events in a tell mound. When combined 
with structural and archaeological analyses, micromorphological and 
geo-chemical studies can often give specific answers about the sequences 
of use in the life of structures and open areas on a site, as well as chart 
the nature and effects of post-depositional processes (Courty et al. 1989; 
Karkanas and Goldberg 2019; Matthews 1997; Milek 2012a & b; Milek 
and French 2007; Shillito and Ryan 2013). Geoarchaeological studies of 
floors, occupation deposits, and construction materials for example, both 
complement and augment the interpretation of the archaeological record, 
especially when considered spatially against the available artefact distribu-
tions, as well as macro-botanical and faunal remains evidence.

Ethnographic, present-day, and experimental analogues are also very 
important tools for providing possibilities for the interpretation of geo-
chemical results and micromorphological analyses. This might simply be 
the verification of the microscopic features created by ard ploughing (Lew-
is 2012) versus spade or hoe (Gebhardt 1992) versus modern ploughing 
(Jongerius 1983), the recognition of shifting agricultural systems in Maasai 
herder-gatherer settlements in East Africa (Shahack-Gross et al. 2004), 
the identification of livestock dung (Shahack-Gross 2011) and construc-
tion materials (Gur-Arieh et al. 2018), what is wood ash versus burnt dung 
(Shahack-Gross 2011; Wattez and Courty 1987) and the type of combustion 
feature (Mallol et al. 2017), or whether it is calcitic or gypsum-rich plaster 
(Karkanas 2007), for example. Or the ethnographic analogues could provide 
possible suggestions as to how social actions and beliefs may have helped 
to control the formation of the sediment complex as observed and analysed 
(Boivin 2000; Friesem et al. 2016, 2017; Shahack-Gross et al. 2009).

As multiple sets of descriptive data are regularly obtained from these 
types of archaeological landscape and palaeo-environmental projects, one of 
the best ways to manipulate, interrogate, and present these datasets is through 
GIS (Geographic Information System) modelling applications (Lock and 
Stancic 1995; Connolly and Lake 2006). These may present possible scenarios 
of human impact and landscape change, or assess the extent and/or risk of 
erosion taking place, or attempt to portray the underlying motivations for 
ecological and socio-economic changes observed in a landscape (Ayala and 
French 2005; Barton et al. 2010, 2012; Kirkby et al. 1996; Samarasundera 
2007; Thornes and Gilman 1983). These objectives are rarely as easy to at-
tain and usually necessitate selecting a few data-rich variables and interro-
gating these data in multiple combinations. In practice, the different models 
produced usually give the archaeologist some possible interpretative scenarios 
with which to either visualise and/or hypothesis test the available data.

In combination with different scales of analysis, targeted questions, and 
complementary palaeo-environmental techniques, geoarchaeological ap-
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proaches are one of the best ways of explaining and understanding the de-
velopment of a site and its landscape through time. Significantly, the study 
of soil changes within these settings gives us the evidence with which to dis-
cern the changing dynamic relationships between human endeavours and 
their lived-in environments over the longue durée. The essence of the geoar-
chaeological approach is to move away from investigating sites in isolation 
to viewing them as integral to their contemporary soils and surrounding 
landscape. This system is dynamic with a number of relationships, often in-
terdependent, between people, climate, and their environment. The concept 
of ‘task-scape’ is central to envisaging the enmeshed relationships between 
people, their activities, soils, and environmental context (Ingold 1993). A 
geoarchaeological approach is thus central to our ability to decipher and de-
scribe possible human-altered and managed landscapes.

The role of geoarchaeology in informing land management strategies 
should also be considered, and especially aspects of the time depth and 
lessons already learnt. As Sander van der Leeuw (2018) suggests, geoar-
chaeology can play a distinctive role in collecting data on the physico-
chemical and living environment, which, when coupled with the archaeo-
logical record of past societies, can reveal socio-environmental dynamics 
and explain how shorter-term landscape dynamics may be changing over 
the longer term. We can also link the past and present, and learn from 
both for the future, and thus help to extend the value of geoarchaeology as 
a discipline for all to appreciate.

The geoarchaeological approach to investigating archaeological sites 
in their landscape is illustrated by brief descriptions of the geoarchaeo-
logical fieldwork that took place as part of the HERISTEM Erasmus+ pro-
ject at the Neolithic settlement site of Tomašanci Dubrava near modern 
Đakovo in south-eastern Croatia, and the site landscape survey that was 
conducted at Zecovi near Prijedor in the Sana valley of Bosnia and Herze-
govina under the BIHERIT Tempus programme.

Field case study at Tomašanci Dubrava

Geoarchaeological survey fieldwork was carried out in May 2022 at 
the Neolithic site of Tomašanci Dubrava near modern Đakovo in south-
eastern Croatia by students and staff members from the Universities of Bel-
grade, Ljubljana, and Zagreb, instructed by three geoarchaeological teams 
from the Universities of Cambridge and Pula/Pisa, and Arhej (Ljubljana). 
This was the main Cambridge contribution to the HERISTEM project, 
with Prof. Charles French, Dr. Petros Chatzimpaloglou, and Gian Battista 
Marras as instructors for this field course.
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The Neolithic site of Tomašanci Duborava is one of several large cir-
cular ditched enclosure settlement sites in the area around Đakovo re-
cently discovered by Dr Rajna Šošić Klindžić and her team from Zagreb. 
Aerial and geophysical prospection has suggested that these may have one 
or more substantial circular ditches or enclosure areas with abundant trac-
es of possible structures and pits within (Fig. 1). At Tomašanci, the outer 
ditch is c. 300 m in diameter, about 10 
m across and up to c. 2 m in depth.

The geoarchaeological survey in-
vestigation aimed to:

–	 instruct the staff and students in 
the use of hand and power au-
gering, as well as soil/sediment 
description recording and ap-
propriate sampling of the stra-
tigraphy revealed (Figs. 2–3);

–	 determine the spatial extent 
and thicknesses of former occu-
pation material present;

Figure 1. The magnetometry survey plan of Tomašanci Dubrava with 
superimposed borehole records providing a stratigraphic transect across the site 
(L. Gruškovnjak and R. Klindzić)

 
Figure 1: Core photo composite with the evaluation of archaeological potential displayed on the geophysical survey map alongside borehole locations.

Figure 2. Staff and student augering teams 
at work creating a borehole transect 
across the Neolithic site of Tomašanci 
Dubrava (C. French)
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–  determine whether the site 
preserved buried soil and evi-
dence of a former landscape, 
and if so, what that environ-
ment may have been like;

–  determine the nature of the 
weathered geological substrate 
on which the site was con-
structed;

–	  determine the nature of the 
post-Neolithic landscape and 
the extent of the erosion com-
plex overlying the site.

The borehole survey made a 
long east-west transect across the 
middle of the Tomašanci Dubrava 
Neolithic site (Figs. 1–2). It revealed 
depths of burial of the archaeologi-
cal material from about 50 cm to 
c. 3.5 m as well as several phases of 
6000–5000-year-old in situ Neolithic 
occupation. The site appears to have 
been situated on a former alluvial 
floodplain developed in a loessic 
marsh area on Pleistocene continen-
tal loess, but which was still prone to 
seasonal flooding from time to time 
during and after the occupation pe-

riod. Later the site was affected by the accumulation of loessic silt soil 
material and probably hillwash, burying the site with up to another one 
m of eroded soil. By participating in this field course (Fig. 3), archaeo-
logical students and staff alike with no experience of geoarchaeology were 
exposed to the basics of geoarchaeological techniques for investigating ar-
chaeological landscapes and how these may have been modified in the 
past by human activities.

Field case study at Zecovi

This case study involved both geoarchaeological and archaeological 
evaluation of the hill-top site of Zecovi in the Sana River valley near Pri-

Figure 3a. Geoarchaeological field course 
teaching at Tomašanci Dubrava: Matjaž 
Novšak explaining a core through the site 
and its burial sediments (above).

Figure 3b Dr Katerina Gerometta giving 
an introduction to soil micromorphology 
(below) (C. French).
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jedor (French et al. 2015). Extensive 
field survey, augering, test excava-
tion and subsequent analyses were 
conducted as part of the BIHERIT 
project programme in 2014.

The site of Zecovi is known as 
an Hallstatt fortified site that was 
initially excavated and reported on 
by Benac in the 1950s (Benac 1956) 
(Fig. 4). The previously excavated 
area of this site was located on the 
sloping but more or less flat hill-

Figure 4a. Location map of Zecovi near Prijedor, Bosnia and Herzegovina 
(above) (D. Redhouse)

Figure 4b The view of Zecovi hill from the 
floodplain to the northeast (below) (C. 
French).
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top oriented north-south at an elevation of c. 200m above sea level which 
forms a natural elongated tump of land in a prominent position overlook-
ing the Sana valley. Benac (1956) identified Roman buildings with pottery 
of the mid-4th century AD located above a 1st millennium BC Iron Age 
oppidum with a c. 2.7m maximum thickness of archaeological deposits 
present. His hill-top excavations also found extensive prehistoric pottery, 
including diagnostic sherds of the Bronze Age and Neolithic periods.

The project reported on here was an evaluation of the whole hill-top 
area of Zecovi and its immediate valley surroundings (Figs. 5–6). Specifi-
cally, this project aimed to investigate the nature and extent of prehistoric 
settlement on the hill-top and any evidence of landscape change. The in-
vestigations involved an intensive programme of field-walking, test pitting 
and augering which was supervised by a small team of professional and 

Figure 5a. Topographical survey of the hilltop and ‘shoulder’ area and adjacent 
Sana floodplain at Zecovi showing the fieldwalked area (D. Redhouse).
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doctoral student archaeologists from the University of Cambridge, with 
colleagues and students from the Universities of Banja Luka and Sarajevo 
taking part, as well as assistance from local organisations and museums. 
The project was kindly hosted and assisted by the staff of the Kozara Mu-
seum in Prijedor.

The project had three main aims:

–	 to define the extent, nature and chronology of the archaeology at 
the site;

–	 to set the site in its wider landscape context;
–	 to use the site and project as a ‘field school’ to instruct Bosnian 

students in current field approaches for conducting archaeologi-
cal site evaluations in northern Europe and the UK. This included 

Figure 5b. Test pit and borehole locations (D. Redhouse).
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the use of geophysical, auger 
and topographical surveys, as 
well as context-based archaeo-
logical recording using the 
Manual for Archaeological Ex-
cavation (Rajkovača 2010) as a 
guide.

Archaeologically the key questions 
were:

–  what was the date range of human 
use of the hill-top and ‘shoulder’ 
areas of the site?;

–  how did the use of the ‘shoulder ‘area 
relate to the hill-top oppidum?;

–  what was the nature and extent of 
prehistoric and Roman activity of 
the ‘shoulder’ area?

–  what were the changing landscape 
contexts throughout prehistoric 
and historic times?

In order to answer these questions 
the work formed five separate stages, 
each designed to contribute informa-
tion to the wider picture:

–  intensive surface fieldwalking of the 
Zecovi hill-top and southwestern 
slope for artefact recovery;

–  intensive hand auger survey to de-
termine the deposit sequences pre-

sent both on– and off– the hill-top, including a machine rig borehole 
transect across the adjacent floodplain to the modern Sana River;

–  comprehensive topographical and magnetometry surveys of the hill-
top and ‘shoulder’ areas;

–  small scale test excavations, including the re-location of Benac’s trench 
area on the hill-top, with test excavation and sampling of that deposit 
sequence;
–	 targeted judgemental soil/sediment sampling of the stratigraphic 

and occupation horizons observed in the test excavations for mi-

Figure 6a. Two section profiles of the 
‘shoulder’ area of Chalcolithic settlement 
at Zecovi: with the buried soil, post-hole, 
and an occupation surface (C. French).

Figure 6b. Hillwash over midden debris 
and a hillwash thickened buried soil (C. 
French).
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cromorphological, magnetic susceptibility and multi-element (in-
cluding phosphorus/phosphate) analyses, with judgemental selec-
tion of charcoal samples for radiocarbon assay from the hill-top 
and ‘shoulder’ area test pits.

The evaluation of the Zecovi hill-top and its immediate surround-
ings added significant knowledge and understanding of how the site may 
have been used in the past. What is clear is that it is not just the site of a 
1st millennium BC oppidum and Roman settlement as Benac discovered 
in the 1950s, but it had been an extensively used settlement area for at 
least the previous 2000 years. There is the distinct presence of an earlier 
settlement of later Neolithic and Bronze Age date, with hints of earlier 
Neolithic material present in the pottery record, both on the hill-top it-
self as well as the ‘shoulder’ area on the northeastern side of Zecovi hill. 
In terms of new radiocarbon dates, the base of the deposits on the hill-
top area are certainly of mid-3rd millennium BC or later Eneolithic date 
(2680–2548 cal BC; GU38006), with settlement on both the hill-top and 
‘shoulder’ area continuing into the later 1st millennium BC (519–384 cal 
BC; GU38007). In the latter ‘shoulder’ area, there is a localised area of 
about 50 square metres of prehistoric occupation deposits preserved be-
neath a combination of hillwash deposits and later prehistoric (mainly 
Bronze and Iron Age) midden material. This was a thick, calcareous and 
much humified, phosphatic-rich deposit composed mainly of abundant, 
partly charred and partly humified organic remains. In places this is com-
bined with eroded soil and/or buried by c. 50–75cm of sandy clay loam 
hillwash material. Much of this midden is perhaps indicative of plant pro-
cessing waste, which in places had buried former surfaces which appear to 
have been formed gravel and sand/silt with quantities of included calcitic 
wood ash and degraded waste bone. These surfaces are probably earlier 
Iron Age (6th-4th centuries BC) in date based on the pottery and one radio-
carbon date of 519–384 cal BC (GU38007), and appear to represent in situ 
settlement floor/yard surfaces and structures.

In addition, an apparently contemporary later Eneolithic settlement 
site has been discovered and evaluated at nearby Topica Brdo on the other 
side of the Sana River valley some 2 km distant to the southeast (Fig. 4a). 
There, thick midden deposits over in situ hearths and clay floors were re-
vealed with a near contemporary mid-3rd millennium BC radiocarbon 
date of 3968+/-27 BP or 2573–2453 cal BC (at 95.4% combined probabil-
ity; GU38005).

The evidence from the buried soils and the augering survey of the 
adjacent floodplain indicates that the Zecovi landscape has been highly 
modified during the mid-later Holocene period. Initially, weakly acidic, 
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humic, and argillic (or clay-enriched), brown earth soils developed on 
the hilltops, probably under woodland, as in many other places in Eu-
rope and Britain at this time (Bridges 1978). These had already become 
disrupted by the time of the Eneolithic occupation from the mid-3rd mil-
lennium BC, presumably by clearance and associated agriculture. These 
soils soon became eroded and truncated as a result of human use and ac-
tivities. In later prehistoric times, most probably in association with the 
1st millennium BC occupation of the hilltop and shoulder areas, both soil/
organic midden accumulation and soil erosion increased and led to sub-
stantial accumulations of either anthropogenic debris and/or hillwash on 
the eastern flanks of the hill. At the same time, the adjacent floodplain was 
presumably subject to the aggradation of these eroded soils as overbank 
alluvial deposits, a process which probably continued throughout historic 
times. In addition, the deposition of alluvium from human intervention 
in the Sana catchment probably also led to the burial of an earlier palaeo-
channel of the Sana River located at the foot of the Zecovi hillslope. More 
recently, but at a time yet to be discerned, the modern river has become 
incised into this wide, silty clay-filled alluvial floodplain.

Wider importance

Geoarchaeology is very good at bringing together many strands of 
evidence to give both specific and extensive ideas about the nature of a 
site and its environs, and how it has changed through human and natu-
ral causes through time. Hand augering survey is a particularly quick and 
useful method of prospection and assessing the context and burial con-
ditions of any site and its landscape. It can inform where it may be best 
to excavate and sample to inform the archaeological and palaeo-environ-
mental interpretations of the site and help recognise the sequences of hu-
man activities and environmental impacts in that landscape.

In terms of the future stewardship and preservation of these signifi-
cant archaeological sites, Tomašanci Duborava is relatively deeply buried 
and below the influence of the modern plough agricultural disturbance, 
as is the hilltop site of Zecovi. This means that they are largely free of 
modern physical disturbance and should remain so as long as they are not 
built on. Both sites have curatorial integrity which can be managed over 
the longer term for the benefit of the locale and nation. Nonetheless, the 
soils and deposits associated with the Neolithic settlements in both cases 
are largely oxidised, and therefore prone to the ingress of oxygen and in-
sect and soil faunal attack, particularly of the organic components of the 
site from its past. Obviously, the lithics, pottery, and mud– and fired-brick 
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and faunal remains materials of the Neolithic and later periods will sur-
vive, but unless charred, the plant and food remains grown and exploited 
will be much harder to find intact and say anything meaningful about. 
This then poses a choice – excavate a large sample of these sites in the not-
too-distant future, essentially as soon as possible, to retrieve as much in-
formation as possible now, or face the greater information return of these 
prehistoric settlement sites diminishing further over time.
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GEOARCHAEOLOGICAL SAMPLING  
AND LABORATORY PROCEDURAL WORK 

IN A BALKANS SETTING

Tonko Rajkovača

Soils and archaeology

Soil science approaches to archaeological sites involve accurately 
identifying and describing the stratigraphic sequence on– and off-site, 
identifying and sampling old land surfaces and/or buried soils, as well as 
possible occupation surfaces and floors (French 2015). The aim is also 
to discern past land-use where possible, in combination with other ap-
proaches, such as faunal, macro-botanical, and palynological analyses.

If the site or landscape that one is working in has a buried soil surviv-
ing under either later drift deposits (such as peat or flood silts and clays) 
and/or upstanding monuments (like banks and barrows), this represents 
an advantage, and extensive sampling should be undertaken. On the other 
hand, if there is no sign of an old land surface or buried soil and the site 
is within modern plough depth, then this is a serious disadvantage and 
much less can be done from a geoarchaeological standpoint.

For a best case scenario of what to do if a buried soil survives, here 
are some sampling techniques that can be used:

–	 Systematic gridded sampling for phosphate and multi-element 
geochemical analyses (e.g. to test for manuring, middening, ash) 
and magnetic susceptibility (e.g. to test for burning, hearths, com-
pacted surfaces), at 1/2/5/10/20 metre intervals as appropriate 
(i.e. closer interval for a possible living surface; wider interval for 
a field system).

–	 Excavation of one-metre square test pits into the buried soil pro-
file at regular intervals (e.g. five, 10, or 20 metres) for artefact re-
trieval, bulk sampling for macro-botanical analysis, stratigraphic 
recording, and soil/sediment sampling.

–	 Soil/sediment sampling from either these test pits, and/or sec-
tions in the buried soil, and/or upstanding monuments or cut 
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features should include taking a continuous set of block samples 
for micromorphological analysis (see below) and associated small 
bulk samples (of two handfuls of soil), taken either from each ho-
rizon or every 10 centimetres (whichever is most reflective of the 
stratigraphy) for physical analyses (pH, organic content, magnetic 
susceptibility) and geochemical analyses (phosphates and multi-
element). These physical and geochemical analyses will provide 
information about preservation conditions and inputs on vari-
ous human activities such as manuring, middening, night soiling, 
land-use, and metalwork production.

Sampling for soil micromorphological analysis

One of the best ways of retrieving information relevant to the archae-
ological story of any site or landscape is soil micromorphology (Courty 
et al. 1989). It is the analysis of soils/sediments in the thin section with a 
polarizing microscope. This method is particularly useful when applied to 
buried soils or palaeosols, where it can be used to investigate and discern 
sequences of past land-use and landscape change, and to floors and oc-
cupation surfaces associated with possible structures where the technique 
can be used to elucidate construction materials and techniques, tram-
pling/compaction, micro-settlement refuse, and use-in-life of the floor/
room/structure (French 2015, 2022).

Sampling for a micromorphological analysis requires taking intact soil/
sediment blocks, transporting them to a laboratory undamaged, and then 
using a slow processing technique over a period of four to eight weeks. This 
briefly entails impregnating the block with a clear casting resin under vacu-
um, curing it for one month, cutting a thin slice off the impregnated block, 
polishing the slice and mounting it on a polished glass microscope slide, 
then grinding it to a thickness of 25–30 microns (μm) and covering the slide 
with a glass coverslip (French and Rajkovača 2015, app. 3).

The materials necessary to take micromorphological samples include:

1)	 A role of cling film and/or paper towel.
2)	 Parcel tape.
3)	 Trowel and/or strong knife.
4)	 Containers to hold sample blocks. This can include aluminium 

Kubiena tins; c. 5–8 centimetres square sectioned plastic down-
pipe cut into c. 10–14 centimetres lengths with one long side cut 
off; and clean empty cardboard juice cartons or tin-foil take-away/
frozen food containers.
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The sampling procedure in the field is as follows:

1)	 Clean a section to clearly identify major horizons and/or horizon 
boundaries.

2)	 Describe, draw, and photograph sections.
3)	 Sample either as a series of continuous sets of blocks or as discrete 

blocks, each block about 10–14 centimetres long and 5–6 centi-
metres thick, or smaller as appropriate.

4)	 If possible, sample across main layer/horizon/context boundaries.
5)	 With a knife or trowel, cut vertical slots along the sides of the 

prospective soil block in order to fit the container from the sec-
tion face; start out wide and work your way in; place a container 
over the prospective sample block; cut out a block from behind 
the section face; trim the sample block as necessary after remov-
ing it from the section and remembering which way is up; if the 
profile is particularly sandy, rubbly, or unconsolidated, several 
attempts may be needed to cut out an intact block – for these, 
more ‘weathered/crusted’ sections are preferable; blocks can also 
be carved out freehand.

6)	 Wrap the sample block in a cling film/paper towel and then in 
parcel tape.

7)	 Label it with an indelible marker pen, marking the site sample/
context numbers, and, most importantly, indicate which way is up 
using an arrow.

8)	 Pack the block for transport to the lab in a suitable receptacle, 
i.e. wooden/cardboard box, or suitcase, using newspapers/spong-
es/old clothes for cushioning or any other suitable material. It is 
worth noting that it does not matter whether the samples dry out 
or not; what is important is that they are kept as undisturbed as 
possible, that one always know which way is up, and that the sam-
ples are well-labelled.

9)	 If possible, take at least one small (two handfuls) loose soil sample 
to accompany each soil block for physical/chemical analyses.

Borehole survey – augering

The Borehole survey technique is increasingly gaining importance in 
preventive archaeology (Figs. 1–3). It can be used on a variety of terrains, 
regardless of the vegetation and weather conditions, and, notably, it can 
be used in urban settings. It may be chosen as the survey method if a 
reasonable case can be made that expected finds (or, in exceptional cas-
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es, contexts) or other indicators will be 
present and discernible in the borehole 
at known depths. A Borehole survey 
may entail working with various boring 
grids, boring diameters, depths, or ob-
servation methods (naked eye, sieving). 
Borehole surveys can therefore be used 
not only for mapping and prospecting 
for archaeological find-spots and sites, 
but also for landscape surveys to define 
deposit models and refine the archaeo-
logical predictive model.

Augering involves the use of drill-
like tools such as various sizes of Dutch 
augers to take small samples or col-
umns of sub-surface deposits, which 
are also known as ‘cores’ or ‘boreholes’. 
The advantage of hand augering is that 
it is fairly quick and easy to carry out, 
in comparison to more extensive exca-
vation. It can be used to test the depth 
of deposits, or to retrieve material for 
further analysis.

One auger hole may answer spe-
cific questions, such as ‘how deep is this 
ditch, and what type of deposit is at the 
bottom?’, but when carried out over an 
area at regular intervals, an auger sur-
vey may give a very useful preview of 
the types and depths of deposits that 
may be encountered in subsequent in-
formation. These observations can be 
used to create a 3D computer model of 

sub-surface layers or the underlying topography, buried soils and alluvial/
colluvial sequences. The disadvantage of augering is that it may provide 
little contextual information about the samples retrieved: for example, 
an auger may penetrate a grave-cut or the floor deposit of a prehistoric 
round-house, but a slight smear of different-coloured soil may be all that 
would be visible in the auger sample.

More elaborate and deeper-probing augers (often used in connection 
with engineering rather than archaeology) use a cylindrical metal casing 

Figure 1. Using a Dutch hand auger on 
Mainland, Orkney, surveying midden 
deposits at a Neolithic settlement (photo: 
I. Ostericher)

Figure 2. Using a machine corer for 
sampling a palaeochannel of the 
River Sana near Prijedor, Bosnia and 
Herzegovina (photo: I. Ostericher)
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which is driven into the ground be-
fore the core is removed. These may 
be either diesel engine percussion or 
pneumatic pressure driven coring 
rigs, and in larger cases mechanical 
‘boring rigs’ to drive sleaved cores 
into the ground. However, these can 
be of use to archaeologists – the re-
sults of engineering surveys (which 
give soil transect profiles across an 
area such as a site designated for 
construction or quarrying) can tell 
the archaeologist where archaeologi-
cal deposits are likely to exist with-
in a deposit model of the site in its 
landscape context (Carey et al. 2018).

In late 2016, the first large-scale 
archaeological assessment project 
was undertaken in Butmir, Sarajevo 
(Fig. 3). A 300-hectar area is pro-
tected as an archaeological monu-
ment there (the Neolithic site of But-
mir). The local municipality (Ilidža) 
planned this area for a large housing 
development. To meet the require-
ments for assessment, an archaeological consortium consisting of three 
partners was formed (Institute of Archaeology, University of Sarajevo, Ar-
hej d.o.o., Sevnica, Department of Archaeology, University of Ljubljana). 
Because deep alluvial deposits were known to exist there, core drilling was 
one of the main techniques used. This assessment was the first of its kind 
in Bosnia and Herzegovina to be coordinated by a local team. The Slovene 
partners acted as expert consultants and supervisors of trial trenching and 
core-drilling. The project established a standard of good practice and had 
an important role in training local archaeologists.

Soil science is a complex discipline that greatly contributes to many 
other fields, including agriculture, engineering, geology, and geography. 
As such, there are many ways to describe, analyse, and interpret soil. It is 
recommended that, during archaeological excavations, soil description and 
recording are assigned to one or several trained individuals for the sake of 
site-wide consistency. However, all practitioners of archaeology (especially 
excavators) should be familiar with the principles of soil processes.

Figure 3. Core drilling at Butmir, Sarajevo 
in 2016. Core-drilling was part of a large 
(300-hectar) project of assessing the 
archaeological potential, together with 
surface surveying, machine trenching, 
and test trenching (by hand), which took 
place in the autumn of 2016. This was 
the first large-scale systematic preventive 
assessment of archaeological potential 
in Bosnia and Herzegovina of its kind. 
The assessment was undertaken by the 
Institute of Archaeology (University 
of Sarajevo), Arhej d.o.o (Sevnica, 
Slovenia) and the Department of 
Archaeology, University of Ljubljana 
(Slovenia) (Kaljanac et al. 2016) (photo: T. 
Rajkovača)
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Soils are of great importance to archaeology in two ways (French 
2003). First and foremost, soils are important because of their effects on 
the archaeological materials that they contain. Different soil types have 
different chemical and physical properties, such as pH, texture, wetness, 
and iron content, to name a few, which will differently affect preserva-
tion of archaeological materials. Some soils will readily preserve organic 
material (i.e. acidic and/or waterlogged), whereas others will completely 
remove nearly all traces of it (i.e. alkaline, unless charred). In such cases, 
artefact patterning is not human-caused but rather a factor of the soil’s 
preservation potential, and something which only a detailed understand-
ing of the soil matrix can confirm.

Secondly, soils themselves can be a valuable part of the archaeologi-
cal record. Buried soils are often evidence of a past stable land surface, 
because soils need a relatively stable land surface on which to form. In 
addition to simply giving evidence of a surface, buried soils provide im-
portant environmental and land use information and sequence to com-
plement other forms of environmental archaeology. As soils are products 
of climate and organisms, among other things (see above), they can be 
used to make inferences about the conditions (e.g. humid or arid; forest 
or grassland) under which they formed, and by extension, the conditions 
under which the associated archaeological materials were deposited. The 
term ‘soil’ is often used very generally to describe any unconsolidated (i.e. 
not rock) part of the Earth’s surface. This term is often synonymous with 
‘dirt’ or ‘sediment’. However, there are more meaningful definitions of ‘soil’ 
and ‘sediment’ that ought to be understood by all.

Some basic definitions

A sediment is any mineral or rock that has been transported and de-
posited in a different physical location. Sediments and soils can be trans-
ported via wind (aeolian), water (alluviation), gravity/general erosion 
(colluviation), animals, and/or humans. Groups of transported sediments 
form deposits, and when these are layered, they can show distinct strati-
graphic units differentiated by colour, texture, and inclusions, but which 
are distinct from soil horizons.

Soils are mineral and organic complexes of solid, liquid, and gas that 
form through processes of physical and chemical weathering and are affected 
by the climate, the soil organisms and vegetation, the slope or ground relief, 
the parent material (the sediment and/or weathering rock on which they are 
forming), time (Jenny 1941), and human activities, and are altered by addi-
tions, losses, transformations, and translocations (Soil Survey Staff 1975). As 
soils form as a function of the above processes, they differentiate into soil ho-
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rizons, or zones of distinct features such as colour, structure, texture, and or-
ganic material (see Table 1 for an overview of the main soil horizons).

Soils can often form on previously deposited sediments such as flood 
deposits in a valley’s floodplain, or anthropogenic deposits on archaeolog-
ical sites, superimposing soil horizons onto stratigraphic units. It is there-
fore important for the archaeologist to be able to differentiate these two 
very different types of sub-surface features.

Soil classification and description

There are many different soil taxonomy systems (e.g. U.S.D.A. Soil 
Taxonomy, Soil Survey of England and Wales, Russian National soil clas-
sification, F.A.O. soil taxonomy) with overlap and differences. The recent 
World Reference Base for Soil Resources (W.R.B. 2014) attempted to con-
solidate these systems and provide a framework for moving between lo-
cal and national systems. It is recommended that archaeologists begin to 
work within this framework, for soil types and horizon definitions, as it 
is becoming the international standard for soil scientists working across 
disciplines. It is also intended to be translational between classification 
systems, so much of the terminology is transferrable.

Soil classification is based on soil morphological features such as the 
type of horizon (Table 1) and the order in which it is present, the soil’s 

Table 1: Main soil horizon nomenclature (modified from F.A.O. and I.S.R.I.C. 1990)
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texture, colour, physical and chemical properties, and spatial relationships 
between different soil elements (e.g. horizon size, depths at which changes 
occur). Basic in-field description of soils should be recorded, which in-
cludes the Munsell colour, texture, abundance and colour of mottling, 
presence/abundance/preservation of organic material, soil structure (see 
below), and consistence (the degree to which soil material retains its shape 
under pressure both when wet and dry). Soil structure (Table 2) refers to 
the arrangement of the soil matrix into units called peds or aggregates, 
which are separated by empty space (voids or pores), though not all soils 
display structure (apedal soils). These properties of soils are used to iden-
tify soil horizons and further to classify the observed soil by taxonom-
ic type (Table 1) (see F.A.O. and I.S.R.I.C. 1990; Soil Survey Staff 1975; 
W.R.B. 2014).

The essentials of soil sampling

If a site is very plough damaged and associated with thin modern soil 
cover (i.e. <50–70cm), it is only really possible to sample the fills of cut 
features. This is generally less useful from a geoarchaeological/soils per-
spective, but occasionally there are features of interest to sample, such as 
possible pit linings, organic standstill horizons in ditches, or redeposited 
soil material, with primary fills usually being the most reflective of ‘use in 
life’ of the feature and its immediate surroundings.

Table 2: Overview of soil structure types (after F.A.O. and I.S.R.I.C. 1990)
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Sampling for soil micromorphological analysis

Soil micromorphology is the 
analysis of soils/sediments in the 
thin section with a polarizing mi-
croscope (Courty et al. 1989).

Intact block samples are col-
lected from the field and brought 
to the laboratory for drying and im-
pregnation with a crystic polyester 
resin, and then put under vacuum 
for up to forty-eight hours (Figs. 
4–12). They are then taken from the 
vacuum chamber to cold cure in a 
ventilated cabinet for two weeks, or 

Figure 4. Samples are placed to air dry in 
labelled trays on open shelves in the lab 
(photo: T. Rajkovača)

Figure 5. Blocks are put into labelled plastic containers ready for oven drying and 
impregnation (photo: T. Rajkovača)

Figure 6. Placing samples in the oven for 
final drying (photo: T. Rajkovača)

Figure 7. Impregnation and sample records 
should be kept (photo: T. Rajkovača)
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Figure 8. Impregnation with a mix 
of crystic resin, acetone, and MEKP 
accelerator/hardener (photo: T. Rajkovača)

Figure 9. The samples are left to infiltrate 
with resin by capillary rise for up to an 
hour within the fume cupboard. The resin 
level should be monitored, and further 
topped up if it should drop below the 
original immersion mark. The date of 
impregnation should be placed on the 
outside of the container to monitor the 
curing time (photo: T. Rajkovača)

Figure 10. Placing impregnated samples 
in the vacuum chamber for 24-48 hours 
(photo: T. Rajkovača)

Figure 11. Curing cabinet with 
impregnated samples (photo: T. Rajkovača)

Figure 12. Processing waste bin (photo: T. 
Rajkovača)
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up to one month, until they become 
hardened. The samples are then fi-
nal cured in the oven for up to three 
days. At this stage, sample slices are 
sawed from the hardened blocks to 
fit microscope slides (Figs. 13–14). 
The slices are then prepared for final 
thin sectioning on the Brot multi-
plate grinding system (Figs. 15–19).

Figure 13. The diamond bladed saw for 
cutting slices (photo: T. Rajkovača)

Figure 14. Cut blocks and slices cut with 
a notch to indicate the top of each sample 
(photo: T. Rajkovača)

Figure 15. The Brot and its working area 
with the grinding wheel (left) and slide 
holder (right) (photo: T. Rajkovača)

Figure 16. Sequence of beginning 
grinding after loading slides: 1: Turn 
the machine from hand to auto. 2: Turn 
on lubrication, and adjust the blue oil 
nozzle accordingly. Wind grinding 
wheel two turns away from the slides, 
against the arrow direction (Fig. 18). Set 
appropriate measurement to grind and set 
the gear. Close the machine’s lid. 3: Start 
the grinding wheel. 4: Start the sample 
holder, and flick the gear on (photo: T. 
Rajkovača)
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Once slices are cut of about 
4–5 millimeters in thickness, they 
are mounted temporarily on pre-
pared coarse ground glass slides with 
super-glue gel in sets of three sam-
ples. These are then placed on the 
Brot grinding machine with oil and 
ground to an even thickness, first 
with a coarse wheel and then with a 
fine wheel (Figs. 16–20).

The three slides are then re-
moved, the glass separated from the 
slice, cleaned and dried, before be-
ing re-mounting on a set of polished 
glass slides of all the same thickness 

using a ‘hot mix’ of the same resin recipe used for impregnation. The per-
manently mounted slices/slides are put in their original order back onto 
the Brot sectioning machine, and the same process of coarse and fine 
grinding takes place to achieve finished micron-width thin sections of 
about 25–30 μm in thickness.

Conclusions

This brief introduction to geoarchaeological methods is not intended 
to be exhaustive, but rather to provide all archaeologists with an idea of 
what is possible as well as some basics of sampling, with some greater de-
tail on soil micromorphology.

Figure 17. The micrometre for advancing 
the grinding wheel onto the slides (photo: 
T. Rajkovača)

Figure 18. Changing the grinding wheel 
on the Brot machine (photo: T. Rajkovača)

Figure 19. The author watching slides 
on the Brot grinding machine (photo: I. 
Ostericher)
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The finished thin section slides are not only a ‘work of art’, but con-
tain a wealth of textural and process information to assist in any archaeo-
logical or landscape interpretation. Moreover, they form a part of the site 
archive, along with the impregnated blocks, and may be stored long-term 
without degradation. In addition, the slides themselves and/or new slices 
from the block may be used for other scientific techniques such as SEM 
(scanning electron microscopy) or micro-probe elemental analyses. Thus 
both the data from these soil/sediment analyses as well as the remaining 
samples should be treated as part of the site archive, and just as if they 
were artefacts. Moreover, in future archaeological projects in the Balkans, 
whether developer-funded or research-driven, the geoarchaeological com-
ponent should be viewed as just as essential as the retrieval, recording, 
and analyses of artefacts (Rajkovača 2019).

The second paper on geoarchaeology in this volume by French and 
Rajkovača presents two archaeological case studies from the Balkans to 
illustrate what is possible in terms of new and additional information po-
tential on relatively small budgets and timetables using geoarchaeological 
approaches. For those interested to read further on the full breadth of pos-
sibilities available in geoarchaological research, I refer you to the Ency-
clopedia of Geoarchaeology (Gilbert 2017), Macphail and Goldberg’s 2018 
textbook Applied Soil Micromorphology in Archaeology, and Nicosia and 
Stoops’ 2017 textbook Archaeological Soil and Sediment Micromorphology.
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LIFE OF ARCHAEOLOGICAL GIS

Matjaž Mori

The Centre for Preventive Archaeology (CPA) is a branch of the Insti-
tute for the Protection of Cultural Heritage of Slovenia. Its state-founded 
activities include archaeological potential assessment, research for non-
profit residential housing, and research of state-owned monuments. In 
practice, we engage in a wide range of archaeological activities, including 
excavation, post-excavation processing, field surveys, geophysics, remote 
sensing, and publishing.

CPA was founded in 2009, when CAD software was the primary tool 
for spatial data generation, management, and publishing. Being a state 
institution, CPA was involved in large state projects that assessed and 
mapped archeological potential. CPA was also tasked with running the 
National Register of Archaeological Research. CAD software was unsuit-
able for this type of data, prompting the shift toward the geographic infor-
mation system (GIS).

Digital GIS originated in the 1960s, but many GIS-related methods 
and concepts predate it. One of the first cases of successful spatial analy-
sis was performed by J. Snow in 1854. He mapped cholera outbreaks and 
identified water sources responsible for the outbreak based on cluster 
analysis3. The first true GIS was developed in the 1960s for the Canadian 
government to help with land use management and resource monitoring. 
The first cases of its usage in anthropology and archaeology date back to 
the 1980s. The major turning point was the study of the island of Hvar 
done by Vincent Gaffney and Zoran Stančič (Gaffney and Stančič 1991).

Since the early 1990s, GIS remained restricted to academic use, prob-
ably due to high software prices, high hardware demands, and the neces-
sity for highly skilled operators. Spatial data in the archaeological “digital 
era” was mostly generated and manipulated using CAD software.

As previously mentioned, the initial driving force behind the shift to-
wards GIS in CPA was the type of data involved. Initially, only two experts 

3	 https://gisgeography.com/history-of-gis/ 

https://gisgeography.com/history-of-gis/
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used GIS for remote sensing and mapping of archaeological potential. The 
data was still produced and managed in MS Excell and only mapped in GIS. 
Tasks assigned to CPA resulted in the formation of several databases, which 
were still in the form of single files, such as .xls, .shp, or a combination of both.

Around this time, three major milestones happened that accelerated 
the shift toward GIS:

–	 Open-source GIS software reached a mature stage
–	 The implementation of the INSPIRE directive
–	 Advances in photogrammetry

The availability of high-quality free open-source GIS software allowed 
a far larger range of employees access to GIS tools. Previously limited by 
several licenses, now anyone could install and start using it, implying that 
more and more individuals were now at least familiar with GIS. Our cho-
sen open-source GIS software was QGIS4, which at the time was already 
on the pair with proprietary software options. QGIS has had good com-
munity support since early on; knowledge is shared and easily accessible 
on various platforms by users for users (e. g. Stack Exchange).

The implementation of the INSPIRE directive provided access to state-
wide data5. Previously, data had to be acquired from project to project for a 
limited area. With the state’s compliance with the directive, numerous data 
layers for the whole country are now easily accessible. Data is often pro-
vided in forms that are not compatible with CAD software (WFS, WMS...).

Advances in photogrammetry algorithms led to the emergence of 
simple-to-use effective photogrammetry software which caused a big rev-
olution in the way archaeological remains were documented in the field. 
This changed the type of data that now came from the field. A very sparse 
point cloud of carefully selected points and a few photos were replaced by 
large sets of photos that, when processed, produced a wide range of de-
rivatives, from a dense point cloud and textured mesh to high-resolution 
digital elevation models and orthophotos.

The three milestones had a cumulative effect. Open-source software 
allowed everyone to install GIS, allowing anyone to view the data as a 
result. The availability of data made it easier to prepare GIS projects for 
individual projects since most layers cover the whole country and GIS 
can manage a huge amount of data. As a consequence, GIS became a data 
viewer for anyone interested, rather than just a plotting tool for select ex-
perts with licenses. This resulted in more and more work being done in 
GIS, which allowed us to become more skilled at it as well as more ambi-
tious in terms of what we wanted out of it.

4	 https://qgis.org/en/site/ 
5	 https://inspire.ec.europa.eu/about-inspire/563 

https://qgis.org/en/site/
https://inspire.ec.europa.eu/about-inspire/563
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At this point, data produced by CPA was still stored in the file sys-
tem, mostly as .shp, occasionally as .xls, and only viewed in GIS. But once 
again, the data spoke out and demonstrated that this is not the way to go. 
There were many issues, including the inability of multiuser editing, a lack 
of data versioning control, size and text length limitations of shapefiles, and 
encoding and coordinate reference system (CRS) related issues. The next 
step was establishing proper data infrastructure. On the server, we installed 
a PostgreSQL relational database6 with PostGIS extension and moved our 
file-based layers to it. We were able to automate some fields that previously 
had to be manually entered as well as add functions that track changes. 
Switching to a real database enabled us to maintain data versioning, CRS, 
and encoding issues under control as well as allowed concurrent multi-user 
editing of layers with no conflicts or fear of data corruption. Regular users 
do not see any difference between the file system and database storage oth-
er than possible faster loading speeds (Fig.1). The file system is still used 
for some tasks but we switched to Geopackage, a single file-based database 
without shapefile limitations which also allows adding functions and stor-
ing several layers in one file, including symbology.

When the data was made available through GIS for everyone to see 
and edit, we started working on input and metadata viewing forms to 
make them more user-friendly. External data (pdfs, images, etc.) was also 
linked and made available with one click by using these forms (Fig. 2).

6	 https://www.postgresql.org/ 

Figure 1. The data infrastructure behind GIS.

https://www.postgresql.org/
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QGIS provides an excellent framework for expanding its functional-
ity or optimizing workflows. There are over 1700 plugins available7, and 
they are shared by other users. The development of plugins can be done 
rapidly, and there is even a plugin for building plugins. After incorporat-
ing GIS in our workflows, we soon discovered that it was critical to start 
developing plugins for our specific needs.

The first plugin that was produced by CPA and published in the of-
ficial repository was named Archaeological GIS8. Its function is to load 
available statewide layers into GIS (Fig. 3). Each research project starts 
with this plugin, to set up base layers in the GIS project. The plugin proved 
to be useful to a far larger audience than expected, with over 23 thousand 
downloads since its release.

To date, several plugins and simple scripts have been developed to simplify 
workflows, making it easier for unskilled users to follow established workflows 
in GIS, reduce clicks, and execute more complex operations. Most of them are 
currently works in progress or are so specific that there is no use in publishing 
them. The latest published plugin is ALS Downloader, which provides access 
to raw aerial laser scanning data for Slovenia and the Netherlands.

Small initial steps in GIS usage created a snowball effect, and we 
started using GIS more and more for tasks previously done in CAD and 

7	 https://plugins.qgis.org/plugins/als_downloader/ 
8	 https://plugins.qgis.org/plugins/agis/

Figure 2. Various input forms with links to external data.

https://plugins.qgis.org/plugins/als_downloader/
https://plugins.qgis.org/plugins/agis/
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various other vector graphics software. We ended up completely abandon-
ing CAD software in all segments of work. Maps and vector images are 
now produced entirely in GIS without the need for additional vector ma-
nipulation software. Together with data acquired using photogrammetry 
we can prepare and publish accurate representations of documented ar-
chaeological remains (Fig. 4).

Figure 3. Layers loaded into QGIS using AGIS plugin.

Figure 4. Example of final plan view of excavated roman tower (up) and Roman 
grave with cross section (bottom).
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In our experience, many aspects of GIS have proven to be beneficial; 
the transition brought many improvements in data management, high-
quality data derivatives, low-cost automation possibilities, and more. GIS 
is a ready-to-use database frontend; with little to no effort, all excavation 
data, both spatial and nonspatial, can be gathered and organized within a 
GIS project for browsing, analyzing, and report creation (Fig. 5). Intercon-
necting data, linking it back to its spatial component and attempting to 
understand it returns us to the origins of GIS. We are drawing dots and 
trying to figure out what they can tell us.

Today, most archeologists at CPA use GIS regularly; each project 
starts in GIS with desk assessment and ends in GIS with plotting maps. 
All field spatial data is produced, processed, and prepared for publishing 
within GIS. In our experience, GIS was accepted with open arms among 
users, with some frustrations due to a lack of knowledge on how to use 
it. Learning to use it takes time and motivation; mastering GIS, like any 
other skill, demands (but also allows for) constant self-improvement. Its 
complexity and rapid software development provide opportunities for up-
grading, optimizing, and rethinking processes.

References
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Figure 5. An example of “site database” that includes documented entities with links 
and actions that allow easy access to all gathered and derived data.
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EXPERIENCES, RESULTS, AND 
KNOWLEDGE TRANSFER DURING UNSA 

ARCHAEOLOGICAL RESEARCH USING 
GEOPHYSICAL MEASURING DEVICES, 

LASER SCANNING, LIDAR, AND UAV FROM 
2016 TO TODAY

Adnan Kaljanac 
Jesenko Hadžihasanović

Less than 10 years have passed since the Institute of Archaeology of 
the Faculty of Philosophy at the University of Sarajevo (further: Institute 
of Archaeology) was founded, and that time has not been wasted in vain. 
To begin, since 2013, the Institute of Archaeology has participated in the 
implementation of several archaeological research projects in Bosnia and 
Herzegovina, but it was not until 2016 that these projects gained momen-
tum, particularly those involving UAVs and geophysical measuring devic-
es. Laser scanning and LIDAR, on the other hand, began to be used as re-
search and data collection tools in earnest a few years later, more precisely 
in 2021 and 2022, respectively. Thus, from 2016 to the present, more than 
50 archaeological sites of various periods (ranging from the Paleolithic to 
the Ottoman period) have been researched, with the Institute of Archaeol-
ogy as either the leading partner or one of the implementation partners 
during projects ranging from prospection to systematic research. Now, for 
the purposes of this paper, a selection from the before-mentioned archae-
ological research projects that involved the use of UAVs, geophysical sur-
veys, laser scanning, and LiDAR has been made, and they are as follows:

–	 two archaeological research campaigns at the site of the national 
monument of Bosnia and Herzegovina Butmir in the vicinity of 
Ilidža, near Sarajevo (2016 and 2017),
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–	 archaeological prospection of the plateau west of Visočica hill 
near Visoko (2017),

–	 archaeological research at the location of the national monument 
of Bosnia and Herzegovina Ripač near Bihać (2015 and 2017),

–	 archaeological research at the Brandže site near Bihać (2017),
–	 geophysical survey of the national monument of Bosnia and Her-

zegovina necropolis with stećci Šabići near Trnovo (2017),
–	 aerial survey of the site of Čajangrad near Visoko (2017),
–	 archaeological research of the national monument of Bosnia and 

Herzegovina Necropolis with stećci at Stare Kuće in Donje Breške 
near Tuzla (2017),

–	 archaeological research at the site Arnautovići near Visoko (2018),
–	 geophysical survey at the site of Crkvište in Travnik (2018),
–	 two research campaigns at the site of Kundruci in the hamlet of 

Hadžići near Visoko (both in 2022),
–	 two research campaigns at the site of Svibe in Gornje Moštre near 

Visoko (2018 and 2020),
–	 geophysical survey at the site of the national monument of Bosnia 

and Herzegovina and the UNESCO World Heritage Site: the ne-
cropolis with stećci Maculje near Novi Travnik (2021),

–	 archaeological research at the site of Kadića Brdo near Sokolac 
(2021),

–	 geophysical survey of a locality in the Jewish cemetery in Sarajevo 
(2021),

–	 archaeological research of the national monument of Bosnia and 
Herzegovina Bjelaj near Bosanski Petrovac (2021),

–	 archaeological prospection of the route of the highway Koridor Vc 
on the subsection Putnikovo Brdo-Medakovo near Tešanj (2022),

–	 archaeological prospection of a locality at the eastern entrance to 
Travnik (2022),

–	 two research campaigns at a site in Nević Polje, Lašva near Travnik 
(2021 and 2022),

–	 preliminary research at the site of the national monument of Bos-
nia and Herzegovina Debelo Brdo near Sarajevo (2022).

Before presenting and listing the results and the research methods 
used in all of the mentioned research projects, it is of utmost importance 
to present tools that were used during their implementation, as well as 
modifications and upgrades made to some of the tools as a result of chal-
lenges that emerged during their use.



Experiences, Results, And Knowledge Transfer During UNSA Archaeological Research ... 	 |  147

The first tool is the UAV DJI 
Flamewheel F550, with a built-in cam-
era for recording photographic and 
video content. Even though aerial pho-
tography had been used in archaeo-
logical research since the 19th century 
(Ceraudo 2013, 11), it was a costly en-
deavor before the advent of UAVs, like 
the one mentioned above. This tool 
enabled fairly easy and cheap, in com-
parison, aerial terrain surveys that aim 
to detect telltale signs of archaeological 
features and record the research process 
in order to later use these media for the 
best possible presentation to the sci-
entific and wider audience. No special 
software is necessary to process images 
or videos captured during a DJI Flame-
wheel F550 flight.

The next tool is the Geoscan Resist-
ance Meter RM85, which can measure 
soil electrical resistance values by re-
leasing electric current into the ground 
and measuring resistance at particular 
points. The resistance is highly depend-
ent on the distribution of moisture in 
soils affected by drainage, the presence 
of structures, and soil porosity (Monfort 
2013, 154). Thus, by using RM85, it is 
possible to gauge the position of any un-
derground architectural object, particu-
larly stone ones, but it is also possible to 
detect other types of buildings, as well as 
changes in the soil caused by various hu-
man activities or natural processes. One 
of the modular modifications of RM85 
made at the Institute for Archaeology 
is the addition of a SENO114 humid-
ity sensor with a real-time transfer of 
humidity data to the microcontroller, 
which allows for the beginning of ro-

Figure 1. DJI FlamewheelFf550 
used during the research at the 
Butmir site with a student holding 
Flamewheel’s remote control and 
a display that transmits visual 
information to facilitate the 
navigation of the UAV.

Figure 2. Geoscan Resistance Meter 
RM85 used during research at the 
Butmir site.
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tating modulation to compensate 
for the variability of soil humidity 
in the location being recorded. An-
other modification is the adoption 
of new, longer spikes for use on sites 
where the height of various features 
hinders operations with standard-
length spikes, as was the case with 
tombstones at the Jewish cemetery 
in Sarajevo as seen in Fig. 3. Due to 
the tool’s sensitivity to electrical cur-
rent, any powerlines above or below 
ground can interfere with the device, 
so it must be used with caution. A 
specialized program, either GeoPlot 
3.0 or GeoPlot 4.0, is required to pro-
cess the data obtained from this de-
vice’s geophysical survey.

The next device employed by 
the Institute of Archaeology is the 
Geoscan FM256 Fluxgate Gradi-
ometer. It is used to determine the 
gradient of local magnetic fields of 
buried features on a surveyed area in 
comparison to Earth’s magnetic field 
(Bevan and Smakalova 2013, 133), 
and thus it is also capable of detect-
ing architectural objects like RM85, 
albeit of different characteristics. 
Due to its high sensitivity to environ-

mental magnetism, pieces of clothing made of non-magnetic alloys, and 
its rather large overlap of the locations of archaeological sites and the bat-
tlelines from the 1992–1995 war, it is currently the least used geophysical 
measuring device at the Institute of Archaeology. As is the case with RM85, 
a specialized program, either GeoPlot 3.0 or GeoPlot 4.0, is required to 
process data obtained from a geophysical survey by the FM256 device.

The third geophysical device used by the Institute of Archaeology is 
EasyRad Ground Penetrating Radar (GPR). It records underground features 
by transmitting a very short pulse of electromagnetic energy and measur-
ing a reflected signal that is dependent upon the dielectric properties of 
the subsurface material, and the time delay of the reflected signal is used 

Figure 3. Geoscan Resistance Meter RM85 
used during the geophysical survey of the 
Jewish cemetery in Sarajevo with modified 
spikes to enable recording between individual 
tombstones.

Figure 4. Geoscan FM256 Fluxgate 
Gradiometer used during preliminary 
research at the Debelo Brdo site.



Experiences, Results, And Knowledge Transfer During UNSA Archaeological Research ... 	 |  149

to estimate the depth range of the 
target. (Novo 2013, 166–167). Thus, 
it is suitable for use in environments 
where it would be difficult to operate 
other geophysical devices (due to the 
vicinity of power lines, “pollution” 
caused by magnetic fields, alloys, 
etc.). A specialized program, either 
Voxler 3.0 or Voxler 4.0, is required 
to process data obtained from this 
device’s geophysical survey.

The penultimate device used 
by the Institute for Archaeology is 
the Topcon IS 9 Total station. Even 
though total stations are a common 
occurrence in most archaeological 
research these days because of their 
adaptability, this particular series 
has a feature that works particularly 
well with georeferenced points in 
space, namely the possibility of la-
ser scanning of features within the 
visible range. The term “laser scan-
ning” describes any technology that 
accurately and repeatedly measures 
distance using a laser pulse, by pre-
cisely measuring the time needed for 
the laser pulse to travel from the ob-
ject and back and then transforming 
these measurements (Mlekuž 2013, 
113). The scanning ability of Topcon IS 9 is useful for recording any stand-
ing or aboveground features such as tombstones (mostly stećci or nišani in 
the case of Bosnia and Herzegovina) as well as any built or decayed archi-
tectural features, and recording excavated features. It can also be used for 
recording parts of the landscape of research interest.

The last tool to be mentioned is the LiDAR device Velodyne VLP-16. 
The principle behind LiDAR (an acronym for Light Detection and Rang-
ing) is the same as that of the previously mentioned laser scanning de-
vice Topcon IS 9 Total station. While Velodyne VLP-16 can capture several 
times the number of points in less time than IS 9 Total station, Velodyne 
VLP-16 only has lasers and sensors and thus cannot position itself in geo-
reference space, meaning that external points of reference are required for 

Figure 5. EasyRad Ground Penetrating Radar 
(GPR) used during the geophysical survey of 
a graveyard in Ljubuški.

Figure 6. Topcon IS 9 Total station used 
during preliminary research at the Debelo 
Brdo site.
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the data to be georeferenced. Since acquiring 
the Velodyne VLP-16, the Institute of Archae-
ology’s staff has experimented with and de-
veloped various means of carrying the device 
for recording an area of interest. Fig. 7 depicts 
the first generation of devices for mounting 
the LiDAR that could be carried in the hands, 
where the sensor would be about a meter away 
from the person surveying the landscape. 
However, the device’s height and stability 
were deemed insufficient, so the second way 
of LiDAR mounting devices was upgraded by 
putting the sensor puck on a pole of greater 
height, as seen in Fig. 8. Although this modi-
fication proved well in the field test, it was de-
termined that stabilization is more important 
for the quality of recorded data, and that, al-
though sufficient for surveying, there was still 
room for improvement. So a third generation 
of mounting devices with a two-axis gimbal 
was specifically developed and installed on 
a backpack, together with an accompanying 
computer with dedicated software, as seen in 
Fig. 9. This method has proven to be the most 
successful so far.

From 2016 to the present, as seen above, 
the Institute of Archaeology conducted re-
search at numerous sites, and the methodolo-

Figure 7. The first method 
of mounting the LiDAR 
Velodyne VLP-16, used during 
archaeological prospection of the 
route of the highway Koridor Vc 
on the subsection Putnikovo Brdo-
Medakovo near Tešanj.

Figure 8. The second method of 
mounting the LiDAR Velodyne 
VLP-16, used during the second 
research at the Nević Polje site, 
Lašva near Travnik.

Figure 9. The third method of mounting 
the LiDAR Velodyne VLP-16, used during 
preliminary research at the Debelo Brdo site.
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gy was similar regarding the use of geophysical, laser scanning, LiDAR, or 
UAV devices, depending on the circumstances and nature of the research, 
as well as the needs of investors for the specific project in question. When 
only geophysical surveying was needed, one or more of the above-men-
tioned devices were used, while in the case of archaeological prospection 
or rescue archaeology, a combination of geophysical and other devices was 
used in addition to excavations. In each of the mentioned scenarios, UAVs 
could have been used as an additional way of collecting data in the field, 
while in a few instances, only UAV aerial photography was used. In the 
pages that follow, a selection of research findings will be presented.

Archaeological research at the site of  
Butmir in 2016 and 2017

The first research that is being 
discussed was at the site of the nation-
al monument of Butmir near Saraje-
vo, where various methods were used 
to survey about 30 hectares during 
the first archaeological research cam-
paign (Kaljanac 2017) and an addi-
tional 10 during the second campaign 
(Kaljanac and Brigić 2020). During 
both of the campaigns, the RM85 Re-
sistance meter and FM256 Fluxgate 
Gradiometer were used to collect ad-
ditional data from the site. One of the 
challenges during the first campaign 
for the geophysical survey was re-
cording in the orchard at the Institute for Agriculture in Ilidža with closely 
spaced rows of apple trees in Section 4, as marked during archaeological 
research in 2016. This required recording only smaller stretches of land that 
could be combined in the post-production to get a coherent picture of the 
surveyed area. This has given results that were consistent with the orchard’s 
position and past land uses as a barracks site post-1945 (Fig. 10).

Aerial survey of the site of Čajangrad near Visoko

The second research presented is an example of an aerial survey 
(which the Institute of Archaeology has so far conducted on a number of 

Figure 10. Geophysical data collected from 
surveying between rows of apple trees in the 
orchard of the Institute for Agriculture in 
Ilidža.
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sites) of the Čajangrad site near Vi-
soko. This medieval-period archaeo-
logical site is located on a small pla-
teau above a river valley, which was 
mostly covered in forest in the past. 
The survey aimed to obtain aerial 
images to assess the work done thus 
far and to determine if there were 
any structures or features that were 
not visible from ground level. (Fig. 
11)

Archaeological research at the site of Kundruci 
in the hamlet of Hadžići near Visoko

The next presented case is the 
research at the site of Kundruci near 
Visoko, where two separate cam-
paigns took place. During the first 
one, a geophysical survey using a 
Geoscan RM85 Resistance meter was 
incorporated into the research, dur-
ing which an anomaly in the ground 
was discovered (Fig. 12) that was not 
recorded during earlier surveys of 
the area (Fig. 13) (Furholt 2013). The 

anomaly become one of the focal points of the second campaign when it 
was discovered that it was a stone construction (Fig. 14) that could be dated 
to the Neolithic period based on stone and ceramic artifacts found on its 
surface (Kaljanac and Hadžihasanović 2022).

Archaeological research at the site of Svibe  
in Gornje Moštre near Visoko

Another project in Visoko was cooperation with the Museum of 
Visoko on the exploration of the site of Svibe near Visoko, where a Ro-
man-period building complex of currently unknown size was discovered 
(Silajdžić 2021; Silajdžić 2022). This case is noteworthy because the geo-
physical survey aimed to determine the possible positions of the walls in 
the area under research, which proved successful (Figs. 15–16).

Figure 11. Aerial photography of the 
medieval site of Čajangrad near Visoko.

Figure 12. Geophysical recording obtained 
during a survey of the site of Kundruci near 
Visoko, with anomaly labeled A1 (Kaljanac 
and Hadžihasanović 2022).
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Figure 13. Results of geophysical research conducted in 2020 superimposed 
on those of research conducted in 2008. The anomalies detected during 
geomagnetic surveys in 2008 are marked in blue, while the anomalies 
detected during geophysical surveys in 2020 are marked in red. (Kaljanac and 
Hadžihasanović 2022).

Figure 14. Aerial photography of the stone construction during excavation at the 
site of Kundruci near Visoko.
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Figure 15. Geophysical recording of the site of Svibe. The excavated positions are 
marked in yellow, while the anomalies detected during two geophysical surveys 
are marked in red (modified after Silajdžić 2022).

Figure 16. Aerial photo of the area excavated at the site of Svibe near Visoko 
(Silajdžić 2022).
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Geophysical survey at the site of the national 
monument of Bosnia and Herzegovina and a 

UNESCO World Heritage Site: The historic site of 
the Maculje necropolis with stećak tombstones, Novi 

Travnik Municipality.

The next research project illustrates the use of EasyRAD radar to sur-
vey the necropolis with stećci Maculje. Anomalies consistent with known 
building activities (concrete foundations of varying sizes of the table and 
the site’s information board) were found, as well as anomalies that show 
places where a few stećak tombstones were found during research preced-
ing the road rebuilding. Lastly, anomalies that point to unknown activities 
near a few of the tombstones were also identified. (Fig. 17).

Geophysical survey of a locality  
at the Jewish cemetery in Sarajevo

The following research was conducted at the Jewish cemetery in Sa-
rajevo, where it was necessary to modify the spikes in order for the survey 

Figure 17. Geophysical recording superimposed on the aerial photo of the 
necropolis with stećci Maculje.



156  |	 Adnan Kaljanac, Jesenko Hadžihasanović

Figure 18. Geophysical recording superimposed on the aerial photo 
of the Jewish cemetery in Sarajevo.

Figure 19. Laser scan of Bjelaj, the medieval town 
near Bosanski Petrovac, from a bird’s-eye viewpoint.
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to be carried out at all. Namely, when trying to record between tightly 
packed graves, the spikes that came with the Geoscan RM85 Resistance 
meter were too short to touch the ground. As a result, two new spikes, 
more than double the length of the original ones, were manufactured and 
the survey was successfully conducted, as can be seen in Fig. 3. The survey 
has shown us areas where graves were dug and used in religious rites, as 
was expected (Fig. 18).

Figure 20. A laser scan detail from a bird’s-eye viewpoint of the northeastern 
part of the medieval town of Bjelaj near Bosanski Petrovac.

Figure 21. Satellite photo of the medieval town of Bjelaj near Bosanski Petrovac.
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Archaeological research of the national monument 
of Bosnia and Herzegovina Bjelaj  

near Bosanski Petrovac

During explorations of the national monument of Bosnia and Her-
zegovina Bjelaj near Bosanski Petrovac, in addition to archaeological ex-
cavations, a laser scanning using Topcon IS 9 was done because the walls 
on the site had survived, providing an opportunity to collect additional 
georeferenced data, the result of which can be seen in Fig. 19, with a 
detail presented in Fig. 20 and a comparison with a satellite image in 
Fig. 21.

Figure 22. Image of the area surveyed with LiDAR Velodyne VLP 16 during the 
archaeological prospection of the subsection Putnikovo Brdo-Medakovo near Tešanj.

Figure 23. Image of the area surveyed with LiDAR Velodyne VLP 16 during the 
archaeological prospection of the subsection Putnikovo Brdo-Medakovo near Tešanj.
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Archaeological prospection of the route of the 
highway Koridor Vc on the subsection Putnikovo 

Brdo-Medakovo near Tešanj

When the archaeological survey of the subsection Putnikovo Brdo-
Medakovo near Tešanj was carried out, part of the terrain was covered 
by forest, and the survey was conducted while the terrain was covered in 
snow. These factors made archaeological prospection even more difficult 
than usual. For these reasons, it was decided to survey more difficult parts 
of the terrain of the area slated for archaeological prospection with the 
newly acquired LiDAR Velodyne VLP 16, and using the first mounting 

Figure 24. Image of the area surveyed with LiDAR Velodyne VLP 16 during the 
archaeological prospection of the area at Travnik’s eastern entrance .

Figure 25. Point cloud of Trench 2 in the area at Travnik’s eastern entrance.
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method as is seen in Fig. 7 earlier in the paper. The post-processing results 
of the survey with LiDAR can be seen in Figs. 22 and 23, where road sur-
faces and other anomalies can be easily identified.

Archaeological prospection of the locality  
at the eastern entrance to Travnik

Last of the Institute of Archaeology’s re-
search projects is an archaeological prospec-
tion of the area at Travnik’s eastern entrance. 
The site itself has shown to have little archaeo-
logical potential, but for the purpose of this 
paper, the LiDAR scanning performed with 
Velodyne VLP 16 using the second mounting 
method as seen in Fig. 8 is significant. Fig. 24 
shows how the post-processed survey results 
can reflect how the site itself looked like at 
that moment, while Figs. 25–26 show how dif-
ferences between various soil strata can be ob-
served even on raw LiDAR point clouds (com-
pare with Fig. 27).

In earlier pages, a selection of various 
methods and the result of their use were pre-
sented. But one aspect of this brief presenta-
tion of the work of the Institute of Archaeol-
ogy that could have been discerned by more 

Figure 26. Cross-section of the point cloud of Trench 2 in the area at Travnik’s 
eastern entrance.

Figure 27. Image of Trench 2 
in the area at Travnik’s eastern 
entrance.
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observant eyes but was not explicitly discussed, is the issue of knowledge 
transfer. During all of the Institute of Archaeology’s previously men-
tioned research, it was deemed of utmost importance to include students 
as participants in all of the processes involving the organization and im-
plementation of research projects. As the Department of Archaeology of 
the University of Sarajevo is the youngest department to teach archaeol-
ogy as a program in Bosnia and Herzegovina, if not the entire territory 
of former Yugoslavia, there has always been a concern of providing the 
students with the opportunity to gain enough valuable field research ex-
perience. While the program and some local projects have provided some 
experience, more is always welcome, and more importantly, none of the 
methods previously discussed in this article were not used during their 
implementation. Thus, it was concluded that including students in the im-
plementation of the Institute of Archaeology’s project would only be ben-
eficial in the long run. With this in mind, students were given access to 
various devices to use (as seen in Figs. 1–3, 6 and 11), and were even given 
an opportunity to pilot an UAV by themselves (Figs. 1 and 11); of course, 
all of these activities were done under supervision to prevent any adverse 
effect. After surveying and recording with these devices, students were 
given the data obtained from these activities, and a chance to make their 
own observations and interpretations, which were later compared to those 
made by the staff of the Institute of Archaeology involved in the particular 
project where the devices were used. In this way, even if the students made 
wrong predictions or assumptions, they had an opportunity to develop 
the skills necessary to interpret data obtained during surveying with these 
devices. Even more importantly, the use of these devices was normalized, 
or their use became more tangible, and not some highly specialized activ-
ity, thereby becoming part of students’ basic toolbox, which had already 
contained mundane tools like excavation of test pits. This will allow them 
to obtain better findings during various archaeological research, which 
would otherwise be unavailable due to a variety of different factors.
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HOW PHOTOGRAMMETRY BECAME 
COMMON PRACTICE IN FIELD 

ARCHAEOLOGY

Dinko Tresić Pavičić
Josip Burmaz

Archaeological excavation as a destructive process is an unrepeatable 
experiment since no two archaeological sites are the same (Barker 1993, 
1). Therefore, it is imperative to make as detailed an archaeological field 
record as possible. However, there is a contradiction between the incentive 
for objectivity and the fact that archaeological interpretation is subjective 
(Hodder 1997, 691–693). As archeology is a visual discipline, archaeolo-
gists have used various visual methods for illustrating and recording the 
shape, position, size of, and relationship between, different archaeological 
features or artifacts since the very beginning (Moser 1992, 831; Opgenhaf-
fen 2021, 353). The most common traditional visual techniques used for 
recording archaeological sites are drawing and photography. While both 
methods provide a visual record, drawing is by definition an interpreta-
tion (Green 2003, 69) and has a central role in archaeological knowledge 
construction (Morgan et al. 2021, 627); photography, on the other hand, is 
a more objective representation of reality and is less interpretative (Moser 
1992, 832). The latter is also true for photogrammetrically generated rep-
resentations used in modern archeological field documentation. Although 
they contain the measurement record in addition to the visual one, pho-
togrammetric representations cannot replace the interpretive value of an 
archaeological sketch or drawing. Nevertheless, digital photogrammetric 
methods are precise, detailed, fast, and cost-effective tools that have been 
incorporated into archaeological field recording procedures (Magnani et 
al. 2020, 8–12). With the development of 3D technologies, the further in-
tegration of photographic, measurement, and drawn archaeological field 
documentation can be expected.

The authors provide a short overview of photogrammetric techniques 
used in archaeological field recording procedures while emphasizing that 
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photogrammetry, although useful, is not vital to the archaeological pro-
cess. The authors have over 20 years of experience in archaeological ex-
cavation and field recording techniques with the archeological enterprise 
Kaducej Ltd. in Croatia.

Analog era

During the analog era, photogrammetric methods (mostly stereopho-
togrammetry) in archaeology were primarily used within aerial archaeol-
ogy and for documenting architectural cultural heritage sites. Due to the 
specific skills and equipmenet needed to apply this technology, it was not 
widely used as an excavation recording technique, although there are ex-
amples where it was successfully applied. (Fant et al. 1978, 143–151).

An essential element of archeological field documentation is the 
drawn record. Traditionally, sections and plans were drawn on-site dur-
ing excavation, using a pen and paper with a tape measure and a level to 
survey elevation data. Although each archaeologist was capable of produc-
ing a drawing, for larger excavations drawings were usually made by spe-
cialized draughtsmen who spent years refining their drawing skills. This 
type of visual record can be criticized for its potential lack of precision or 
detail, although it can be argued that when done skillfully, it provides just 
the right amount of desired information and precision. One of the issues 
that eventually led to the abandonment of on-site drawing on paper was 
that drawing was time-consuming. On the other hand, this slow process 
enabled close observation of the archaeological record, discussion, and a 
natural transfer of knowledge.

Photography has been used in archaeology almost since its inception. 
These beginnings are characterized by the casual use of cameras on ar-
chaeological excavations, but soon the full potential of photography was 
realized, making photography an indispensable part of the archaeological 
field record (South 1968, 73; Drewett 2001, 138). For the first time, differ-
ences in texture and the color of archaeological features could be recorded 
with an incredible amount of detail. If drawing provided interpretation, 
photography, in a sense, provided evidence for that interpretation. Al-
though it meets the requirements for objectivity better than a drawing, 
a photograph cannot be considered objective because it is still up to the 
individual what and how to photograph. The relative technical complexity 
of analog photography required specific knowledge and skills, so often-
times, a professional photographer was in charge of taking, developing, 
and archiving photographs during excavation. Given the limited num-
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ber of images that could be captured on film, 
great attention was paid to framing and light-
ing, while professional knowledge allowed for 
the beauty of artistic expression even in tech-
nical photography.

Digital era

The adoption of digital technologies 
in archaeology has been gradual and is not 
yet complete. Essential for archaeologi-
cal field recording was the development of 
digital point-and-shoot cameras and meas-
uring instruments (EDMs and differential 
GNSS receivers), as well as the development 
of computer hardware and software, particu-
larly CAD or GIS solutions for drawing and 
analyzing spatial data. The main incentive 
for implementing digital technologies was to 
improve efficiency by reducing time spent on 
field recording, without losing the accuracy 
or precision of documentation (Caraher 2016, 
430–431). With the advent of digital photog-
raphy, it became possible to instantly view the 
quality of the captured photograph and, even 
more important, to capture and store an al-
most unlimited number of photographs. On-
site drawing on paper was replaced by “draw-
ing” using Total Station or differential GNSS, 
or by completely replacing on-site drawing 
with photogrammetry (Olson et al. 2013; 
Berggren and Gutehall 2018, 128–137; Mor-
gan et al. 2021, 614).

The first widespread application of digital 
photogrammetric techniques in archaeologi-
cal field recording was the use of photogram-
metric single image techniques for correcting 
image distortions, primarily certain low-or-
der polynomial rectification methods. These 
methods are used for geometric transforma-
tions between the image plane and the projec-
tive plane using control points placed on the 

Figure 1. Drawing on paper. Town 
of Hvar, 2004. (Photograph by Josip 
Burmaz, courtesy of Kaducej d.o.o.)

Figure 2. Photogrammetric single 
image technique workflow. Pod, 
near Bruška, 2011. (Photograph by 
Dinko Tresić Pavičić, courtesy of 
Kaducej d.o.o.)
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object plane in order to obtain an orthophoto, i.e. a geometrically cor-
rected photograph with a uniform scale (Hemmleb and Wiedemann 1997, 
262). Vertical photography in the field was most commonly done by hand, 
from a ladder, or using various types of stands (monopod, A-stand...) or 
platforms, while low aerial photography was employed less frequently due 
to impracticality and cost, and included balloons or kites. This demand-
ing process may require the involvement of several people and the use 
of complicated and cumbersome equipment. As a result, the method was 
used only for recording more complex situations or structures (such as 
walls, floors, etc.), as well as larger excavated surfaces. As data processing 
and rectification were sometimes performed off-site, it was necessary to 
keep precise and comprehensible field sketches as an integral part of the 
measurement record, so that the technician would have a clear picture of 
what needed to be drawn from the created orthophoto. By applying the 
method correctly, and understanding its advantages and disadvantages, it 
was possible to obtain precise and detailed orthophotos as base maps for 
creating archaeological plans and sections.

Today, digital photogrammetry techniques have developed to the 
point that anyone, without special equipment and any knowledge of pho-
tography, surveying, or photogrammetry, can create detailed and precise 
3D models of reality (Magnani et al. 2020, 2). What was once a painstaking 
manual process of creating orthophoto mosaics by manual rectification 
of one-by-one vertical photographs is now done considerably faster and 
with greater precision and accuracy by using software that implements 
the structure-from-motion photogrammetric technique. The advent and 
proliferation of drones, which completely replaced cumbersome terrestrial 
and low aerial camera platforms like stands or balloons, also facilitated the 
acquisition of photographic data.

Figure 3. Field sketch and an isometric view of a photogrammetric 3D model of 
Trench 3. What is a 3D model without a field sketch? Zvonimirova ulica, Sisak, 2022. 
(Graphic by Dinko Tresić Pavičić, courtesy of Kaducej d.o.o.)



How Photogrammetry Became Common Practice in Field Archaeology	 |  167

Discussion

The sheer number of papers published in recent years about the use 
of these technologies in field recording procedures testify to the fact that 
field archeologists consider these developments nothing less than revolu-
tionary (Magnaniet al. 2020, 1–4). But are they really so?

Processing of gathered photographic and surveyed data is still fre-
quently done off-site, and sometimes even after excavation is completed. 
For the created 3D models to be comprehensible, sketches and drawings 
need to be drawn on the field, either on paper or digitally, from scratch or 
traced from photographs. The created 3D models are realistic, accurate, 
and detailed, but current computer technologies do not allow practical 
manipulation, editing, and, in some cases, even visualization of this 3D 
data. To efficiently analyze and convey 3D information archeologists still 
depend on 2D representations! From created 3D models we generate ras-
ter data, such as digital elevation models or orthophotos, as base maps for 
drawing plans and sections. This is still a complicated process, and it feels 
as if the full potential of digital photogrammetry in the digital archaeo-
logical field record has not yet been fully realized. On the other hand, 
archeologists need to better understand the impact these digital technolo-
gies have on archaeological field practices, interpretation, and knowledge 
construction (Berggren and Gutehall 2018, 123; Morgan et al. 2021, 626).

Figure 4. Orthophoto generated from a photogrammetric 3D model, and the final 
plan for Trench 3, illustrated in CAD software. Zvonimirova ulica, Sisak, 2022. 
(Graphic by Dinko Tresić Pavičić, courtesy of Kaducej d.o.o.)
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As digital photogrammetric methods have immensely facilitated and 
accelerated on-site spatial and visual data acquisition, their frequent use is 
encouraged in order to record as “objectively” as possible during excava-
tion. The idea is that this recording approach can provide sufficient 3D 
data of the archaeological record for post-field archeological interpreta-
tion, and the intention is to excavate as quickly as possible without wast-
ing time on thorough observation. Although photogrammetric 3D models 
have some potential for post-field analysis and interpretation (Magnani 
et al. 2020, 8), the assumption that observation can be continued after 
the record is compiled is, to say the least, doubtful (Reynolds and Bar-
ber 1984, 98–99). On-site observation is essential for archaeological in-
terpretation (Hodder 1997, 692–695), and only what is observed can be 
recorded (Barker 1993, 113).

The use of digital technology can lead to some form of de-skilling, as 
Caraher calls it. Certain efficiencies are achieved by using digital tools, but 
other processes remain hidden, which can impact archaeological practice 
and methodology (Caraher 2016, 421,435). This was already seen 20 years 
ago, with the use of Total Stations, when oftentimes the primary concern 
was operating the station, while “drawing” with the prism was secondary. 
At the same time, the gap between on-site data collection with a prism and 
the final illustration done on the computer in the office often resulted in 
the misunderstanding that the “prism pole holder” is the one who draws, 
the interpreter. The use of photogrammetric methods makes this gap even 
more apparent. Replacing time-consuming on-site drawing with photo-
grammetric recording methods can transform a crucial step in the docu-
mentation process, from one requiring detailed and careful knowledge of 
the features in a trench and illustration conventions to one requiring the 
understanding of a digital camera and relevant software (Caraher 2016, 
436; Morgan et al. 2021, 614). Because of the accuracy, detail, and visual 
impact that digital 3D models have, one may falsely presume that archae-
ological work is completed after photogrammetric recording, and that in-
terpretation will be provided later. But there is more to archaeology than 
just the passive collection of data from the sides of the trench, followed by 
reviewing the collected 3D data in the office. To adequately understand 
and interpret the archaeological record, one has to have a more active 
role and be inside the trench with the trowel, not outside with the camera 
(Caraher 2016, 436). This active role also includes time spent observing 
the site as part of the wider landscape, along with involving and commu-
nicating with the locals as an indispensable part of providing context for 
the discovered archaeological record and understanding of the site.

Although these concerns about the use of photogrammetric meth-
ods as part of digital archeological recording procedures are more as-
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sociated with good archaeological 
excavations practices than with a 
particular recording technique (El-
lis 2016, 69), we should be aware 
that digital tools have the potential 
to transform archaeological field 
practices and methodology. Perhaps 
the main issue is the general misuse 
of technologies; instead of having 
more time for observation, study, 
and interpretation, we use digital 
tools simply to speed up the excava-
tion process. Nevertheless, archae-
ologists are constantly incorporating 
new technologies into excavation 
processes, which eventually become 
invaluable tools for recording and, 
ultimately, interpreting archaeological data. There is no reason to believe 
that it will be any different with photogrammetric techniques. While it is 
true that on-site hand drawing of plans and sections as a means of record-
ing has been replaced by the use of photogrammetric methods, it should 
be stressed that field sketches (drawings) are still a necessary part of the 
photogrammetric workflow, because the created 3D models would not be 
intelligible without them. Moreover, some form of drawing, either 2D or 
3D, will always be necessary as a means of visualizing and conveying spe-
cific, interpretative information.

Future and conclusion

Digital photogrammetric 3D 
representation techniques are accu-
rate, precise, and cost-effective re-
cording methods that have rightly 
become a standard part of archaeo-
logical field recording procedures. 
The methods are mostly used for 
recording and as visual assistance, 
while their analytical potential re-
mains undeveloped (Magnani et al. 
2020, 1). With the introduction of 

Figure 6. Close observation is essential for 
archaeological interpretation. Erdödy Castle, 
Town of Jastrebarsko, 2012. (Photograph by 
Borko Rožanković, courtesy of Kaducej d.o.o.)

Figure 5. Paper or digital is not important 
for archaeological discussion. Only time is 
important. Gundinci, near Đakovo, 2012. 
(Photograph by Borko Rožanković, courtesy of 
Kaducej d.o.o.).
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photogrammetric methods, traditional photographic and measurement 
archaeological documentation started to become integrated. Further de-
velopment of digital technologies including new types of instruments for 
recording spatial and visual data, along with hardware and software for 
visualization, manipulation, and dissemination of 3D data, can be expect-
ed in the future with the full integration of photographic, measurement, 
and drawn archeological records.

The process of transitioning from traditional paper-based recording 
to a digital system provides benefits, but it can come with a price. There is 
concern that by using digital surrogates, we are losing fundamental skills 
for understanding archaeology (Morgan and Wright 2018, 14). Although 
the use of digital technologies has an impact on archaeological practice 
and methodology, these problems can be addressed and kept in check. 
The reality is that there is no going back. The digital era is here, and ar-
cheological field recording will inevitably become entirely digital. As field 
archaeologists, we must simply make the best of it.
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