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SECTION 1

INTRODUCTION

This section sets the stage for the individual chapters in this volume. We begin with the
foreword by Prof. Carole Crumley, and the publisher’s foreword by the former director of the
Swedish Biodiversity Centre, Prof. Tuija Hilding-Rydevik. This is followed by our editor’s
introduction to our work and our acknowledgements. This first section ends with our first
chapter, which presents a general introduction to Historical Ecology, what it is, where it
comes from, and how, in general, it is conducted.
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FOREWORD

CAROLE CRUMLEY

Since its appearance in the early 1990s, the research framework of historical ecology has garnered increasing
interest with an influential role in the organization of many projects. The origins of the framework are twofold:
one from the natural sciences (forestry, ecology) and the other from the social sciences (anthropology,
archaeology).

For archaeologists and cultural ecologists, it is always necessary to engage the Earth systems disciplines, and
for natural resource managers it is helpful to know how information about previous strategies could be useful
for the future. Historical ecology’s ethical stances are useful for everyone. It is, then, quite easy to come upon
research from around the world that has utilized the themes and practices that anchor historical ecology, but it
is much more difficult to encounter step-by-step instructions on how to proceed with your research. The place-
based nature of historical ecology demands that every would-be researcher become familiar with the
information which is, or might be, a necessity for building the historical ecology of a particular landscape.

This survey of categories of information is enormously important, albeit daunting for a lone researcher. For
this and many other reasons, the presence in the research group of individuals from diverse knowledge
communities is fundamental to historical ecology. These individuals can ensure that a first effort at
comprehensive coverage begins well. Ultimately something will surely have been forgotten, or new tools or
information will appear, and the group will be ready for that challenge. Planning a research project that is
anchored in historical ecology is difficult, but ultimately rewarding. However, planning a handbook that
encompasses all potential sources of information for every place in the world is impossible.

While the utility, basic techniques and findings of some research tools are widely known and reasonably well
understood (archaeology, geology), many arenas that use contemporary statistical, mathematical, ecological or
social science techniques are less likely to publish advice for the novice. The obvious solution is to find a team
member who is skilled in that specialty, but this side-steps the need for the entire team to have some familiarity
with the research tool in question. To do otherwise blocks the creative flow: the historian is unaware that early
dam structures can be located in a heavily forested area with sharp new tools, and the LIDAR specialist does
not think to ask the historian how she can help with the study of eatly water management systems.

This book offers practical aid in understanding some very important but, for many reseatrchers, difficult tools
to master. Organizing researchers (those who write proposals, plan the scope of work, engage colleagues to
join the project) do not need to become professionally competent in every area that will be part of the research,
but they do need to understand the fundamentals and thus see the potential for such tools in the proposed
research. So do their research colleagues, as thus begins the collaboration.

The editors, many of whom are long-term colleagues, have put together an understandable and useful volume,
intended to provide basic understanding of many key resources that make up historical ecology research. A
very helpful addition to the literature, it can increase the scope and number of such projects in the future and
around the world. I am delighted to recommend this book to you.
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PUBLISHER’S FOREWORD

TUIJA HILDING-RYDEVIK

Our acknowledgement and the willingness to take concrete action for preserving the crucial role that
biodiversity has for human wellbeing, economy and culture is very much needed. This book is important
specifically for clearly presenting the scientific underpinning for understanding and addressing these
relationships.

This volume is published by the SLU Swedish Biodiversity Centre (CBM), a research Centre with 27 years
of experience in inter- and transdisciplinary studies in relation to biodiversity and its relationship to human
action and thinking. The development of historical-ecology approaches and methods has been present since
the start of CBM and is still ongoing.

Below, I make some remarks on the importance of this book from a learning-, CBM- and biodiversity
perspective. These are important starting points perse and since theories of learning in relation to environmental
sustainability implementation in public organisations is my research focus. And also, since I was the head of
CBM 2011-2021.

Knowledge and emotions

Me, you, all people, nature and all matter on Earth are composed of the same small particles, quarks. All that
lives on earth — me, you, all humans, plants and animals — are part of the circulation of water, nutrients etc., i.e.
the cycle that drives the Farth’s living system. All that lives are part of ecological systems that consists of
organisms living in and interacting with the abiotic environment (air, rock, water etc.). In the face of life and
death and the components of matter and its circulation, humans are at one with nature. Since the beginning of
the evolution of humans, we have been, and still are, living in and from these ecosystems, and benefit from
their biodiversity.

Why am I stating these obvious and self-evident facts? For me, stating these facts creates a strong feeling of
belonging and togetherness. This also creates a strong motivation for my engagement with, and for protecting
and sustainably using biodiversity. An insight that I would like to see more in our local and global policies, and
in our daily professional and private lives. Bringing up feelings and motivation is related to theories of learning
and change — as professionals and as private individuals. Since we live in an era asking for societal and social
transformation in relation to the climate changes taking place and in relation to the deterioration of biodiversity,
these theories are highly relevant. We also live in an era where the role of facts and science as a basis for policy
and policy actions are themselves questioned, and we are having to deal with fact denialism.

Being motivated is an important driver for learning.[1] At the general level, learning can be described as “any
process that in living organisms leads to permanent capacity change and which is not solely due to biological
maturation or ageing” (Illeris, 2007, p. 7).|2] Illeris’ definition (Illeris, 2007) includes not only change; the focus
of interest is the change of capacity, i.e. the ability to do a particular thing, e.g. work with historical ecology.
Furthermore, this changed capacity should be permanent, indicating change with a higher degree of

consciousness and intentionality.
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Learning in the workplace (such as a research department), which Illeris has been studying in particular
(2004a), takes place in a dynamic relationship between employees’ individual learning processes and the work
environment. The work environment is comprised of the socio-cultural communities and the technical-
organisational learning environment. Illeris (2004a, p. 432) illustrates this with a model in the form of a triangle,
where human learning includes three key dimensions, which, in practice, are all part of every learning process
(Hleris, 2009).

Content Incentive

Acquisition

Individual

Environment
Figure 1. The triangle of human learning by Illeris (2009).

What is actually to be learned is the content dimension, comprising knowledge and skills (e.g. historical
ecology methods) but also opinions, insight, outlook, attitudes, values and strategies. The second dimension is
the incentive dimension, consisting of the learnet’s mental energy, feelings, motivation and volition. “The
incentive dimension provides and directs the mental energy that is necessaty for the learning process to take
place” (Illeris, 2009, p. 10). These two dimensions are initiated by impulses from the third dimension, the
interaction processes. The interaction dimension of learning contributes to integration in communities and
society and thereby reinforces a learner socially. This is the dimension in which it is easiest to influence another
person. It occurs in concrete interaction such as participation, communication and cooperation (Illeris, 2004b,
p. 83), but also in situations in which an individual is (physically) alone, through her/his interplay with the
environment as it is mediated through written sources (Illeris, 2004a, p. 434) (e.g this book).

Below I return briefly to the issue of learning in relation to the theme of this volume. First a few words about
the SLU Swedish Biodiversity Centre (CBM) and transdisciplinarity.

The Convention on Biological Diversity

In December 2022, while writing this, the Fifteenth meeting of the Conference of Parties to the Convention
on Biological Diversity (CBD) was ongoing in Montreal, Canada. CBD was one of the results from the UN Rio
de Janeiro Conference, Earth Summit on environment and Development held in 1992. Since then, 196
countries have ratified the convention and now in 2022 representatives of all these countries are participating
with the aim to reach an agreement on a post-2020 global biodiversity framework. At this meeting, the former
head of CBM, Torbjérn Ebenhard, participated in the negotiations of this framework (on behalf of the EU and
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the chair country in 2022, the Czech Republic). Negotiations resulted in four overarching ambitious goals for
biodiversity: its sustainable use, fair and equitable sharing of the benefits of genetic resources, and funding for
the implementation. On top of that are 23 goals for 2030 targeting the direct driving forces for loss of
biodiversity, how to approach the indirect driving forces and goals related to how to implement the overall
framework. Target 21 concerns questions related directly to this book i.e. the need for “best available data,
information and knowledge” and to strengthen “research and knowledge management”. [3]

The SLU Swedish Biodiversity Centre (CBM), the publisher of this volume, has a special relationship to
CBD. Implementing CBD in Sweden was the main reason for the Swedish parliament already in 1994, to give
the Swedish University for Agricultural Sciences (SLU) and Uppsala university the joint task to initiate a
National Centre for Biodiversity. And CBM was up and running in 1995. The origin of CBM was thus political,
creating CBM to contribute to changes in the relation between society and biodiversity.

CBM and transdisciplinarity questioned

CBM flourished and grew from its start in 1995, and new, large research projects received funding from both
academic sources as well as from the Swedish Ministry of Environment. The collaboration and communication
with actors and organisations outside academia was integral to CBM’s activities since the rationale for CBMs
existence was to help Sweden implement the overall policy goals of CBD. In the 1990’s, interdisciplinary or
transdisciplinary research in relation to biodiversity was not that common, at least not in Sweden. But CBM
created early on a transdisciplinary approach to its research and other activities. By transdisciplinary I mean
interdisciplinarity combined with close collaboration with actors outside academia.

CBM has for a long period been perceived by academia as an anomaly, mainly for its transdisciplinary
approaches. Its activities were questioned and put under scrutiny. In 2011, I was given the task from the Vice-
Chancellors at SLU and Uppsala university to lead CBM through a process to enhance the role of humanities
and social sciences. Coming from outside CBM, and then getting an overview of CBM activities, made it clear
eatly on that the existing historical ecology research at CBM was one of three exciting and important areas that
should be supported in the future. Additional funding was made available from the two universities to enhance
the humanities and social science research in relation to biodiversity. As part of further developing historical
ecology at CBM. Prof. Carole Crumley was appointed as a guest professor in 2012 with this funding. Anna
Westin and Tommy Lennartsson and their collaboration with professor Crumley has been very important for
the development of historical ecology at CBM. One important result from this funding and collaboration was
an international workshop in 2015 arranged by Crumley, Westin and Lennartsson on methods and approaches
in historical ecology. The discussions and new collaborations that arose from this workshop led to a fruitful
process producing the volume Issues and concepts in historical ecology (Crumley; Lennartsson and Westin,
2017) engaging many international researchers and scholars. Westin and Lennartsson’s historical-ecology
knowledge has even been important inputs in more formal land use disputes in Sweden. The question in dispute
was the biocultural value and traces of it, for a piece of land in question for resource exploration. The historical
ecology approach at CBM is also used to understand how to support the biodiversity of roadsides by
investigating the biocultural history of the road hinterlands.

All in all, understanding the needed conditions for preserving the biodiversity we have today is very much
dependent on historical-ecological studies of the biocultural history of landscapes[4]. This is due to the fact that
nearly all ecosystems have gained variation and diversity through traditional human use of these ecosystems.
This is certainly the case for Europe, and most other parts of the world as well. The landscapes we have today,
as a result of 100-150 years of industrialisation, are however biologically impoverished, abandoned or changed
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through overgrowth (or changed use). In order to restore and promote ecosystems and their biodiversity, we
need to understand their history, and it often has to be quite detailed knowledge. This knowledge is however
not yet a self-evident basis in biodiversity policies and conservation efforts. In our research at CBM, promoting
this understanding is however an important starting point for different research projects and communication.
More recently so in a research project focusing on governing pathways for promoting more multifunctionality

in Swedish agricultural landscapes.

Methods, learning and transformation

At the beginning, I raised the crucial role of human emotions for creating motivation to learn. What creates
emotions can be insights to something new, that you have not seen or understood before. New perspectives,
combinations of perspectives and methods, areas you did not know anything about before. Something that
reveals new ways forward for seeing and working with something in a new way — like in this volume. And we
do very much need new ways forward. Today, transformative change is asked for in order to be able to conserve
and sustainably use nature and its biodiversity. Transformative change implies “A fundamental, system-wide
reorganization across technological, economic and social factors, including paradigms, goals and values.”
(IPBES 2019, p. 14). And we need science and research supporting this change. Science that crosses academic
boundaries and integrates multiple perspectives in order to create new and more multifaceted pictures of the
complex interrelationships between humans and our environment. Also, history is always with us — culturally
and ecologically — whether we recognize it or not. Increasing the knowledge of methods to uncover our human-
environment history is thus fundamental to the transformative change of human land use that we require,

especially so in relation to biodiversity.
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Notes
[1] Learning can thus take any direction. Learning is neither good nor bad, it is just learning.

[2] Biodiversity/biological diversity is here used in the Convention on Biodiversity sense: "Biological diversity"
means the variability among living organisms from all sources including, inter alia, terrestrial, marine and other
aquatic ecosystems and the ecological complexes of which they are part; this includes diversity within species,
between species and of ecosystems. https://www.cbd.int/convention/atticles/?a=cbd-02

[3] The four goals and 23 targets ate found at: https://www.cbd.int/article/cop15-final-text-kunming-
montreal-ghf-221222

[4] Biocultural refer to “an understanding of cultural landscapes as the result of long-term biological and social
relationships, shaping the biological and material features of the landscape and also memory, experience and
knowledge” (Lindholm and Ekblom 2019)

13


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/cultural-landscape

Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

EDITOR’S PREFACE

SCOTT MADRY, ANNA WESTIN, AND ELIZABETH JONES

Introduction by Scott Madry

This book is intended to be both a practical guide as well as a thoughtful consideration of the methods,
techniques, and underlying concepts of Historical Ecology. Our interest in these subjects reaches back many
decades, and we have, individually and collectively, conducted analysis and managed various projects relating
to these intertwined topics. We have learned many lessons and have made our share of mistakes, and we wanted
to produce a useful and practical work that can guide both students and practitioners in this challenging and
complex emerging field.

While Historical Ecology is gaining broader interest around the world and across many disciplines, we have
been surprised at how few publications there have been that focus on how to actually o this work, as opposed
to theoretical articles or papers presenting the results of an individual project. Thus, our intention is to provide
in one volume an overview of many of the methods, techniques, and data used in the collection, analysis, and
integration of complex regional historical projects. This is no small undertaking, and none of us knows enough
to do this alone. This book is, like Historical Ecology itself, a group effort, and we hope that this work will find
use as both a textbook and a body of work worthy of interest by emerging and established scholars and
practitioners alike.

Our goal is to provide an integrated view of these very disparate methods and techniques, based in very
different scientific disciplines and academic traditions. Therefore, we present each subject in a fairly
standardized manner, in the hope that they can be evaluated consistently by the reader. For each, we present
the disciplinary underpinnings and perspectives that underlay it, the basics of the use of these data and
techniques, and the methods of collection and analysis. We present examples of our own work, as well as other
projects using similar data and analysis techniques. It is important to be realistic regarding the benefits and
limitations of these data, and so we also present an honest assessment of what each data type does well and the
inevitable limitations that are associated with them as well. Ultimately, the question must be: what can we learn
from this type of data, and what are the limitations and potential errors that they bring us, and how can we
integrate these disparate data into an integrated whole.

The book is divided into seven sections consisting of 19 individual chapters, each focusing on an individual
approach, technique, or technology used in Historical Ecology research. We begin in Section 1 with our
introductions, forewords, and an introduction into the theoretical foundations and approaches for Historical
Ecology, in order to set the stage for what is to follow. Next, in Section 2, we look at several of the most
commonly used sources of information for such research. We begin with a look at historical documents,
focusing on several examples of different document types and from several locations and research
projects. Following this fundamental focus on historical documents, we present chapters on biological cultural
heritage and biocultural diversity, paleoecology, placenames and toponymy, and conclude the section with a
chapter on historical cartography.
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Section 3 presents two chapters on the basic methods used in Historic Ecology research. These include
chapters on the topics of ecological ethnology and ethnobotany, and landscape archaeology. In Section 4 we
look at communications and outreach with chapters on museum collections and their role in the preservation
and presentation of material culture, and a chapter on Engaged Historical Ecology. Next, in Section 5, we
present several of the emerging techniques and toolkits that are now used in Historical Ecology work. Chapters
here include basic overviews of Geographic Information Systems (GIS), aerial photography and
photogrammetry, satellite remote sensing and digital image processing, Satellite Positioning, Navigation and
Timing (PNT) systems like the U.S. Global Positioning System (GPS), and the important and emerging
technology of digital archiving of all of this varied and complex data. This section ends with a look at the future,
and how emerging disruptive computer technologies are going to rapidly impact how we do our work in the
very near future. Section 6 seeks to ‘tie it all together’ and consists of three chapters covering the vital questions
of how we can analyze, integrate, understand, manage, and present all of this disparate data. This is followed
by a chapter on the topic of how we can manage the complex task of collaboration across the national, cultural,
and disciplinary divides that separate us and inhibit our successful collaboration. The final chapter seeks to
present our final conclusions, some consideration of what we have attempted, some specific cautions and
recommendations, and thoughts about the future of Historical Ecology and where this is all going.

We recognize that no such volume can be completely comprehensive, and that important subjects have not
been included, due to several reasons. We also are very aware that any such work is instantly out of date as soon
as it is published, and that these fields are evolving rapidly. But we also recognize that these are opportunities
for other writers in the future, or perhaps future editions if this work. We apologize in advance if we have failed
to include some of what you consider to be key aspects of these subjects, or if our treatments differ from yours.
We urge you to respond to and critique (constructively) our work and look forward to engaging with the broader
community on these subjects. We have made our best effort to present the information in a fair and reasonable
way and any factual errors are unintentional and are the responsibility of the individual authors and editors.

Ultimately, we hope that this work will broadly enhance skills and enlarge the number of researchers using
these tools, and possibly bring new and enhanced approaches to this important area of research. We also hope
that this work will encourage and enable people around the wortld, representing many disciplines, to begin new
research projects and activities, and to reach out and form new collaborations across disciplines, as well as to
consider adding additional techniques and approaches to their ongoing work. We hope that this will make a
good textbook for these subjects, and that more students around the world will begin their own work by reading
this volume. In the end, we hope you find this useful and even enjoyable to read as well. For consistency, we
have chosen to capitalize Historical Ecology throughout the volume.

Introduction by Anna Westin

When I started my university education some thirty years ago, there were no interdisciplinary programs
involving ecology. Interdisciplinary perspectives were basically missing during my entire training in biology,
with one exception. During a course in nature conservation, the teachers acknowledged that conservation issues
needed to be dealt with from a society perspective in order to succeed. We also had one lecture about Historical
Ecology in cultural landscapes. Not long after that, I started my masters thesis and chose to focus on the
succession of plants in abandoned farmlands at a Swedish military training area. In order to know where the
hay meadows and arable land had been, I had to consult historical maps. I soon realized I had to take a course

in Agrarian History. My eyes were finally opened. From that moment, I have never been able to separate
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ecology and human history. Furthermore, I felt that I had been withheld from one of the most essential
perspectives of ecology, the historical land use, during my entire biology training. If a book like this had existed,
it would have made a great difference for me. Imagine one book, introducing the most important methods and
sources in Historical Ecology. That would have been a dream to me.

After a year employed to work with applied nature conservation (again relying on the combination of Biology
and History I had the chance to write my doctoral thesis in Agrarian History. My subject this time was the
history of semi-natural pastures of conservation interest. This enabled me to get well acquainted with historical
sources, source criticism, and what kinds of questions that nature conservation wants to know, that historical
documents can actually answer. Other PhD students and researchers did biological field work, interviewing
farmers, and testing different grazing models. Together we tried to answer the bigger question on how to obtain
successful conservation methods, which would be good for biodiversity, the farmer and the grazing animals. I
remember the long and interesting discussions on methods and terms. There were many misunderstandings,
most of them due to lack of understanding of each othet's research methods, theoretical approaches and
terminology. My learning from this time is that there is always room for “stupid” questions, everyone is a
beginner somewhere and nobody can be an expert in every field. With training and a wide interest in life you
can manage to become a good researcher in both ecology and in history, at least in some subsection of ecology
and history. But it may be equally (or even more) fruitful to stay an open-minded expert. Deep roots into one
discipline, and a sincere interest in other disciplines, is a great foundation for interdisciplinary collaboration. In
order to save some time and frustration, it is useful to have some basic knowledge about the fields and methods
you want to work with. If you are going to build a house, you need the expertise from plumbers, house
constructors, electricians and carpenters. There is no need to manage all the skills yourself, but you need to
manage the communication with the different people you work with. I also find that the skill of understanding
other people's perspectives and interests is a very loving way to approach other people in every possible context,
academic or non-academic.

It is my sincere belief that this book will facilitate communication between scholars of different disciplines
in various ways. For those who have not yet chosen their field of expertise, it will give an overview of some of
the different interesting options within Historical Ecology. For those who want to collaborate with others, this
is a great start to understand what can be done, who to take contact with and what more you need to learn to
facilitate cooperation. Personally, I believe that we are all on a “big” mission on this Earth, which is to create a
beautiful world together, built on mutual understanding, respect and caring for each other and the non-human
world. If this book can be a door opener for anyone to wider and nonjudgmental perspectives, via the academic
path, it would warm my heart.

Introduction by Elizabeth Jones

I have always been interested in interdisciplinary studies. As an undergraduate pursuing a degree in history, 1
focused on interdisciplinary medieval studies, learning about the history, literature, technology, science, art,
music, and drama of the Middle Ages. I later went on to earn a graduate minor in interdisciplinary Medieval
Studies. Because I was most interested in the everyday life of the past, I switched from history to archaeology
in my postgraduate studies, earning a Ph.D. in historical anthropology. I discovered that archaeology itself is
basically interdisciplinary, with many subdisciplines and specialists working together as a team on any
excavation. Through archaeology I saw the many benefits of people with different methodological expertise
and intellectual approaches working together on the same questions. The interaction of people with their

environment has become an essential question in archaeology, and when I became interested in the history of
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small farms in Burgundy, it was a short step to using Historical Ecology as the most productive framework in
which to answer my questions about the behavior and practices of these long-ago farming communities.

I'was very fortunate to be mentored by one the pioneers in Historical Ecology, Carole Crumley, who showed
me that understanding the past successes and failures in farming in different environments, climatic regimes,
and social, economic and political contexts can be an essential tool in providing models and alternative ideas
for building sustainable, resilient farming going forward. I believe that our current situation of rapid climate
change, rapid changes in technology, the increasing globalization of the economy, and sociopolitical instability
have caused issues of sustainability, resilience, and the future to be a concern of almost every scholar. Historical
Ecology provides a means for scholars from most any discipline to apply their expertise in addressing these big
questions through creating a better understanding of past human-environment relationships.

If you are new to Historical Ecology, we hope that by reading this book you will see how you can apply
your own scholarly expertise, even if we don’t cover a specific example of what you do. By seeing how different
types of studies and data can be integrated, it may stimulate you to see how your own work could contribute to
such studies. If you are already working within the perspective and framework of Historical Ecology, hopefully
this book will increase your understanding of how other disciplines and approaches might be integrated with
your own. It is our hope that this book will inspire new kinds of integrations of perspectives, methods, and
data. Historical Ecology is a dynamic and evolving field of study to which all of us can contribute.
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CHAPTER 1

A BRIEF INTRODUCTION TO HISTORICAL ECOLOGY

WHAT IT IS, WHERE IT COMES FROM, AND HOW IT CAN BE DONE

SCOTT MADRY

Figure 1.1. The Burgundy, France landscape, viewed from an ancient hillfort rampart. Image by S. Madry

This first chapter will present a very broad overview of Historical Ecology. It will include a brief review of the
history and development of the discipline, including several of the main persons who were involved in the
formation and development of this relatively new field of research. Then, some useful information about what
it is, including the fact that there are many different disciplinary and national perspectives and as many
definitions. This will be followed by useful information regarding how Historical Ecology research, in general,
is conducted. Finally, we present some of the other books and book series that are available today for your
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further reading and learning about the subject. This is not a comprehensive or complete presentation of all
things related to Historical Ecology, that would be a large book of its own, but rather a general overview which
will set the stage for the following chapters which relate in detail to individual aspects of such research. So let

us now set the stage.

What is Historical Ecology?

In its broadest sense, Historical Ecology is a relatively recent interdisciplinary field of research that focuses
upon the relationships between humans (as individuals, communities, and societies), and their environments at
all scales, and how these relationships change dynamically over time. It explicitly includes how people and their
environments affect each other and live in a dynamic synergy together. Historical Ecology emerged as an
independent and distinct field of study in the later 20t century and has since grown in breadth and importance
as researchers and scholars from many disciplines and perspectives have come to understand both the
complexity and importance of these human/environmental interactions over time. The long-term interactive
dynamics of humans, ecosystems, and landscapes must be considered in an explicitly transdisciplinary context,
and our understanding of these relationships have important current social, policy, economic, and political
ramifications. By transdisciplinary, we mean not only does it involve researchers from several different academic
disciplines and traditions working together, but also people outside the traditional academic community
participating as well.

The Historical Development of Historical Ecology

The roots of this field can be traced back to early work of many individual geographers, archaeologists,
historians, and others who were interested, coming from their own disciplinary perspectives, in understanding
and reconstructing past landscapes and the role of humans in these. (For a more comprehensive treatment of
the origins of Historical Ecology, from a British perspective, see Szab6 2014). Early research focused on the
study of ancient civilizations such as ancient Rome and the Mayan and Incan empires in America. Researchers
began to ask relevant questions about the role of humans and their environments in the rise and fall of
civilizations and in both dominating and being impacted by the natural environments in which they lived. In
the mid 20% century, Historical Ecology began to emerge as an independent field of study, and scholars
including the American geographer Carl. O. Sauer published on the importance of ‘ cultural landscapes * and
the role of humans in creating and shaping these over time (Sauer 1941, 1956). His ideas laid important
groundwork leading to the integration of previously separate historical and ecological perspectives and
research.

The theoretical development of Historical Ecology is also closely linked to the French Annales School, named
after the French journal Annales d'Histoire Economique et Sociale or "Annals of Economic and Social History".
This academic journal was founded in Strasbourg, France in 1929 by French historians Lucien Febvre and Marc
Bloch. Their concept of interrelated scales of time in historical analysis, including the ideas of the longue durée
(long-term trends and cycles| and conjoncture (particular conditions) was later expanded under the leadership of
Francgois Braudel. The Annales School proposed a new type of historical research, one that was less concerned
with great leaders and pivotal events, and more focused on the long-term and complex interplay of
demographics, technology, transportation, agriculture, and climate, among other factors. It also was more
focused on the lives of common people and their relationship with their environment. (Braudel 1980; Burguiere
2006; Burke 1990; Knapp 1992).
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In the 1960s and 1970s, ecological perspectives and issues came to be seen as vital societal and academic
questions, and we also saw the initial development of what we today refer to as interdisciplinary approaches
which were key to the development of Historical Ecology. Researchers from many individual disciplines
including anthropology, archaeology, ecology, geography, and history began to collaborate in the analysis of
long-term environmental changes over time and the impacts of human activities in these (Risser 1987). These
and other researchers began to draw upon the perspectives and work of landscape ecology, a fairly recent
subdiscipline within ecology, which focuses on the spatial arrangements within ecosystems (MacArthur and
Wilson, 1967, Neef 1967, Sauer 1971). These researchers pioneered the application of palacoecological methods,
including the collection and analysis of pollen records, sediment cores, and dendrochronology (tree ring) data
to reconstruct past environments and ecosystems over many hundreds or even thousands of years (Berggren
1974). Archaeologists, interested in similar issues, quickly adopted and integrated these new techniques and
data into their work and developed working relationships with these ecologists (Tuttle 1975) and added an
explicit human culture/environment perspective.

In recent decades, there has been a growing interest and emphasis on the integration of indigenous knowledge
and Traditional Ecological Knowledge (TEK) into such research. This brought into Historical Ecology the
important perspective that local individuals and communities often possess unique insights into the local
ecosystems within which they live, and that these insights can inform historical and current land use
management issues. Also recently, Historical Ecology research and perspectives have gained relevance in
environmental policy and conservation and land use management. By better understanding the complex
relationships between peoples and their environments, and how these change over time due to both human
and natural causes, policy makers and land managers can, hopefully, make more informed decisions about land
use, land restoration, conservation, and related issues which face us all. It also potentially brings a greater public
awareness of our relationship with and our potential impacts upon our environment going forward.

Major Figures in the development of Historical Ecology

Historical Ecology has been organically developed over the past century by a very diverse and international
group of scholars from many different academic disciplines, cultures, and perspectives. These include
anthropology, archaceology, ecology, history, geography, and more. In this section we will present just a few of
the many major figures whose work has shaped and defined Historical Ecology. This is by no means a
comprehensive list, and we sincerely apologize in advance to those worthies who are not included in this very
brief list, which only touches the surface and is intended only to provide a guide to those unfamiliar with the
subject. We cite only a few of these author’s many relevant works. To be as unbiased as possible, we present
them in alphabetical and not chronological order.

William L. Balée. He is an anthropologist best known for his important work in Historical Ecology,
particularly his work on indigenous peoples of the Amazon rainforest (Balée 1994, Balée and Erickson 2000).
He stressed the importance of local and indigenous knowledge and practices as a means of understanding and
explaining complex historical ecosystem dynamics (Balée 2012). His work has shaped and contributed to
Historical Ecology in stressing the profound importance of how local communities have interacted with and
shaped their environments over time frames of thousands of years. Some of his contributions include the
concept of ‘cultural landscapes’ in his Amazonian research, where he emphasized that indigenous communities
actively manage and shape their environments through the use of fire, agriculture, and forestry; which have, in
turn, created diverse and productive ecosystems that directly reflect the cultural and environmental knowledge
of the local inhabitants. He challenged the concept of a ‘pristine’ pre-Columbian rainforest, proposing instead
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that local peoples had created and managed a rich diversity of ecosystems that supported them, thus challenging
the prevalent concept that humans were primarily a destructive force to the rainforest. His work had a long-
term perspective over centuries or longer and included the analysis of both archaeology and historical records
to support his conclusions. He also recognized the vital nature of Traditional Ecological Knowledge (TEK)
and supported the integration of this into current practical conservation and land use management contexts.
His work has been seen as having larger implications about considerations of sustainable resource management
in the Amazon and beyond and is seen as providing important insights into more sustainable and resilient
approaches to modern ecological and conservation practices. His work was important for the nuanced level of
understanding of dynamic, complex, and ever-changing relationships between humans, their cultures, and their
local environments over time, and the importance of TEK in both conceptual and practical contexts (Balée
2013).

William Cronon is an historian, best known for his influential role in the fields of environmental history and
Historical Ecology (Cronon 1990, Cronon 1996, Cronon et al. 1996). His work has shaped how historians, in
particular, have seen the complexity of the relationship between human societies and their environments over
time. His important book “Changes in the Land: Indians, Colonists, and the Ecology of New England” (Cronon
1983) examined the ecological impacts and transformation of New England over the timeframe ranging from
the pre-colonial era into the early colonial period. He demonstrated that the radically different approaches to
the land by the native Americans and European colonists drove significant and drastic ecological changes in
the region. This book is considered to be a seminal work in the development of the field of environmental
history. In it, he placed a new emphasis on the complex and dynamic relationship between the different human
occupants of the land and their environment. He stressed that it was vital that the study of history and historical
research and documents be seen within the broader context of how human societies have both shaped and
have been shaped by their environment. He introduced the concept of the ‘unfolding landscape’ and the
importance of understanding how landscapes change over time due to both natural and human causes. He
stressed the importance of incorporating the temporal perspective in historical analysis. He was also a strong
advocate for an interdisciplinary perspective in historical analysis, drawing from many disciplines which today
make up Historical Ecology. He argued that historians must include the perspectives and insights of scholars
from many disciplines, and his work had a lasting influence on both the discipline of history but also
environmental studies, and firmly placed ecological perspectives within the study of history. As the president
of the American Historical Association, he had a strong influence on the development of the discipline and the
direction of research of many young scholars. He played an important role to better understand the importance
of the role of the environment and ecology on historical studies, and the need for interdisciplinary perspectives
within the discipline of history.

Carole Crumley is a prominent anthropologist and archaeologist, who has made significant contributions to
both the method and theory of Historical Ecology (Crumley 1994, 2017, 2021). Full disclosure- she was the
Ph.D. advisor for the author of this chapter and two of this volume’s editors, and remains today a colleague
and friend. Her influential early papers and theoretical work in Historical Ecology have shaped in important
ways the development of Historical Ecology and the ways that both academics and land use managers have
conceptualized the study of human/environmental interactions over time. Her ground-breaking long-term
research in the Burgundy region of France in the 1970’s, which is continued to this day by the authors, laid
much of the framework for Historical Ecology in the context of anthropology and landscape archaeology
(Crumley 1987). One of her early papers (Crumley 1994) is frequently cited as a key foundational work in
Historical Ecology. In this paper, Crumley presents the vital importance of integrating together cultural and
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ecological aspects in order to comprehend how past societies both shaped and were shaped by their
environments, and how these changed over time. While this paper may not have been the first use of the term
Historical Ecology in the literature, it played a major role in shaping and forming the concepts of an implicitly
interdisciplinary field of study which is Historical Ecology. Her works have several common themes, including
the importance of an interdisciplinary/ transdisciplinary research approach. Very eatly on, she advocated for the
importance of bringing together scholars from many disciplines to, together, investigate the long-term changes
in the interaction between humans and their environments. She not only advocated for this but pursued itin a
practical sense.

Perhaps her key contributions have been theoretical in nature, including the development of the concepts of
heterarchy (Crumley 1995, 2015) and resilience (Crumley et al. 2018) in this context. Heterarchy refers to a
system, either cultural or natural, which can be described as a non-hierarchical or a decentralized type of
structure. In a heterarchical system, multiple power centers can exist, and decision making occurs in complex
and distributed ways. These can exist in social, political, biological, and other complex systems. Resilience, in
the Historical Ecology context, refers to the capacity of both human and natural systems to withstand and adapt
to disturbances in the system. Her work has explored how and why some past human societies have managed
to maintain resilience over time and the importance of this. Crumley’s continuing work has had a lasting impact
on Historical Ecology theory, providing a theoretical context for a holistic and transdisciplinary approach to
the long-term analysis of human societies, their technologies and social organization, and the natural
environment with which they maintain a synergistic relationship.

R. Lee Lyman is an archaeologist working in the subfield of zooarchaeology. He has combined and integrated
archaeology and ecology to study human interactions with past environments, and how these have changed,
using the study of animal remains located within archaeological sites (Lyman 1994, 2008). These analyses have
informed work relating to human subsistence strategies, reconstruction of past environments, and the impacts
of humans on historical ecosystems. His contributions revolve around both the statistical analysis of faunal
materials within archaeological assemblages, and also his innovative ethnoarchaeological work, including the
study of contemporary human interactions with their environment, which have been useful in interpreting his
zooarchaeological data. These have been used to conduct Historical Ecology research by integrating these and
other related data to assemble a more complete understanding of past human and ecological interactions and
relationships (Lyman 20006). His work has stressed the importance of careful quantitative analysis of
zooarchaeological remains, informed by ethnoarchaeology, ethnography, and historical records, to better
reconstruct prehistoric hunting and fishing strategies within their larger ecological contexts.

Paul. S. Martin (1928-2010) was an American geoscientist, most well-known for his contributions to
understanding the ecological history of North America, specifically the now-extinct megafauna and their
interactions with the natural environment and early human populations. He developed the ‘overkill hypothesis’
in the 1960’s, proposing that the North American megafauna were driven to extinction by overhunting by
humans quickly after their arrival on the continent (Martin 1973, 2005, Martin and Klein 1984). His work
involved eatly research on paleoecology, the analysis of past ecological systems, and he used multiple disparate
data sources, including field work, radiocarbon dating, fossil analysis, and geological data, to reconstruct a broad
ecological history of the continent in the Pleistocene-Holocene transition period where the most recent Ice Age
ended, and the warmer modern era began. His work led to him becoming a strong advocate for modern
conservation efforts, using his research to propose more responsible environmental practices with an emphasis
on biodiversity preservation (Donlan and Martin 2004). He mentored many students and others who have gone

on to make significant contributions and has had an important impact on Historical Ecology in terms of using
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disparate datasets to better understand the complex relationships between humans and their environment,
including animals, in the past.

Charles Redman is the Founding Director of the School of Sustainability, College of Global Futures, at
Arizona State University. He is an archaeologist and anthropologist whose work has been important in the
development of ideas regarding how human activities have shaped past landscapes and ecosystems, and how
such knowledge can be used to derive insights regarding current environmental and policy issues we face today
(Redman 1999, 2012, Van der Leeuw & Redman 2002). He has had a major impact on the development of
Historical Ecology and was instrumental in the development of many of the aspects of the field. These include
a commitment to an interdisciplinary approach to these issues and taking a very long-term perspective. Some
of his research covers over a thousand years, providing a deep view of how human societies and ecosystems
and their interactions evolved over long time frames. He has worked extensively in past urban environments,
investigating how the development and evolution of human urban contexts impact the environment and the
management of resources in the context of sustainability and resilience (Grimm et al. 2000, 2008). He has also
sought to bring the knowledge of past ecological factors to contemporary contexts. He is a proponent of the
strong coupling of social and ecological systems and has focused much effort on addressing current
environmental issues using his Historical Ecology research and of the role of resilience theory in these studies
(Redman 2005, Redman & Kinzig 2003).

Carl Troll (1899-1975) was a German landscape ecologist and geographer whose work has had a significant
impact on the study of the ecological dynamics of landscapes over time. Troll was influenced by major German
geographers such as Christaller, and is considered to be one of the major eatly forces in the development of
the field of landscape ecology, a major component of Historical Ecology and itself an important
interdisciplinary activity. His work emphasized the complexity of landscapes and their ecological context, as
well as the importance and complexity of the human/landscape relationship (Troll 1960). He was an eatly
researcher into the important role of climate and climate studies in this work, as well as conducting detailed
analysis of vegetation zones and landforms, especially in mountainous environments (Troll et al. 1950, Troll
1968). He expanded this to include the impacts of human activities, including agriculture, forestry, land use
and other factors, and was an early proponent of modern sustainable land use practices, based on his research.
He was an early innovator in the use of aerial photography for landscape research and conducted work in Asia,
South America, and Europe. He did innovative work on the Inca empire using aerial photos and a variety of
integrated techniques. His very important book Geoecology (Troll 1950) is considered to be a key work in the
early formation of landscape ecology concepts and influenced the development of modern ecology and
geography. His body of work, which extended broadly, was key to the development of holistic and integrated
theories in Historical Ecology.

As stated previously, these are only a few of the early innovators who were involved in the development of
Historical Ecology, but they show the breadth and diversity of the backgrounds, interests, and skills over the
decades that created what we call Historical Ecology today. There were, and are, many others, including many
young researchers who today are conducting innovative and important work to expand and extend the
boundaries of the current practice. You should conduct your own literature review and discover some of the
other innovators who have shaped the discipline. We present some of the currently available major Historical
Ecology books at the end of this chapter.
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Description of Historical Ecology

Today, Historical Ecology is a well-recognized but still growing academic and practical interdisciplinary research
domain crossing many traditional academic disciplines and perspectives. It has gained a theoretical and practical
maturity both within academic and natural resource management and policy practitioners, while it continues to
grow and evolve. Historical Ecology faces many challenges, including the need to address many environmental
changes and the pressing need for sustainable resource management by an ever-growing human population.
Many academic researchers and land use managers today are using historical data derived from many sources
to provide insights to better inform our need for effective strategies for the mitigation of the many complex
issues we face today, including global climate change, the preservation of biodiversity, ecological restorations,
the protection of indigenous populations, and many more.

Overall, Historical Ecology has evolved quite rapidly from a small niche area of research in a few disciplines
into a mature and dynamic research domain that has great potential. It consists of both theoretical and
methodological components, and, if harnessed appropriately, can assist us in both conceptual and practical
ways to better comprehend the complex relationships between humans and our environments over time. The
implicit transdisciplinary nature of this work, a mixture of multiple techniques and technical data, along with its
emphasis on the long-term perspectives, make it a valuable suite of tools for addressing many of the pressing
environmental and social issues of our times, as well as providing new knowledge about our ancient past.

Definitions
It is interesting to note that there is no clearly agreed upon idea of what Historical Ecology actually is, and
evidence of this is the fact that there are many differing definitions of Historical Ecology in the literature. This
is partly due to the fact that there were so many early researchers involved, each of whom came from different
academic disciplines, nations, and scholarly perspectives and traditions. In fact, Szab¢ includes a list of no fewer
than 35 different definitions in his overview of the historical development of the field, with dates ranging from
1948 to 2013 (Szabo 2014). It is clear that there is no single definition, or even common understanding, of what
Historical Ecology is.
Partly in jest, I asked ChatGPT to provide a definition of Historical Ecology in October of 2023, and this is
what ‘it’ replied:
Historical ecology is an interdisciplinary field of study that focuses on the interaction between
human societies and their environments over time. It seeks to understand how ecosystems have
changed and evolved due to human activities and how human cultures and societies have been
shaped by their relationships with the natural world throughout history. This field combines
elements of ecology, archaeology, anthropology, geography, history, and other disciplines to
reconstruct past environments, analyze the impact of human actions on these environments, and
explore the reciprocal influence of the environment on human societies. Historical ecologists
often use a variety of sources, including written records, archaeological evidence, GIS, and
modern and historical ecological data, to piece together the complex and dynamic relationships
between humans and their environments across different time periods and geographic regions
(ChatGPT accessed Oct 2, 2023).

Not bad... make it 36 and counting. What is your definition? What might it be in 5 years? Who gets to decide?
One of the interesting reasons there are so many definitions is that Historical Ecology developed roughly
simultaneously in several separate disciplines, cultures, and academic literatures. Perhaps a larger issue is that,
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even today, there is no general agreement on the fundamental question of what, exactly, Historical Ecology
does. Is it a perspective or viewpoint, a scientific theory or a connected set of theories, an academic research
framework, a research design framework, a practical applied science, or a “program”? This is also an indication
that the field is still emerging and continues to grow and is dynamic, which is a good thing. It also means that

you, the reader, can play a part in continuing to define and create what this will all become.

Basic assumptions of Historical Ecology

Even if we cannot decide on a single definition, there are several fundamental assumptions about what
Historical Ecology is. Among these can be included the following (others might well come up with a different
list). Perhaps first is the assumption that there is a dialectical relationship between humans and their
environment through time (Brady 20006). Each impacts and is in turn impacted by the other. They both exist in
a dynamic and constantly shifting dance, and any action by one causes other changes in the other in a never
ending symbiotic relationship. Secondly, it is the landscape, however defined, that is the record of the past
relationships between humans and their environment, and that landscape provides a focus for the
interdisciplinary study of that relationship today and in the future (Wu 2000). The landscape is the unit of
analysis, broadly defined, in Historical Ecology. Thirdly, that landscape includes both the “natural” and the
“built” or “human modified” aspects, and that these, in the past and today, are intimately intertwined. There
are no completely natural landscapes, environments, or ecosystems on Harth anymore—all have been shaped
to some degree by human activity. So we humans are an integral part of every ecosystem, and humans should
not be always viewed as intrusive or a negative factor in their ecosystem. It is more complicated than that.
Human actions are not only negative impacts upon the land, and our actions are symbiotic and can also be
positive in their impacts.

On the social side, we humans and our conceptions of their environment are just as key to understanding
human/environment relationships as the physical environmental factors. Please see chapter 3 on Biological
Cultural Heritage, for a more complete consideration of this important perspective, but in Historical Ecology,
it is not the environment OR the human footprint, but both together. One important aspect of this is the
domain of Traditional Ecological Knowledge, or TEK. This traditional knowledge about the environment and
how to utilize it, how to extract resources and how to sustain both the people and environment, is just as
important as purely quantitative or scientific knowledge about the landscape and should be accorded the same
respect in our work. Please see chapter 10 on Engaged Historical Ecology, for a more complete treatment of
this important topic and perspective.

The past relationships between humans and their environments that resulted in landscapes provide contexts
and constraints for human activity in the past, present and the future. Our study of the history of landscapes,
environments, ecosystems and the human role in their formation can inform the present and future (especially
for modeling) with insights, correlations, a range of possibilities, and suggestions for specific research questions.
There are powerful lessons to be learned from Historical Ecology research, beyond the academic aspects of
our work, and we must be open to expanding and enhancing the practical applications of our work to better
inform decision-making regarding landscape preservation, ecological restoration, environmental modeling, and
the protection of indigenous peoples around the world. We must be ready and able to make our academic
research available and useful to address the many, complex issues facing our world, today and in the future
(Egan & Howell 2005).

We should also consider that the Earth sciences, human sciences, social sciences, and traditional knowledge
must be fully integrated to achieve a more fulsome understanding of the processes involved in landscape
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formation and the functioning of ecosystems. This is a key goal of this volume, to attempt to provide practical
and useful guides to more fully understand and integrate these different approaches and data. The data that we
generate and analyze are a vital aspect of this work, and this volume seeks to present many, not by any means
all, of the types of data and analysis that forms the core of this work. Historical documents, maps, Geographic
Information Systems (GIS), remote sensing imagery, GNSS satellite positioning, data analytics, and more are
often at the core of our work, and we present case studies and examples in this volume.

This requires truly transdisciplinary research designs, data, and analysis. And this is essential for understanding
the complexity of landscapes and ecosystems and their historical development. Real interdisciplinary and
transdisciplinary research requires a multi-scalar, multi-temporal, multi-disciplinary, and multi-data analysis
approach in order to integrate the various datasets that reflect these scales, and to evaluate the interaction of
the processes operating at these different temporal and spatial scales. Such truly transdisciplinary research
requires extensive collaboration both among the researchers involved, their data and analysis, and with the
other stakeholders contributing to and affected by the research. This volume is dedicated to this important goal.

Beyond this, Historical Ecologists have a responsibility to share their knowledge and understandings with
contemporary communities, decision-makers, and governmental entities to contribute to creating sustainable

environments going forward.

How is Historical Ecology research conducted?

This book is a guide, a guide to the practical aspects of conducting Historical Ecology research. But before we
go into the details that make up the following chapters of this volume, we should take a brief look at the general
process of how such research is conducted. Each project is unique and different, but in a general order, a
Historical Ecology project consists of the following:

e Research formulation- Specific research questions and hypotheses are identified, a study atea is chosen,

spatial and temporal timeframes are defined, and team members and their roles are identified. Funding
sources, budgets, and organizational aspects, including the duration of the study are defined.

e Literature Review- A full literature review is conducted to identify the current state of practice and to

ensure that the questions to be addressed are current and relevant.

e Data Collection- Data of all types are collected and placed into the appropriate data structures for
analysis. This includes field work, library and document research, archaeological surveys and excavation,
ecological and palacoecological data collection, oral histories and ethnographic interviews, and more.

e Data Analysis- All of these above listed data are then analyzed. Statistical analysis is conducted to
identify patterns and correlations. GIS, remote sensing, GPS, and other systems are used to map and
analyze spatial and temporal patterns. Researchers internally share the results of their individual
research components to the group and then compare and contrast the various data results within the
team.

e Data Synthesis- Members of the team seek to integrate and synthesize their results into an overall,
coherent narrative of the patterns of continuity and change in the study area over space and time, and
present the interactions of the human societies and the environment in the context of the research
design.

e Data Interpretation- The team then develops a set of theories, interpretations, and analysis based on

their results. Hypotheses that were proposed are tested, and timelines, maps, and visualizations are
created to illustrate the results. Conclusions are reached, and new theories or hypotheses are presented
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to the broader academic community for their consideration. Future directions of research based on
this project are presented, both for the project participants and others.

e DPublication and Public Communication- Results are shared in academic peer review journals, books,

conferences, and other publications and venues, preferable Open Source outlets. Other popular
publications and other media, including social media, websites, public presentations, museum exhibits,

and other media can be used to present the results as broadly as possible.

e Data Conservation- The data, both the raw data and analyzed data should be properly conserved using

a digital archiving system, so that others can use the data in the future.

e Conservation and land use management implications- Research in Historical Ecology often has
important, practical implications for improved land use and land cover management, habitat protection,
sustainable land practices, ecosystem restoration and management, and the protection of endangered
species and indigenous peoples. Consideration should be taken for these important activities and steps
taken to maximize the benefits of the research for the local people and land managers.

e Lessons Learned- At the end of the project, the team should consider lessons learned, and what went

well and what did not. Honest consideration of how to improve all aspects of the work in the future
should be taken and, very importantly, shared so that others can benefit from your experience.

Current Historical Ecology publications and series

There are multiple academic publications using a Historical Ecology framework, and these are presented
throughout this volume. Some of the main publications that you might consider reading include the following:

The Rutledge series New Frontiers in Historical Ecology has produced seven books in their series, all of which
are very useful.

https://www.routledge.com/New-Frontiers-in-Historical-Ecologv/book-series /L.LCPNFHistorical
Ecology#:~:text=This%20book%200offers%20a%20comparative,throughout%20the%20region%20and %20

The Historical Ecology Handbook: A Restorationis’s Guide to Reference Ecosystems Edited by Dave Egan
and Evelyn A. Howell 2001 Island Press. 445 pagers, was the first consideration of this topic, largely focused

on North America and with a strong restoration ecology perspective.

https://www.google.com/books/edition/The Historical Fcology Handbook/hRu8BwAAQBAJ?hl=en&g
bpv=1&dg=-+collaborate+effectively+in+historical+ecology&pg=PR7&printsec=frontcover

Advances in Historical Ecology, William Bailee, editor 2002 448 pages Columbia University Press

Issues and Concepts in: Historical Ecology: The Past and future of Landscapes and Regions eds. 2017 Carole
Crumley, Anna Westin and Tommy Lennartsson. Cambridge University Press. Pp. 240-275.

The De Gruyter Historical Ecology seties https://www.degruyter.com/serial/cuphes-b/html?lang=en

Material Evidence: Learning from Archaeological Practice https://www.material-evidence.net/contents.htm
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Recently, Crumley and Bailée have published a review of Historical Ecology research and publications (Crumley
and Bailée 2024) which reviews the major foundational texts and methods, and does a global review of research
by categories such as forests, tropics, islands, etc. It concludeds with an overview of appliced Historical Ecology
and heritage management. The work is available with a subscription to the online Oxford Bibliographies series.

Also in 2024, Aarén Moises Santana-Cordero, Péter Szabo, Matthias Biirgi, and Chelsey Geralda Armstrong
have published a comprehensive overview of Historical Ecology research (Santana-Cordero et.al 2024) which
will be of interest to readers of this volume. They conducted a Google Scholar search for the words ‘historical
ecology’ between 2015 and 2019 which returned some 7,200 entries. This was reduced to 544 papers from
between 1981 and 2019 derived from the SCOPUS database (Elsevier). These papers were analyzed by study
area, study period, sources, methods and recommendations, with their results presented using various charts
and graphs. It makes very good reading for those interested in the current status of Historical Ecology reseach.

Conclusions
Hopefully, this introductory chapter has provided a very broad overview of what Historical Ecology is, where
it came from, and how it is conducted. Our intention is only to set the stage for what follows, and there is much
more to learn than was presented here as a simple introduction. Now let us proceed to the individual chapters
covering in much more detail many of the key individual components of this important and interesting work.
The individual chapters presented in this book are a sampling of the kinds of research that can be conducted
within the Historical Ecology framework. We seek to provide the reader with a practical and useful introduction
to many of the tools that are included in such research. It is not comprehensive, and we cannot cover all aspects
or approaches to this work, but we can provide a sufficient number to guide the reader to be able to begin or
expand their own work. We hope that the following chapters, each presenting a specific topic or technique in

detail, will assist you in your own journey.
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SECTION 2

KEY SOURCES OF INFORMATION

This section presents five of the most commonly used types and sources of information that are used
in Historical Ecology research. We begin with the most fundamental source of information, historical
documents and records. These are the basis of most historical work, and are the primary
documentation for political, economic, social, and other types of historical analysis. Such documents
include everything from tax records to personal diaries, births and death records, old newspapers to
map Atlases and more. Second, we look at the ecology side of Historical Ecology, with a consideration
of the important topic of biological cultural heritage. Next, we explore paleoecology and its important
contributions to our field, and this is followed by Toponymy, or the study of place names and how
this can inform our analysis. Finally, we consider the use of historical cartography, a rich source of
information for our research. Individually and together, these provide an important basis for our
interdisciplinary endeavors. Together, these form several of the foundations of integrated Historical

Ecology research.
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CHAPTER 2

HISTORICAL DOCUMENTS AND RECORDS

ANNA WESTIN, SCOTT MADRY, AND ELIZABETH JONES

This chapter introduces the use of historical documents as sources in Historical Ecology research. There is a
large range of purposes and contents of historical documents, and many of them hold important information
about the use, qualities, agreements, and beliefs related to past ecosystems. Written words from the hands of
people in the past, illustrations, and photographs are a direct link to these people's lives and conditions.
Historical documents therefore play a vital role in Historical Ecology research. In this chapter we present several
categories of historical documents and issues relating to their use. We provide an outline of the process of
historical criticism that includes both external and internal analysis. The chapter will also describe a sampling
of the kinds of historical documents that contain information relevant to Historical Ecology questions,
including tax records, parish records, ethnological data, Atlases, photographs, and family records. Finally, the
chapter describes several brief case studies from Sweden and France on how historical documents have
contributed to historical ecological research questions.

Introduction

In pre-industrial societies, the majority of people were directly dependent on local natural resources for their
daily needs. Before industrialization, the economy of western states rested mainly on food and fiber grown and
harvested from local and regional ecosystems and used locally. There were also many reasons for writing down,
drawing maps, or in other ways documenting conditions and agreements regarding people's use of ecosystems.
Documents from such circumstances are therefore rich sources of knowledge for all kinds of Historical Ecology
questions. Writing has a relatively short history in relation to the history of humanity and was preceded by oral
communication and agreements. Even though oral communication has continued being of great importance,
the written word made it possible to consolidate laws, agreements, assets, ownership and other important
information in documents that could be communicated unchanged into other contexts in time and place.
Written documents have preserved details of past societies’ relationships with their environments in public
archives and private holdings from past times that otherwise would have become lost and forgotten. With the
right tools and knowledge, these documents are a gold mine for historical ecologists and others.

Historical Ecology brings together researchers from the natural sciences, social sciences, and the humanities.
Researchers in the natural sciences are sometimes skeptical of the validity of information from historical
documentary sources. They see that type of information as subjective and unreliable, especially when compared
with the scientific method applied to the “hard sciences.” Those not trained in the field of history often do not
realize that trained historians apply a rigorous process of criticism to historical documentary data that includes
both external and internal analysis. The uncritical and inexpert use of historical documents by researchers in
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tields outside of history who seek to use historical information to provide context to their own data, has led to
the misuse and mistrust of historical information.

The oldest written documents were made by and for the educated elite, such as the royalty, nobility and clergy,
and they were almost exclusively written and used by men. Laws, court records, tax registers, land purchases,
cadastral maps, probate inventories and church records are examples of sources written by the elite that can be
found in national, regional and local archives. With time, common people got access to basic education and
could start writing and producing, for example, diaries, letters, private agreements, biographies, and farm
records. These “ego-documents”, written by someone with inside knowledge, may have been collected by
archives at a later stage, but are more likely kept privately by descendants of the authors, if they still exist. It is
important to keep in mind that the survival of historical documents of any kind is haphazard. Even for
government documents, fires, wars, and changing ideas about the value of documents affects what survives and
what does not. In the early 20th century, as ethnologists noticed that folk culture had changed radically with
the extensive effects of industrialization, ethnological archives started to collect knowledge and folklore of
common people. It was at this time that a great deal of previously oral culture and knowledge was recorded for
the first time.

Disciplinary underpinnings and perspectives

In their wider sense, historical documents include carvings on stone and wood, hammered coins and engraved
medals. Interpretation of these belong mainly to the disciplines of archaeology, linguistics, and numismatics.
The focus of this chapter, documentary sources replicated on paper or similar media, have traditionally been
used in various historical disciplines such as political history, economic history, mentality history, social history,
agrarian history and local history. Historical documents are a rich source to many historical ecological questions,
especially in combination with other types of sources presented in this volume. Historical scholars have a long
tradition of working alone in the archives, digging deep into their questions and publishing alone. The lone
researcher has been the standard model in history research and monographs have been rewarded with greater
scientific credit than co-authored publications. Authors in co-published books usually have individually written
chapters and the different researchers rarely discuss each other’s work even when the book has a joint theme.
When integrating historical documents in Historical Ecological projects, it is preferable, often even necessary,
to cooperate with other scholars throughout the project, starting with formulating questions, continuing with
discussing interpretations, exploring each other’s data and methods and writing chapters or papers together.
This is a significant change in the way that many history researchers are used to working, however we
acknowledge that cooperation is an increasing trend in historical research.

The use of historical data and analysis

Historical documents are often readily available from local, national, and international archives. Many such
documents are now also available digitally and many archives can be searched online. Sometimes personal
documents like diaries are found in the possession of family members or local historical associations.

Source criticism

Historical documents must be critically evaluated through a process called source criticism. This basic aspect
of historical research is necessary because no documentation contains a complete and unbiased presentation of
the subject matter. Today, people are becoming more and more aware of the need to be critically aware before
using information from the flood of information we face every day, in order to differentiate between facts,
fake-news and twisted interpretations by vested political and economic interests. This includes evaluating
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information in the media based on what we know about the current societal context, which groups in society
that stand for impartial information, and which groups have a particular interest in the message coming through
to the audience. Similarly, historical documents must be critically evaluated before they are used as sources.
Source criticism includes a critical examination of the used sources and an assessment of the credibility of
statements made in any source of information. Historical documents were not created to answer the questions
we want to address in our research. They originate from a specific historical context, created with methods and
aims relevant to their time, which often poorly match what we find as relevant and interesting today. In using
historical documents it is therefore important to understand what they can inform us about, and which
questions that are difficult or even impossible to answer from these sources. In short, the source critical
evaluation determines if, and how, a particular source can be used.
The process of historical criticism includes both external and internal analysis (Barber and Berdan 1998,
Kyvig and Marty 2000).
e External analysis is designed to determine the authenticity and the context of the document. In other
words, it examines if the source is what it claims to be. External analysis includes questions as:
e  (Can the historical continuity for the document be traced (i.e. chain of evidence)?
e Are the physical aspects of the document appropriate (i.e. the date of paper, pen, ink, pencil)?
e Is the handwriting appropriate in terms of date, style and characteristics fitting for the purported author?
e Are there anachronisms in words, phrases, spellings, polite usages, structures, or concepts?
(anticipatory and retrospective).
e Is the document adequately consistent with the corpus of well-established sources?
e Internal analysis is designed to determine the credibility of the information contained within the
document and includes such questions as:
e Was the author in a physical position (i.e. place and time) to report events or conditions?
e How much time elapsed between the events and the writing of the account?
e Did the author have the cultural background, including language proficiency, to understand what was
observed?
e What were the author’s biases, and how might they have atfected their reporting?
e  What were the author’s vested interests, and how might it have affected their reporting?
e What clements are formulaic or expected within this genre, and which are unique and potentially
meaningful?
e  Was the report inherently plausible?
e How well does the report fit in with other evidence on the same issue?
e  External analysis is of particular importance when working with private documents and local archives
(or any source which so far has not been viewed with critical eyes). Internal analysis should always be
applied. If you are working with a commonly used source, others may have evaluated its usefulness,
but not always in ways that are relevant for your specific questions.

Source pluralism

In many Historical Ecological questions it is necessary to combine several different sources. These may give
complementary information about the research question, complementing each other on types of information,
temporal and spatial cover, and level of detail. For example, cadastral maps will show the location and size of
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pastures and may even provide information about productivity and vegetation. More detailed sources such as
diaries may show how grazing was organized in time and space, and why they were organized in this way. If the
map and the diary both refer to the same village, the grazing organization can be reconstructed (example 1.).
Under beneficial conditions, field surveys of the pastures may add knowledge about productivity and tree cover.
Together, these three sources give more information about the pasture than any of them could do alone, thus
filling each othet's information gaps.

If several sources provide similar information about something, they give support for a clearer interpretation.
But it is also valuable when sources diverge because that highlights the need to reconsider the interpretations.
Questions may need to be rephrased, sources may need to be re-evaluated, and involvement of further sources
may be necessary, which develops new knowledge. Many Historical Ecological questions benefit from
combining different documentary sources with non-documentary sources, such as ecology, oral information
and archaeology. In addition, some data such as tax and land use information can be integrated into GIS for
spatial and temporal analysis (see Chapter 11).

Spatial, institutional, and temporal scales

Historical documents may cover different scales, from individual statements in diaries, letters, court registers
(micro scale), descriptions and statistics covering local-regional conditions (meso scale), up to national sources
(macro scale). The micro scale often contains details that are missing from the other levels of information, for
example, how people decided how to work their land depending on social relations, economy, technique and
individual knowledge. On the one hand, information from individual persons cannot be seen as representative
for a larger group of individuals. On the other hand, societies consist of individuals and such details shed light
on what circumstances and motivations may be hidden behind official records at meso and macro-levels. They
may illustrate how known societal or land use changes, known from the macro-level, were taking place in
individual farms or households. The possibility to zoom in and zoom out in scale is always rewarding as it sheds
light on both the overall picture and the details.

Example 1. Grazing according to an ethnological questionnaire and cadastral map

In 1941, Edith Ostergran answered a questionnaire from the museum of Notrdic cultural history (Nordiska
museet) about livestock management (NMG60 Boskapsskétsel). Edith was born in 1895 and retold information
she received from her father about her childhood farm around 1870. At this time her father worked ' of the
village Osterskog situated in the county of Jonképing, Sweden. Edith informs us that in 1879 there were two
large oxen, four cows, two heifers, one calf, eight sheep, two sows, and five hens at the farm. She described six
different pastures of varying productivity. Lassabohagen was the most productive. Kirrahagen, Nyréslet and
Langelyckan were other productive pastures. Vistbohagen was situated further from the others and
Storakersmaden was the least productive of the pastures because the soil consisted of peat. Also hay meadows
and arable land served as pasture in late summer when vegetation had grown back after harvest. Every described
pasture, and a few more, can be identified in the cadastral map over the village from 1882, made because of the
land reform “laga skifte” (Figure 2.1). In laga skifte land was redistributed and common land (in particular

pastures) became private.
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Flgure 2.1. Cadastral map of Osterskog from 1882, where the names and locatlons of pastures descrlbed by Edith
Ostergran have been highlighted. Source Lantmiterimyndigheternas arkiv 06-KUL-54.

Before 1882, pastures were commonly held and grazing was strictly regulated for all villagers, which was also
described by Edith. The dates when livestock were moved was very exact in Osterskog and she used entries
from the calendar of 1870 as an example.

The combination of Edith's statement and the information in the cadastral map enabled a reconstruction of
the grazing organization in this village before the land use reform (Figure 2.2). Furthermore, Ediths written
statement explains how grazing organization reflected land productivity and cattle productivity. The best
pasture, Lassabohagen, was reserved for high lactating cows, who had their calves late in winter. They were
kept indoors, eating hay until eatly or mid-June when the vegetation in pasture had become lush. They also
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grazed hay meadows in late summer. Low-lactating cows were moved seven times between four intermediately
productive pastures during the summer. Non-lactating cows and heifers were let out to graze in mid-May, and
they had to settle for the least productive pasture, Storakersmaden.

In addition to how grazing organization was influenced by productivity, we also expect different ecological
responses in the vegetation from periodic and continuous grazing, for example in response to grazing pressure.
Although we cannot measure grazing pressure in hindsight, we find it likely that grazing pressure was higher in
the four pastures grazed by the migrating cows than in the continuously grazed pastures. In pastures with high
grazing pressure, where nearly all vegetation, including flowers is being consumed, species that depend on yearly
flowering and maturing seeds are disfavoured. Thus, we expect different grazing organizations to have shaped
the vegetation composition differently.
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Figure 2.2. Grazing organization at Osterskog village in the 1870%ies as described by Edith Ostergran (see text). The
information presented in example 1 shows how grazing was organized in one village in Sweden and it may be unique or
representative for the region. It illustrates how grazing could be organized and how it related to cattle production and
land productivity, without saying that other villages used the same organization. Despite being local, it holds invaluable
information of a kind that is rate in historical sources.

Sources also differ in their temporal extent, from momentary (one day) to long time-series. Sources can be
retrospective (reflecting on the past) or only inform us about the time they deal with. It is important to be aware
of any particular circumstances (war, crop failure, livestock disease, economic crisis, exceptional prices etc.)
before using momentary information as representative for a longer time period. Again, example 1 only shows
data from one single year, but it most likely represents a somewhat longer time period, since the informant
chose this year to illustrate grazing organization at her family farm. Retrospective sources may also be influenced
by whether or not the source wants to highlight the past as being better or worse than the present.
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Methods of collection and data analysis
The methods of data collection vary depending on sources and what kind of data that is used. There are two

main lines of analysis of historical documents: quantitative and qualitative.
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Figure 2.3. The area of different grassland categories in Sweden. The Y-axis shows thousands of hectares. Source:
Jordbruksverket och Statistiska centralbyrian 2011, Figur 1L.

Quantitative analyses

Quantitative analysis aims to present numerical information, statistical surveys or present results in ways that
can be generalized or compared. Some documents provide direct numerical data such as the number of
inhabitants, cereal harvest, livestock numbers etc. These can be combined at some geographical level into time
series, or used to compare conditions in different regions. Question could be, for example: Did the population
increase as hay meadows were transformed into arable land during the 19th century? Does the number of cows
per household correlate with the area of pasture during the early 19th century in Sweden?

Diagrams based on quantitative data have great benefits in being visually illustrative. It is easy for the plain
eye to see how curves on diagrams vary over a timeline and it gives an immediate understanding on how things
have changed. However, not everything that can be counted should be quantified, and it is important to ask
oneself when quantifying is the best way to interpret pieces of information. Statistical results and diagrams will
never be better than the input data and should always be combined with a source critical perspective. Before
temporal comparisons can be made, research must be done into the methods of historical data collection. It is
common that data from different times have different origins, which blurs the results. In Sweden for example,
the first agricultural statistical data was collected around 1800 by the parish priests (Gadd & Jorner 1999). Since
priests also collected tax from farmers, there was an incentive by farmers to keep harvest figures and other
information low. During the rest of the 19th century, the data collection went from the church to the county
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administration, and later to regional farming associations, all using different methods. By 1913, Statistics
Sweden started collecting more reliable statistical information, but the categorisations of land use types shifted
with time. This makes it difficult to compare information over time. In diagrams, representing data of differing
qualities, can be represented with different colors (Figure 2.3).

Data may sometimes be limited, but even with scarce or less stable data, quantitative analyses are valuable
for finding patterns in the data, e.g. through plotting diagrams and tables, from which the results can be
discussed. Large data sets are useful for making statistical analysis and finding large scale patterns that cannot
be secured in small data sets. The data can be worked in Excel, minitab, R, or other statistical software
commonly available. For large collections of qualitative data, analyses can be facilitated by the use of software
such as nVivo and Atlas.ti. These programs can be used to sort, organize and perform quantitative analyses of

qualitative information.
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Figure 2.4. Cadastral map from 1642, the farm Brinntorp in the county of Ostergétland in Sweden. The map shows the
farmhouse, arable land (rectangles) surrounded by infield pasture, and to the left, a dry meadow with trees. The area
outside the infield also belonged to the Brinntorp and was described as “forest and pasture sufficient”. Source:
Lantmiteristyrelsens arkiv D51-12:D8:64.

Qualitative analysis

Qualitative analysis is a group of scientific methods used to collect and interpret text or other non-numerical
data. The methods of hermeneutics is all about how to understand text, including from historical documents.
Interpretation is a part of all historical data and is especially important using qualitative data. Interpretation
differentiates between the data and how the author understands the data in relation to the posed questions. It
usually includes posing a larger question or research domain which is divided into smaller questions. These are
answered, going through information from one or several sources and presented in text. The reader is thereby
guided through the question, choice of source, the data, and its interpretation. The researcher must be clear on
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the data input, interpretation process, and its results. In this way, others can read the text and agree on the
interpretation or come to different conclusions. The questions may be more explorative such as: “how did the
agrarian revolution affect landless people in the mining district of Sweden, with regard to wealth?”, or more
normative, such as “did landless people get poorer during the during the agrarian revolution in the mining
district of Sweden?”. The answer to normative questions is rarely a simple yes or no, but rather what
information supports “yes”, and what supports “no”. Perhaps some landless people in the mining district
became poorer but not all. In this case, a deeper discussion around the definition of “poverty” may be required.
The discussion itself will reveal much new information about the situation for the landless groups, and leads to
new insights about what changed in the society regarding this group of people. Of course, qualitative analyses
may also give clear patterns, such as the ecotypes of families in Burgundy in the 1690s (see example 3).

Qualitative sources can sometimes also be quantified, for example, comparing the written statements of
forest quality in cadastral maps such as in figure 2.4 . In one study we compared how the forest was described
in 150 cadastral maps from the 17th century, situated in four different Swedish regions. The result (Figure 2.5),
shows regional differences between maps, which must be interpreted before concluding if they also reflect
differences in forest quality. For example, slash and burn cultivation were mentioned only in the maps of Alseda.
Perhaps slash and burn cultivation was particular for Alseda and did not occur in the other regions. But an
alternative explanation is that only the surveyor working in Alseda took notice of this forest use, while other
surveyors did not. The forest was not of primary interest in these maps, and different surveyors could have put
different efforts into the forest descriptions. Also GIS is useful to analyse and illustrate qualitative information
(Figure 2.7, 2.21, 2.22, see also Chapter 11).
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Figure 2.5. The forest quality described in cadastral maps from different regions in south-central Sweden: Selaén and
Fornasa are situated in the plains, Kristberg and Alseda in hilly forested areas. The graph shows the proportion of
villages where the forest was described as good, sufficient, scarce or no forest in cadastral maps from the early 17th
century. Swidden and deciduous forest was only described from one parish. Within brackets are the number of analyzed
villages where there was a description vs, the total number of analyzed cadastral maps. Data from Dahlstrém 2006.
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A selection of documentary sources

Societies have created documents throughout history, resulting from different institutional and private affairs
such as royal, political, ecclesiastical, legal and statistical activities, documenting agreements, private
correspondence and diaries, among many others. The kinds of available documents differ between countries,
regions and time periods. Here, we present the primary sources most commonly used in our own projects,
along with examples. We also address source critical aspects, access and copyright issues.

Parish records

In Sweden and other countries, the church kept track of the members in the parish. The priest kept registers
for people moving to and from his parish, deaths, births, christenings, God parents and marriages. Parish
records in Sweden are available from late 17th century to early 19th century. They are generally very accurate
sources and give detailed information about households and people. In Sweden, the priest performed yearly
hearings to investigate people's biblical knowledge. At the hearings, all people living in each household
(including maids and farm hands) give an overview of which persons were associated with different households.
Swedish parish records have been scanned and are free to use via the National archive:
https://sok.riksarkivet.se

These registers provide an important background image of the study area, who lived there, people’s positions
in the society, socio-economic patterns, social relations and migratory patterns. In the reading of diaries, letters
and other documents, it is essential to have an idea of the social context. For example, in one of our Swedish
study areas of southern Dalarna, several farmers kept diaties in the same time period. By comparing the
information in the diaries, we could easily see that several of the authors of the diaries were close relatives and
the relationship to different people mentioned in the diaries was clearer to us. This gives us a better
understanding of how ideas could spread, who bought grains and cows from who and the place of origin of
farm hands and maids, etc.

In France, Elizabeth Anne Jones has reconstructed family relationships and the land use patterns in Burgundy
by using information from the parish record (see example 4).

Cadastral maps and other cadastral records
A cadastre is a recording of properties, land use and land ownership, usually defining the dimension and location
of land described in legal documents. Cadastres are often maps documenting borders, ownership, land use and
other information necessary to ensure land valuation and taxation. In Sweden, cadastral maps were first
produced from the early 17th century, which is early in international comparison, and continues up to the
present. The different generations of maps contain different kinds of information, depending on the methods
used and the aims of the map. Cadastral maps are very useful in Historical Ecology research. Primarily, we use
the size and location of different land use types such as garden, arable land, hay meadows, pasture and forest
in order to reconstruct land use history. Secondly, it is interesting to read how different parcels have been
described in terms of vegetation and productivity, since they give important information about ecosystems.
Thirdly, the location of fences is used to understand past grazing organization, i.e. timing of grazing in different
kinds of pastures (Figure 2.6), which also may have shaped vegetation in ways that can be traced for centuries
(see chapter 2 biological cultural heritage and Example 1).

These cadastral maps are impressively correct, given the cartographic methods used in these early times (see
chapter 6 Historical Cartography). Information about ecosystems must be interpreted before it is used. For
example, the maps usually only note some tree species in the forest, and the forest quality was expressed in
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terms relevant for people's use of forest, i.e. sufficiency of timber, fencing and firewood, or economic value.
Fences are not depicted in all maps, especially not small-scale maps.

Cadastral maps largely have been scanned in Sweden and are free to use at:
https://www.lantmateriet.se/historiskakartor. Romanian cadastral maps made by the Austro-Hungarian

empire in the late 19th century are published at https://maps.arcanum.com/en/map/cadastral/. Also, see

chapter 6 Historical Cartography for French maps.
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Figure 2.6. Cadastral map of the village Andersby, from 1739. Infields are situated to the left with arable land and hay

meadows. The fencing system (red lines) reveals how grazing was organized in the village. Outland pastures to the east

could be grazed all summer, and pastures situated in the west could be grazed only after the harvest on arable land and
hay meadows, i.e. late August or September.

Tax records

Property and personal belongings subject to taxation have been recorded by the state for a very long time. Land,
harvest, livestock, charcoal, and other items can therefore be found in registers at household, farm, or village
level. These are all keys to understand subsistence, land use, and other information relevant to Historical
Ecology. The subjects of taxation and the position of the tax collector differ between areas and time periods.
There is reason to suspect that people were hesitant to give correct information to tax collectors, and that tax
records therefore may underestimate what people owned and harvested.

In Sweden there was an extra tax on livestock and arable land during 1620-1641 as a means to finance
participation in the 30-year war. Each household paid tax per livestock over one year of age with different rates
for different species and ages. Each winter, royal representatives counted livestock and made registers, bringing
us a unique opportunity to know how much livestock individual farms had, how livestock composition differed
between farmers in different regions (Figure 2.7), and how livestock varied between years. From 1642 the direct
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tax was replaced by a fixed sum and no more registers were made. The next time in history when livestock were
regularly registered in Sweden is in the mid 1800°s when probate inventories became common.
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Figure 2.7. Livestock composition in the early 17th century based on studies using livestock tax registers. Not
surprisingly, there was a larger proportion of working animals in regions in the plains where work in the fields was
important or oxen were brought up (left map). Forested regions, where the economy was more based on milk
production instead had more cows (right map). Illustration and references from Dahlstré6m 2006.

Probate inventories

Probate inventories are important sources showing all property belonging to a deceased person at the time of
death. Reading these inventories is almost like walking into the house of the deceased, as basically everything
of economic value was listed: land, livestock, farm tools, wagons, kitchen equipment, looms, clothes and much
more. These lists give invaluable insights into the farmers' lives and how they worked the land. Livestock is of

particular interest (Figure 2.8), since information about animal husbandry and grazing is sparse in most historical
sources.
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Giving correct information was in the interest of everyone involved. However, assets of little economic value,
and livestock reserved for the funeral may be missing, as well as food which usually was taken care of by relatives
before the inventory was made. If people died old, it is likely that most belongings were already given to children.
Therefore, the tragic cases, such as when people died in active ages, leaving young children and spouses behind,
are most informative about the active farming. The inventories also declare the heirs of the deceased and

therefore complement parish records with information about relatives.

Table 2.1. The Othemars farm in the county of Gotland in Sweden, was divided into smaller farming units during the
course of the 18th and 19th centuries. Useful probate inventoties (i.e. from active farmers/wives) have been colot-
marked. From Westin & Lennartsson 2017.

Decade Othemars parts of 1 farming unit (Sw. hemman)

1654 Gudmund J6nsson

1700 Lars Jons

1710 Lars Jons

1720 Lars Jons

1730 Lars Jons

1740 Ya Va Ya

1750 Ya Ya Ya Va

1760 Ya Ya Ya Ya

1770 Ya Ya Ya Va

1780 Ya Ya Ya Ya

1790 Ya Ya Ya Ya

1800 Ya Ya Ya a

1810 Ya 1/8 1/8 Ya Ya

1820 Ya 1/8 | 1/1 | 1/1 1/8 1/8 1/8 1/8
6 6

1830 Ya 1/8 | 1/1 | 1/1 1/8 1/8 1/16 3/16
6 6

1840 YVa 1/8 | 1/1 | 1/1 YVa 1/16 3/16
6 6

1850 Ya 1/8 | 1/1 | 1/1 Ya 1/16 3/16
6 6

1860 Ya 1/8 | 1/1 | 1/1 Ya 1/16 3/16
6 6

In Sweden, probate inventories became mandatory for all deceased persons from 1750. They are kept at
National and regional Archives and many of them are digitally available. The strength of probate inventories is
that they are very detailed about each separate case. On the other side is that the cases are irregular in time and
space, i.e. the deaths of people were usually random. It may therefore be challenging if the study unit is the
village and not the individual. We have used probate inventories to reconstruct livestock numbers at the village
level. It is important to keep in mind that the property of the deceased only represents one part of all the
potential livestock owners in the village. Therefore, it is important to know which part each probate inventory
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constitutes. Here, other soutces, such as parish records, tax records and cadastres are useful. In Table 2.1, we
have mapped one village, Othemars, in the county of Gotland, Sweden. The village was originally one single
farm, but during the 18th and 19th century it was divided into smaller farming units. The reconstruction of
livestock numbers must take use of this information to be as correct as possible. In addition to the farming
households, old parents, unmatried adult children, and landless in the village could own some livestock.

In Table 2.2 the information from probate inventories indicated in Table 2.1 have been combined and the
total number of horses, cattle, sheep and goats calculated. Combined with the area of pasture from cadastral
maps from different times, we calculate the stocking density. During these two centuties stocking density vatied
between 0.07 and 0.11 Grazing equivalents per hectare (equals 0.07-0.11 adult cattle per hectare). There was no
trend of increasing grazing pressure, despite increased population and farming units, indicating that the pastures
were fully utilized already in the early 18th century. The stocking density was low in comparison with that
calculated in other regions, which is in concordance with the low productivity of this dry area.

Figure 2.8. Livestock belonging to the farmer Lars Hansson, in the patish Othem on the island of Gotland at the time of
his death in 1833: “One black-brown mare 8 years, one brown male horse 13 years, one black cow, one year old steer,
one ditto, 2 old female sheep, 1 ram, 1 white sow”. The total value was 40 Riksdaler.

Letters and diaries

Through letters and diaries, we have the possibility to come closer to the historical people than from any other
historical sources (Lorenzen-Schmidt & Poulsen). Through them we can take part of people's daily lives,
including work and struggles, joys and parties, relations, and private thoughts. Working with peasant diaries has
enabled us to reconstruct land use in great detail, day by day, parcel by parcel, crops and workers, and how
conditions changed over seasons and years. In some cases, the authors have also shared personal thoughts,
troubles, aspirations and hopes, giving us direct insights into the inner lives of people (see example 2).
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Table 2.2. Calculated livestock numbers in Othemars from probate inventories, excluding livestock belonging to landless
people. Horses, cattle, sheep and goats have been combined into Grazing equivalents using their relative energy demand.
From Westin & Lennartsson 2017.

Time period Horses Cattle Sheep Goats  G.equiv Representation

*
1: 1706-1726 24 40 34 9 86 100 %
2:1773-1777 16 28 23 9 61 75 %
3: 1790-1804 13 20 31 0 49 75 %
4: 1813-1816 18 24 22 0 57 62,5 %
5:1821-1833 16 36 52 0 75 50 %
6: 1856-1872 12 37 39 0 65 100 %

* The column shows the large proportion of the village that is represented by probate inventories from each time period.
The higher the number, the better the accuracy.

None of these sources were invoked by authorities, which makes them different in terms of credibility and
availability. Letters were written with the receiver in mind, and of course, this affected not only what was written,
but also how. Diaries were usually kept for private use and probably reflect what was of personal interest and
importance. There is no obvious bias in diaries, but they have a tendency to leave out information that was
common knowledge for the author and the receiver, but which may be difficult to understand today. Most
diaries were written by men and they always under-represent the daily tasks performed by women, such as
tending livestock, milking, cooking, gardening and taking care of children and the elderly. The farmers of
Hyttbidcken in south Dalarna, kept diaries over an 80-year period. Information about their economy and
employment of several maids points to the importance of cows, milk and butter. Milking was a part of women's
daily work but the only time it was mentioned in the diary was the day when the farmer himself had to do the
milking because a maid was absent.

Letters and diaries are usually taken care of by descendants unless they were given to an archive. A collection
of peasant diaries from different parts of Sweden have been collected and transcribed by the Nordic museum
of cultural history (Nordiska museet), where anyone can read them. People who wrote diaries sometimes also
kept their own farm records of harvests, the weather, and the economy.

Permission from descendants may be required before using private archives, unless they are owned by an
archive. If the descendants and holders of the archive are interested in research on their family farm, they can
also be of great help in learning to know the study area, local place names, people who used to live there and
other things of interest (such as old farm tools, saved tools, etc. that add valuable information) See also chapters

5,6, 8,and 9.

Ethnological data and local history literature

Ethnological institutions of many countries have long worked with collecting and presenting traditions, customs,
other practices and language connected to folklore and traditional lifestyles (Poitrier 1968). One common
method was to distribute questionnaires to informants in the countryside regarding specific themes, among
which some includes agriculture, livestock husbandry and forest use. The replies offer detailed and interesting
descriptions useful to various Historical Ecological issues. Important source critical aspects regard aspects of
memory, how people frame the traditional and the past, and how the questions of questionnaires have directed
the informants to focus on what was considered of interest for the research department (Ostling 2010).
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For some regions, ethnological information has already been collected and published by researchers or
interested amateur historians. Local history literature can be based on historical sources, ethnological data, oral
history and personal memory and can give invaluable insights if they were made by persons with good local
knowledge and source critical eyes. Example 1 Shows one use of an ethnological questionnaire from our work.

Historical Atlases

An Atlas is a particular type of document that contains a bound collection of maps as well as additional text,
tables, graphs, and illustrations. Atlases have been popular since the great age of discovery in the 1500-1600’s,
and they can be global, national, or regional in coverage. The first modern Atlas was called Theatrum Orbis
Terrarium (Theatre of the orb of the world), which was produced by the Dutch cartographer Abraham Ortelius
in 1570. It was very popular and was produced for years in some 25 editions and in seven different languages.
The name Atlas derives from the use by Gerhardus Mercator of an image of the titan Atlas from Greek
mythology, supporting the globe in his first edition, and the use and name became generally accepted (Figure
2.9).

= s 3 5 _h. ' .-_“. .-_.)-
igure 2.9. The use of Atlas supporting the globe in the title page for Mercator’s Atlas Minor of Hondus
(https://en.wikipedia.org/wiki/Gerardus Mercator#/media/File:Mercator Hondius Atlas Minor of 1607

frontispiece.png)
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Since then, global, national and regional atlases have been produced throughout Europe and North America,
but less so in other regions around the world. While often the maps themselves are relatively general and less
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detailed, these Atlases can provide useful historical information about population demographics, agricultural
production, economic and political factors and more, all of which can be useful information for Historical
Ecology researchers. Many national and regional libraries contain copies of local atlases, and many of these are
now being made available in digital format online. They are also available from private map stores and
commercially online.
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Figure 2.10. The Saone-et-Loire page of the 1832 Atlas, which includes our study area of Burgundy, France in the
southwestern corner of the map. The map is surrounded by text data specific to this region. Image by S. Madry,
document from the BNF, Paris.

The maps are useful, but it is the associated textual description of the department that is most interesting. The
text from this Atlas includes information in the following categories:

Geography: name, location, boundaries, scope, aspect of the country, nature of the soil, mineral waters,

climate, main cities, and distance from their central point of administration, administration, fairs.

Statistical: area and population, territorial division, and population by arrondissement and canton, industry,

taxes, antiquities and famous people.

A few specific examples from our study area in Burgundy from 1832 (Figure 2.10) include the following.
Vines were of great importance and “is the department's great source of wealth, the arrondissement of Chalons
is covered on all sides with vineyards.” and “The wines from this department are regarded by foreigners as
inferior to other wines from La Haute Bourgogne, and the highest consumption is within France. It travels
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little outside the borders. There are, planted in vines, 27,700 hectares forming, per average year, 762,000
hectoliters, of which 562,000 pounds are for consumption.” Also, fruit trees in the region were of importance
and abundant, however “not enough care is given to the reproduction of chestnut trees, which have tended to
decline for several years.” Concerning forest, the Atlas described “beautiful high forest. Main species: oak,
beech, hornbeam and aspen.” A great deal of other anecdotal information is included, providing a rich context
for our understanding of the people and their environment at that time.

Historical Atlases provide a variety of useful data for Historical Ecology researchers. The data contained vary
widely, but their popularity provided a frequent regional accounting of geographic, social, economic, and
demographic information that included interesting and unusual data not found in other sources. These regional
data are very useful for placing into context the more detailed information provided by local population and
tax records and cadastral maps for individual study project regions.

UXEAU. = Le Bourg
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Figure 2.11. A picture postcard from around 1910 of Uxeau, France. A vineyard is at right. From the collection of the
authors.

Picture postcards and private photographs

Picture postcards have been very popular in many countries from the 1880’s through today and they can
sometimes be used to create time series, as discussed in chapter 8. Pictures were taken from the ground or from
air (Figure 2.11 and 2.12). There are thousands of old postcards available in archives, online, and for sale in
local markets and through other sources. The study of historical postcards is called deltiology in English, and
there are several publications regarding their use in historical and environmental time setries (Debussche et
al.1999, Paxion and Cohen 2002, Sawyer and Butler 20006). In French, those who collect these are referred to
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as ‘cartofiles’, and the collection of these is the third most popular collecting hobby in France, after the
collection of coins and stamps. This popularity makes for a rich source of data for researchers.

6F. 38328

Figure 2.12. An aerial view of Uxeau with Mont Dardon in the background. Taken around 1950. This oblique aerial
photo shows the tiny village of Uxeau, in the heart of our study area. The church with its cemetery is central to the view,
with the Iron Age hillfort of Mont Dardon in the background. Many details of field divisions, vegetation, land use, forest

cover, and settlement can be extracted from this single image. (Image from Scott Madry’s private collection).

In 1889, one picture postcard with the newly built Eiffel Tower in Paris sold over 300,000 copies and was
instrumental in increasing the popularity of the idea. The golden age of this was between ~1900 and the end of
the Great war when the popularity of these began to decline. Production continued, and color postcards were
introduced in the late 1950’s and eatly 1960’s, and oblique aerial photos also became popular. In our study area
in France there was a husband-and-wife team who owned a small airplane. They took aerial photos of local
farms and villages and sold the aerial picture postcards throughout the region (Figure 2.12). There is even a
French museum of the postcard, located in Baud in Brittany (Le Carton Voyageur - Musée de la carte postale,
3 Av. Jean Moulin, 56150 Baud, France).

From the early ages of photography, it was also common that ethnologists and enthusiasts started
documenting the countryside in their profession or out of their own interest. Also, it became popular among
wealthier private persons to have their pictures taken, often in front of their houses, business, or in their gardens.
Other photos were taken in the rural landscapes around the houses or further out in the landscape. A Sweden
example is the landscape researcher Mirten Sjébeck who left a valuable treasure of publications and photos,
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documenting traditional landscapes, habitats, land uses methods, houses, roads, technique and people (Figure
2.13).
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Figure 2.13. This picture from 1932 illustrates methods of leaf harvest and the tools used in the village Odenis in the
county of Vistra Gétaland. Photo: Marten Sjobeck. RAA kulturmiljébild, PDM.

Picture postcards and private photos can be excellent sources of information for example indicating vegetation
cover, land use, buildings, bridges, tools, livestock and more. Photos have an authentic aspect in showing
everything that is included in the picture in great detail. In this respect old photos don’t lie. On the other hand,
the motive was chosen, usually for a reason. Before using photos as sources, potential biases must be considered.
Many private pictures were taken in front of houses, of people in their best clothes, possibly together with their
best horse. At a special occasion like this, people probably put care in choosing what the picture should show
the viewer. Early countryside photographers perhaps had a tendency to document the particularly beautiful
spots, the novel, the traditional clothes, only wooden houses, or other special interests. Other areas were left
unphotographed.

Dating images is a key aspect of their use. Photos with people can be dated using information about the
identification and age of the individuals. Picture postcards can also be dated by:

The general style of the postcard, full or half sized image, etc.
The postage paid, stamp type, and canceling postmark

The size of the postcard and if it is color or black and white
How the card is addressed, address codes, etc.
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The quality and type of paper and printing used

The printed legend and producer name and address

Other identifying marks or codes from the publisher
If a card’s exact date cannot be specifically identified, it can still be generally dated by the styles of clothes,
vehicles, furniture, and other features. But it must be pointed out that there can be a significant and unknown
delay between when a photograph was taken and when the postcard was produced, or when it was sent and
postmarked, so there is always some ambiguity in the dating. The general history and means of dating French

postcards is well described in the literature (https://www.abelard.org/france/dating postcards.php) and for
the U.S. see:_https://www.fortlewis.edu/finding aids/images/M194/PostcardDating.htm

The identification and dating of picture postcards is specific to each individual nation. Many regional archives
collect and make available these historical items, and many are available for commercial sale on the internet and
at markets. Historic picture postcards are readily available throughout much of the world. In Sweden, using
digitized photos may be completely free of charge and free to use, but photos from some other archives are
expensive to get access to, and you may not be able to publish them or require explicit permission to do so.
Current photos from the same vantage point can be taken to measure changes (Figure 2.15 and 2.16).

Figure 2.14. A French owner of the former grist mill Moulin de Bauzot, with his poster of the historical postcard of his
home. Photo taken by the authors in 2009 while conducting field surveys of mills and millponds in the area (Madry et al.
2015). We see these frequently in the region and this photo of the current landowner and his enlargement of his house
illustrates the continuing interest of local people in their history and historical postcards.
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aerial image (Figure 2.11). The new monument to the residents of the commune who died in the Great War is at left,
confirming that the picture was taken after 1918.

Les Vi

Gites La Ton

Figure 2.16. A similar view from Google Street View showing Uxeau today. Image courtesy Google.

We have used the analysis of historical picture postcards in our French study area for many years and have amassed a
sizable collection. We have used these to identify land use and vegetation cover and other features of the landscape.
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Case Studies from our research projects and study areas

Example 2. The social-ecological safety net of a Swedish 19th century vicar

In September 1813, on his 50th birthday, the Swedish vicar and farmer Johan Fredrik Munchtell started writing
a diary. In almost 1,500 pages Muncktell described, among other things, how an agrarian subsistence system
worked, how it changed, and how it was perceived by a single household between 1814 and 1829. Through the
information it contains, we can come close to understanding the decisions and actions taken by an actual land-
user 200 years ago.

In this study, we focused on the management of hay and pastures through the analytical lens of a social-
ecological system (SES) to analyze the qualitative data of the diary. SES is a framework that helps focus on how
ecosystems and socio-economic factors interact in detail in historical or current societies (Lennartsson et al
2015).

From the diary, we identified four main domains in the SES of Muncktell: ecosystems (hay meadows and
pastures), market (buying and selling), labor and technique, and social relations. Muncktell’s detailed diary
provides several examples of how different domains of the household’s social-ecological arena interacted. The
SES of Muncktell can be described as follows. The farm cultivated large amounts of the cash crop rye, which
was motivated by the household’s high costs for labor and consumption, the latter in turn largely necessary for
the household’s social status. The rye cultivation required many oxen and horses for traction power. Muncktell
had as many as 12 oxen and 4 or 5 horses, with which he cultivated ~50 ha. of arable land per year. The animals
required large quantities of hay and large areas of pasture, but the rye cultivation decreased the supply of hay
since rye was favored on arable land at the expense of hay production. In all, the system had become vulnerable

to years with low grass production.

We illustrate the SES further using an example starting from the harsh weather’s effects on the supply of hay.
Muncktell seems to have regularly suffered from a shortage of hay in the late winter, a problem that was
particularly pronounced in years of drought (poor growth) or rain (difficult harvest). He combined different
measures to solve the problem. One was to use arable land for hay production (1 in Figure 2.17), either by
sowing clover or timothy or by allowing natural grass growth. This is a transformation of ecosystem resources,
as illustrated by an arrow within the ecosystem domain. This measure reduced the area available for production
of rye and thus the production of rye for sale (1a). Thus, the arrow indicates that the ecosystem measure had
an effect on the market domain. Another possibility was to sell a horse in the autumn, and buy one back in the
spring, however usually at a higher price (2). The most important measure was to borrow or buy hay from
friends and neighbors within his social network (3). This created social debts (3a) and Muncktell was expected
to give favors in return, for example by providing cheap (below market price) rye when requested (3b). When
the hay prices were high and prices on cereals low, Muncktell chose to feed the animals with cereals (4), which
reduced the amount he could sell (4b). Finally, Muncktell used the boys he was catechising as labor for collecting
leaf fodder to supplement the hay (5).
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Figure 2.17. Some activities, and their effects, performed by Muncktell’s household related to hay deficit during the
period 1814-1821. Activities are related to the four main domains (see Figure 2.28). See the text for further explanation.
From Lennartsson et al. 2015)

Figure 2.18 summarizes all the activities following hay deficit. By relating activities to domains, SES makes
it clear that the deficit of hay was handled mainly through Muncktell’s relations to the higher social groups,
from whom he could borrow or cheaply buy hay. Muncktell’s actions were thus mainly aimed at accommodating
shortfalls of the hay supply, rather than to increasing his own supply. Some measures were taken for improving
the drying of hay, i.e. for reducing the fluctuations, but hardly any significant actions were taken to increase the
total hay resource.

In contrast, the shortage of pasture (see Lennartsson et al 2015), initiated labor-intense actions that were
possible because of the availability of cheap labor. Most of the actions were aimed at extending and improving
the farm’s own pasture, e.g. clearing new pastures, both to overcome the immediate problem and for reducing
the risk of future pasture deficit.
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Ecosystems

Market
Labour & Social
technique relations

Figure 2.18. Graphic representation of all activities, and their effects, performed by Muncktell’s household for handling
the deficit of pasture hay, 1814—21. For simplicity, the lines show only the interactions between domains, not the
direction of the interactions.

Example 3. Parish records reveal ecotypes in late 17th century France.

In our long-term research project in Burgundy, France, we have made use of large amounts of documentary
data about land use, economy and more. Among many other tasks, we have integrated the detailed cadastral
(land ownership) maps with the associated tax data in our project GIS (Madry et al. 2015). It is difficult to find
historical data directly related to land use parcels for time periods before the mid 17th century. Although there
is tax information about individual parcels from the 1791 onwards, it is difficult to use this to reconstruct all
land worked by individual households. This is due to the fact that much of the land was farmed by large,
communal sharecropping households (communantés), whose land was mixed with land owned by individual
members of the communauté, and also land owned by the elites in the surrounding towns who leased their land
on a sharecropping basis. For earlier periods, it is difficult to find any historical data relating directly to local
land use. Parish records offer indirect possibilities to address questions about land use, subsistence and social
relationships.

In order to take our land-use study as far back in time as possible, we used parish records with the oldest
complete records available, from the 1690s (Jones 2009). Parish records contain information about baptisms,
marriages, and burials together with the age, residence and occupation of the family members (Figure 2.19). In
addition, information was given about the marriage witnesses, mourners at burials, and godparents, and also
for these peripheral persons often the residence, occupation and relationship to the family member were
accounted for.

58



Practicing Historical Ecology

. ‘)flLL-r
; ) A p{(‘_‘) “ got :‘((/‘fx.l e argem s AL

//TK gé/sz . lwf‘f—wtgit a’f:fzw O roaedrc Thadll .wplgwo if&/':f -

jj::'z;;:f‘/g‘:;;gg (;:ﬂ;:- @“"ﬂ‘?’&/ 2 ﬁfzjmﬁlfzg 'D Ib:-. D»u(,/u"-
. -,,/a, whees ./8/ avzet, L&-fca" W/ L&_]f/{)ui _wu“““;,(‘u#c 3 “&M’L o (‘//‘;a‘

3. (I Fe Pescd , a aget ¢ e fio e , .
L ot e o oo S D o
et V;" (f:“) g : g;//!“—‘.‘//aigeu“{ut yx D “WA/Z}I: ‘ ‘!-‘Z 7 [&2 7 //11 S /=
Wn‘é{] : ; /.,,Zt ‘f‘ﬂmflu.(ﬂifﬂ(ﬁtw/{fvh/ﬂo? J;;é e LRty
y {:;Z; uL;{Z}c:kus:qLLll—/mu)uff—’gt WJ

Yoyl

Jean Berger, weaver of the town of Uxeau, aged about 40 years assisted
by Frangois Girardiu, tailor, his brother-in-law and by Pierre Berger,
plowman of Ville Févre his uncle and others, his relatives and Catherine
Miel, widow of Leonard Ducloux plowman of the village of Bassenier,
aged about 32 years, assisted by Gratien Miel, plowman of Nusillier, her
brother and by Jean Ducloux, also plowman of the said Bassenier, her
cousin and others, were married by me the undersigned Curé the 27th
of April 16, 1695, none of whom signed except Francois. P. Compin

Figure 2.19. Example of wedding entry from 1695 Uxeau parish records with translation.

The commercial genealogy software Family Tree Maker was used to create ‘family reconstitutions’, basically
doing genealogical research (i.e. making family trees) for the entire parish. Reports were generated that were
customized and exported to Excel spreadsheets and relational databases for further statistical analysis and
integration with our project GIS database (Jones 2009).

The study area (Figure 2.20) consisted of a lowland area (parish of Bessy) and an upland hill country around
Mont Dardon (parish Uxeau). The 1690s was a very cold decade with large variation in weather patterns
resulting in the last great famine in France. Since people in Uxeau survived these crises better than most in the
surrounding areas, it is also interesting to search for possible successful farming strategies indicating models of
resilience and sustainability.

In the 1690s the parish consisted of 17 communautés and 10 non-communautés including 4 small family
farms, 2 villages, 3 mill sites, and one industrial hamlet. The main farming activity was growing grains, mostly
consumed locally. Mills had to be plentiful because the wagons were few (groups of neighbors often shared a
single wagon), and roads were bad, preventing long distance transport. The mills (four altogether, with one mill
being part of a communauté) were all situated along a certain elevation line or fall line, in Uxeau (Figure 2.21).
Vineyards were also located at a similar elevation along the well-drained slopes in Uxeau below Dardon, and

the lowlands of Bessy had no wine growers.
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All Places in 1690s Combined Parish of Uxeau/Bessy

Modern Uxeau Commune Boundary
[ ] Places in Uxeau
o Places in Bessy

Figure 2.20. Modern topographic map showing all occupied places present in the 1690s parish records, indicating uphill
Uxeau (red) and lowland Bessy (blue) and the modern commune border. Background map courtesy IGN.
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Mills in Uxeau/Be

Modern Uxeau Commune Boundary

ol wmils
[ ] Places in Uxeau
| Places in Bessy

Figure 2.21. Map showing mill sites present in the 1690s parish records, with mill sites is red. Background map courtesy
IGN.
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Animals were absolutely essential in order to provide manure for the fields. The households also needed to
raise some kind of homegrown fiber for clothing. In the uplands of Uxeau, sheep could graze on the rocky and
steep land unsuitable for farming and they gave both manure and fiber (Figure 2.22). In lowland Bessy, those
purposes were served by growing hemp and the fattening of retired plow oxen which eventually were sold to
the towns for meat.

The maps derived from analyzing the 1690s parish records show two distinct ecotypes. An ecotype
(Mitterauer 1992:142-143) encompasses:

- the local environment and its range of available resources

the particular resources that are extracted and the type of technology for doing so

the sociocultural institutions for instituting and organizing the family as an integrated workforce

the local relations between peasant farmers and non-peasant groups (e.g. the nobility, village tradesmen and

craftsmen, day-laborers, etc.)

the interrelations between groups exploiting different resources within the same environment
- and the relations of the local area to outside areas which include transportation networks, settlement patterns,

and the macro- political and economic systems

Wool Carders and Hemp Combers in Uxeau/Bessy

Modern Uxeau Commune Boundary
@® Wool Carders Uxeau
B Hemp Combers Bessy

Figure 2.22. Wool carders in Uxeau and hemp combers in Bessy. Background map courtesy IGN.

The two different ecotypes in Uxeau and Bessy hilly uplands and riverine lowlands, and the differential
extraction of resources from the environment in this period were also mirrored in the social relationships. The
1690s was a period of climatic upheaval, high taxes, and epidemic disease. At this time, marriage and godparent
relationships were often established with people outside their home parish. Alliances outside the one’s parish
could serve to mitigate risk in times of local crop failure or from the loss of a sharecroppers’ contract which
resulted in loss of home and land to farm. Alliances were also often established within their own parish but,
interestingly, they were rarely established between the two parishes of Uxeau and Bessy.
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The different ecotypes offer a possible explanation. Although Uxeau and Bessy had in common that they
were growing grains, and many people in both parishes belonged to a large communauté, they were engaged in
different kinds of supplemental income activities. The segregation in differing economic activities, rooted in
their respective landscape types, may have caused them to travel in different social worlds. Alliances may have
formed more easily, and were more helpful against risk, with people that shared the same economic
activities, activities that were shaped by the resources available to them in their distinct ecotypes.

The two historical ecotypes follow the topographical differences in the landscape, but today there is no
highland-lowland economic difference that would have hinted at this historical difference. Today, both the
Uxeau and Bessy land atreas are covered with same pastures and fodder crops while vines are now absent
throughout. The family reconstitution made in the 1690s revealed much about the connections between
ecotypes, historical land-use and social networks in Uxeau, providing new insights into the Historical Ecology
of this area.

Limitations and benefits of working with documents in Historical Ecology

Benefits:

e  Pre-industrial societies relied on sustainable ecosystems, and most documentary sources therefore,
have perspectives relevant to Historical Ecology research.

e  Written statements contain information about special occasions as well as everyday life in past times
that would otherwise be inaccessible to us today.

e Authorities have often collected consistent data which enables comparisons in time and space, and also
the amount of data that allows interpretation and contextualization.

e Many countries have rich archives. The Swedish National Archive alone keeps over 700,000 shelf-
meters of documents and 5.7 million maps and drawings. A large portion of these documents have not
yet been researched. The French archives are constantly adding new historical documents to their
online inventories making this information available for free anywhere in the world. Imagine all the
interesting information that waits to be explored.

e Multiple text sources provide for comparisons and cross-checking of data and finding errors, anomalies,
and outliers in the information.

e Textual data such as cadastral taxes and land ownership can be spatially integrated in a project GIS
system.

Limitations:

e All sources were produced for a specific purpose, and rarely match exactly the specific questions of
interest for the researcher. Therefore, it is always necessary to ask how well suited the information is
for the research question. Perhaps there are other more relevant or complementary sources to work
on?

e Some sources provide useful time series which cover long time periods, while others appear only once
or perhaps a few times during a longer time period. Between these occasions, perhaps the intention
and instructions have changed, which makes them difficult to compare. It is important to consider if
differences are due to real changes or changes in documentation.

e Spatial cover of sources differs between regions, class, and due to shifts in national or internal political
borders.
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e Data has been lost when some archives have been destroyed by fire, war, or floods.

e Despite a growing number of digitizing projects where archives and museums put more and more
documents online, most of the documents are only available in the archive where they are cared for.
Working with the documents in archives have many advantages but it is also time consuming,
compared to working with digitized documents online.

e Gender, class and ethnic biases are present in most sources. Most documents were written by men,
about the male economic sphere and from an authority perspective. E.g. There is much more
information about the typical male domains: land ownership, arable land, mining and forestry, than on
female domains: household, cows, textiles etc. although they were of equal economic importance.
Rarely do we hear the words of women, farmers (of both sexes), and even more rare from poor people.

e “Silent” knowledge, folklore, beliefs, fears and feelings, are almost always absent in these documents,
which of course tends to be underestimated in our knowledge about past living. For example, among
the factors important for where to place a summer farm were: good pasture land, water, availability,
but also if the place was haunted by spirits or was considered in an auspicious location.

Best practices, data access, archiving, sharing and storing

Many of the best practices in dealing with historical documents have been covered above. There are additional
considerations particular to historical documents, including dealing with confidential data, storing and sharing
personal information, translation, translating, state of preservation, legibility or paleography issues working with
hand-written documents, and many more that we have not covered here. For fragile paper documents in a poor
state of preservation, it is better to photograph the document than to keep handling it. Photos of the document
can also be manipulated in photo editing software to enlarge and heighten the contrast on faded script to make
the image more legible.

Most institutional archives generally give open access to their collections. However, some archives have
restricted hours of operation, and may also be slow in fetching the sources from the storerooms (which may
be off-site) where they are kept safe, which can be frustrating if you are time-limited. Some require registration,
including letters of introduction and proof of professional affiliation and your research interests. A growing
number of archives now allow open access for publications, while some retain copyright ownership and require
written permissions or fees for publication or photographing. On the other hand, sources are becoming
increasingly accessible online, to both find, view, download, and share.

Proper archiving of both paper and digital data are vital, once you have acquired and analyzed them. Modern
digital archiving systems provide for attribute-tagged digital databases of multiple types of data, including
documents, and this is covered in chapter 15. Each chapter in this volume also deals, to some extent, with
archival documents, and don’t forget that each document you create is itself an archival document worthy of
proper conservation and preservation for future researchers. Historical data can be stored, shared, and analyzed
both in original paper as well as in scanned digital formats. Data can be easily shared digitally, but we must take
care to address any copyright or reproduction issues.

It is also important to ensure that the resulting data are shared not only through academic and professional
means, but also with the heirs and families when working with family archives, oral data, etc. These data derive
from local communities, and it is generally much appreciated when researchers share back information with

these communities. Publishing can also be done in more accessible formats, popular magazines, local museums
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and exhibits, and local oral presentations to the public. This can also include the now ubiquitous websites, blogs,
and webinars.

Cost and effort required, training needed, data size, complexity issues, and software
required

The cost of historical documentary research is generally measured in time and archival access costs such as
travel or possibly in the purchase of original historical copies. Training in paleography, the skills of deciphering
and reading ancient to early-modern manuscripts, may be required for hand-written documents, as well as
learning to read the language of the document, including local dialects. While much documentary reseatch is
done simply with pen, paper, and camera, quantitative analysis is becoming more and more common using
statistical analysis, genealogy software, spreadsheets like Excel, relational databases, and qualitative analysis
software, such as Atlas. Ti. The data are relatively small and less complex and can often be integrated with spatial
data in a GIS. Thought should be given to how documentary data can be shared and integrated with other data
from other sources, as discussed in chapter 17.
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Figure 2.23. An X-Ray radiograph of the Archimedes Palimpsest, showing details not visible with the eye.
https://commons.wikimedia.org/wiki/File:ArPalimTyp2.jpg
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Future Directions

The newly emerging field of Document Image Analysis and Recognition (DIAR) uses well established and
emerging multispectral digital scanning, image analysis, deep learning, Al, and feature recognition for the
reconstruction and analysis of historical documents which may be damaged, burned, faded, or copied over
(Lombardi 2020a, Mariana and Fujisawa 2008). Imaging a document in X-Rays, infrared, and other portions
of the spectrum and conducting digital image processing of the data can bring out faded details and make
illegible documents readable (Figure 2.23.). Many documents now are being reconstructed or made readable by
scanning them with advanced, multispectral scanners and using digital image analysis, Deep Learning and
Artificial Intelligence (Al) to extract and view the content (Lombardi 2020b). Other documents are being
translated, reconstructed, and dated using these new approaches, and there will certainly be more advances in
this exciting area. This emerging field holds great potential for the rapid deciphering of thousands of damaged,
copied over, or difficult-to-read handwritten historical documents. The recent Google DeepMind Al project
named Ithica can be used online to decipher ancient Greek texts using neural networks with a 71% accuracy
and can even make a prediction of the location of the origin of the text and can predict the date to within 30

years. (https://www.techeblog.com/google-deepmind-ai-artificial-intelligence-ancient-text/).
We also note that in this digital age it is uncertain how historical document analysis of our own time will be

able to be conducted in the future, as our generations are leaving very little analog data for future researchers.

Conclusions

Historical documents can be used for a variety of research questions relevant for our understanding of past
interrelationships between humans and the ecosystems in which our ancestors lived. In this chapter we have
dealt with several of the main sources of data we ourselves are familiar with from our countries and fields of
research, means of analysis, and issues relating to their use. We have presented several, brief case studies to
illustrate how they can be used and what types of limitations there are. There are also many other types of
documents that may be useful in Historical Ecology. Anything that has been considered important enough to
be committed to paper may have been kept in archives or elsewhere, for us to read or view today. Many of
these past testimonies offer portals to the past. Although working with the documents themselves is very
rewarding, they may be even more useful in combination with other types of sources such as archaeological
and ecological field data, oral information and cartographic sources. We want to acknowledge, however, that
many voices from the past have never been conveyed to the afterworld. In the long view historical perspective,
literate people constitute a small proportion of past populations, and history has therefore mainly been told by
the people with power and societal positions. Direct testimonies from children, women, poor people and
farmers are much rarer, but they sometimes emerge through other people's writing. Likewise, ecosystems are
also illiterate, in the sense that they did not write their own history. In that sense the ecological side may be
harder to understand through documents than the human side of Historical Ecology. Interestingly though,
ecosystems are their own living archive, which can be read and understood in the field. This is explored further
in chapter 3.
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CHAPTER 3

BIOLOGICAL CULTURAL HERITAGE

USING BIOLOGY AS A SOURCE TO HISTORY

ANNA WESTIN, EVA GUSTAVSSON, TOMMY LENNARTSSON

This chapter will introduce a method for the use of biological cultural heritage (BCH) as an historical source.
In most places where people have been active, they have left traces in nature, intentionally or unintentionally,
which constitute a biological cultural heritage. Examples are occurrences of plants and animals that are favoured
or actively introduced by humans, trees scarred by former leaf cutting or grazing damage, remnants of
vegetation from an abandoned pasture, entire human-formed landscapes, and much more. BCH is probably
the most widespread type of cultural heritage outside of urban areas. Interpretation of such traces uses
ecological knowledge about how species and individual trees react in natural and culturally shaped conditions,
in combination with historical knowledge about former human activities, from sources such as historical
documents, oral information, archeological knowledge, aerial photos etc. The method of interpretation weaves
together the different kinds of information in a stepwise procedure in order to increase the knowledge about
how humans depended on and shaped ecosystems. We exemplify with case studies from Sweden and Central
Burope.

Introduction

History is present everywhere in the landscape, in dead objects as well as in living organisms. The shape of
every tree and bush, the presence of every plant and insect has a story to tell about the past, about which
conditions have shaped or allowed their presence in a particular place. Many of these conditions are mainly
natural, such as different aspects of climate, soil and bedrock, and natural ecological processes. However, by
interacting with the natural world, humans have modified these ecosystems. Ecological conditions have thus
frequently been altered or entirely created by humans, either intentionally, such as clearing of forest, drainage,
and planting of trees, or unintentionally as side effects of land-use, such as the effects of cattle grazing on plant
communities.

Traces of modified ecosystems can persist for some time as a biological cultural heritage (BCH) after the
land use in question has ceased (e.g. Figure 3.1). In this respect, BCH parallels other, more well-known types
of cultural heritage, such as remnants of buildings, former stone fences, and burial mounds. BCH, in contrast,
consists of living organisms as carriers of historical information. In this chapter, we introduce the concept and
discuss how living organisms can be used as historical sources. We argue that information from BCH can
deepen the understanding of both history and nature, not least by providing insights in how to study and
preserve landscapes’ cultural heritage as well as biodiversity.
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Figure 3.1. The distribution of meadow buttercup (Ranunculus acris) reveals the older location of a road in a current
pasture in Skepptuna parish close to Stockholm. It lies close to a runestone and several grave mounds from the Iron
Age, indicating at least a thousand-year history of roads in this location. Photo: Anna Westin

Definitions
BCH is manifested in the physical landscape mainly as the occurrence of species, combinations of species,
genetic varieties, biotopes, and the shape of woody plants.

BCH is defined by the Swedish National Heritage Board (2020) as ecosystems, habitats and species which
have originated from, or been shaped or favored by human utilization of the landscape and whose long-term
persistence and development is dependent on, or favored by continued management. According to the Swedish
heritage Board, BCH can appear at different scales:

o Traits of species. Genetic modifications, either derived through plant or animal breeding, such as fruit
varieties, garden plant varieties, livestock breeds (Figure 3.2), or adaptations of wild species to
management, such as the flowering time in Gentianella in relation to timing of mowing,.

e The growth form of individual woody plants, i.e. shrubs and trees. Plants with woody tissue preserve
physical modifications caused by, e.g. leaf harvest or other pruning, bark peeling, and light conditions
(Figure 3.4).

e Occurrences of species at certain places. Humans have intentionally or unintentionally favoured certain
species through creating suitable habitats or introducing plants and animals to new places (Figure 3.15).
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e Habitats (biotopes). Through land use, humans have shaped new habitats with specific communities
of plants and animals, e.g. pastures and hay-meadows. Gardens, parks and similar areas constructed
using plant material, belong to this level of BCH (Figure 3.3).

e Landscapes. Several habitats together form entire human-influenced landscapes, sometimes referred
to as “domesticated landscapes”.

The definition above focuses on biological features and we use the term biological cultural heritage to emphasise
that it is just another type of cultural heritage from the past. The similar term biocultural heritage is used in
literature both for the biological features of culture, but also with a wider meaning to denote entire knowledge
systems where indigenous people or local communities are seen as inseparable from nature, being in an intimate
ongoing relationship with nature through e.g. land use, rituals and beliefs (e.g. Gavin et al. 2015, Swiderska
2020). This use of BCH includes both past and ongoing human-nature practices and its physical manifestations
in nature.

Figure 3.2. Daffodils (Narcissus psendonarcissus) found next to the ruins of a small cottage in Krésis, county of J6nképing,
Sweden. Occurrences of garden flowers are the result of intentional cultivation and can therefore indicate human
settlements when found in unexpected places. It can be related to gardening trends of various time periods. This old
variety of daffodil is no longer available in plant stores and constitutes a BCH in itself, at the genetic level. Photo: Anna
Westin 2022.
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Cultural heritage can be viewed as the physical manifestations of human culture in the past: a mound, ruin,
architectural details of a building, an apple cultivar and a place with hay meadow vegetation. This is how we
use the term BCH in this chapter. Cultural heritage, as well as BCH, may, however, be used in a wider sense,
denoting our entire cultural heritage, including art, literature and intangible heritage such as traditions,
perceptions and place names. Some researchers have adopted this wider use also in BCH, for example the
archaeologists Karl-Johan Lindholm and Anneli Ekblom (2019), who define BCH as “an understanding of
cultural landscapes as the result of long-term biological and social relationships, shaping the biological and
material features of the landscape and also memory, experience and knowledge”.

Intangible cultural heritage, such as place names and traditional ecological knowledge referring to biological
features, is often included in the term BCH (e.g. Rotherham 2007). Our use of the term biological cultural
heritage includes biological features that can be interpreted to tell about past human activities of any kind. It is
not restricted to certain groups of people or contexts.

Conceptual background

Human-nature interactions

BCH is formed through an interaction between humans and nature, where nature may be anything from
landscapes to genetic material of crops and livestock. However, apart from genetic varieties of plants and
animals, and constructed gardens and parks, most of the BCH emerges from human use of ecosystems and is
found throughout the landscape. The interest in how people have formed ecosystems goes back long before
the term BCH came into use. By transforming natural ecosystems, the provisioning of natural resources can be
enhanced, mainly through change of vegetation. One example is the transformation of sparse ground vegetation
in forest into more productive vegetation in open grassland or semi-open forest. In order to maintain
productivity of ecosystems, locally adapted methods for influencing vegetation have been developed, such as
various types of coppicing, watering and burning.

Conceptually, transformation of nature to meet the needs of human populations is the basis of boserupian
theory for subsistence (after the Danish economist Ester Boserup; see e.g. Fischer-Kowalski et al. 2013).
However, such theory focuses mainly on technical development and geographic expansion of land-use, while
measures for working with natural vegetation processes in semi-natural ecosystems are less studied.

Since the variety of techniques for manipulating ecosystems is interrelated with the response of the
ecosystems’ biodiversity, the concept of biocultural diversity is highly relevant for our understanding of human-
nature relationships (Crumley et al. 2018; Maffi & Woodley 2010). As the diversity of methods for forming and
using ecosystems increase, so do the cultural manifestations of land-use in language, traditions, poetry and so
on, i.e. the cultural diversity. And so does, in most cases, the biological diversity, for example in terms of
diversity of species and biotopes. Hence, the more diverse use of natural resources, the larger diversity of BCH.
Interpreting species, vegetation and biotopes as BCH is largely a question of understanding specific links
between biological phenomena observed in nature and the local culture that depended on and formed the
ecosystem where the phenomenon is found.

Another research approach for describing human-nature interactions is the framework of social-ecological
systems (SES), which emphasizes the links between biophysical and social factors (Berkes & Folke 1998). An
example of the use of SES in Historical Ecology is presented in Chapter 3 (from Lennartsson et al. 2015).
How can living organisms become a legacy of past conditions?
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The basic requirement for a BCH to form is that the disappearance or response of living organisms is delayed
compared to the change of human activities that have been responsible for the organisms in question. For
example, ornamental plants survive for some time in an abandoned garden, as do meadow plants after cessation
of mowing. There are several biological mechanisms that account for such inertia. One is that the environment
itself changes slowly and thus maintains favourable conditions for land use-dependent species long after land
use has changed or stopped. This is, in particular, the case in low-productive environments, for example in
mountainous climates, or on dry or poor soils. Such regions may therefore be especially rich in BCH.

Other causes of delayed response are attributed to the organisms themselves. Many plants are long-lived.
Trees and shrubs keep their woody tissue all year round, perennial herbs and grasses survive the winter
underground, and short-lived plants survive from generation to generation as seeds.

A typical scenario when traditional land-use (for example grazing) ceases is that the vegetation composition
changes rather rapidly (it is no longer a pasture vegetation), whereas populations of many single plant species
disappear much slower (some pasture plants remain). The most resistant species may still be found as relict
populations when the habitat is completely gone (the pasture has turned into forest). As a result, the vegetation
in a landscape usually consists of both species belonging to the present habitat and conditions, and species that
are a legacy of eatlier conditions — some from the more distant, some from the more recent past. A study of
the flora in the province of Vistergétland, Sweden showed that land use in the mid-18% Century (known from
cadastral maps) explained the distribution of the present flora better than any subsequent time periods,
including the present-day (Gustavsson et al. 2007).

Figure 3.3. The species composition of plants in this Swedish hay meadow have been shaped by hundreds of years of
management. The vegetation interpreted is a historical source to mowing and other traditional practices of hay
management. Photo: Tommy Lennartsson.
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Many plant species build up a seed bank in the soil, which may constitute an extremely long-lived BCH.
Through the seed bank, species can survive during periods too unfavourable for even the most persistent plants.
If suitable conditions return, plants may emerge again (for example if the overgrown former pasture is
logged). Animals are not as long-lived as plants but may survive changes of environment by moving to more
suitable habitats. Such species thus indicate earlier conditions in the landscape, if not necessarily on the spot
where they are found. One typical example is that sun-demanding insects have moved from sparse forest
pastures to the forest edges when grazing ceased, and the forest became too shady. Mobile organisms may
therefore be a type of BCH that can remain in a landscape where many other types of cultural traces are
destroyed.

Biological cultural heritage in research

BCH consists of living organisms that can be interpreted to reveal information about human history. Similatly,
paleoecologists and archaeologists interpret dead remnants of species present, as pollen and macrofossils
(Chapters 4 and 8).

Eatly ethnologists often studied rural communities being dependent on their local ecosystems, and the
understanding of how people related to and used nature was a common focus of ethnological research. Some
ethnologists were skilled nature observers who could describe human shaped ecosystems in detail, e.g. by
presenting species lists from the wild versus human-influenced vegetation (in Sweden one representative is the
geographer John Frodin 1952, 1954).

Eatly researchers in ecology, by contrast, usually excluded human influence from their studies of nature.
Studies of ecosystems and species instead focused on the effects of natural conditions such as nutrient stress
and hydrological conditions, or natural processes such as evolution, competition between species, and
succession towards “mature states” of nature. Also, early nature conservation had a focus on wilderness and
natural ecosystems, even in places where many of the biological constituents were clearly created by humans.
We believe that even today in ecology, historical land-use as an ecosystem-forming agent is somewhat
overlooked, especially in forest, wetland, and mountain ecosystems (e.g. Eriksson 2018). The historical
background and human influence in agricultural landscapes is better known and the perception of these
landscapes as BCH is therefore uncontroversial.

Aspects of historical research, especially within rural history, agrarian history and Historical Ecology, focus
on people's relationships with, use of, dependence on, and alteration of natural resources. It is still rare that
BCH is used as a source in Historical Ecology and methods for doing so are still under development. Scattered
examples can, however, be found in both pioneering and recent research, for example in forest history.

Oliver Rackham studied the Historical Ecology of British woodlands and developed the concept of ancient
woodland, managed through traditional practices. He showed how today's British woodlands are partly artifacts,
and that traditional land-use generated conditions for a rich plant diversity. Rackham’s analyses combined
multiple sources such as pollen analysis, archaeology, botanical fieldwork, written sources, practical experiences
and oral tradition (Rackham 2003). In Italy, Roberta Cevasco and colleagues studied alder (Alnus) dominated
woodland. They used interdisciplinary methods to uncover the history of an abandoned land-use called
Alnocoltura, where alder (A/us incana) was managed in rotation with cereal cultivation and grazing (e.g. Cevasco
2010). In woodlands of the far north of Sweden. Lars Ostlund and colleagues have mapped and interpreted
pine-trees marked by bark peeling, mainly by the indigenous Sami people. Their studies prove long-term human

presence in woodlands which ecologists frequently regard as more or less pristine (e.g. Ostlund et al 2003).
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Cultural heritage scholars and practitioners have a tradition of working with non-living remains and traces,
such as building sites, stone walls, shipwrecks and ditches. In some cases, ancient trees with a specific history
were denoted as “natural memory” already in the early 20th century. Such trees were old and impressive and/or
were connected with oral history, local tradition, folklore, or specific events.

The term biological cultural heritage (or more commonly biocultural heritage), has mainly come in use during
the last twenty years (Table 3.1). Although the different disciplines involved in the interpretation of BCH have
a long history, combining them in the context of BCH is a less explored field. The established interdisciplinary
knowledge base is relatively small and methods are being developed along with new projects. Each study is
more or less a pioneer work, and anyone who starts exploring this field has the potential to make important
contributions.

In this chapter we discuss the potential of biological features in landscapes as historical sources, using
examples from forest ecosystems.

Table 3.1. Number of hits at Google Scholar for the terms Biocultural heritage and Biological cultural heritage.

Term Number of hits | Of which in the title
Biological cultural heritage 1 0
1980-1990 Biocultural heritage 5 3
Biological cultural heritage 5 0
1991-2000 Biocultural heritage 4 6
Biological cultural heritage 23 0
2001-2010 Biocultural heritage 156 109
Biological cultural heritage 147 5
2011-2022 Biocultural heritage 3040 100

What can BCH tell us?

BCH connects history to ecology and can be used to find new insights into both historical and ecological
questions - as well as their applied branches, cultural heritage conservation and biodiversity conservation. In
history and cultural heritage conservation BCH constitutes an additional historical source material, most
prominently for areas and activities in outlying lands where other cultural traces are few. In ecology, BCH
introduces new (anthropogenic) ecological variables for understanding landscapes, habitats, and species. This
is not the least important in biodiversity conservation, which often aims at restoring past, more beneficial
conditions for biodiversity.

Before explaining the methodology, we will present some European examples of BCH often used for
interpreting historical land-use, namely herbs, grasses, trees and bushes.

Herbs, grasses and vegetation

Plants are present nearly everywhere during the growing season and humans have used plants for themselves
and their livestock throughout history. By collecting, cultivating, favoring, disfavoring and moving plants,
humans have altered the vegetation wherever they have been. Some of these alterations can be traced for a long
time and it is possible to “read” flora and vegetation as a source to history. Getting to know plants is like
learning a language of nature. Just like languages have vocabulary, grammar and dialects that must be learned,
also the plant language has key elements building up the knowledge such as identifying species and knowing
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their environmental demands and reaction to disturbance. By acquiring knowledge of plants, they can be used
to understand both natural and cultural aspects of nature. For example, it is usually necessary to identify plants

down to the species level in order to interpret them correctly.

Figure 3.4. Giant pollarded beech trees in a dense forest reveal the land use history as well as the former forest structure.
This forest in Botiza in the Romanian Carpathians has probably been a pasture with scattered pollards, harvested for leaf
fodder. Photo: Tommy Lennartsson.

Environmental conditions
Not all species appear everywhere. Although all plants share the basic needs of nutrients, water and light, they
differ in terms of shade tolerance, drought tolerance, competition strength and reaction to disturbance.
Different sets of species are therefore found in forests versus open lands, wet versus dry soils, nutrient rich
versus nutrient poor soils, etc. Some species grow in a large variety of environments while others are restricted
to more specific habitats, with the latter being better indicators. Environmental conditions should be
understood at two different levels.

Essential conditions are those that must be present for a species to establish and reproduce. Once established,
they may be able to persist for a long time as long as the conditions are tolerable. For example, many grassland
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species need good light conditions to establish, flower, and set seeds, but may persist as non-flowering
specimens in shady conditions for a long time. If found in a forest they indicate that conditions were lighter in
the past (fewer or no trees). Knowing the essential conditions is key to understanding what a place was like in
the past. The tolerance of species explains their persistence to change and for how long they can remain in
unfavorable conditions.

Lo

Figure 3.5. Trees are important in folklore and traditional medicine. In Scandinavia, trees with a naturally occurring hole
in the trunk, could be used to remove disease from children by pulling them through the hole (Sw.
smojning/rotdragning) in Uppland Sweden 1918. Source: Notrdiska museet (NMA.0034675) CCBY.

Disturbance
Ecologically, most types of land use practices can be considered as disturbances to the vegetation or soil. Plants
may tolerate and even take advantage of disturbances such as grazing, fire and creation of bare soil. How
different species handle disturbance is therefore another important aspect of knowing plants. Disturbance may
be caused both by natural and cultural events. For example, many species may need bare soil to have a chance
to establish, which can be created by fire, landslide, plowing, vehicles and trampling by wild or domestic animals.
Two central kinds of traditional land use are grazing and mowing. Through yearly removal of biomass, both
grazing and mowing create and maintain light conditions, prevents litter accumulation, and remove and
redistribute nutrients, thereby altering the interspecific competition (between different species). In addition to
such basic environmental impacts, the detailed design of grazing and mowing may make specific imprints in
the flora, especially the intensity, timing, and between-year variation of the management.
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People and plant dispersal

The cultivation history of different species may reveal when plants were introduced into a region, how they
were spread, how they were used, etc. Also, unintentional dispersal of plants can be traced by interpreting
occurrences and distribution patterns. For example, transportation in winter required that hay was brought
along for the oxen or horses. Seeds have fallen off along roads and at resting locations and enabled
establishment of meadow species in new places.

Trees and shrubs

Trees and shrubs differ from herbs and grasses by building robust long-lived structures of wood. Not only are
woody plants among the most long-lived organisms on Earth, the wood, i.e. trunk, shoots and branches can
preserve traces of earlier conditions for as long as the specimen exists, dead or alive. The woody ‘skeleton’
grows differently depending on age, growth conditions, (access to nutrients, soil moisture, light, etc.) and
whether they have been exposed to damage (natural or man-made).

Trees and shrubs have always been important in traditional livelihoods and may therefore contain many
traces of former land use. Wild trees and bushes have been pruned or cut to provide for example timber, fencing
material, firewood, and leaf fodder. Some tree species have been cultivated or otherwise favored for food,
ornamental purposes, or cultural significance. Wild trees with peculiar shapes have also had an important place
in folklore and for magical and medicinal reasons (Figure 3.5). Understanding how trees and bushes may
constitute BCH, is a fundamental key to tracing not only the use of woody species but also land use influencing
the environment in which they have been growing.

Because trees are long-lived, also the composition of tree species and the age distribution of stands may
reflect earlier conditions, in particular, natural or anthropogenic disturbances such as fires, thinning or logging.
When land is reforested after storm felling, felling by humans, or cessation of clearing, there is a succession
process where different tree species replace each other. Pioneer trees such as birch, aspen and pine are replaced
over time by secondary trees such as spruce, oak, and beech.

Trees and shrubs indicating light conditions

In an environment with more light, trees develop a low stature with wide crown and thick branches. This is
applicable to all tree species, but more evident in some, like pines and hardwood species such as oaks and beech.
Such a shape of trees thus indicates land use that has kept the environment open (Figure 3.6). If the land use
changes and new trees establish, the thick branches die due to shading. Ultimately, only remnants of the old
crown and stumps of branches are visible. Such damaged trees indicate an initial light period (when the crown
grew wide) and a later shaded period (when the branches died).

In contrast, trees with tall stems, narrow crowns and thin branches indicate that they have grown up in
shaded conditions (Figure 3.6). Shrubs and low-growing trees (e.g. rowan, Sorbus ancuparia, apple and hawthorn
Crataegus spp.) are unable to grow in dense forest because they cannot compete with trees for light. Living or
dead remnants of shrubs and low-growing trees in forest are therefore indicators of earlier lighter conditions.

By “reading” the shapes of trees in a forest and noticing remnants of shrubs and low-trees it is possible to
trace land-use causing changes in forest structure going back hundreds of years.

77



Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

Figure 3.6a and b Left: The old oak tree used to grow solitary and sun-exposed in a pasture and developed a broad
canopy with thick branches. As grazing ceased, the pasture became overgrown and the old branches died from shade.
Today, most of them are dead, but visible as scars on the trunk. Right; The pine in the middle grew up in a forest pasture
with a scarce tree layer. It developed low stature and thick branches. When the use of the pasture stopped, a new
generation of pines and spruces was established. Those trees have competed with each other for light and become taller
without low branches. Photo: Tommy Lennartsson.

Pollarded trees, coppiced trees, stools and tree rings

After cutting, deciduous trees produce new shoots from the stump or roots. Pollarding of trees is repeated
cutting of branches at some height above ground (Figure 3.7). All over Europe, leaves have been a common
fodder for livestock, and needles have been used as bedding in stables. After the leaves were consumed, the
branches were used for heating. Pollards were often situated in grazed land and a certain height was necessary
to prevent grazing of the fresh branches. Cutting was repeated after some years when the new shoots had grown
large enough. Repeated pollarding often creates peculiar shapes of trees, such as wide and low trunk with a
multitude of branches from about the same place (Figure 3.4). Pollarding has also been common in parks, alleys
and churchyards for ornamental reasons to create specific appearances of the trees.

Coppicing is repeated shoot harvest just as pollarding, but close to the ground (Figure 3.7). Coppicing could
be done for leaf harvest in meadows and field margins, but was commonly repeated with longer intervals
(several decades), with the primary goal to harvest wood of larger dimensions. Most deciduous forests of
Europe have a history of coppice forestry, often called low forestry. Repeated coppicing creates elevated stools
with multiple trunks visible long after pollarding ceases. Newly coppiced trees must be protected from grazing.
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Figure 3.7a and b. Left Pollarded willow trees (Sa/ix sp.) in an abandoned hay meadow in the county of Orebro, Sweden.
Right: Coppiced ash tree (Fraxinus excelsior) in the edge of a former hay meadow in Uppland. Photo: Anna Westin.

Some trees carry traces of both pollarding and coppicing, showing that coppicing was replaced by pollarding
for some reason, perhaps because the land was at some time needed for permanent grazing. Coppicing and
pollarding both require light conditions for the trees to survive, thus their remnants are always indicators of
light.

Cutting of hazel (Corylus avellana), and occasionally other tree species such as hornbeam, does not result in a
stool, but rather new shoots from the ground beside the cut stem. As new shoots emerge and the old stems die,
a ring of stems forms, whose diameter increases with age. An uncut hazel undergoes the same development,
but the diameter of a repeatedly cut hazel grows much faster. The ring shape remains after coppicing has
stopped, but in shady environments, parts of the ring may die, which makes it harder to detect.

Other kinds of damage

Trees may be damaged by grazing livestock, especially with high grazing pressure and winter grazing. Grazing
of saplings prevents the forming of a single main stem; instead, a densely branched bush with multiple stems is
formed. As grazing pressure releases (or when a shoot manages to grow above the grazing height) the tree
grows as normal, but the former grazing impact remains visible as a zone of dense branching (most commonly
seen on spruce and pine), or as trees with several stems (Figure 3.8).

Grazing may also damage the batk of tree trunks. Other causes of damage are, e.g., fire and intentional bark
peeling for collecting bark or indicating paths or borders between landowners. Branches of trees have been cut
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for many everyday uses, such as covering of charcoal kilns and building floors for haystacks. Traces of cut
branches often remain as long as the tree itself.

Figure 3.8a and b. Spruce trees can form several stems from high grazing pressure (left) and remain for a long time as
BCH (right). Left photo is from the Rodna mountains in Romania, the right photo from the county of Dalarna, Sweden,
Photo: Tommy Lennartsson.

Dendrochronology - Wood as a source of information in Historical Ecology

The stem of woody plants — trees, shrubs and rushes — grows radially by forming new cell layers just below the
bark every growth season. In seasonal climates, cells produced in the early season have thinner walls than cells
produced later in the season, and produce a ring of light wood, as compared to a darker ring of autumn wood.
Living trees in seasonal climates can be aged directly through taking a wood core sample and counting the tree-
rings.

Dead trees, stumps, and wood found in artefacts can be dated using a technique called dendrochronology.
The method, developed in the early 20th century, is based on the fact that the width of tree-rings vary between
years depending on the summer weather. Favourable weather gives higher growth rate and broader rings. Most
trees in a region have experienced the same sequence of favourable and less favourable summers and their
wood therefore show a similar series of broad and narrow rings. On living trees, exact years can be assigned to
each ring, and series of ring-patterns can be dated. If the same pattern is found in a wood sample, all tree-rings
of that sample can be dated. Dated samples may provide new conspicuous ring-patterns at earlier time periods,
which can be matched with other samples, and so on (Miles 1997). Several overlapping series can be connected
to a long continuous reference curve of growth ring patterns for a certain region. There are series stretching as
far back as almost 14,000 years BP (van der Plecht et al. 2020). Such reference curves are important for
calibrating radiocarbon (C-14) dating, but dendrochronology is in particular used for dating of time periods too
recent for radiocarbon methods.

Dendrochronology is used in, for example, terrestrial and marine archaeology and history for dating artefacts,
structures, and other wood that can be linked to human activities. Dating of the actual wood samples is very
precise, but dating of the entire construction or context requires further interpretation by using other sources
of information (e.g. Dillon et al. 2014; Edvardsson et al. 2021).
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In Historical Ecology, tree-rings can be interpreted in many more ways than only for dating of wood samples.
One is the dating of certain activities that have left scars or other traces in the wood. For example, the inner
bark of Scots pine has been widely used as food among peoples in the north (Bergland 1992; Zackrisson et al.
2000). Dating of the blazes resulting from bark harvest has indicated that bark was harvested regularly by Saami
people, not only as emergency food, and that the vanishing of bark peeling may be related to changes in reindeer
herding (Niklasson et al. 1994).

Some tree species, such as Scots pine, survive forest fires, but each fire leaves fire scars in the trunk. Using
dendrochronology, the scars can be dated also on dead trunks and stumps, in order to date fires and estimate
fire frequencies and the geographic extent of single fires. By comparing found frequencies with known
frequencies of lightning-initiated fires, human-induced fires can be detected and connected to, for example,
periods of swidden agriculture or forest pasture burning (Niklasson & Karlsson 1997; Niklasson & Granstrom
2007).

Dendrochronology can tell when and at what age a tree of a certain tree species was logged in order to be
used in construction material. Such information has been used to interpret the availability of forest resources,
which may, in turn, be linked to the history of human forest use and other ecosystem changes (e.g. Grynaeus
2020), including the impact of climatic factors. Regarding climate, tree-rings are not only used for dating, but
since ring width reflects tree growth rates, patterns of ring width may indicate patterns of climatic variation in
the past (Esper et al. 2018).

These examples show how wood can be an important historical source material, not least for information
about human use of natural resources. Knowledge about state, use, and variability of forests in the past is also
of great importance in ecology and conservation biology. Today’s biodiversity is always more or less a legacy
of the past, and with better understanding of past conditions, we can better understand ecological processes
and better preserve biodiversity by restoring former, more favourable conditions.

Methods of data collection and analysis

The knowledge foundation of BCH is Historical Ecology, which in turn rests on history and ecology, both in
a broad sense. Ecological knowledge is necessary in order to identify species, understand their basic needs, how
they react to different kinds of conditions (natural and anthropogenic), and to assess for how long the effect of
the past can be traced. Historical knowledge is equally necessary in order to understand how people have altered
their environment through their way of living, which specific activities have taken place, and the cultural
background to these activities and to local communities’ interactions with nature. A temporal aspect is present
in both ecology and history since societal and ecological conditions have shifted with time.

The use of BCH is based on field work, where potentially human-shaped elements in nature are registered
and interpreted in order to obtain information about human history. BCH tells us about the use of nature and
natural resources, because such practices always leave traces in their ecosystems.

Since identifying and interpreting BCH is an interdisciplinary work, we are convinced that the most solid
studies are made through collaboration between different scholars having well rooted knowledge in one field
and a sincere interest in and curiosity about the other.

With ecological knowledge, species and communities of plants and animals can be identified and analyzed in
order to understand, for example, links between a species and its environment, or why a tree or an ecosystem
has its particular growth structure and biodiversity content. Through such understanding, observations in
nature can be linked to certain sets of environmental conditions and processes, some of which have
anthropogenic origin. Knowledge build-up is largely done by studying nature that is influenced by known
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current or recent human activities, sometimes comparing the observations with more pristine natural
environments, relatively untouched by human activities.

Once a biological artifact or other human influence on nature is detected, historical information about past
land use and other activities are used to interpret the field findings. There is relevant information found at
different scales, from the different constituents of the regional land-use to the very local, in-farm practices. This
information is found in, for example, primary sources such as maps, aerial photographs, written documents,
interviews, or in publications which have already been summarized as land-use history. These are covered in
individual chapters in this book.

Interpretation can often be assisted by using information from disciplinary fields other than ecology and
history. Geology will inform about how bedrock and soil quality have shaped the possibilities and limitations
for past land use, as well as for species, and how activities such as farming change the nutrient status of soils;
geological maps are therefore a useful tool. Archaeology will inform about the long-term history and human
settlement of the area. Registered cultural remains such as burial mounds, settlements, stone walls, and charcoal
kilns give invaluable information about the extent, age and continuity of past human presence in the landscape.
Ethnology and oral history can add more information about specific local practices, and such knowledge is
often necessary for understanding what has formed the biological elements in question. Ethnological and
anthropological information also tells us about the general cultural background relating to land use, e.g. cultural
traditions and beliefs.

In practice, the methods for using BCH combine ecological and historical methods in a dialectic manner
(Figure 3.10). Ecological observations and interpretations ask questions to history: what has happened here,
and why? Historical information about human practices and natural resources asks questions to ecology: how
were natural resources shaped, maintained and harvested from ecosystems, and how may such activities have

left imprints in nature? Answers often generate new questions to both ecology and history.

Stepwise approach

We present here a brief model for how to work practically with BCH, based on what we have identified as
the most important working steps in our own studies. We will also use the following scheme in the case studies
later in this chapter. Of the following five steps, the first two are always done. The third may be done in order
to widen the understanding of the historical background. Steps number four and five are optional and depend
on the aim of the BCH inventory.

1. Identifying artifacts in nature

2. Interpreting the activity/activities that directly created the artifact

3. Interpreting the reasons behind the activity/activities

4. Assessing value for nature conservation and cultural heritage

5. Assessing needs for measures for preserving the BCH
Documentation is a key component in interpretation and contextualization. A thorough documentation of
observations, questions, theories, sources used, as well as how the information in those have strengthened,
weakened or developed new ideas. Together with photos and mapping, this type of documentation is priceless
and can be developed as experience grows.

In the documentation it is important to differentiate between observation and interpretation. This makes it

possible to return to the documentation and revise the interpretation. The shape of the old trees in figure 3.4
is an observation, while the notions that the shape is human made, as well as that it is the result of pollarding,

are interpretations.
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Figure 3.9. A tree with multiple trunks can be the result of natural wind damage, cutting of a trunk for recent forestry
putposes, or of many years of coppicing (tepeated cutting for wood and/or leaves). By learning how different types of
damage produce different types of multi-stemmed trees, artifacts can be recognized in the field. Photo: Anna Westin.

Identitying artifacts in nature

The whole process starts with finding something in nature that is not purely natural. Often the investigator
finds something that deviates from what is normal or expected in the ecosystem, such as the old trees in the
dense young forest in Figure 3.6, or grassland plants in the forest, garden plants far from houses, or a tree with
multiple trunks. The finding raises the questions about what caused the anomaly, and if the causes are natural
or anthropogenic, i.e. a BCH. This is sometimes easy, sometimes more difficult (Figure 3.9).

Some biological features in nature are obviously a legacy of human activities, such as the old trees in figure
3.4, which have clearly been shaped by cutting. Other findings take some field experience to identify as BCH.
Handbooks and other publications with examples of BCH are useful for developing an eye for artifacts in
nature. If identification is uncertain, it may help to look for more occurrences of a structure or species; a single
occurrence may be natural or by coincidence, but more of the same often indicates a land-use origin.

As mentioned, cultural influence is overlooked in many types of nature outside of pronounced cultural
landscapes, and in order to discover BCH it is important not to be limited by “old truths” in ecology and history.
For example, texts desctibing species' natural habitats rarely consider that the present habitats may be detived
from historical habitats and management.
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Activities creating the artifact - contextualisation begins

When something in nature has been identified as an artifact, it has a story to tell about human history, i.e. the
context of its formation. In agricultural landscapes, a large proportion of BCH is formed by the most common
activities, such as cutting of trees, cutting of branches, mowing, grazing and cultivation.

In the case of the old trees in figure 3.4, such trees are found throughout Europe, and we therefore know
that they are formed by repeated cutting of new shoots, i.e. by pollarding. In practice, contextualisation is usually
integrated with the identification, but as mentioned, it is wise to document observation and interpretation
separately. Already when suspecting that a tree has been culturally shaped, there is probably an idea about what
happened. If it is clear that a tree has been repeatedly cut, the activity has already been identified. But sometimes
it is less obvious what created the artifact, and then it is appropriate to proceed, and finding more information
about the land-use history is necessary.

Explaining activities - further contextualization

If we stay with the old trees in figure 3.4, we identified former pollarding in our first step of interpretation. We
know, however, that pollarding may have been done for different purposes: for harvesting leaf fodder, firewood,
charcoal burning, basket-making and so on. We deepen the interpretation in order to find the reasons behind
the practices. These are investigated at two levels. Firstly, concerning the immediate reasons for the action, e.g.
branches of a tree may have been cut to collect leaves, trees in a forest may have been cut to create more pasture,
or grasses and herbs were mown in order to get hay for livestock. Secondly, concerning the wider context in
which the activities and products used are situated. Information about the wider context will give a deeper
understanding of the people and the socio-ecological conditions they acted within.

At this stage, if not before, it is necessary to consult other sources of information, as well as including
additional BCH from the area in the interpretation. This is an exploratory phase where all kinds of information
is put on the table in order to reveal new layers of knowledge. This is done in a dialectic manner between
different sources (Figure 3.10). Starting with one initial question and alternative answers, each source is
consulted for verification, falsification and creation of new ideas. Each source-consultation will generate
clarifications or new questions that are brought back to the initial field findings, the artifact. Maybe there is
more to find out about the artifact that develops the theory or questions, which initiates another consultation
round with the other sources. This dialectical process continues until there is one or several plausible ideas.
Sometimes no satisfactory interpretation will be reached, and that is also fine.

If we continue with the example of Romanian pollarded trees in figure 3.4, the shape of the pollards raises
questions about what products were harvested by the pollarding, about the location of the pollards, the forest
structure, and about the land use in general at the site. Historical maps together with oral information may
suggest harvesting of leaf fodder from the trees together with grazing on the ground. We may also learn that
leaves from beech were mainly used as fodder for sheep, as well as bedding in the stables.

The need for leaves as winter fodder can be linked to societal factors such as property rights and user rights,
and to components of the former local agricultural system, such as the ratio between arable lands, meadows
and pastures and the use of combined pasture-pollarding. The information about former grazing motivates a
new field investigation, in order to find BCH from this practice. We may also look for BCH that can explain
how the pasture was kept open. Also, the abandonment of both the pollarding and grazing has left traces in the
ecosystem, in terms of young trees and oversized shoots on the pollards. Both can be dated and interpreted to

tell about land-use changes and their causes.
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Figure 3.10. Iustration of the dialectic process of discovering the history of a biodiversity-rich forest in Uppland,
Sweden. Field traces in the tree layer, the presence of vascular plants and mushrooms combined with historical
information in cadastral maps and tax records, lead to the conclusion that the forest has been very much shaped by past
grazing in combination with regular clearing for maintaining the forest’s openness. Source: Section of historical map
from 1753 over Gunbyle hamlet, Uppsala County in Sweden. Photo: Anna Westin.

Valuation and conservation

BCH is often associated with rich biodiversity. Traditional land uses have created species rich habitats, in
particular various kinds of semi-natural grassland, which are now among the most threatened and valued types
of habitats in Europe. The value of human-shaped habitats lies both in the importance for biodiversity and
biodiversity conservation, and in the importance for cultural heritage, especially in terms of BCH.

Regarding values for cultural heritage, the richer the context, the more useful BCH becomes as a source to
history and thus also as a heritage from our past. It may contribute with new knowledge about local or regional
history that is not to be found in written or oral sources. In the field, BCH often contributes with information
in areas that are scarce in other types of physical remnants, such as buildings, fences, and roads. BCH also
brings us other types of information. For example, there may be stone fences or ditches surrounding a flat
surface cleared of stones, which leads to the conclusion of an abandoned arable field. Remnants of vegetation
may contribute with information about what was once cultivated. The understanding of BCH is to the landscape,
what the small construction details and the authentic furniture are for historical houses.

There is a large overlap between BCH and the biodiversity of conservation. Since traditionally managed
habitats are rapidly declining, their biodiversity (which constitutes a BCH) is threatened. Also other types of
BCH, such as old culturally modified trees, are of great importance for biodiversity. But there are also many

cases where biodiversity and heritage interests differ. Common species are not of concern for nature
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conservation but may still be an important heritage. On the other hand, some rare species may be of high
concern for nature conservation but have weak, or no, historical indicator value.

Conservation of BCH differs from conservation of other heritage, since it is always changing. Old trees with
traces of use, e.g. with cutting scars, will eventually die and decompose, even with the best of care. Old practices
of tree management may have to be re-introduced and applied on younger trees to ensure regeneration of
culturally modified trees and preserve the memory of the practice. Hence, the craftsmanship and practical
understanding of traditional farming are key components of the BCH and its conservation (Chapter 10).

One of the most important links between BCH and biodiversity is that BCH can help us understand what
has shaped the biodiversity we now try to preserve. The key to preservation is usually to restore former, more
favourable conditions, but it is often difficult to find information about those conditions, i.e. to set up targets
for restoration. Interpretation of BCH can provide new insights about former habitats and management regimes.
For example, former pastures needing to be restored by resumed grazing. However, grazing can be designed in
many different ways, and restoration often fails because of incorrect grazing. Successful species conservation
may depend on details such as grazing pressure, the length of the grazing season, during which months grazing
took place, possible rotation between different pastures, what types of livestock there were, and cover and
details about trees and bushes. Understanding the history embedded in BCH is to understand what shaped
biodiversity, which is a short-cut to finding successful conservation methods.

There is no systematic database for documenting BCH as far as we know. Heritage with close association
with species or structures of conservation concern, may be part of different databases (ancient trees, high nature
value grasslands etc.), which are usually set up only for biodiversity reasons. The historical context, which turns
biodiversity into heritage, is not systematically recorded. Lack of systematic inventories and documentation is
an important reason for ongoing loss of BCH. Documentation and building up the knowledge base on how to
interpret BCH in different regional contexts, is therefore a very urgent task, and more people are needed for
this task.

Sources

Below we list the most important sources and how they may be used to interpret BCH. Many of them are
covered in detail in other chapters of this book.

Botanical literature

National and regional books on flora are of course crucial to identify plants at the species level, but they may
also inform about what types of environments these are expected to be found. This is key information to
interpret the species as soutrces (see above). It is important to remember that the information about
environmental preference is usually based on current findings, thus they do not consider where they used to
grow in the past, which is more interesting for a historical interpretation. Consultation of old botanic literature
may therefore give more accurate information about past environments.

Regional and local literature

Literature describing the regional and local cultural history, in particular on how people made their livelihood
and what kinds of activities that were involved in using the landscape, creates a valuable framework to the
interpretation of field findings. Also, large natural events like forest fires and storms are important to considet,
since they may create similar effects on forest structure as human deforestation.
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Oral histoty, traditional knowledge, and indigenous and local knowledge

Interviewing elderly people from the local area may give important clues to what has happened in the area
during their lifespan, such as the main livelihood and how it changed with time, storms, fires, draining projects
etc. Local people may also know about unregistered heritage sites of importance for interpretation, such as
charcoal kilns, former houses and roads. Farmers who have been working the land, may know interesting details
about how grazing was organized, which meadows that were in use the longest, and what was cultivated in
different places. People engaged in documenting local history and heritage may be a gold mine of information.
They may even have access to unique photographs, farm tools, and documentary sources contributing with key
information for interpretation of biological-historical heritage. Local experts can be engaged at different levels,
from being only informants to full research participants engaged in interpretation and publication. These
aspects are treated in chapter 10 on Engaged Historical Ecology.

Material culture

Fences, farm tools and other objects are interesting for two reasons. Firstly, because they give insights into
important activities for which tools were needed. Secondly because the material that objects were made from
say something about the local availability of resources. For example, wooden fences in Sweden were usually
made from juniper and spruce. In forested regions, the number of fences added up to many kilometers and
thousands of junipers were cut in the local forest. The amount of juniper needed for fencing is an indication of
the openness of the forest, since they do not grow in the shade. The interpretation based on material culture
must of course take into account whether there was a local tradition of buying different objects from other

regions.

Historical photographs

Photos from the early 20" century onwards may show people, tools, livestock, landscapes and activities.
Commonly, photos were taken by the house, with people and livestock looking their best. But pictures may
also have been taken elsewhere in the landscape showing e.g. vegetation and trees (see also chapter 2).

Reference landscapes
In countries where the traditional land use has been gone for a long time, key information may be missing
simply because the landscapes and land uses have changed, and no source has documented what went lost.
Visiting areas where traditional land uses are still vivid, may give new ideas vital for the interpretation. These
reference landscapes may be situated in the same country or abroad. As Swedish land-use researchers, the
authors have visited the Romanian countryside many times with fruitful contributions to the interpretation of
the Swedish landscape and historical sources. Although the socio-economic conditions may be very different,
the two countries show large resemblances in basic ecosystem use, traditional land use methods and species
pools. For example, grassland species that are rare in Sweden because land use and landscapes have changed,
may still be common in Romania. The study of populations in a good state and in a land-use type that favors
them, is invaluable to understanding the history of their habitats.

Reference landscapes are preferably studied by combining field observations, interviews, and historical
sources, in collaboration with local experts.

Other sources
¢ Documentary sources (Chapter 2)
e C(Cadastral maps and other land use maps (Chapter 6)
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e Economic maps (Chapter 6)
e Aerial photographs (Chapter 12)
e Archaeology (Chapter 8)

Field techniques, data collection, tools, and software

Being a new field, there is not really an established method on how to perform BCH field work. We find it
useful to bring all available historical maps, georeferenced in a field tablet. This makes orientation in the
historical landscape easier. We also consult different map applications based on available online databases with
registered archaeological findings, protected areas, terrain, and satellite images.

Field information is collected as waypoints, linear objects, or surfaces, which can be implemented into a GIS
map. There are different software applications, but so far we have used Avenza maps in the field, and QGIS
for data processing (Chapter 11).

Any type of relevant information is collected: individual species, culturally shaped trees, bushes, remnants of
fences, houses, industrial activities, ditches, roads, quarries and much more. More complex information, such
as long species lists, are collected in worksheets and correlated to a waypoint.

Depending on the type of data collected, it is analyzed qualitatively or quantitatively, in which case we use
common statistical programs or GIS. We often combine different tools and software in a project, which is
determined by the type of data collected.

Examples from our research projects and study areas

Pilot study 1. Summer farms in Bruksvallarna, Sweden

Wooded pastures were of great importance and have covered large areas in pre-industrial Sweden. Despite this,
the knowledge about them is very limited. In a project about near-alpine forests, we made a pilot study about a
forest in a summer farming area of Bruksvallarna in the county of Jimtland, Sweden (Lennartsson et al. 2023).
We mapped BCH within two hectares of formerly grazed forest. In the interpretation we also used a cadastral
map from 1889 and interviews with summer farmers born in the 1940’s and 1950’s.

The forests west of river Ljusnan in Bruksvallarna have a long history as a summer farm area. As recently as
the 1950, there was full activity with animals, grazing, mowing and milk handling, after which summer farming
ceased and changed. Today, a few active summer farms remain, where the character of grazing and biological
diversity is preserved. The greater part of the area contains only remnants of the summer farm houses and their
surrounding former fields, while the old forest pastures give a highly natural impression, varied with old trees,
mires and standing and lying dead wood (Figure 3.11).
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Figure 3.11. A formerly grazed forest in the summer farming area in Bruksvallarna, Sweden. Photo: Tommy
Lennartsson

Figure 3.12. Multi-stemmed birch elevated on a stool resulting from repeated cutting, probably for firewood needed to
prepare cheese at the summer farm. Photo: Tommy Lennartsson.
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But at a closer look, the seemingly natural forest landscape is loaded with BCH (Figure 3.14). The most
common types of heritage are culturally modified birches (Figure 3.12) and spruces (Figure 3.8) and ground
vegetation. We recorded 71 multi-stemmed birches, some of which are elevated as a stool. There are 36 old
spruce trees with traces of grazing damage, either as multi-stemmed or with a thick brush of dead branches low
on the trunk. There is also a multi-stemmed rowan, and some old juniper bushes. About 20% of the surface
has a richer vascular plant flora with species that belong to grazed or mown vegetation types.

In 1889, the nearest summer farming houses were situated only 250 meters from the investigated area, as
shown by cadastral maps and remaining houses (Figure 3.13). Most of the area was by the surveyor termed as
"birch land", but also "birch and pasture land", and various terms for wetlands used for mowing. It is clear that
this forest was a place for intensive grazing and other land uses in the late 19th century. Indeed, as late as in the
1950s, goat keeping was increasing in order to satisfy the tourists' desire to buy goat cheese.

In figure 3.14 we differentiate between observation and interpretation. According to our conclusions, spruces
with multiple trunks have been shaped by intense goat grazing. Also, the birches could have been shaped by
grazing, but our interpretation is that they were coppiced to get firewood for processing the milk. “Birch land”
in the map indicates that birch was an important resource. Grazing and coppicing keeps a forest open and light,
also shown by light demanding junipers.

Figure 3.13. Studied area (yellow) against the background of an aerial photograph from the 1960s. Other information
comes from a cadastral map from 1889: the red markings show houses, green areas are dry hay meadows, blue areas are
wet meadows. Other land was various types of forest, pasture, slopes and rivers. Sources: Laga skifte Fundsdalen
Malmagen etc. 1887. Lantmateristyrelsens arkiv Y56-7:1, Historical orthophoto with reference year 1966, Lantmiteriet
open geodata.
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The mires, swampy or boggy ground, were mown to get hay as winter fodder. Informants have told us that
hay was stored in stacks to keep it dry until the hay could be transported to the farm in winter, taking advantage
of the snow and ice for making convenient transport roads through the forest. We found two places where
materials for constructing stacks were stored. These were placed under a large spruce tree on dryer land,
indicating where the stacks had been built.

We also found traces of birch bark peeling, scars in trees from harvest of material for handicraft, and traces
of branch harvest on spruces. The use of branches is not clear to us, but they could have been used as “floors”
under the haystacks, or as simple fences to protect stacks from grazing animals, among other possible uses.

The three main soutces: cadastral maps, oral information, and BCH, testify in unison about a historically
intensively used landscape. They inform us about different time periods and provide different kinds of
information. The information provides answers about land use but also raises new questions.

The informants' memories stretch as far back as to the 1950s, when goat farming was vivid and mowing was
still taking place around the summer farms and in mires. They informed us about the approximate number of
goats, sheep and cows at each summer farm, and about the forest structure: ‘the forest was grazed and open
and looked like a park’.

The terms in the cadastral maps raise questions as to what a "birch land", "pasture land" etc. actually looked
like and how it was used. A deeper field investigation could be of help, e.g. through a careful and comprehensive
mapping of BCH in various sub-areas.

The mowed wetlands raise questions about what the managed vegetation actually looked like, and which

species and vegetation types remain from the mown state.

Biological cultural trace Interpretation
o Multi-stemmed spruce Grazing
. Dito with branches cut Grazing and branch harvest

Spruce with recent low bark injury Recent grazing

® Rectangular bark damage on spruce Bark peeling

® Branches cut on old spruce Branch harvest

@ Old juniper Light indicator

2 Bark peeling on birch Harvest of birch bark

o Multi-stemmed old birch Harvest of fire wood

® Other damage on stem Wood harvested for craft

wooded sticks under dense spruce Winter storage of hay stack material
m Management dependent vegetation Grazing

Figure 3.14. Mapped biological cultural heritage in a near-alpine forest in Sweden. Illustration: Anna Westin.
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My

Figure 3.15. The cowslip grows to the right of the old stone fence, but not to the left. Even further to the left, a modern
fence defines the border to a forest pasture.

Pilot study 2. Past grazing regimes imprinted in the flora

On Brotto island in the archipelago of the Swedish Baltic, the herb cowslip (Primula veris) grows between an
arable field and a stone fence, but not at all on the other side of the stone fence (Figure 3.15). Why is that, and
what can the history of this cowslip population teach us about the past?

First, the cowslip is confined to grassland, which in this region is always a human-made habitat. The
occurrence of the species is therefore an artifact, a BCH. The soil and other conditions are similar on both sides
of the fence, and it is therefore likely that also the peculiar distribution with presence on one side and absence
from the other, has anthropogenic origin. We begin the interpretation by examining the land use history using
a cadastral map from 1859 (Figure 3.16.).

Most of this part of the island was pasture, possibly for grazing during the entire summer. A fence around
the fields kept the crops safe from grazing livestock until after harvest, when they were let in to graze arable
fields as well as the edges around fields. The place where the cowslip grows today has thus, historically, not
been grazed until very late in summer, perhaps in mid-August or even later, depending on what was cultivated
in the field. The cowslip thus grows where late grazing was practised, but is missing left of the stone fence,
which was subject to grazing all summer. Is the distribution of the cowslip explained by historical grazing timing?
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Looking closer into the ecology of the cowslip, we see that it is indeed one of many early flowering species
that benefit from late management, which allows it to flower and set mature seeds before grazing or mowing
starts. Consequently, it is common to find cowslip on pastures and hay meadows that have traditionally had
late management. This pattern can sometimes, as in this case, persist after the late management has ceased,
which makes cowslip a BCH from grasslands with late management.

Today the fence is situated a few meters away from the arable field, which means that both sides of the old
stone wall are grazed in the same way. In the long run this will erase the difference between both sides of the
stone fence, and thus the land-use memory shown by cowslip will disappeat. In order to preserve the current
pattern, it is desirable to relocate the fence to its former position and return to the former grazing regime.
Preserving cowslip will also benefit a set of other plant species and insects that are favored by late onset of
grazing,.

Figure 3.16. Historic fencing system on the western part of the island of Brottd, in Stockholm County in 1852. Arable
fields have been colored red and fences are black. The yellow arrow shows where the photo in figure 3.15 was taken.
Source: Laga skifte 1852, Lantmiterimyndigheternas arkiv 01-lju-56.

Examples from other disciplinary and interdisciplinary projects

The biological cultural imprints in forests around Europe have been studied by several research groups, some
of which have summarised their findings in a book edited by Biirgi et al. (2020). Six case studies are presented
and discussed in the book in the light of how the biodiversity of the forest has been influenced by traditional
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use and how the knowledge of these traditions can help sustaining this diversity. The first case is from the
border between Hungary and Ukraine and exemplifies how land use during the late 20th century influences
how much of BCH remains. On both sides of the border, the oak forest was used for pannage, the right or
privilege of feeding pigs or other animals in a forest. This tradition has been sustained in Hungary, along with
a varied forest, whereas in Soviet Ukraine, forestry was intensified, leading to homogenisation of the forest.
The second case describes how a palette of historical land uses has created diversity in ecosystems. In the
otherwise intensely used landscape east of Prague, land use has changed over time into new types of land uses.
Examples range from Baroque designed parks, over broad-leaved forests, coppices, to orchards. The third case
describes how a dynamic land-use history has created much of the observed diverse forest patterns in almost
3000 forest key habitats in Zemgale, Latvia. Iron manufacturing activities, including medium-intense logging
during the eighteenth century, was a key factor for creating diverse forest patterns. In case four, the researchers
advocate for recreating the historical mosaic of Mediterranean grazed landscape in Catalonia, Spain, because
today’s habitats encroached by forest on cropland and pastureland, hold low-quality forests, very prone to
wildfires. Another case summarizes years of research into the intensively used forests in the Italian Apennines.
Among other things, the significance of white alder (A/uus incana) for sustaining the local agricultural system is
emphasized. The conclusion of the study is that the intricate relationship between the forests and the locally
adapted uses of them have created forests which are not just highly biodiverse ecosystems, but equally
important as cultural legacies of distant and recent past.

Figure 3.17. Saami bark peeling in Muddus, Lappland. Photo: Tommy Lennartsson.
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The final case is from northern Swedish Sdpmi, where there is a general idea of the untouched forest
landscape, despite Sami landscape use dating back millennia. This research group has documented and
analyzed biological cultural traces to prove the Sami use of the landscape. An important task has been to
document culturally marked trees, CMT, (e.g. Ostlund et al. 2003). Sami people traditionally lived on a
combination of milk reindeer herding, hunting, fishing, and collecting plants. One important food source was
the inner bark of Scots pine (Pinus sylvestris) which was used as food among other things. The inner bark
was collected by peeling off the outer bark and left permanent scars in the trees (Figure 3.17). Anna-Maria
Rutio et al. (2014) studied bark-peelings to assess the magnitude and spatiotemporal patterns of inner bark in
a nature reserve in the northernmost Sweden. They also recorded archaeological traces, hearths (fireplaces)
and storage platforms. There was a concentration of recorded objects close to a lake. Dendrochronological
dating of the scars enabled the group to establish that the same site had been used nearly every decade from
the late 16th to late 19th century, but with a varying frequency. The fact that the harvest levels were low in
comparison to other studies lead the authors to the conclusion that the inner bark was primarily used in
spring as a supplementary health food, when the availability of other food sources such as game meat, was

low.

Limitations and benefits of working with BCH

The main benefit of working with BCH is that it represents manifestations of Historical Ecology, it gives insight
into people's relationships with nature, and it provides direct keys to conservation. The methods used bring
together different disciplines (history and biology, both in a broad sense), and make a meeting point for nature
and cultural heritage conservation. The combination of sources and the interface between history and biology
also brings new knowledge and perspective to both disciplines. The fact that many sources, disciplines, and
techniques are used may feel overwhelming but makes an excellent field for rewarding collaboration.

Best practices and sources of errors and problems

Working with BCH is based on a constant exploration of nature, culture, sources, methods, software and
publications. We have summarized the most important aspects to keep in mind to make the exploration as
fruitful as possible:

e Transparency and documentation. Be clear on what kind of information that was used and differentiate
between observation and interpretation.

e Develop a good ecological reference. With increasing field experience, it is possible to develop a good
knowledge base on what is common/expected and what is rare/unexpected. This helps finding and
interpreting BCH.

e Dialogue between different sources. Stepwise interpretation where questions are alternating between
the different sources, each bringing new answers and questions to continue with.

o Consider time. Reflect on how long different traces may remain in trees, vegetation, etc. How does
dating of BCH correspond with time reflected in other sources? Are there several shifts in land use
that may be traced in the landscape?

e Consider space. BCH can be stationary, such as trees, telling about the environment on the spot. Other
BCH is mobile, such as vascular plants and insects, and indicate conditions in a wider area and not
necessarily where they appear at present.
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o Consider different layers of vegetation. Trees, shrubs, herb-grass, and ground level vegetation
complement each other with information of past times. They also influence each other. For example,
shrubs can only survive where there is enough light, i.e. not too dense forest.

e Source criticism. Both historical sources and ecological knowledge about species should be used with
sound skepticism and source criticism. Most biologists lack in-depth historical knowledge, and the
general knowledge about species may need to be refined when seen in a historical context. Most
historians lack in-depth biological knowledge, and historical sources have rarely been interpreted in
ecological contexts.

e Interdisciplinary collaboration. The most fruitful way to work with BCH is to work together with
experts of other disciplines.

e Every study of BCH is pioneering work. Compared to many other methods, there is still much to learn
and to develop.

Sources of data, copyright and privacy issues, sharing and explaining data to others
Different countries have different regulations and policies concerning how freely you are allowed to walk in
nature on common and private land. Even where allowed, landowners usually appreciate being contacted in
advance if a field survey is performed. That also gives a chance to explain what the study is about and spread
the word on what BCH is. Landowners’ engagement may also contribute with important oral information.
Publishing of any personal information, or data from interviews must be approved by the informants and
undergo appropriate approval processes. Questions on permission should be raised before the interview starts,
in order to avoid misunderstandings. The informants must have the chance to read and correct the information
used. The permission form should include complete information about the publication, for example the type
of media, spreading and copyright.

The copyright of other kinds of sources must be looked into separately as there may be differences between
different countries.

Cost and effort required, training needed
At present, few universities offer interdisciplinary training, such as the combination of history and ecology.
Therefore, the interest in BCH is usually founded in personal interest or emanating from questions needing
interdisciplinary approaches. One such basis of interest is nature conservation in cultural landscapes.

Working with BCH is a craft that requires time for getting skilled. As mentioned, one important key is to
work in collaboration with other disciplines, but with time, one person can also develop good skills.

Existing guidebooks, field guides, and tutotials

Looking at the entire range of BCH: from identification, interpretation, conservation, to application in different
types of landscapes, the practical literature is very unevenly spread.

We have the impression that there is much literature (national and international) on cultural landscapes,
especially grasslands and ancient trees in semi-open landscapes, that acknowledge that they are cultural
remnants that need specific measures to be preserved. In contrast, the literature on forests usually focuses on
the natural. We have found that tutorials on interpretation are largely missing, meaning that the value of BCH
as a historical source is much under-used. We have also found that when examining the detailed history of an
artifact in nature it often leads to the conclusions that routine management advice is not sufficient to preserve

neither biodiversity nor heritage values.
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The chapter authors have written a number of guidebooks on e.g. identification, interpretation,
documentation and compiling knowledge on BCH in different types of habitats/land use types (e.g.
Lennartsson 2913, 2016, Westin 2014, Ljung et al. 2015), financed by the Swedish heritage board and the
Swedish Environmental Protection Agency.

Conclusions

Although the roots of biological cultural heritage are deep, the methods on how to work with interpretation in
detail are very young. There is much more to be done in this exciting field of knowledge. But the clock is ticking
fast. Memories of the landscape mediated by living organisms are eroding as trees are being cut and grasslands
are abandoned or cultivated. For anyone interested there is much to learn and to do and there is a good chance
that the knowledge derived can make a difference if communicated with landowners and officials in charge of

restoration and management of nature.

References

Bergland, E. O. (1992). Historic period Plateau Culture tree peeling in the western Cascades of Oregon.
Northwest Anthropological Research Notes 25: 31-53.

Berkes, F., & Folke, C. (1998). Linking Social and Ecological Systems: Management Practices and Social
Mechanisms for Building Resilience. Cambridge University Press, New York.

Biirgi, M., Cevasco, R., Demeter, L., Fescenko, A., Gabellieri, N., Marull, J., Ostlund, L., Santrackova, M., &
Wohlgemuth, T. (2020). Where do we come from? Cultural heritage in forests and forest management. In F.
Krumm, A. Schuck, & A. Rigling (Eds.), How to balance forestry and biodiversity conservation — A view across
Europe (pp. 47-61). Swiss Federal Institute for Forest, Snow and Landscape Research (WSL), Birmensdorf.

Crumley, C., Lennartsson, T., & Westin, A. (Eds.). (2018). Issues and Concepts in Historical Ecology - The
Past and Future of Landscapes and Regions. Cambridge University Press.

Dillon, C., Bell, N., Fouseki, K., Laurenson, P., Thompson, A. & Strli¢, M. (2014). Mind the gap: Rigour and
relevance in collaborative heritage science research. Heritage Science 2, article 11.

Edvardsson, J., Almevik, G., Lindblad, L., Linderson, H. & Melin, IKK.-M. (2021). How cultural heritage studies
based on dendrochronology can be improved through two-way communication. Forests 12: 1047,

https://doi.org/10.3390/£12081047.

Eriksson, O. (2018). What is biological cultural heritage and why should we care about it? An example from
Swedish rural landscapes and forests. Nature Conservation, 28, 1-
32. http://dx.doi.org/10.3897 /natureconservatio.n.28.25067.

Esper, J., St. George, S., Anchukaitis, K., D’Arrigo, R., Ljungqvist, F.C., Luterbacher, J., Schneider, L., Stoffel,
M., Wilson, R. & Biintgen, U. (2018). Large-scale, millennial-length temperature reconstructions from tree-
rings. Dendrochronologia 50: 81-90.

Fischer-Kowalski, M., Reenberg, A., Schaffartzik, A., & Mayer, A. (2014). Ester Boserup’s Legacy on
Sustainability : Orientations for Contemporary Research. Springer

97


http://dx.doi.org/10.3897/natureconservatio.n.28.25067

Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

Frodin, J. (1952). Skogar och myrar i norra Sverige, i deras funktioner som betesmark och sldtter. Inst. Sammenl.
Kulturforskning, Oslo.

Frodin, J. (1954). Upplindska betes- och slattermarker i gamla tider. Deras utnyttjande genom landskapets
tibodvisen. Geographica 29, Uppsala.

Gavin, M. C., McCarter, J., Mead, A., Berkes, F., Stepp, J. R., Peterson, D., & Tang, R. (2015) Defining
Biocultural ~Approaches to Conservation. Trends in FEcology and Evolution, 30(3), 140-
145. https://doi.org/10.1016/j.tree.2014.12.005

Grynaeus, A. (2020). Dendrochronology and environmental history: The difficulties of interpretation. The
Hungarian Historical Review 9: 302-314.

Gustavsson, E., Lennartsson, T., & Emanuelsson, M. (2007). Land use more than 200 years ago explains current
grassland plant diversity in a Swedish agricultural landscape. Biological conservation, 138, 47-59.

Lennartsson, T. (2013). Trdd och buskar, manghundradriga historieberittare. Riksantikvarieimbetet.
Lennartsson, T. (2016). Vixter och vegetation som biologiskt kulturarv. Riksantikvarieimbetet.
Lennartsson, T., Tunén, H., Westin, A., & Ljung, T. (2023). Kulturprigel i fjillnira skog. Riksantikvariedimbetet

Lindbladh, M., Fraver, S., Edvardsson, J. & Felton, A. (2013). Past forest composition, structures and
processes—How paleoecology can contribute to forest conservation. Biological Conservation 168: 116-127.

Lindholm, K.-J., & Ekblom, A. (2019). A framework for exploring and managing biocultural heritage.
Anthropocene, 25, 100195. http://dx.doi.org/10.1016/j.ancene.2019.100195

Ljung, T., Lennartsson, T., & Westin, A. (2015). Inventering av biologiskt kulturarv. Riksantikvarieimbetet.
Malffi, L. & Woodley, E. (2010). Biocultural diversity conservation, a global sourcebook. Earthscan, New York.

Miles, D. (1997). The interpretation, presentation and use of tree-ring dates. Vernacular Archaeology 28: 40—
56.

Niklasson, M. & Granstrém, A. (2000). Number and sizes of fires: Longterm spatially explicit fire history in a
Swedish boreal landsscape. Ecology 81:1484—1499.

Niklasson, M. & Katlsson, M. (1997). Brandhistorik i Murstensdalen. Rapport 1997:1. Linsstyrelsen i Orebro
lin, Orebro.

Niklasson, M., Zachrisson, O. & Ostlund, L. (1994). A dendroecological reconstruction of use by Saami of
Scots Pine (Pinus sylvestris L..) inner bark over the last 350 years at Sidvajaure, N. Sweden. Vegetation History

and Archaeobotany 3: 183-190.

Rackham, O. (2003). Ancient Woodland: its history, vegetation and uses in England (New ed.). Castlepoint
Press.

98


https://doi.org/10.1016/j.tree.2014.12.005
http://dx.doi.org/10.1016/j.ancene.2019.100195

Practicing Historical Ecology

Rautio, A.-M., Josefsson, T., & Ostlund, I.. (2014). Sami Resource Utilization and Site Selection: Historical
Harvesting of Inner Bark in Northern Sweden. Human Ecology, 42,137-146. https://doi.org/10.1007/s10745-
013-9624-6

Roberta, C. (2010). Environmental heritage of a past cultural landscape : Alder woods in the upper aveto valley
of the northwestern Apennines. In M. Armiero & M. Hall (Eds.), Nature and History in Modern Italy. (pp.
126-140). Ohio University Press.

Rotherham, I. D. (2007). The implications of perceptions and cultural knowledge loss for the management of
wooded landscapes: A UK case-study. Forest Ecology and Management, 249, 100-115.
https://doi.org/10.1016/j.foreco.2007.05.030 Ostlund, L., Ericsson, T. S., Zackrisson, O., & Andersson, R.
(2003). Traces of past sami forest use: An ecological study of culturally modifed trees and earlier land use within

a  boreal  forest  reserve. Scandinavian ~ Journal =~ of = Forest  Research 18,78-89.
https://doi.org/10.1080/02827581.2003.10383140

Swedish National Heritage Board. (2020). Biologiskt kulturarv: vixande historia.

Swiderska, K. (2020) Biocultural Heritage Territories: Key to Halting Biodiversity Loss. Biodiversity Briefing,
July 2020. http://pubs.iied.org/17760IIED

Van der Plecht, J., Bronck Ramsey, C., Heaton, T.]., Scott, E.M. & Talamo, S. (2020). Recent developments in
calibration for archaeological and environmental samples. Radiocarbon 62: 1095-1117.

Westin, A. (2014). Att tyda landskapets berittelser - En metod att tolka biologiskt kulturarv.
Riksantikvariedimbetet.

Zackrisson, O., Ostlund, L., Korhonen, O. & Bergman, 1. (2000). The ancient use of Pinus sylvestris L. (Scots

pine) inner bark by Sami people in northern Sweden, related to cultural and ecological factors. Vegetation
History and Archaeobotany 9: 99-109.

99


https://doi.org/10.1007/s10745-013-9624-6
https://doi.org/10.1007/s10745-013-9624-6
https://doi.org/10.1016/j.foreco.2007.05.030
https://doi.org/10.1080/02827581.2003.10383140
http://pubs.iied.org/17760IIED

Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

CHAPTER 4

PALEOECOLOGY

PER LAGERAS

Paleoecology is the scientific study of environmental conditions and ecological relationships in the past. The
source material is usually fossils. It may be petrified wood, shells, or even dinosaur bones from millions of years
ago, but also includes much more recent remains. Of most interest to Historical Ecology is Holocene
palacoecology, which focuses on the period from after the last ice age to the present. From this geologically
very recent period, plant and animal remains are rarely fossilized in the meaning of being petrified. They are
referred to as subfossils and can be found, for example, in peat and mud layers. Due to the short time depth,
Holocene palacoecology deals with the same species that exist today, and therefore provides a very important
historical background to today's ecological conditions. Also, and most importantly for the scope of this book,
it deals with the period when humans in many parts of the world went from hunters to farmers and gradually
exerted an increasingly severe pressure on the environment. Palacoecology is therefore an important tool also
in the study of human history, particularly human-environment interactions.

Palacoecology, like ecology, involves plants, animals, and the environment. Here, however, we focus on the
study of plant remains and what it can contribute to Historical Ecology. Even though palacoecology is often
applied to prehistoric periods from which there are no written sources, it can make important contributions
also to the more recent periods that dominate within Historical Ecology, and even for periods and places from
which we have written records and other historical sources.

Plant palacoecology is the analysis of physical remains of the actual plants. Above all, two types of plant
remains are important, namely macrofossils (seeds, fruits, etc.) and pollen. Fascinatingly enough, such small
and sensitive plant remains can be preserved in the ground and may be identified even after thousands of years,
if the preservation conditions are right. Why macrofossils and pollen have gained so much attention is because
they are better preserved than most other plant parts, and that they have characteristic appearances that enable
identification to plant species, genus, or family.

Palacoecological records may be very species rich, and they may include different plants when compared to
other historical sources. While written documents and maps usually only deal with economically important
plants - mainly cultivated plants but sometimes also wild plants if they had economic value - the palacoecological
archive contains a much wider spectrum of plants. The cultivated plants are usually included, but also plants
that are rarely mentioned in the historical records, such as arable weeds, ruderals, plants of meadows and pasture,
wetland plants, trees and shrubs, etc. Therefore, palacoecology can make important contributions to the study
of past ecological conditions and of agrarian systems and their sustainability.

In this chapter I explain the two most important techniques in plant palacoecology: pollen analysis and
macrofossil analysis. I also present two case studies that exemplify how these techniques can be used to study

past human interaction with the environment.
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Figure 4.1. Plant-macrofossils retrieved from a well in Fjelie Village, southern Sweden. The well was radiocarbon dated
to cal. AD 1420-1620. The photo shows one charred barley grain and numerous uncharred seeds of useful plants (hops,
henbane, eldet, etc.), weeds, and ruderals. Photo: Per Lageris.

Pollen and plant macrofossils
Pollen grains are microscopic, often only a few hundredths of a millimetre across. They spread during flowering
with the purpose to fertilise female flowers in sexual reproduction. To do this, different species use different
strategies. Insect-pollinated species (often those with colourful and fragrant flowers) attract insects to make
them carry the pollen grains from flower to flower. This type of pollen dispersal has a high hit rate, that is, a
large part of the pollen produced reaches its target. Wind-pollinated plants (these have anonymous flowers,
such as grasses and many trees) use a different strategy, and simply release large amounts of pollen in the air
and hope that some will reach female flowers. As can be understood, the spill is very large from the latter group,
and that is why pollen from wind-pollinated species dominates our soil samples. Because pollen grains are so
small and light, and are effectively mixed in the air, pollen samples are good for providing a picture of the
surrounding vegetation.

Each pollen sample reflects the vegetation at the time of its deposition. By analysing the pollen composition

of samples in a stratigraphic sequence, it is possible to study how vegetation in an area has changed over time.
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Peat and mud sequences from peatlands and lakes, with their pollen content, are therefore invaluable historical
archives. Such sequences can be used to study vegetation development over thousands of years.

Plant macrofossils is a collective term for seeds and other larger non-microscopic plant remains (macro in
this connection means that they are visible to the naked eye). Seeds in flowering plants are the result of sexual
fertilisation and their function is to fall to the ground and germinate into a new plant. They are significantly
larger than pollen grains, often from a few tenth of a millimetre to several centimetres, and therefore do not
spread nearly as far (Figure 4.1). Some seeds may be carried longer distances by wind, or by birds and other
animals, but the vast majority are transported only a few metres. Seeds and other macrofossils in a soil sample
are therefore generally more local than the pollen content, and samples taken only a few metres apart may have
completely different macrofossil compositions. An interesting thing about seeds and other macrobotanical
remains is that they are sometimes themselves the sought-after, edible, and used part of plants (cereal grains,
flaxseeds, buckwheat, berries, nuts, and many more), which humans have stored, processed, traded, and eaten.
Seeds found in the remains of an abandoned house, for example, may not only show that a particular plant
species grew in the area, but also that it was harvested or collected, and processed in the household.

Figure 4.2. Peat and lake-mud sequences, with their content of pollen and macrofossils, are nature’s own historical
archives. Core from a peatland in southern Sweden. Photo: Per Lageris.

Where to take samples

Pollen is mainly preserved in wet, oxygen-free environments, like lake-sediment stratigraphies, and peat deposits.
Such sequences can be sampled with simple coring equipment (Figure 4.2). Because pollen is transported far
by the wind, samples from wetlands also reflect the vegetation on dry land surrounding the wetland, often
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within a radius of a few kilometres. The precise length of this radius is not possible to calculate, mainly because
pollen grains of different species fly different distances, but it can be estimated based on the lake radius (Sugita
1994). A rule of thumb is that the larger the lake, the larger the pollen source area. Therefore, to make a local
study, one can preferably take samples in a small peatland or very small lake.

During archaeological investigations of settlements, the remains of ancient wells are sometimes found and
excavated (Figure 4.5). The water-logged sediments in such wells have good pollen preservation and can provide
a picture of the local vegetation and land use in and around the investigated settlement.

Although pollen samples are preferably taken in wet environments, in some cases pollen can also be
preserved in dry soil, especially if the soil pH is low. In this way, samples from, for example, clearance cairns
and fossil arable fields may be analysed. Pollen preservation in such dry soil is often poor but may still be
sufficient to provide a glimpse of past cultivation and environment.

Like pollen, also seeds and other macrofossils are well preserved in wet sediments. But unlike pollen grains,
most seeds can be preserved (and identified) also as charred. This makes macrofossil analysis particularly useful
in archaeology. In settlements where domestic fires have been used, cereal grains and other macroscopic plant
remains have often been (unintentionally) charred. This charring makes the plant remains resistant to biological
decomposition and charred grains and seeds (and of course charcoal) can be preserved for thousands of years
in ordinary dry soil. Samples taken at archaeological excavations usually contain plenty of carbonized
macrofossils. Most common are cereals, arable weeds, and ruderals. Seeds from meadow and pasture plants are
less common, probably because hay fodder was kept away from fire, but may show up in large numbers in
some contexts.

Microscoping and plant identification

Samples for pollen analysis are chemically treated with various acids to concentrate the pollen grains before
analysis. The analysis itself is performed using a light microscope, often with 400-1000 times magnification.
Phase contrast is helpful for identification. To obtain a statistically good result, approximately one thousand
pollen grains should be identified in each sample. This is rarely a problem, as lake mud and peat can contain
hundreds of thousands of pollen grains per cubic centimetre. For the determination of pollen grains, there are
published identification keys (Beug 2004; Moore et al. 1991). A reference collection of recent pollen grains is
also a good aid. Sometimes it is possible to identify pollen grains to species level, but often only to genus, and
sometimes only to family.

Samples for macrofossil analysis do not need to be chemically treated. To retrieve carbonized macrofossils
from dry soil, flotation is used. This means that the sample is poured into water, whereby the charred material
floats up and can be collected with a net (Figure 4.3). The analysis is carried out using a low magnification
microscope, often with approximately 5-50 times magnification, and reflective light. Here, too, there are
identification keys and photo guides (Cappers et al. 2006; Neef, Cappers & Bekker 2012), but a large and well-
sorted reference collection of seeds from recent plants is invaluable. With the help of a good reference collection,
many seeds can be determined to species level.

Sometimes it is not just the species identification that is interesting. In macrofossil analysis, one may also get
information about the processing of plants, based on what plant parts are preserved and how they look.
Examples are preserved chaff remains (from threshing grain), sprouted kernels of barley (from malting in
connection with beer brewing) and burnt lumps of seeds of linseed or gold-of-pleasure (from pressing oil during
heating).
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Figure 4.3. Floatation to retrieve charred plant macrofossils on an archaeological investigation site. Photo: Per Lageris.

Data presentation

The results of pollen analysis are often presented in pollen diagrams that show how the percentage of different
pollen types varies from layer to layer throughout a sediment sequence. And because the sediment sequence in
most cases represents a time development, variations in pollen composition represent vegetation changes
through time. What is important to know, however, is that pollen percentage is not the same as relative
vegetation covet, even though they are positively related. This deviation is because different plants produce and
disperse different amounts of pollen. It is not just that wind-pollinated plants spread much more pollen than
insect-pollinated ones — there can also be big differences in pollen production between different wind-pollinated
species. To some degree these differences can be compensated for by modelling (see below). Examples of
underrepresented taxa are linden (which, unlike most other northern European trees, is insect-pollinated),
wheat, and barley (which unlike, for example, rye, are largely self-pollinating). For wheat and barley, the pollen
grains are probably dispersed mainly in connection with threshing,.

Plant macrofossils are more complicated to present graphically than pollen and are therefore often presented
in tables or spreadsheets, and more often in absolute numbers than as percentages. This is because both the
number and the species composition of plant macrofossils usually varies greatly between samples. That is
particulatly the case in archaeological contexts, where species composition to a large degree is due to human
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action and to the specific function of the sampled feature. For example, a sample from a storage pit may contain
thousands of charred cereal grains, while a contemporary sample from an adjacent hearth may contain only
charcoal and a few ruderal plants that grew around the fire. Therefore, the presence of various plant
macrofossils in different features at a settlement can be used to interpret domestic activities and the organization
of the settlement, and above all it provides direct information about human interactions with plants, both

cultivated and otherwise.

Chronological control

Dating is fundamental in palacoecology, especially when results are to be compared with other sources of
information, like written documents or archaeological data. In a peat sequence that has been analysed for pollen
or macrofossils, the relative chronology is self-evident: the samples become younger upwards in the stratigraphy.
But to obtain an absolute chronology, C14 dating is usually required. Suitable plant material for dating can be
taken from the peat core itself. Usually, a few levels are selected for C14 dating, and based on the results the
levels in between can be dated by interpolation. However, since C14 dating can hardly be used for the last
approximately 300 years, absolute dating of later periods is usually problematic. This may partly be solved by
using Pb210 dating, which can be used for dating the last 100-150 years.

Macrofossil samples (and for that matter also pollen samples) taken directly from house remains or other
archaeological features are not to the same degree dependent on C14 dating. This is because they are already
contextually linked to the human activities that are investigated, and which may be dated by other methods.
Especially when one wants to study the land use and ecological effects of a specific settlement — for instance a
medieval village or a post-medieval croft — it is good if samples are taken directly in the archaeological contexts,
and not only, for example, in an adjacent peatland. Such on-site sampling ensures a strong chronological
connection between archaeology and palacoecology.

Modelling past vegetation cover using pollen data

Traditional pollen analysis, where interpretations are based on pollen percentages, has in recent decades been
supplemented with modelling. Thanks to thorough basic research, we now have a pretty good idea of how
much pollen different plants produce (so called pollen productivity estimates), at least for those plant taxa that
dominate most vegetation types (like most trees, grasses, heather, etc.) (Brostrom et al. 2008). We also have
estimates of how easily different pollen types are dispersed by wind (based on measured fall speed of pollen
grains). By using this information, together with information about the radius of the sampled lake or wetland,
it is possible to model the approximate land cover of different vegetation types based on the pollen counts
(Gaillard et al. 2010, Sugita 2007).

Percentage pollen diagrams are still very useful for the interpretation of relative changes in vegetation and
land use through time, and for the identifying and dating of, for instance, periods of agricultural expansion and
decline. However, when it comes to quantifying the areal extent of vegetation types or land-use, the new
modelling techniques have made important contributions and partly changed the picture of past human impact.
Because many cultivated plants are weak pollen producers (especially most cereals, but also many other herbs
indicative of open landscapes), the extent of agricultural land, such as fields, meadows, and pastures, has often
been underestimated in studies based on pollen percentages alone. The new techniques show that past
landscapes in many areas had much more open vegetation, and that agricultural land was more widespread than

previously thought (Figure 4.4).
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Figure 4.4. Compilation of pollen data from archacologically investigated wells in southwestern Scania, southern Sweden.
Each time window is represented by one or several wells. The left diagram shows pollen petcentages whereas the right
one shows modelled vegetation cover based on the same pollen data (REVEALS model; Sugita 2007). The modelling

shows that the landscape was even more treeless than what is suggested by the pollen percentages. From Lageris &
Fredh 2020.

Temporal and spatial resolution - the importance of careful sampling

Many early pollen diagrams had a rather poor chronological resolution, that is, they had few analysed levels per
thousand years. Often this resolution was sufficient in a geological perspective, where it was the long-term
trends in vegetation and climate that were of interest. Today, pollen analysis is frequently used to study more
short-lasting phases in vegetation and land use — it may be temporary cultivation phases, or periods of
abandonment and woodland re-growth due to pandemics. It may also be vegetation response to sudden climatic
changes, for instance due to volcanic eruptions. Similarly, Historical Ecology usually focuses on rather short
time scales.

For pollen analysis to make meaningful contributions to Historic Ecology, high temporal resolution is
necessary. How high depends on the research questions, but as a rule of thumb one should have at least 20
samples per thousand years, preferably more. Twenty samples per thousand years means 50 years on average
between the analysed levels. With poorer resolution, short-lasting farms, for instance, may have been both
established and abandoned between two pollen analysed levels. The important point, however, is that the
chronological resolution shall fit the research questions.

In macrofossil analysis of samples taken in archaeological contexts, it is possible to study very short-lasting
events and processes, like the handling of a single harvest, threshing, cooking activities, etc. A limitation when
working with samples from archaeological remains, however, is that the palaecoecological record is entirely
dependent on human activity. Periods when a settlement is deserted leave no archacological traces and it
becomes difficult in such cases to study re-growth and other ecological effects of the abandonment.

In most palacoecological projects, it can be very valuable to combine macrofossil analysis of archaeologically
investigated settlement remains with pollen analysis from an adjacent peatland. The latter would give an

overview of the long-term development of vegetation and land use, whereas the macrofossil analysis would
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provide less continuous but more detailed information about species composition, plant utilization and human
activities.

In terms of spatial resolution, it is important to note that pollen analysis and macrofossil analysis by
themselves rarely tell exactly where the vegetation was. Here, the palacoecological data often needs to be
combined with data from archaeological or historical sources. Old historical maps and fossil arable fields are
two types of source material that can tie palacoecological interpretations to past landscapes and land-use
patterns on the ground.

A general rule is that it is much easier to integrate paleoecology into interdisciplinary Historical Ecology
when working locally. Pollen analysis of a core from a small peatland, adjacent to, for example, a medieval
village, provides much better conditions for comparing the different types of data, than does pollen analysis of
a core from a large lake. The latter will give an overview of the vegetation development in a large area around
the lake, making it difficult to link the results to any specific settlements or to archaeologically investigated
remains.

Figure 4.5. Sampling of an Iron Age well for pollen and macrofossil analysis. Photo Per Lageras.
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Disciplinary traditions and publishing

In Sweden, the academic training in pollen analysis, as well as the methodological development, is mainly in
Quaternary geology, but in other countries it can be, for example, in historical geography, forest ecology,
archaeology, or botany.

Macrofossil analysis, like pollen analysis, used to be an important method in Quaternary geology. It is still
used, but now its main use is in archaeology. Most people who work with macrofossil analysis are connected
to archaeological university institutions or to private companies, museums, and institutions engaged in rescue
archaeology.

Both pollen analysis and macrofossil analysis are time-consuming methods. It may be a problem in university-
based research, particularly in the natural sciences, where high speed is rewarded. On the other hand, the
development of big-data analysis in recent decades has led to a great demand for palacoecological data,
particularly pollen data.

The results of palacoecological studies are frequently published in international scientific journals, such as
Vegetation History and Archaeobotany, The Holocene, and Environmental Archaeology. Particularly pollen-
analytical studies in this way follows the publishing tradition of natural sciences. However, studies catried out
in collaboration with archaeologists are sometimes published only in non-English papers, popular journals,
books by local Museums, and reports. This is particularly true for macrofossil-analytical studies, of which many

are presented only in archaeological reports and other gray literature.

Further reading

An excellent, updated, and very thorough introduction is the second edition of Handbook of plant
palacoecology (Cappers & Neef 2021), which is a useful resource also for the experienced palacoecologist.
There are also useful entries on both macrofossil analysis and pollen analysis in Encyclopedia of Quaternary
Science (Birks 2007; Gaillard 2007). Eatly classics that are still very useful and may be found in your university
library are Quaternary palacoecology (Birks & Birks 1980) and Handbook of Holocene palacoecology and
palaecohydrology (Berglund 1986). Useful introductions may also be found in handbooks on environmental
archaeology (Reitz & Shackley 2012). The palacoecological study of human-plant interactions — patticularly if
based on plant-macrofossil analysis — is also referred to as archaeobotany, and it is also included in the wider

scope of paleoethnobotany. Several good introductions can be found under such headings.

Case study I: macrofossil analysis of a medieval village

This case study gives an example of how plant-macrofossil analysis may be used in archaeological investigations.
The site was the medieval village of Fjelie, situated just outside Lund in southernmost Sweden, and the
archaeological excavation was carried out in 2016 (Lindberg & Sabo 2019). In connection with the excavation,
a whole range of palacoecological and zoo-archaeological methods were used to shed light on agrarian land use
and ecological conditions at the time of the settlement (Lageras & Magnell 2020). I will focus here on the
macrofossil analysis.

Fjelie is situated in an area of very fertile soils, which today it is heavily cultivated. According to a map from
1769, the village at that time consisted of 22 farms, some cottages, and a church (Figure 4.6). The farms were
run by tenants and the primary landowners were the church and the nobility. Most of the farms were later
moved from the village core in connection with land reforms. Today, a Romanesque church, dated to the early
12th century, is the only visible reminder of the village’s medieval origin.
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Figure 4.6. Map of Fjelie village from 1769/1770. Blue line indicates the archaeological investigation site. From Lageras
& Magnell 2020.

The excavation covered three abandoned farmsteads, labeled 18, 19, and 22 on the 1769 map. By the time
of excavation, the area was used as arable land, but the farmsteads were readily distinguishable in archaeological
structures beneath the modern plough layer. Different generations of buildings could be followed back at least
to the 13th century. Preserved archaeological structures were floor and destruction layers, post holes, sills,
ovens/fireplaces, and other domestic features. Outside the buildings there were wells and cultivation layers.
The find material reflected everyday life.

115 samples (144 litres of soil) from different contexts were analysed for plant macrofossils. Most samples
only contained charred remains, but four samples from wells also contained uncharred plant remains. More
than ten thousand plant macrofossils (mostly grain and seeds) were identified. They were dominated by cereals,
followed by weeds and ruderals, plants of pastures and meadows, and plants of lakes, fens, and wet grassland.
In smaller numbers there were also macrofossils representing cultivated vegetables, matine plants, spices and
medicinal plants, and collected berries, nuts and fruits.

Cereal grain was strongly dominated by barley, followed by rye, oats, and bread wheat. The plant macrofossils
also included several taxa that indicate garden cultivation, such as vegetables and root crops, like pea (Pisum
sativum), faba bean (I7cia faba), and turnip (Brassica rapa), and spices and medicinal plants, like black mustard
(Brassica nigra), motherwort (Leonurus cardiaca), dill (Anethum graveolens), and caraway (Carum carvi). They also
included wild marjoram (Origanum vulgare), chicory (Cichorium intybus), and henbane (Hyoscyamus niger), although
these species may also have been part of the weed flora. Flax (Linum wusitatissimunm) and hemp (Cannabis sativa)
probably also reflected garden cultivation, as did a single find of buckwheat (Fagopyrum esculentum).

Beer brewing in the village was indicated by sprouted grains of barely, together with fruits of bog-myrtle
(Myrica gale) and hop (Humulus lupulus). The sprouted grains were probably remains from malting, whereas bog-
myrtle and hop were common beer additives (Behre 1999; Heimdahl 2014).
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Figure 4.7. Pie charts showing the cereal macrofossil composition of the three investigated farmsteads in Fjelie in
relation to chronology. Farm numbers refer to the map in Figure 4.6. From Lageras & Magnell 2020.

One sample from an indoor fireplace contained charred fragments of seaweed. Two species were identified,
bladderwrack (Fucus vesiculosns) and sea oak (Halidrys silignosa), which today grow in the Oresund sound, 5 km
from Fjelie. The seaweed may have been used for different purposes, like fertiliser, fodder, or fuel, to produce
salt or in textile bleaching (Mooney, 2018).

Regarding change in land use through time, in Fjelie the most obvious development was in crop composition
(Figure 4.7). Batley was the principal crop in the initial phase of the village. From around AD 1200 both barley
and rye were cultivated, and after a further expansion 1600-1800, rye eventually replaced batley as the
dominating crop. The onset of rye cultivation in Fjelie coincided with the first appearance of corncockle
(Agrostemma githago) and rye broom (Bromus secalinus, Figure 4.8) in the samples. These weeds thrived particularly
in autumn-sown fields, and their presence indicates that rye already from the beginning was a winter
crop. Interestingly, the same increase in rye was noted on all the three investigated farmsteads, indicating
coordinated infield cultivation by the different farms in the village.
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Figure 4.8. Rye broom (Bromus secalinus) was a common weed in rye fields in Sweden until the 19th century but is now
very rare and categorized as endangered by the Swedish Red List (SLU Artdatabanken 2020). Photo Per Lageris.

According to written documents, Fjelie and most other villages in the region practised a three-course rotation
system, at least from the 17th century onwards. In this system, the infields were divided into three parts, each
part used for growing (summer) barley, (winter) rye and for fallow, in three-year’s cycles. A plausible
interpretation based on the first significant appearance of rye and winter-crop weeds in the macrofossil material
from Fjelie, is that a three-course rotation system (or some other kind of similar system) was practised already
during the 13th century.

In addition to coordinated and collective practices, like infield cultivation and livestock herding in outland
pastures, there seem to have been certain spheres that allowed for diversity and specialization by the individual
farms. One of these spheres was vegetable gardening and similar small-scale cultivation. Studies of old maps
from southern Sweden have shown that such cultivation was widespread in the countryside at least from the
18th century onwards, and that it was usually practiced on small plots close to the individual farmsteads
(Hallgren 2016). For older periods, the picture is less clear, but macrofossil analyses from Fjelie and some other
villages prove vegetable gardening already existed during the Middle Ages, at least from the 13th century
onwards. This small-scale cultivation may have been an important complement to cereal cropping, and since it
was individually managed by the different farmsteads, it was more flexible and enabled diversity and variation
according to different preferences, taste, and needs.

The study of Fjelie showed that village agriculture was characterised by diversity in different ways. The
combination of several different crops and animals reduced vulnerability to bad weather, crop blights and
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animal diseases, and the range from highly productive and labour-intensive land use (infield crop growing and
garden cultivation) to extensive land use (outland grazing), and probably also the combination of individual and
collective, made the system resilient to fluctuations in population.

For a full presentation of this study, see Lageras and Magnell (2020).
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Figure 4.9. Summary of cereal-pollen percentages from 21 pollen diagrams in the South-Swedish Uplands. Each dot
represents an original pollen sample with its corresponding cereal-pollen percentage (vertical axis) and original dating
(horizontal axis). The samples were sorted chronologically, and a running average was calculated (blue line). Four dots

with very high values from the nineteenth century were excluded from the picture but included in the running average.
The year 1350 is indicated by a dashed red line. From Lageras et al. 2016.

Case study II: pollen analysis revealing environmental consequences of the Black Death

In this case study, I present an interdisciplinary research project on the consequences of the Black Death
(Lageris 2016). Several non-written sources were used within the project, like human skeletons from medieval
cemeteries, dendrochronological dating of buildings, archaeological documentation, and pollen data. I will focus
here on the latter, which were used in the project to study the environmental consequences of the plague and
of the crisis that followed (Lageras et al. 2016). Focus was on quantifying changes in land use and possible farm
desertion.

Sweden has a wealth of pollen-analytical studies and many of them, particularly from the last two decades,
are detailed and with good chronologies. In some pollen diagrams, declines in cereal-pollen percentages had
been noticed at levels corresponding to the late Middle Ages. Such declines may indicate farm abandonment
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and could hypothetically be connected to the Black Death. To examine this more closely, the research project
compiled and analysed many previously published pollen diagrams from southern Sweden. Especially from the
South-Swedish Uplands, there were several good diagrams and 21 could be used for a quantitative analysis of
land-use change in the uplands.

One of the most striking results was that a summary of cereal pollen from all the 21 upland sites showed a
clear decline by the year 1350 (Figure 4.9). It suggested a halving of the total cultivated area in the uplands
around 1350, probably as a direct result of population decline and farm abandonment in the wake of the plague.
Thus, the pollen record — both pollen percentages and pollen-based land-cover reconstructions — gives support
to eatlier interpretations of historical records that suggest extensive farm abandonment in upland areas during
the late-medieval crisis (Myrdal 2012). Even though a halving of cereal production, as indicated by the pollen
record, does not necessarily reflect a farm-desertion frequency of 50% (farms may have survived but reduced
their acreage), it indicates that a desertion frequency of that size is not at all unlikely.

Figure 4.10. Two alternative types of farm abandonment in the wake of the Black Death in the South-Swedish Uplands
identified by pollen analyses: woodland regrowth (upper right), or extensive grazing by neighbouring farms (lower right).
Drawings Per Lageras.

Another interesting result concerned the extent of grasslands and the degree of overgrowth. Pollen data (and
dendrochronological data) showed that some abandoned agricultural land was overgrown by woodland in the
wake of the plague. Pollen data thus confirm the generally held belief that forest cover increased during the
crisis, at least in marginal uplands. The abandonment of fields, in combination with decreased grazing pressure
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in pastures, enabled the sprouting of shrubs and trees and started a process of natural woodland succession.
Pollen data showed that particularly birch woodland expanded, but there was also regeneration of oak and pine
and to some degree spruce. Several forest plants and animals must have been favoured by this change,
particularly those associated with light, early-successional woodland.

But not all abandoned farms were overgrown by forest. Especially in the lower parts of the uplands, the
landscape was kept open, even though the amount of arable land decreased. The proportion of grassland taxa
continued to be high, while there was no or very little increase in tree pollen. A plausible interpretation is that
the lands of abandoned farms were used for grazing and occasionally for hay mowing, which kept the landscape
open by holding back the forest. Hence, in addition to reforestation, another vegetation change was associated
with the Black Death, that is the turning of arable fields into pastures and meadows. When cultivation ceased,
the immediate effect would have been enhanced flowering of annual weeds, but soon a grass sward would
develop and a rich flora of perennial herbs typical of grazed and mowed environments would take over.

To conclude, abandonment was widespread all over the uplands, but reforestation was restricted mostly to
the higher parts of the uplands (which had the poorest natural conditions for agriculture), whereas the lower
parts to a large degree were kept open by grazing and possibly mowing (Figure 4.10).

The most apparent vegetation changes after the Black Death, such as the expansion of birch woodlands,
lasted for about two hundred years, until the sixteenth century. Pollen data showed that by the late sixteenth
century, the re-establishment of arable fields, meadows and pastures had again replaced much of the secondary
woodland. There may, however, also have been more long-lasting ecological effects. Dendrochronological data
showed that some trees, particularly of pine, that germinated in connection to abandonment in the mid-
fourteenth century, lasted for several hundred years. They were the oldest tree generation of the forest for a
long time to come. Still in the eatly eighteenth century there were living trees that had once germinated in
connection to the Black Death. By that time, they were about 350 years old. Such old trees are usually the home
for many plants and animals, like fungi, lichens, and insects, and contribute significantly to the species richness
of forests. We may therefore conclude that the Black Death of the mid-fourteenth century still affected
biodiversity more than three hundred years later.

For a full presentation of this study, see Lageris et al. (2016).
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CHAPTER 5

PLACENAMES AND TOPONYMY

COSMIN IVASCU, NILS STANIK

This chapter focuses on the importance of placenames (toponymy) for the research of land use and historical
relationship between human communities and their environment over time. Landscapes bear the marks of past
land use not only in their physical structure (e.g. terraces, field structure, forest structure, tree shape), but also
in the place names that were given by the communities of people living there. Place names are the living memory
of the historical landscape. Their meanings may refer to specific land-use systems or practices, important social
phenomenon, religious or supranatural beliefs, geographic and geological formations, and also to vegetation
and other resources and their use. In this chapter, we discuss the importance of place names regarding past
land use and vegetation structure. These categories of place names can complement and complete the research
methods presented in this volume (field observation, cartography, historical documents, etc.). More specifically,
we focus on place names related to man-made landscape features (fences, walls), pastoralism, specific
agricultural practices, deforestation and vegetation types. Comparisons are made between Romanian, Swedish,
German and English place names to highlight similarities and differences in landscape structure and land use.
In many cases, the realities behind many place names (activities, vegetation etc.) ate today absent from the
landscape. But their presence in the memory and culture of local communities is a reference to the complex
and dynamic relationship between humans and their environment.

Introduction - Between- Geography, Linguistics, Cartography and History

Toponymy is the scientific study of place names from a historical, etymological (linguistic) and geographical
perspective. Depending on the academic tradition of each country, toponymy has been considered a subfield
either of linguistics or geography. See the following examples from:

The U.K. (https://www.english-heritage.org.uk /visit/inspire-me/origins-of-english-place-names/),

France (https://www.familysearch.org/en/wiki/France Gazetteers),
Sweden (https://www.familysearch.org/en/wiki/Sweden Gazetteers),

Germany (https://www.familysearch.org/en/wiki/Identifying Place Names in German documents

For an in-depth example, in Romania, the systematic study of place names was first started by human
geographers at the end of the XIX century, who started gathering local vernacular words referring to different
geographical units (Iordan 1963). In a later development of this scientific discipline, linguists started to focus
their attention on toponymy, especially from an etymological viewpoint. This was done in order to identify pre-
Roman, Roman, Proto-Romanian, Slavic and toponyms originating from other language groups (Hungarian,
Turcique languages etc.) to uncover past connections between the different ethnic groups that were living on
the territory of present-day Romania or the continuity of the Romanian people in the Carpathian area (Buza
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2011, Homorodean 1980, lordan 1963, Ionitd 1982). Thus, historians and archaeologists have also been
interested in this domain, as toponymy may reveal events, e.g. of migration and trade, that are absent in other
historical sources (lordan 1963). Toponymy, like biological cultural heritage (see Chapter 3), may be particularly
important in landscapes and for land use that are less commonly present in archival sources, for example outside
of commonly used settings and arable areas (e.g. Lindholm et al. 2013).

As noted earlier, when it comes to the origin of toponymy as a scientific discipline, in the case of Romania,
the first endeavors regarding the study of place names at the beginning of the XIX century was seen as auxiliary
science (ot rather a field/subdiscipline) of disciplines such as linguistics, geography and history (Cojocaru 2014).
Within the Romanian Geographical School, toponymy started to be established as a serious study area especially
within Human Geography (or Anthropogeography as it was called before WWII) and its subdisciplines such as
Historical Geography (focusing on the study of relationships between local communities and their landscapes
by using toponymy, local words and perception (ethnoscience), cartography, and historical documents). A major
representative of this research topic in Romanian geography, was lon Conea who started this undertaking in an
extensive monograph of Clopotiva (Conea 2010), a village in Southern Transylvania but also an area from
Moldova known as Tara Vrancei (Vrancea Land) being famous for its ethnographic and autarchic structure
(Conea 1993). However, most human geographers (Bizerea 1970, Conea 1993, Conea 2010, Idu 1997) and even
ethnographers (Vuia 1975) from Romania conducted well documented studies on toponyms and their meaning,
but also on complex vernacular ethnogeographical notions found in local speech (Conea 1993, 2010). Linguists
as well as historians also had special interest in this field, focusing on the origin, transformations and cross-
cultural comparison of toponyms (Cojocaru 2014, lordan 1963), with some extremely valuable regional
monographies on this topic being done by linguists (Ionita 1982, Homorodean 1980).

It is also highly important to note regarding the history of this discipline in Romania, toponymy started to
show special interest also to scientists from zoological-ecological research fields. For example, a Romanian
biologist Alexandru Filipascu, using the current extension of toponyms related to now extinct animals (some
of them currently reintroduced) like aurochs, bison, beaver, etc. was able to reconstruct their past occurrence
and biogeography within the territory of Romania (Filipascu 1969).

Currently, toponymy has been of great interest also in other research areas such as ethnoecology and more
specifically in landscape ethnoecological endeavors (Johnson & Davidson — Hunt 2011). Due to the nature and
importance of the outcomes related not only to the physical landscape, but also to biota and land use, toponymy
has been successfully integrated in ethnoscience-based research (Hunn 1994, Hunn 1996, Johnson & Davidson,
Hunt 2011). In addition to interpreting place names, some ethnoecological investigations of landscapes have
highlighted causal relationships between place name density and cultural importance, including the importance
for past and current land use (Hunn 1994; Lindholm et al. 2013).

In this chapter, we focus on the use of place names as a source of information about human-nature
relationships in the past and present. Such information is embedded in names describing natural resources,
ecological conditions, and landscapes and their features, as well as in names describing land use or other human
activities. The use of placenames as a historical source relies on the fact that names, just like other types of
cultural heritage, may remain long after their meaning is no longer present in culture or the environment. Similar
undertakings for reconstructing past land use by including information embedded within certain place names
along with other interdisciplinary approaches (vegetation and geography) have been successfully applied also in
other European countries, including Switzerland (Conedera et al. 2007).

The actual methods for working with toponymy are described in other textbooks, such as the Oxford
handbook of names and naming, part II (Hough 2016). Some researchers consider that there are two main
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research models in toponymy: a) the etymology (thus on the origin and meaning of the place name), and b) the
regional study of encountered toponyms and the distribution patterns (Tent 2015). Although both methods
can work and offer important information in historical ecology endeavors (e.g. on activities or vegetation type
or structure etc., and the regional dispersal of these). It must be noted that most Romanian human geographers
and toponymysts applied both methods in their studies (Buza 2011, Conea 2010, Homorodean 1980, Ionita
1982). Here, we focus on the interpretation of place names by combining historical, ethnological and ecological
knowledge.

Material and Methods - How and from where to collect data

Toponymy can be studied from several viewpoints, as mentioned above, however, with regard to Historical
Ecology, toponymy can be an important source of information since it can complement several of the methods
presented in this volume and can show land-use history and landscape dynamics. The first phase of this
endeavor is to collect the place names in the study area. This can be done by searching place names on maps
from different time periods. By doing this, it will be obvious that names may have changed over time, as well
as the current importance of places. For this reason, it might be feasible to consider names at different scales,
for example as macro- and micro-toponymes (Man 1996). Macro-toponyms are widely known and used,
regionally, nationally or even wider. Micro-toponyms are used more locally, sometimes only among a small
group of people such as a family or local community. Small-scale topographic or military maps are good sources
of information for macro-toponyms, whereas more detailed information about micro-toponyms can be found
in cadastral maps. Many cadastral maps are accompanied by tables and descriptions, which may provide a rich
source of micro-toponyms, sometimes one name for almost every place of local land-use importance. However,
more detailed information on micro-toponymy in certain areas can be obtained from local experts by
interviewing them. Both sources of information (military/cadastral maps and oral information) can
complement each other in a very good way.

The main sources of information are historical maps (military or cadastral), local or regional monographs,
geographic studies, interviews, and anthropological inquiries.

Several nations today create and provide to the public gazetteers, which are geographical dictionaries
including lists of place names, which are often used with Atlases and maps. There are also digital collections of
place names, including the Getty Thesaurus of Geographic Names Online

(https:/ /www.getty.edu/research/tools/vocabulaties/ tgn).

Another aspect of the scale of place names is the level of detail entailed in the names. Some categories of
names are widespread since they describe widespread phenomena of the history of human presence in the
environment. Examples of activities, frequently found in place names, are settlement, clearing of forest and the
general agricultural practices: cultivation, haymaking and pastures. Many names of this type describe general
types of ecosystems, such as names depicting various types of forest, wetland, or mountainous ecosystems.
Other names are confined to certain, often local, conditions, resources and specialized adaptations of resource-
use. They usually provide more detailed and new information than the wide-spread names. The names may, for
example, describe details of the general agricultural practices, such as leaf harvest for winter fodder,
transhumance grazing or rotational cultivation. Details are mostly found in micro-toponyms, but both micro-
and macro-toponyms may be of the less detailed type.

Place names describing a more specialized use of resources may reflect cultural identities and expressions or
specific environmental conditions or both. One example of a specific environment being interlinked with a
specific culture is the use of arctic-alpine ecosystems by Sami reindeer pastoralists. Another example is that a
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Finnish population of specialized swidden farmers colonized some forest areas of Sweden during the 17th
century and left a wealth of place names relating to swidden cultivation in the forest landscape and also
indicating the Finnish origin of the settlers.

The actual meaning of place names may be difficult to understand due to the change of both the names and
the language over time. Fortunately, the tracing of names’ origin is a well-developed part of toponym research
in most languages. Once the meaning of a toponym is known, it needs to be interpreted in order to be used in
Historical Ecology. What does the name say about human-environment relationships? All such interpretation
requires additional information, such as information about local land-use practices, vegetation and species, and
cultural customs. This is especially the case for micro-toponyms. Frequently, names reflect customs that are
forgotten and unknown, and we can only guess what the names had to say to earlier generations.

Even if maps can be considered as an important tool in the study of toponyms, in some cases one can
observe some discrepancies among place names found on historical maps and actual living place names. As an
example, on the Hapsburg Cadastral map of the village Ieud (1863) in Maramures (Romania) some places
names are written as Gruniul (Gruniul Lupului, Gruniul Porcului), while during recent fieldwork we noticed
the locals used the place names Graul Lupului and Graul Porcului. Between those two words there is a
considerable difference, because grau means wheat and gruni or grui is an ethnogeographic notion for a plateau
on a hill, also widespread in the Romanian Carpathians. Both place names can suggest certain land-use practices,
like wheat cultivation on the one hand or a relief unit on the other hand that was also subject to certain agro-
pastoral practices.

There are normally no modern maps that present micro-toponyms as detailed as cadastral maps. If we want
highly local names for the present or near present it is usually necessary to conduct semi-structured interviews
or questionnaires to knowledgeable members of the local community (local experts) together with a map.
Although the map is not mandatory, it is better when the interview is done with the help of it. Another method
that can be employed would be doing a trip with locals within the landscape to gather this kind of information
(of course if there are any members from the community that are willing to do this or have the necessary time
for this kind of activity). However, the most convenient method is by gathering oral information together with
a map, which is the same as doing a semi-structured interview and has the advantage that beside the place name
the researcher can obtain additional information regarding the meaning of the toponym, for example how it
links to current and previous land use. This method is very useful for the collection of micro-toponyms that
are often not charted even on detailed maps, besides obtaining very important additional information on each
placename. The researcher must bear in mind that some local explanations of a place name’s meaning are not
always valid, since the name may refer to past agricultural practices that are now forgotten. (the case of runc or
secatura will be discussed below). For example, the place name Arsita and even Secétura is explained by many
locals as deriving from the topography, as being a terrain that is permanently sunny and dry. This is an
explanation which is not correct, due to the fact that both the aforementioned toponyms refer to specific
deforestation techniques used for obtaining grasslands or fields, as presented below. During the process of
interviewing a local expert, the researchers will notice that different people within a community will have more
information on a certain part of the landscape, due to several reasons like owning land in that area or living
near a specific place etc. This is one of the reasons why it is important to previously identify the local experts
within a community and try to do interviews with as many members of the community as possible.

On the other hand, sometimes even though most local etymologies can be incorrect from a scientific point
of view (regarding the etymology or origin of the word), like in the aforementioned example, there are cases

where the local explanation can be correct, or the additional information can help us understand the practice
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behind a certain micro toponym. For example, in the village Forotic from Caras-Severin county, Romania, we
found the micro-toponym Tarsoane for a forested hill within a large area covered with old growth forests. In
the local speech of the Caras Valley ethnographic area, a tirsd means to clear an area from unwanted woody
vegetation. Thus, the place name Tarsoane would indirectly show that in the past, clear cuts or deforestation
practices were done on that hill nowadays covered by old growth forest (mostly Quercus petraea and some Fagus
$ylvatica). However, the name alone could not give any information on the technique used or land use history.
Investigating further for explanations of this micro-toponym or the existence of oral histories related to that
area, some people remembered stories that in the past in the respective area locals would produce charcoal.
Thus, the additional information was of crucial importance for understanding the origin of the place name and
the land use history behind it.

Other sources of information on the toponyms existing in a certain area or village, could be village
monographs or regional monographs. Village monographs usually contain demographic, historical, cultural and
ethnographic information, but also include some chapters or subchapters on the toponymy of the village and
surrounding areas. Depending on the authors and their interest, some might include extremely detailed
information, or some could be less detailed or even ignore this subject.

General importance of toponymy for Historical Ecology

Historical Ecology is largely about the mutual relationships between ecosystems and human activities in the
landscape in an historical perspective. One key to understanding such relationships is to get information about
past activities and past ecosystems and environmental conditions. Here, place names may contribute with three
types of information, in particulat:

The first 1s information about earlier land use that is no longer present and also not depicted in historical
maps. Landscapes far from settlements are often especially poorly described in maps and other archival sources.
Large areas may be depicted as forest, although we know or suspect that they have been subject to a variety of
activities for resource-use: charcoal burning, swidden cultivation, cattle grazing, fishing, hunting, and various
types of reindeer herding. Here, micro-toponyms, ethnology and biological cultural heritage are our main
sources of knowledge about these former land uses.

The second type is information about details of past land use and ecosystems. The general types of land-use
- haymaking, cultivation, grazing and so on - may be seen in maps, but place names may reveal details about
when and how the mowing was done, what kind of vegetation was managed etc. So we need to consider there
might be certain place names that can help us understand about the temporality of a practice but also the
historicality of it (how long it was in use and the extent of the seasonal use).

A third type of important Historical Ecological information that can be obtained from place names is that a
change of names over time may indicate changes in land use, landscape, and culture. These types of toponyms
can help us follow land-use continuity and discontinuity or a shift in subsistence strategies, within certain human
communities and within certain regions, which show also the adaptive nature of human land use.

Placenames as a reflection and reference of historical land use. Their importance for
understanding landscape and social dynamics through the centuries.

A famous Romanian linguist considered toponymy to be: “...the unwritten history of a people, an actual archive,
that bears the memory of so many events and data... ” (lordan 1963, p. 2). In the following section we will
highlight the importance of place names for understanding local land use and landscape history in some specific
case studies. We will demonstrate that there is no accidental distribution of place names within a given landscape
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and in many cases some toponyms signify specific agricultural practices, many of which are no longer practiced
in the community. Other examples of toponyms will provide us with valuable information on the vegetation
structure or even on the history and dynamics of some ecosystems. We will also discuss the man-made
landscape features and their continuity in the collective memory.

In the following sections, we exemplify both wide-spread and local place names related to diverse aspects of

human use of the landscape.

Placenames indicating deforestation or certain deforestation practices

Among the more widespread place names we find names related to clearing of forest for settlement, which has
accompanied human expansion everywhere except for naturally non-wooded biomes. Before human settlement
and land use, most areas of Europe were covered with forest, deciduous forests in the south and in lowlands,
and coniferous forests in higher latitudes and altitudes. Settlement, cultivation, and haymaking always required
clearing of the forest, and place names related to deforestation are very common among many regions of
Europe. In the Romanian Carpathians, there are over 30 different toponyms that signify a practice linked to
deforestation. It is common that the name of the practice of deforestation is transferred to the area. Such as
when an area that has been cleared becomes a clearing. In many languages, place names frequently end or begin
with a word denoting a cleared area, thus referring to the area originally cleared, e.g. for settlement. Examples
are German -rode or related suffixes (Berger 1999), Swedish -ryd, -r6d and similar, all meaning clearing. Many
English place names end with -ley, from the old English leah, for wood-clearing (Hough 2016). Another
common type of toponyms indicating deforestation are words for felling (of trees), such as in Swedish -fall-,
fill- and similar. Another Romanian word for a deforestation practice is curdtura and has the exact meaning as
the English word clearing.

In some cases, these toponyms indicate not only the practice of deforestation, but also the method used by
the local communities. For example, the place name Secitura is found on many historical maps but also in
many mountainous landscapes within Romania. It is present in Maramures and also in the village of leud from
this region (Figure 5.1). When interviewed, locals from Ieud did not know the origin of the place name, which
is also found on many Habsburg Military Maps depicting this village. However, other researchers recorded that
secitura denotes an area which has been cleared through first ring-barking and then felling the trees (from
Romanian seca or a sdcui, meaning to dry out). The etymology of this word originates from latin siccare or the
latin verb secare, meaning both to dry out and to cut down, to fell (Matei et al. 1998).

This method of removing trees from certain areas of a village territory was documented as late as in the
1980s in some scattered and isolated villages in the Southern Carpathians (Apolzan 1987). In the Luncani
Plateau within the Southern Carpathians, the notion and the technique of a seca is still known even nowadays
by the locals, being a living concept. Within this man-made plateau, in the village Térsa (another regional word
depicting deforestation in Southern Transylvania and Banat), the locals currently used the word a seca to
describe the clearance of bushes and other unwanted woody vegetation through ring barking but especially on
meadows. Other variants of this toponym are saca, secu, siciu.
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Figure 5.1. The toponym Secdtura on the territory of the Village Leud from Maramures depicted on the Second Military
Survey (Franziszeische Landesaufnahme).

In other areas of Romania other terms can be used by locals for the practice of ring barking, for example in
some mountainous areas of Banat this action is called certejit, giving birth also to toponyms like Certeju, Poiana
Certeji and other variants (lonita 1982, Ionitd 1976). In Maramures the term ciung and the verb a ciungi are
commonly used for this practice, although in the past and in some other areas this word would signify a different
practice. For examples toponyms like Ciungii Baldsanii (found in Maramures) or Ciungi found in other areas of
the Romanian Carpathians derives from the word ciung, which means crippled but when it refers to trees it
means lopped, branchless, a dying wood. Thus the toponyms containing the word ciung would refer to places
where the trees removed via lopping them down and not by ring barking solely. In Poiana Ruscad Mountains
the practice of a ciungi referring to lopping down a tree (especially birch trees for preventing resprout on
grasslands) or cutting it down from around half a meter distance from the ground is still used by some locals
and it is not confused with ring barking of a tree. The term ciung and ciungar have the same meaning also in
Banat, lopped trees, the toponym containing this word being quite common in mountain areas from this region,
e.g. Poiana cu Ciungi (Glade of lopped trees), Pogara cu Ciungi (Burnt patch with lopped trees) etc (Ionitd
1982).

In deciduous forest, ring-barking may have been the most important way of removing certain tree species.
Without it, cut trees rapidly produce new shoots from the stump or roots, making clearing a labor-intensive
process. In contrast to deciduous forest, coniferous forest is more prone to fires, and in such forest types,
burning may have been more common, which is reflected in toponyms all over Europe, but especially in areas
with coniferous forest, which is easier to burn than deciduous forest. Romanian toponyms like arsita (derived

from the word ars meaning burnt) and jaristea (from the word jar meaning embers, jaristea would be a place of

123



Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

former embers) is an example of mainly semi-natural grasslands (sometimes even cultivated terrains) obtained
by setting fires to forest ot coppiced/lopped trees.

In Sweden, there are several terms for burning of forest and the diversity of terms reflects dialectal differences,
age of the terms, and differences in burning practice (Figure 5.2). These place names are found both on cadastral
and military maps and also in the collective memory of the communities. Their distribution is also found in
hilly and mountainous areas and in many cases with connection to grasslands or other agricultural terrains.
Their place names highlight also the method by which these grasslands were obtained, which is setting fire to
the forests and then using the burned areas as grasslands.

Figure 5.2. Toponyms in Sweden containing varieties of the word burn, Sw. -sved-, -svid- (left) with varieties of
swidden, Sw. -finn- (right). Differences partly describe different practices, partly dialectal differences. Source: svenskt
ortnamnsregister. Illustration: Tommy Lennartsson.

124



Practicing Historical Ecology

The burning of forest has often been combined with swidden agriculture (“slash and burn”). After burning,

it was common to take one or two cereal harvests before the burnt area was let to grazing or mowing. This
practice is partly illustrated by the different distribution of words for burning forest (Figure 5.2).
Runc is a place name found all over the Carpathians that indicates a pasture or a hay meadow obtained via
deforestation (Figure 5.3). Some researchers suggest that this practice (runcuirea) would be done with the help
of the ax and would imply cutting the trees from a certain terrain (Idu 1997). Runc, in some areas like Bucovina
(Romania) is a place name designating a grassland obtained by clearcuts and afterwards maintained by grazing
with livestock. In some cases, the runc was also cultivated with crops for some periods and afterwards being
transformed into a meadow. A similar toponym/word (ronco/ronchi) is found also in the Apennines indicating
a complex swidden agricultural system (the cultivation of cereals in woodland implying cyclical hoeing,
controlled fires and coppicing) (Cevasco 2004). The toponym runc derives from the Latin runcus and ancient
Greek rhynkos, meaning forest clearing and is also currently the most widespread toponym on the territory of
Romania (around 150 recordings) (Idu 1997). Although in most areas of Romania, runc remained simply a
toponym, according to the second volume of the Romanian Ethnographic Atlas done during 1972 and 1982
(Ghinoiu 2005), there were still around three villages in Southern Transylvania (in the area of transhumant
shepherds) and three other in Southern Romania (Wallachia) that used the word runcuire for designating a
deforestation.

In Italian the word runc has maintained its meaning to hoe or to stub (to dig up) (Conedera et al, 2007, p.
738). The runcus base has given rise to similar toponyms also in other regions of Europe, for example Ragore
in Switzerland (Kuhn 2002). Another example of a toponym derived from Latin is the French Sauveplane and
Salveplane, from silvam planam, cleared wood (Astor 2002).

Figure 5.3 shows the partial distribution of toponyms related to different techniques of deforestation on the
territory of Romania created by Petru Dan Idu (1997, p. 236). It can be noted that runc is one of the most
widespread toponyms, being found also in the hilly areas and lowlands in Moldova and Wallachia, areas which
were also covered by decidual forests until mid XIX century.

It is worth with noting that in the village Jina (Southern Transylvania), well known for the former
transhumant shepherds originating from here, there are three toponyms related to deforestation (runc, saca and
arsita) found on terrains used nowaday as hay meadows (Matei et al, 1998). This also shows that these grasslands
were obtained by different practices (clear cut, ring barking and setting fire) of deforestation.

Laz is another toponym very frequently found all over the Romanian Carpathians, connected to a forest
clearing (from slavic laz). In Ieud two toponyms are connected to this practice: Sub Lazuri and Liscior.
However, here the verb aldzui is still used by the locals and it means cleaning meadows from bushes and shouts,
not directly linked to deforestation, but to the management of grasslands. In a collection of folklore from
Maramures, dating back to 1908, the word laz is explained as: a place for making hay (Bud 1908, pg. 79). Laz is
also widespread in other areas of Romania for example it is quite common in the region Banat: Obarsia (descent
of) Lazului, Valea (valley of) Lazului, Culmea (summit of) Lazului and so on. Around 49 toponyms containing
the word laz have been found so far on the territory of Romania (Idu 1997).
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Figure 5.3. The partial distribution of toponyms related to different techniques of deforestation on the territory of
Romania based on a map created by Petru Dan Idu (1997, p. 236). It can be noted that runc is one of the most
widespread toponyms, being found also in the hilly areas and lowlands in Moldova and Wallachia, areas which were also
covered by decidual forests until mid XIX century. Graphics by Anna Westin.

Fencing and enclosures

Another rather common category of names is related to fencing of the settlement and other land against grazing
animals, because the cleared areas needed to be protected from grazing animals. Fencing has been a universal
activity in most pastoral communities, for keeping grazing animals inside their pastures or outside of meadows,
tields and gardens. Similar terms for fencing are found across languages. It is also common that the original
term for the fence has been transferred to the fenced area. Three seties of terms can illustrate this, as well as
the widespread use of similar words.

The Swedish tun, German Zaun, and Old English tun means fence (noun). This term has been applied also
to the fenced area as in Swedish tun, especially around the place where people live. The term for the fenced
area has then been equivalent to the settlement itself, and as in old English tun, the English -ton and -town
toponyms, and the Swedish -tuna place names.

The second series of terms for fencing is the old English haga, English hedge, German hege, Swedish hag
and hignad, meaning a fence. Again, the term applies also to the fenced area as in English haw, Swedish hage,
Dutch haag, all denoting an enclosure, especially for grazing. In Danish, we find the similar word have and in
Norwegian hage, which also means enclosure, but as in garden. The thorny shrub of Cratacgus species
hawthorn (English) or hagtorn (Swedish) has been used as live or dead fencing material.
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Figure 5.4. Gardu Tarinii, a physical fence in the village of Lelese (Hunedoara County, Poiana Rusca Mountains)
separating the village territory between pasture land and hay meadows (a two-field system moved every year).

A third example of fencing terms is the Old English to gird, meaning to fence. In Swedish we find girde,
and in Romanian gard, both meaning a fence. Corresponding terms for the fenced area are English garden and
yard, Swedish gard, German Garten, French jardin, and Romanian gradina for garden. The Swedish girde is an
enclosure for arable fields and meadows.

In addition to these widespread place names indicating enclosures, there are many less widespread. One
example is the -worth and -worthy names in English, from the old English worp or worpig, meaning enclosure
(Hough 2016).

The Romanian word for fence, gard is also sometimes found as a toponym designating not only a grazing
exclusion from a certain area, but sometimes also a whole agro-pastoral system. As an example, Gardu Tarinii
(meaning fence of the land or fence of the agticultural/productive land) is a toponym still found in some villages
marking a border between the village and a certain part of the landscape used for cultivation and hay making
(e.g. Forotic, Carag-Severin county). Although there isn’t any physical evidence for such a fence left nowadays,
it is known that many villages involved in animal husbandry had such wooden fences separating different parts
of the landscape to organize the communal grazing in certain areas in different time periods (Stahl 1998, Vuia
1975). Some villages of transhumant shepherds had three such fences (Sugag, Alba county), each family being
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responsible for the maintenance of portion of the fence, and some had only one called Gardu Tarinii. Most of
the villages with a single fence splitting the territory in two parts, also employed a double field rotation system.
One part of the village was used as pasture and the other part was used for cultivation and hay making. The
following year, the land use changed the other way around, the wooden fence separating these two areas would
change every year or once in two years (Stahl 1998). This ancient two fields system is still in use today in a single
village in Romania in Southern Transylvania due to the will of the community, the fence separating these two
areas (tarina si pisunea) being called Gardu Tarinii (Figure 5.4). In other villages this landscape and land use
feature remained only a toponym.

Placenames related to pastoralism and other agricultural practices

Many toponyms or place names are related to agricultural land-use practices. In many areas, there is a
pronounced relation to current and past pastoral activities, which can be gathered from maps and from
collecting information from local experts. Some of these toponyms highlight the past extent, travel routes and
pastoral use of certain terrains and landscapes which, nowadays, are only integrated to a lesser extent into
pastoral activities.

Historically, grazing has usually been accompanied by herding, in order to protect the livestock from
predators, to avoid grazing damage to meadows and fields, and optimize the pasture use in the local territory.
Several toponyms, often found in forested or mountainous areas, refer back to former herding practices.

Many mountain peaks bear the name Stanisoara (little sheepfold) and in some of these places pastoral
activities are still present like in Ieud (Ivascu 2018). The name Tarcu means enclosure or fold for grazing animals,
and it is also the name of an large mountain range from the Banat area, and important place for summer grazing
for several villages from that area. Tarcu Mountains are still used for short distance transhumance but in a less
intensive manner then a few decades ago. Many historic but now abandoned sheepfolds are another indirect
source of documentation for the intensive pastoral activities of the past.

Plai is a toponym and also a notion that describes the pastoral path used by shepherds and sheep flocks to
reach the summer grazing sites in the mountains and alpine area. Thus, plai is a traditional pastoral path
connecting the lowlands and villages with the summer pastures. In Maramures, plai is a living notion still used
by shepherds and locals from the area, and in Banat many place names are containing this name: Plaiu Mare
(2000 m), Saua Plaiului (2058 m), Gura Plaiului (a glade), Plaiul Fantanelor (1200 m) (Fesci & Buza 1979). In
German, place- or even street-names containing the word Trift (from the Low German word drift, zu treiben)
also indicate similar paths to historic grazing sites (Figure 5.5). Moreover, the word Trift is often connected
with adjectives describing the type of livestock historically drifted on these paths, such as the name Kuhtrift
indicating the historic pastoral path specifically for cows. There are also place names for pastures indicating the
timing of the pastoral use, such as Pfingstweide, which indicates the pasture that has been usually grazed around
the Christian Pentecost holiday.

In some mountainous areas, we can find certain toponyms related to mountain agriculture. In the Semenic
Mountains from the Banat, there are some toponyms suggesting cultivation at high altitudes even before the
colonization of German Bohemians in that area: Capu Campului (Beginning of the field), Varacica
(eatly/summer hatvests). Tomnacica (autumn/late harvests), Dealul Verzei (Hill of cabbages), Poiana cu Meri
(Glade of apple trees) (Bizerea 1970) etc. Other toponyms, like Dealul Purcariului (Hill of the swine herder)
(Bizerea 1970) or Purcaret (Poiana Rusca Mountains), are considerably suggestive by their own name regarding
the land use, being an area used for grazing and herding the swine herds, a practice very commonly referred
to in medieval documents but extinct nowadays.
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Figure 5.5. This historic map shows the area around the village Oberkalbach in the southern part of the Hessian Rhon
Mountains of Germany (Map patt No. 92 — Uttrichshausen). The shown landscape around the village inherits toponyms
referring to different types of land uses and landscape features: Die Trift (path to a (summer) grazing site), Die Struth
(thicket / swampy atea), Der alte Heegwald (“old fenced forest”, likely used for gamekeeping), Der Kalkofen (lime kiln)
or Dittersrod (a place name with reference to deforestation).

The interpretation of some toponyms can be sometimes problematic, for example the toponyms Vératica
(summery) and Tomnatic (autumnal), besides their meaning as summer or autumn harvest, might also refer to
areas that can be used for grazing during that period of the year. Toponyms derived from Tomnatic were
recorded 32 times and only 6 times placenames from Varatic in the historic Bucovina (Gramada 1996).

In Southern Switzerland the toponym brusada has different meanings linked to fires or setting fire, it seems
that one of its main meanings is linked to the management of common pastures. This was done by setting
controlled fires to common pastures found at elevations between 1200 and 1500 m a.s.l. In order to increase
productivity and eliminate unwanted woody vegetation (Conedera et al, 2007).

By researching toponyms relating to pastoral activities, we can find evidence regarding the past intensity of
this activity and the territorial extension during certain periods of time and seasons, or the absence of these
practices from certain areas. Usually in the past pastoral activities were more intense and extended through
large areas of landscapes, even regions and countries a few decades or centuries ago. e.g., Long distance
transhumance in the Mediterranean region and even in Romania covered hundreds of kilometers, from the
summer grazing sites to the winter areas. Some of today's cultural landscapes with remarkable biodiversity are
also the result of important pastoral practices, some of them being similar to the ones found even today in
some countries from Eastern Europe (Figure 5.06).
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Figure 5.6. A shepherd with his herding dog and sheep flock of the local breed, the Rhon sheep. The picture was taken
probably in the first half of the 20 century near Arnsberg and Kreuzberg in the Bavatian part of the Rhén Mountains.

Place names related to man-made features of the landscape

Some place names found on maps can show us the past existence of certain structures built for agro-pastoral
purposes or even temporaty or permanent settlements or crafts in the landscape at considerable distances from
villages or other types of settlements. These toponyms along with the land use depicted on the map can reveal
the fact that landscapes were more active and dynamic some centuries ago even on a small scale. For example,
German toponyms in relation to lime (e.g., Kalkofen, lime kiln), charcoal (e.g., Kohlerswiese, charburner
meadow), mills (e.g., Mithlgraben, mill ditch), or stone (e.g., Steinbruch, stone pit), refer to the historic presence
of remote crafting sites and crafts features.

Quite common are toponyms mentioning mills (moara in Romanian) and their owners, but particularly
interesting are the toponyms related to lime kiln (Varnita), brick fields (Cirimidiria) etc., having different
distributions in different regions depending on the economic and ecological conditions (Iordan 1963, Gramada
1996). Particularly interesting are the toponyms Dohotéria found in seven villages from historical Bucovina
region, showing the existence of a past and forgotten industry, the manufacturing of wood tar from the bark
of birch trees used to lubricate the axles of carts (Osachi-Costachi et al. 2015).

Toponyms related to charcoal making like Carbunari, Cérbunarita, Carbundria etc. are also found in different
villages, or even some villages bear these names (over 80 village names and toponyms spread all over Romania)
from the Romanian word cirbun (latin carbo, onus) (Man 1996), thus showing areas where charcoal production
was a traditional practice and where locals relied on forest services. There are even some toponyms like Bocsa
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or Valea Bocsei, which can be translated as the places where the wood piles were erected for making charcoal
(bocsd - wood pile for making charcoal).

Some ecosystems that are considered as being natural, such as some forests, could be in fact the result of
natural succession of vegetation, due to the abandonment of some grasslands or temporary settlements involved
in agro-pastoral activities in some areas of the landscape. For example, some toponyms like Valea Runcului in
Jina (Matei et al, 1998) and other toponyms which include the name Runc (and even Arsita, Carbuniria, Laz etc.)
found in the Romanian Carpathians are today covered with (most probably secondary) forest.

Placenames related to vegetation types and vegetation history or animals

The existence of transformation of certain vegetation types can be discovered by specific place names. For
example, the toponym Fagi translated as beech (Fagus sylvatica), found at altitudes below 200 m, can show us
that in the past there was beech forest in that area, confirmed also by some oral histories, although nowadays
the forest is made out mostly from Turkey Oak (Quercus cerris) and lime (Tilia species) (Ivascu unpublished data).
Another example, in the Tarcu Mountains the place name Culmea Seroni found at altitudes of 1360 m, can be
translated as The Summit of Turkey Oaks, however the main species covering that summit nowadays are beech
trees (Fagus sylvatica).

Toponyms related to wetland vegetation are also extremely important, due to the fact these ecosystems could
be still found in the landscape of a certain area or could be transformed into another type of semi-natural
ecosystem or land use category. Many toponyms linked to marshes, like Mlaca or Mocira from the Maramures
region, are nowadays wet hay meadows. It is also noteworthy that the toponym Lac or Lacuri meaning
lake/lakes is nowadays found in places where there are no lakes in the present, but grasslands (Ieud, Maramures)
or forests (e.g. Goruia, Banat). If such a wetland-related toponym still coincides with an actual ecosystem, then
this can be considered as a case of ecological continuity solely or together with a continuity of human
management. Historical maps can be used in such cases to determine the age, at least partially, to track important
changes in management or the extension of such ecosystems. There are also several toponyms relating to
wetlands and marshes that need to be taken into account: Rat (wet hay meadows), Lunca (river meadow), Valea
(valey, riverside), Rogoaze (Carex species) etc.

Similarly in Germany’s agricultural landscapes, toponyms with the word Acker (field) are often extended by
a prefix referring to the historically often cultivated crops (wheat, turnip, cabbage etc) or are in place name
connections with animals (e.g., birds, deer and hare) as well as tree species (e.g., birch, lime, beech, oak or
cherry). Many toponyms in Romania also include the words Tarina (pre-roman word, meaning productive land
for both hay and plant cultivation) and Camp (from Latin campus, meaning in Romanian both cultivated area,
but it also means semi-natural grassland in many areas) (Ionitd 1982)

It is also noteworthy that many toponyms describe exactly the main vegetation found on some mountains
or hills like; Figet name found in many atreas of the Carpathians meaning beech tree forest. Other similar
examples are Cdrpinis (hornbeam forest), Stejiris/Stejiret (oak forest), Frisinis/Frisinet (ash forest), Cornet
(ateas with many cliffs where many European cornel bushes grow), Ceret/Cerisor (Turkey Oak forest)
etc. Other place names might indicate other types of vegetation, in some rare cases even plants that became
threatened like Dealul Colilia (Hill of feather grass, S#pa pennata) in the Caras Valley.

Field observations can complete these toponyms. For example, most place names related to deforestation
are found on hills and mountains within the territories of most villages and nowadays in the majority of cases
the current land use is a semi-natural grassland (either hay meadows or pasture, depending on the property

type).
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Limitations

Misinterpretations of toponyms (the names and their meaning) is a problem one needs to take into account
when doing research on this topic, or when someone is interested in including this information along with other
information categories into Historical Ecology research or other projects. This is why it is necessary to consult
linguistic, historic and ethnographic works on this subject. For example, some linguists might not consider the
dynamic ecological information embedded within many toponyms, but it is also true that a naturalist might not
see cross-cultural implications and connections to neighboring languages or language families of certain
toponyms and their historical transformation (and their migration).

Limited map availability (sources and other references), limited availability of people.

Limitations regarding this kind of research might occur due to the fact that sometimes we can find a limited
number of maps or references for a certain region we are interested in. Another shortcoming might be the
limited availability of knowledgeable people in some cases (both time-wise and in regard to knowledge erosion),
there might be cases in some communities where traditional knowledge erosion has also had an impact on the
place names (e.g. the abandonment of agro-pastoral activities form certain areas of the landscape might lead to
the disappearance of many micro-toponyms from the respective).

The research on toponyms relies on good quality and appropriately archived data, either in physical or digital
form, when being accessible in physical resources, such as maps, books, studies, monographies etc. When it
comes to digital data and other kinds of information, databases offer a timesaving tool to organize the
information required for the analysis of toponyms. One example for such a database is the State Historical

Information System for Hesse, Germany (LAGIS, https://www.lagis-hessen.de/en). Here, georeferenced
historical maps from different time periods and a dictionary of place names are freely accessible, which
facilitates the research on and use of placenames and toponyms for different disciplines. In other countries,
internet databases with toponyms on a national level might not be available for the time being, but there are
other databases at a local level (usually available at town halls, together with some maps). For example in
Romania, the Research Institutes in Linguistics, belonging to the Romanian Academy, are working on vast
collections of volumes (the format being like a dictionary) called Tezaurul Topinimic al Romaniei (The
Toponymic Thesaurus of Romania) focused on all historical regions of the country, that are currently in working
progress (currently only five volumes have been published related to Moldova, three regarding Transylvania
and four volumes regarding Walachia). Some of the other national systems include:
China Historical GIS, Geographic Names Information System [for the U.S,], GeoNames (International),
German Historical GIS, Great Britain Historical GIS | National Historical GIS [for the U.S,].

The U.S. has the National Gazeteer of the United States (https://pubs.usgs.gov/publication/pp1200USA).
A final note is that these data can be integrated directly into GIS systems for spatial analysis of place names

relating to current and historical land use and land cover patterns, as with the U.S. Geographical Place Names
Information System (https://www.usgs.gov/fags/what-geographic-names-information-system-gnis). Please
see chapter 11 on GIS for additional details.

How place names relates to Historical Ecology

The study of place names is directly relevant to the study of Historical Ecology. Toponymy and the study of
place names can be of major importance for projects and research not only in Historical Ecology, but also
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landscape planning and nature conservation. For example: Important information on toponyms leads directly
to a new reference of historical land use, and perhaps also historical land use management. This leads to a new
reference of land use continuity, which leads to an integration of such information into sampling designs for
an ecological research project or biodiversity assessments if information about historical land cover and land
use changes are required.

Due to the nature of the information it can contain, toponyms can highlight to researchers important
processes of landscape dynamics and management, land use, vegetation structure and dynamics. By analyzing
certain place names and their distribution within a landscape or within a certain geographical region, one can
better understand a given landscape and its land-use patterns and dynamics through long periods of time.
Toponyms might reveal not only past land use that is nowadays extinct, but also the existence and distribution
of past crafts and their relation to the landscape and the ecosystems found there. However, the information
embedded within place names can often be limited and might be prone to misinterpretation. Therefore, this is
why researchers might gather additional information or consult expertise from specialists working in the fields
of humanities (linguistics, ethnology or history) or other natural sciences (geography or ecology). Despite these
obvious limitations and difficulties, certain place names that relate to land use, vegetation type and structure,
traditional crafts, deforestation, man-made features of the landscape, pastoralism and other agricultural
activities can complete field observations, cartography, anthropological inquities and other methods presented
in this volume. The mere survival of some of these types of place names in the memory of certain communities
proves their past importance and extension and can help us to better understand the dynamic relationship
between humans and their natural environment over long periods of time. We can take into consideration some
of the aspects highlighted by specific toponyms also in landscape planning undertakings but also in nature
conservation and protected areas management. Some of these toponyms (if there are any) might give a very
important hint about the natural and bio-cultural heritage of some ecosystems and might help us understand

why some current management methods need some revision.
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CHAPTER 6

HISTORICAL CARTOGRAPHY

SCOTT MADRY

Figure 6.1. A cartouche from an historical map showing cosmographers at their work, from the collection of the author.

This chapter introduces the methods, techniques, and benefits of the analysis of historical cartographic data in
support of Historical Ecology research. The analysis of cartographic data, and associated tabular information,
can directly support this work in a variety of ways, including the creation of time series and determining spatial
changes in the natural and built environments over time. Historical cartographic analysis involves several steps
and techniques, which will be discussed, as well as major sources for such data, and how the maps can be
digitized and fully integrated into a GIS database for further analysis and comparison with other data and
analysis, as presented in chapter 11. I will also consider why we want to incorporate these data into our
work. The chapter will also present some examples from our own work, including our ongoing research in
Burgundy, France.

Introduction

The disciplinary underpinnings and perspectives include cartography, geodesy (the study of the precise size and
shape of the Earth and how to represent this accurately on two-dimensional maps), geography, astronomy, and
mathematics. The history of cartography is a fascinating story, worthy of much more detailed treatment than is
possible here, but mapping our world has been of interest to humans for as long as we have wandered the
landscape (Harley and Woodward 1987, Bagrow 1986). Early cartographic traditions developed independently
in ancient Babylonia, China and India, but Western Europe was the source of the creation of modern mapping
techniques using triangulation in the 16th century that revolutionized precise map making. There were several
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reasons for doing so, including exploration and colonization, the location of exploitable natural resources,
military campaigns and defense, taxation, and simply the desire to know about the world and understand our
relationship to it (Figure 6.2).

Figure 6.2. Military officers from the French Etat Major conducting field mapping using a plane table. Illustration from
the cover of La France Vue Par Les Militaires, Catalogue des Cartes de France du Dépot de la Guerre, Tome Premier
par M. Corvisier-de-Villele et C. Ponnou, Arme de Terre Service Historique, Chateau Vincennes.

The modern cartographic revolution

Modern cartography is closely linked with the Age of Discovery in the 16th century, and the development of
new techniques in mathematics, long distance marine navigation, European colonization, and, interestingly,
astronomy (Turnbull 1996). Many of the first European cartographers were astronomers and mathematicians
and were referred to as cosmographers at the time (Figure 6.1). The Dutch school of cartography, led at first
by Gemma Fresius, was a leader in the development of modern mapping, beginning in the mid and late 1500s.
Gerhardus Mercator (1512-94) was a Flemish mathematician and cartographer who was the inventor of one
the most famous map projections, which is the prototype for conformal mapping still used in marine and air
navigation today. In 1585 he produced a new and accurate set of maps of Europe. Later, Dutch cartographers
like Abraham Orterius and Johann Lambert, took mapmaking to new heights of precision, accuracy, and, also,
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artistic beauty. Lambert (1728-1777) was the first mathematician to develop multiple modern map projections
that accurately fit the round Earth onto a flat map plane, and his projections are still in use today (Snyder 1987).

There is an interesting connection between astronomy and the development of accurate land
mapping (Edney and Pedley, 1986). One of the great astronomical issues of the 17th century was the
determination of the actual shape and size of the Earth, which was much debated. Also, the distance to and
size of the other planets of the solar system were major issues of the times. Determining the distance to Mars
or Venus required understanding the size of our planet, and being able to make extremely precise measurements
of angles across great distances, which required the development of telescopes with fine angle determination
capabilities. The modern rediscovery of triangulation by Flemish mathematician and cartographer Gemma
Fesius was a key aspect of making these measurements in the heavens, as well as on Farth.

Figure 6.3. The Paris meridian, running down the middle of the Paris Observatory. Image courtesy Wikipedia
https:/ /en.wikipedia.org/wiki/Paris_meridian#/media/File:Obs-Patis-metidienne.jpg
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Triangulation

All maps from the 1600’s (up to the very recent development of satellite positioning and GPS, as described in
chapter 14) were made using the mathematics of triangulation and trigonometry, as first described in the
modern era by Gemma Frisius of Flanders in 1533. This is based upon the relationship of angles and lengths
within a triangle. This was also known in the ancient Egyptian, Greek, and Chinese worlds, but it was Fresius
who laid the foundation for practical mapping by triangulation in the modern European era. He demonstrated
that, by laying out an accurate baseline of a known length, the distance to visible features on the landscape
could be determined by carefully measuring the angles, and using trigonometry to triangulate these distances.
An accurate grid of triangles could then be spread across a large area, all based on the single, original measured
baseline. This is the fundamental principle behind modern surveying and mapping, and the Dutch developed
the first, practical methods for mapping by triangulation.

In 1669, Louis XIV, King of France, appointed the Italian mathematician and astronomer Giovanni
Domenico Cassini as the first head of the new Paris Observatory, and Cassini took the work of Fresius and set
about establishing what is known today as the Paris Meridian (Figure 6.3). La Méridienne de France, was
established in 1720, running right down the middle of the site of the new Paris Observatory. You can see it if
you visit it today.

Between 1684 and 1718, Giovanni Domenico Cassini, today known as Cassini I, and his son Jacques Cassini
(Cassini 1l), extended the Paris meridian north from the Observatory using triangulation to Dunkirk and all the
way south to the Mediterranean Sea. This was then connected across the English Channel to London. This
created a baseline that provided an estimate of the accurate shape and size for the Earth, the first determination
of the size of the solar system, and also was a baseline from which the triangulation was extended east and west
to all of France, laying the ground network for the new Cassini map series where the location and distances
between places throughout France, for the first time, were very close to correct (Figure 6.4). The entire Cassini
maps series is now available at an interactive online portal at https://www.geoportail.gouv.fr/donnees/carte-

de-cassini

Types of maps and their characteristics

There are many different types and scales of maps, and they are all created for specific purposes. One of the
common sayings in cartography is that ‘All maps lie flat, so all maps lie’. This means that since maps are
representations of a round Earth on a flat surface, that all maps must contain some types of distortion. Every
map has a map coordinate reference system, defining the map projection, or how the features on the map are
spatially represented on the Earth, and which defines which types of distortion were introduced. Examples are
Latitude/Longitude (for very large areas) and each nation has its own national map projections(s). Maps also
all contain a scale, or representative fraction, where a given length or measured line on the map represents some
known distance in the real wotld, such as 1:50,000. So 1 cm or inch or whatever on the map is equal to 50,000
in the field. Maps are produced in many scales, ranging from 1:100,000 or 1:50,000 for regional maps, 1:25,000
for more detailed topographic map series, down to 1:2,000 for detailed cadastral maps.

All maps or map series are made for a purpose, and there are many types of maps that are useful for Historical
Ecology research. These include general topographics maps, showing all of the natural and human-built
features on the landscape, and also what are called thematic maps, showing one specific land use such as forest
maps. geological and soil maps, political maps showing political subdivisions, military maps, transportation
maps, population maps, economic maps, and many more. Cadastral maps, which are very detailed maps that
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show property ownership are created primarily for tax purposes for individual properties. These often also have
associated tables showing who owns a specific parcel, its tax value, and other pertinent data relating to property
ownership. There are several national variations, for example, in Sweden, cadastral maps were used for land
redistribution between villagers, where there are two types: 1) previously common land was privatized and split
between the villagers, 2) when land ownership was mixed in an open-field system (which forced everyone to
work the land with the same timing) was redistributed so that each landowner got their lots in a few places
instead of many. This enabled a more efficient land use and development since the individual farmer could
make their own decisions. All of these maps can be of use in our research.

Mis. fe C 22176
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Figure 6.4. The Cassini triangulation of France. This shows the network of triangulation survey points that were

collected throughout France to accurately map the entire nation for the first time, and the first in modern history. Image
courtesy IGN

140



Practicing Historical Ecology

Historical GIS

Historical maps are now an important source of information for Historical GIS, also simply called HGIS, and
Historical Ecology research (Piovan 2019). HGIS has become an important field unto itself, and several works
detail the many uses of historical maps in this context (Knowles 2002, Knowles and Hillier 2008, Rumsey and
Williams 2002).

Disciplinary viewpoints, perspectives, and traditions of scholarship

Cartography has always been based upon field measurements, so it is very much grounded in a tradition of both
field and lab work. It incorporates field work for the creation of the map features, and also requires extensive
lab data processing where all the field data are integrated onto the final map product, and then production and
distribution of the final maps in paper or digital formats. This cartographic process includes basic scientific
theories of geometry, astronomy, and even print making and metal etching, and also has very practical
methodological components as well. It contains the scientific discipline of geodesy as an important component,
as the true nature of the size and shape of planet Earth is a vital aspect of accurate mapping, and map projections
all distort the map to some extent. More recently, photogrammetry and remote sensing are key components, as
almost all topographic maps today are created using digital aerial or satellite imaging systems (as discussed
further in chapter 12 and 13).

Basics of the use of historical cartography in Historical Ecology projects

The basic means of using historical maps in your project involves locating and processing several sets of
historical maps of your study area. This can be as simple as visually reviewing old maps for interesting features
and comparing them to modern maps, but today this more commonly involves the process of scanning and
incorporating the data within a GIS environment, as discussed in Chapter 11. A variety of useful data relevant
to Historical Ecology projects can be extracted, including changing patterns over time of land use, forest extent,
property ownership, settlement patterns, transportation networks, hydrology and geological underpinnings, and
political, demographic, economic, and social systems. Time series and the changes in these are possible with
multiple maps, and quantitative measurements can be made, so that the total area or relative percentage of
forests, for example, can be generated, thus generating useful information for our overall Historical Ecology
analysis. Each map has its own representation of different features, and maps of different dates often categorize
features differently, so there is much work needed to determine the best estimation of features such as forests
in multiple maps of different dates and scales.

It is important to realize that the cartographic tradition varied widely around the world, and many nations
have long and excellent map series while others do not. Sweden, for example, has a very long and deep tradition
of accurate cadastral maps back to the early 1600’s (Tomlin 1991, 2021) and the Austro Hungarian empire,
which extended broadly across eastern Europe, also had detailed land use and cadastral maps that have been
widely used for historical research purposes (Ostafin 2020). Other regions of the world are less well mapped
across time, and each researcher must conduct a search for what maps are available for their specific area of
work. It is vital to also learn about the techniques and processes used to produce each map series, as an
understanding of the map’s origins, errors, and biases is vital for their proper use. All maps are produced using
the technology of the day, which has continually improved over time. Each map also has biases in terms of
what is represented and how, so an understanding of both the technology and the intentions of the cartographer
are important before they can be properly analyzed.
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One of the fascinating aspects of these maps is the artistry and beauty created by the cartographers, who
were called cosmographers in their day. They are individual works of art, and their makers clearly took great
pride in their work (Figure 6.5). Each map had a cartouche with the date and title of the map, a dedication, and
beautiful etchings and scenes of the local area or other figures. Many early maps were hand-colored and were
highly decorated original works of art which were highly prized by their owners, in addition to being highly
utilitarian and useful documents.

Figure 6.5. Some examples of the artwork in historical maps. From the author’s collection.

Methods of collection and data analysis

The analysis of historical cartographic data can be as simple as looking at an old map and seeing what you can
identify, or taking a paper copy of one out into the field and trying to see if you can identify features on the
landscape. The vestiges of many historical land use and land cover features are still visible on the landscape,
and Historical Ecology projects can make excellent use of these features such as fencing and hedgerow patterns,
old drainage channels, abandoned dams, sections of ancient roadways, or old field boundaries. Visual
interpretation of land use regimes, forest patterns, and grassland habitats are vital for the analysis of biodiversity
and biological cultural heritage, as presented above. Patterns of grazing and grassland use can be extracted, and
social issues relating to patterns of habitats and land use can be explored. Settlement patterns, including houses,
barns, and the roads and paths that connect them with the larger community and beyond, are also very
commonly analyzed through time using these techniques.

Frequently more useful, especially in larger or more long term projects, is the integration of digital maps into
a GIS database, as discussed in Chapter 11. These data are also often integrated with historical tabular data such
as tax records, land ownership records, and other data, as described further in this volume. But historical maps
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can also be used to good effect by simply viewing and conducting qualitative analysis or writing tabular data
into simple worksheets.

Map scanning

This involves acquiring a high resolution scan of the map, with at least a resolution of 1200 dpi (dots per inch)
if possible. Large format color scanners are widely available today. Using a smartphone or low-end digital
camera is not a good option, due to the low resolution and distortions involved, and many archives now allow
you to download maps that are already scanned. Once you have a digital map, you need to get all the associated
metadata that you can, regarding the creators, underlying technologies, limitations, and uses. You then need to
georeference the scanned image to your GIS database and project coordinate reference system, and there are
many free software options available which include detailed tutorials on how to do this. Known points on the
historical maps and modern data are located, and once you collect sufficient points, you can run an algorithm
that will warp the old map to the new map so that it overlays your other data as well as is possible. Caution is
required, as roads and rivers actually may move over time, but bridges, crossroads, and buildings are excellent
choices for this process if both are represented on both the old and new maps.

Once you have your raster map propetly overlaid on your GIS, you can then vector digitize each individual
category of features, according to your (hopefully) well-thought out GIS data plan. So you digitize all the
hydrology features, categorizing them into major streams, ephemeral streams, ponds, etc. and record the
attributes into the GIS relational database. Careful consideration is called for before you digitize, as you need
your data propetly categorized as required to conduct your analysis. Then you do the same for roads, property
ownership, vegetation, and whatever features can be identified. Quality control is vital (as the expression goes,
“garbage in, garbage out”), so always have a second pair of eyes review the data before it is ‘signed off’, and fill
out that metadata as well, so that it is clear who did the work using what tools. Once this process is completed,
you will have a finished raster background map and all of the individual vector features extracted from the map
as well. This can all be done for no cost except, of course, the time and effort required. Another option is to
contract with a commercial GIS firm to do all of the work, and there are many who will gladly do so for a fee
and who can do excellent and very quick work, particularly the many GIS firms now established in India. All
you need is a decently fast computer, a large external hard drive, free GIS software, and, of course, the scanned
maps. Once all of your maps are scanned and georeferenced, and you have extracted all of the features, you
can then conduct the various statistical analysis and area measurements, time-series analyses, and visualizations

of your data using your GIS, as presented below.

The WHY of using historical maps in our work

Ultimately, we need to understand why we want to go to the trouble of working with these old maps in our
research. The primary purpose for Historical Ecology research is that maps from different dates provide us
with a series of temporal snapshots of our study area that extends back potentially several hundred years. Each
map is a unique time slice, made for specific purposes with particular technologies and goals, and we can
observe our study area, now from afar, and have the opportunity to see it as it once was. By scanning,
georeferencing, and digitizing the specific various land use and land cover features, we can then create time
series which show us the changing nature of the landscape. We can track the ebb and flow of forest patches
and agricultural fields, and also watch as the human build landscape of roads, canals, and human settlements
increase or recede. All of these are key questions in Historical Ecology research, and having this allows us to
put the landscape into its larger social, economic, political, and, ultimately, human context. It is not the entire
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picture, but it certainly is a significant part of it, especially when we have access to detailed cadastral and property

ownership and tax data, it allows us to address complex Historical Ecology questions relating to humans and
their environment over time.

o ra

Figure 6.6. A 1631 map of Burgundy by Guiljelmum Blaeu of Amsterdam This is a typ1ca1 17th century map, showing
little detail and a simple, cartoon-type representation of features like rivers, forests and topography. Areas of forests and
hills are generally located, and towns and villages have different symbols depending on their size and importance. Many
of the villages and feature names vary from the modern spelling of the town names. From the personal collection of the

author.

As an example, in our research in France, we have investigated the spatial patterns of water features including
water mills and mill ponds and agricultural and land use, forest size, location, utilization, and the role of forests
in the local agrarian economy, vines and vineyards and the ebb and flow of commercial wineries in the area,
hay, pastures and fodder for animals and the changing numbers and roles of farm animals in the local economy,
and the ever changing and yet consistent settlement patterns of the inhabitants, including roadways, farm tracts,
railroads, bridges, ferries, and farms, villages, and towns. Each of these has been investigated individually (water,
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forest, vines, etc.) with a view towards the eventual holistic view of the entirety of the humans and natural
landscape over 270 years. These maps, and the GIS analysis of them, are very much at the heart of our research.

Examples from our research project and study area

Over the past 45 years, the author has collected more than 65 historical maps and map series (where several
maps are required to cover our study area), of our research area in France, in both paper and digital formats,
originals and copies. These date back to a high resolution digital copy of the medieval Peutenger copy of the
original travel map of Roman antiquity, through the 1600’s, into the modern era (Figure 6.6, 6.7 and 6.8). Our
earliest modern map is from 1585. Burgundy was very well mapped early on, as the Dukes of Burgundy acquired
what is now the Netherlands through marriage. This was important, as the Low Countries were the focus of
the new scientific techniques of cartography, as previously discussed, and they made the finest quality maps
then produced, and the Dukes of Burgundy wanted their domain well mapped.

These maps were acquired for our project from a wide variety of sources, including the Institut national de
Pinformation géographique et foresticre (IGN), Archives Nationales de France, the Bibliothéque Nationale de
France, the Service Historique de la Défense Ministére des Armées Archives at the Chateau Vincennes, Bureau
de Recherches Géologiques et Minieres (BRGM), The Library of Congress in Washington, The David Rumsey
collection of Stanford University, and various regional libraries and archives in France, Europe, and the U.S. 1

have also acquired numerous original historical maps from various commercial dealers in France, mainly in
Paris, and on the internet as well. New copies of old maps are always coming available online, and many are for
very reasonable prices. Others can cost many thousands, or can only be found in museums or even in private

collections which do not allow public access.

Figure 6.7. A hand-colored version of the 1759 Cassini map of our research area. This image shows our detailed study
area in Burgundy, with the hillfort of Mont Dardon at the top center, forests are in green, the walled town of Toulon at
upper right, with the Arroux river at right. This was the first, precise national map produced using modern triangulation

methods, and is a huge improvement over all previous maps. Our study area is outlined in blue. Map courtesy the
Library of Congtess.
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We ate very fortunate to have a complete series of detailed cadastral maps and tabular data from 1834,
produced at a scale of 1:2,500, which has been used to create a very detailed view of land use and land cover at
that time in our project GIS (Figure 6.9). The 1834 cadastral data contains a total of 2,899 individual parcels in
the commune, in an area of only 32.75 squate km. The tabular tax data includes patcel size, land use, ownert,
tax class, tax paid, owner residence, and more.

Figure 6.8. A detailed section of the original 1823 cadastral map of the village of Uxeau, showing the individual parcels
and houses and structures in red, and the same area showin in our project GIS after digitizing. Images from our project
GIS by Scott Madry.
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Figure 6.9. The detailed land use data from 1834, after entry into our project GIS. Forests atre in green, agriculture in
yellow. QGIS image by Scott Madry.

Analysis of these data show us the detailed makeup of the environment at that time (Figure 6.10).
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Figure 6.10. Agricultural fields make up 66.8% of the commune, with forests making up the next largest land use class
with 19.3%. Meadows come next, a 9.45%, so. as you can see, 95.55% of the land is agricultural land, forest, or
meadows. Pastures are 1.29, and vineyards are 1.29%. The rest are less than 1% each. QGIS graphic by Scott Madry.
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This detailed dataset has been used to create a very focused view of the land use and land cover of the area
at that time, including the amount and distribution of different categories, tax values, ownership, and more
(Figure 6.11). This shows a single vineyard parcel in red, along with its associated ownership, value, tax class,
size, and other information. We are preparing a comprehensive view of the commune at that time in terms of
all aspects of the data contained here.

)
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Cit (clicked coordinate X) 779537
) (clicked coordinate Y) 6615441
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Closest vertex number 22
Feature ID 81
Part number 1
Parts 1
Perimeter (Cartesian) 846 m
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Figure 6.11. A single vineyard parcel (red) from 1834, along with the tabular data indicating the size, tax class, value,
owner, owners residence, and more. QGIS images by Scott Madry. Source: Madry and Jones (in prep.)

Figure 6.12 shows the 1840 color Etat Major Carte de la France map of the area. This map series replaced
the Cassini maps and was produced from 1840 through 1912 in our area. It is at a scale of 1:40,000 and we have
updated versions of our area from 1840, 1848, 1889, and 1912, documenting the changes in the area on the
same map series. These have all been scanned and had their features digitized.

Figure 6.13 shows the first of the modern maps of the region, produced by the IGN in 1951 using modern
aerial mapping and cartographic techniques. These were the first modern maps of the region, using elevation
contours and standard modern cartographic symbols and methods. These maps continue to be released
frequently in scales of 1:25,000, 1:50:000 and 1:100,000.

Cartography continued to advance, and today maps are produced using digital aerial cameras and satellites,
all precisely located using Satellite GINSS systems (discussed below). These are acquired on a repeating basis
and, in many nations, are made freely available digitally on the internet or for a small fee in paper format.

Over the last 45 years we have collected a wide range of paper and digital maps, some originals and some
copies. At present, we have a collection of some 65 scanned maps from many sources, including the various
national and regional archives and libraties in France, the United States Library of Congress, commercial
vendors, and other sources. We also have many paper IGN topographic maps as well. Those which were
considered usable for our temporal analysis were scanned, georeferenced, and had the individual features
extracted for use with our project GIS. This is a complex and multi-stage process, which is covered in Chapt3r
11. A total of 13 maps were processed in this way for use in our temporal analysis (Table 6.1).
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Figure 6.13. A 1:20,000 1951 topographic map produced by the Institut National of France. This is the first, modern
topographic map series in France using modern aerial photography as a source and using topographic contours (shown
in brown). Forest areas are in green, ponds in blue, and structures, hedges, and field boundaries are in black. These maps
continue to be produced today at 1:25,000 scale.
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Figure 6.14. Showing the land cover in our study area, as measured in multiple historical maps and also agricultural
reports. This is the vital benefit of historical maps, they produce a snapshot in time of the land use and land cover of
our area, which we can digitize and measure, providing us with patterns over time. Produced by Elizabeth Jones.
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Table 6.1. The 13 maps used in our spatial analysis of the changes in land use and land cover.

Year Scale Name Source
1757 (field i 1:86,400 i Carte de Cassini de la région de la vallée Arroux: | Institut Géographique
survey) carte n° 85 Autun. Map published in 1759, field { National

surveyed in 1757
1834 1:2,500 Cadastre Napoleonien: Atlas cadastral parcellaire du | Archives Départementales
(75  years territoire de la commune d'Uxeau, Canton de i de Sadne-et-Loire, Archives
from last Gueugnon,  Arrondissement de  Charolles, | en ligne
map) Département de Sadne-et-Loire
1840 1:40,000 i Carte d'Etat Major: Autun SE carte n°136 Institut Géographique
6 years National
1848 1:80,000 i Carte d'Etat Major: Autun SE carte n°136 in color i Institut Géographique
8 years National
1880 1:100,000 i Carte de vegetation de Uxeau Commune d’Uxeau Marie
32 years
1889 1:80,000 i Carte d'Etat Major: Autun SE carte n°136 edition i Institut Géographique
9 years 1889 National
1895 1:100,000 : Carte de la France, dressée par ordre du Ministre de i Institut Géographique
6 years IIntérieur Feuille XX-22, Gueugnon National
1912 1:50,000 i Carte d'Etat Major: Autun n°136 SE et SO revisée i Institut Géographique
17 years en 1912 National
1951 1:20,000 i Carte de France Toulon-sut-Arroux, cartes n°5 & i Institut Géographique
6 years n°6 National
1965 1:1,000- i Cadastre feuille dressée en 1834 mise a jour pour ; Commune d’Uxeau
14 years 1:2,500 1964
1971 1:25,000 i Carte de France Toulon-sut-Arroux, cartes n°5 & i Institut Géographique
6 years n°6 National
1983 1:25,000 i Carte Topographique Sétrie Bleue carte n°2826 i Institut Géographique
12 years Ouest Luzy National
2003 1:25,000 i Carte Topographique Série Bleue carte n°2826 i Institut Géographique
1 year Ouest Luzy National

These 13 maps give us an excellent time series of our area from the present back to 1757 (the date of the field
work for the Cassini map published in 1759). We have many earlier maps, but they are not as useful for our
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detailed analysis. These 13 maps (or sets of maps as our area may be covered by 4 or more maps for one date)
were color scanned at high resolution (greater than 600 dpi), and entered as raster .tif files into our project GIS
database. They were georeferenced to our master GIS database and modern French coordinate reference
system so that features from each map series are located in the same place. Then, individual features such as
roads, hydrology, forests, etc. were vector digitized as points, lines, or polygons, as appropriate, and used for
our temporal and spatial analysis. These included roads, hydrology, structures, vegetation, political boundaries,
and other features. Modern, detailed French vector data are now also available directly from IGN at no cost

(https:/ /www.ign.fr), but this varies country by country. You will have to search for data where you work.

Time series of the changes in vegetation cover, settlement patterns, ponds and water mills, and transportation
have been created (Figure 6.14 and 6.15), including land use area measurements, as well as 3D visualizations
and fly-through flights.
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Figure 6.15. The difference in major land use categories between 1836 and 1988, based on historical maps. Produced by
Elizabeth Jones.

Our research group has used these data for analysis of the Cassini map data (Madry 2000), water features
(Madry et al. 2011), and working with historical maps in general (Madry 2011). Work continues on the analysis
of temporal changes in forests, vines, settlement patterns, agriculture, fodder and meadows, settlement patterns
and transportation in the region over time, both in specific to each individual domain as well as in an overall
and integrated view (Madry and Jones 2025 in preparation). Our series of digitized historical maps are
fundamental to our ability to consider the Historical Ecology questions we are addressing.

We have come a very long way from the early maps of France in the 1500’s to the precise digital maps and
GIS data of today. Our project has spent many decades searching for, collecting, and analyzing maps of our
area to study the changes and continuity in land use and settlement in our area. We have searched map
repositories, archives, academic libraries, private collections, and the internet to locate these fascinating and
valuable historical resources. There are still some maps that we know existed, but that we have not yet found,
and so our search continues. In the course of this most enjoyable, ongoing labor of love, we have also come to
respect and admire the historic cartographers who worked so hard to map our region of Burgundy, and we
marvel at the beauty and artistry of the maps that they produced.

There have been several good examples from other projects from around the world, included in several
books on the subject of HGIS (Knowles 2002, Knowles and Hillier 2008, Rumsey and Williams 2002). One of
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the key benefits of using historical maps is their ability to be integrated directly with other data and into our
GIS. So we can take historical tax and land ownership data and integrate this with our parcels, for example, to

look at patterns of property ownership, tax valuation, and land use.

Limitations and Benefits

There are real limitations and benefits of working with such data. Among the limitations are the fact that first
we have to locate the maps, and maps of a particular location can be difficult to find. Historical maps can be
difficult to locate, and many areas of the world are not as well covered as Western Europe and North America.
All maps are cultural constructs, and cannot be immediately considered to be ‘true’. All maps are made for
specific purposes, and are also deeply embedded in the culture, technology, and politics of the day. Some maps
focus on tax values, others on natural resources or specific military needs. Many are specifically made to a given
purpose, such as several maps in our region showing areas impacted by the Phylloxera vine blight. In the end,
we need to understand both the technological boundaries and the social/political interests and purposes of the
map makers, in order to extract the maximum amount of accurate information that they contain. So maps are
both culturally constructed with the tools and abilities of the times, and all have their own specific purposes
and emphasis, which drives the decisions of what is presented and what is left out. Several older maps of our
region have more or less detail depending on the changing political boundaries of individual features. Some are
much more accurately mapped along easily accessed roads and near towns, and much less so in mountainous
areas with few roads. Clearly, the scale (or representative fraction) of the map is key for the level of detail, and
time series and area measurements using maps of different scales introduces errors that are unavoidable. The
wider the range of map scales, the less we can really say about the resulting analysis. Technologies and
cartographic techniques such as the use of ‘hatchure’ to denote topography, using lines running up and down
slope, were eventually replaced with modern elevation contour lines (compare Figures 6.6, 6.7 and 6,13), and
all of these together make it important to understand the limitations, reliability, and benefits of each map. The
many benefits of using such data are clear. We get a specific snapshot in time of the study area, which provides
a window into the past environmental and cultural landscape. It is up to us to be able to understand what each
map really means, and to determine what we can and cannot infer from it, and that is part of the fun of working
with these historical constructs.

What we can do well and what we cannot

Historical maps are very useful for better understanding the changing nature of the natural and human-built
environment over time. As stated, all maps are cultural creations, and so they also tell us a great deal about the
context and technology of the map makers as well. They are less useful for ‘soft’ issues of interest that may not
be depicted on the map, such as social, political, gender, power, family, and less obvious components of the
world at that time. We should not try to infer things, or at least should proceed cautiously, when trying to infer
things from these old maps.

Best practices and sources of errors and problems

First, of all, historical maps can be quite reasonably used in Historical Ecology projects using only the maps
themselves, including field work and visual interpretation. There are several excellent examples of such work,
including the work of our colleagues in Sweden (Weston, 2014) Historical maps have value, even if they are
only copied and viewed in the lab and in the field. But the real power of historical maps is unlocked once they
are scanned, georeferenced, with the land use and land cover data extracted and entered into an HGIS system.
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There are several common sources of errors and problems when working with these data. First of all, there
is the inevitable lack of spatial precision in older maps due to their use of the best technologies of the day,
which were very poor compared with modern techniques that are now accurate to the centimeter across vast
areas. Generally, maps are less detailed and less precise the older they are. Maps also vary in quality within
themselves, as mountainous regions or areas that were difficult to access and survey were often less accurately
presented than lowlands. Each map is a cultural construct, and it is important to try to understand the goals
and intentions of the map makers (and who funded them) to better understand what may have been included
and what may have been omitted. For example, some map series will show only forested areas in a single class,
where others will differentiate between pine plantations and hardwood forests. Other map series, particularly
topographic maps of different scales, may only show permanent water features, while others will also indicate
ephemeral drainages. Some maps focus on economic interests, some focus more on accurate measurement,
with only basic forest areas indicated. The purpose of the mappers (and who funded them) is an important part
of using these data effectively, and to avoid potential errors in analysis by incorrectly assuming the goals and
intentions of the cartographers. This also varies by individual nations, so the historical tradition of mapmaking
in Sweden was quite different from France, and from Brazil, Japan, or the U.S. Older map makers generally
had little understanding of modern geodesy, and so many earlier maps have great internal distortions, which
also can vary across the map, with more inaccessible areas less accurately surveyed. Having information about
the technology used and the fieldwork methods is very helpful.

You should become familiar with standard best practices that can help to minimize the sources of errors and
problems with using these data. Rigorous georeferencing and extraction of features is key, and our group has
published an improved means of conducting the georeferencing process (Madry et al. 2009). It is best to work
backwards in time, from the best modern data back to the most ancient maps in turn, as these become less and
less precise the farther back we go, and it is helpful to work backwards in this manner. Good records and
metadata are also key aspects of producing quality data, and these should be kept, updated, and periodically
reviewed.

Sources of historical maps around the world

There are many excellent sources for historical maps around the world, and many libraries and collections are
scanning their maps and making them available online each year. The best place to begin your search for maps
for your project, wherever it is located, is the U.S. Library of Congress, Geography and Maps division in
Washington, D.C., which holds the world’s largest map collection, with over 5.5 million items, and with over

56,000 maps scanned and freely available online at https://www.loc.gov/maps/. These maps are from all over

the world, and range from the most recent to the very oldest maps ever produced. More are being scanned and
made available each month, and all are in the public domain and free for use. High resolution scans are available
for a small fee for maps not yet scanned.

The American Geographical Society library is the second largest collection in the U.S., with over 1.3 million
items held at the University of Wisconsin-Milwaukee at https://uwm.edu/libraries/agsl/. The David Rumsey

map collection is one of the world’s largest private collections, with over 200,000 items, and he has donated
the entire collection to Stanford University for their David Rumsey Map Center in the Stanford Library,
including a very large digital collection accessible online. The Rumsey collection remains accessible online at

https://www.davidrumsey.com as well as at https://librarv.stanford.edu/rumsey. The Perry-Castaneda library

map collection of the University of Texas holds over 250,000 items, but with less than 20% digitized and largely
focused on Texas, Mexico, and the American southwest.
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And these are only the major sources in the U.S. (although they hold many international maps). All national
mapping agencies, major university libraries, and national and regional archives hold varying amounts of
mapping data, as well as regional and local archives, governmental agencies, and many other sources. Sadly, few
of these are scanned (or even properly cataloged) at present, but this is changing and more collections are
making their scanned historical maps available online, often without cost. The Biblioteque National in Paris has
a very large collection and they are actively scanning their holdings, and all are now available without cost or
restriction online. There are also many commercial map dealers who operate online as well, and ‘new’ old maps
are always coming up for sale, so the search for maps is a constant process. In Sweden, there are a wide variety
of historical maps now available. The National Survey Office (Lantmiteriet), National Archives (Riksarkivet,
SVAR), and Department of War Archive (Krigsarkivet) have very large collections and have scanned many,
which are now available on their website.

The website Old Maps Online (http://oldmapsonline.org) is a new portal that allows you to search by

geographic location for historical maps in several major collections, including the David Ramsey Collection,
the British Library, the Moravian Library, and the National Library of Scotland. You need to search for yourself
for maps of your study area, wherever it may be. It might be best to start at Old Maps Online, and with a search
at the Library of Congress Geography and Maps division website (https://www.loc.gov/rt/geogmap/), ot at
your national mapping agency or local university library. Your search will take you far and wide, and is
something to be enjoyed... the thrill of the chase. We know and search many French map sources, including
the several commercial historical map stores in Paris along the Seine river on the Quai Saint-Michel and near
the Quai de I’'Horloge, which was the center of French cartography for over 350 years, dating back to 1645
(Pedley 1981). ‘New’ old maps are constantly appearing on the market and in archives, so do not think that one
look will be sufficient. Keep looking and you will be rewarded.

Cost and effort required, training needed, data size and complexity issues and software or
equipment required

Getting started in using these historical maps has very little cost, as many maps are freely available. Some sites
do require a small fee if new scanning of a map is required, but these fees are usually quite small. Paper copies
of maps can often be purchased, but try to get the digital version at the highest possible color resolution. The
tools to process these are freely available, so there is very little cost, except perhaps visiting local or regional or
national archives and libraries. You may be tempted to purchase some from private map vendors, and the prices
vary enormously with the market. They can be as low as a few US$ to several thousand. Some reading on the
history of cartography in your study area is important, and understanding the various national or regional map
series, their scales, map projections, and the purpose of the maps provides important context for your research
and interpretation.

Archiving physical and digital maps

Once the scanned digital map data are in your GIS, you need to follow the same data archiving and storage
process as with the other data, including proper metadata and documentation, as discussed more fully in chapter
15 on digital archiving. Proper archiving of paper maps is a very different matter. These must be stored with
care, preferably in a proper map drawer, laid out flat and never rolled up, in a temperature controlled
environment and always out of the sunlight, which can quickly degrade old maps. Many historical maps are
very fragile and subject to fading, and require (and deserve) special care and protection depending on their
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condition, materials, and other factors. Important maps should not be hung on walls and exposed to sunlight
without proper conservation methods.

Existing guidebooks, field guides, and tutorials

There are several tutorials available online, just look on Youtube and you can find several, including this
example: https://www.youtube.com/watch?v=g-4jFTR2ECO

The University of Pennsylvania libraries has an online document for working with historical maps in ArcGIS,
but it is generically useful as well: https://guides.library.upenn.edu/introtoarcgis/georeferencing

What does this have to do with Historical Ecology?

Historical maps provide us with a fascinating window into the past. Maps can provide us with a variety of
excellent data for use in Historical Ecology projects, including changing patterns of settlement, land use and
land cover going back several hundred years. Locating a series of maps of your study area allows you to create
a time series of these, and to map the ebb and flow of land use patterns over time, integrating these with other
sources of information to more fully understand the reasons behind such changes.

They are also fascinating and beautiful creations, in and of themselves, worthy of study, analysis, and proper
conservation. More map repositories are making their collections available online, and the tools to fully integrate
the data contained in such maps are now freely available and generally simple to learn and use using Open
Source GIS tools, discussed below. The process should be approached with care and good attention to detail
and best practices, but any project, from an individual researcher without funding to a much larger, multi-year
funded project, should be able to incorporate these beautiful and useful data into their Historical Ecology
research, and they look very nice on your office wall (out of the sunlight) as well!

To get started, the U.S. Library of Congress Geography and Maps Division can be contacted at:

Library of Congress

Geography & Maps Reading Room
1st and Independence, S.E.
Washington, D.C. USA 20540-4650
Telephone: 202-707-MAPS (6277)
FAX: 202-707-8531

https://www.loc.gov/rr/geogmap

Ask a Librarian
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SECTION 3

METHODS IN HISTORICAL ECOLOGY

This section presents four of the most commonly used disciplinary methods that are used in
Historical Ecology research. We begin with Ecological Ethnology and Ethnobotany, which
provide significant ecological information for our research. The second chapter covers
archaeology, specifically landscape and historical archaeology. Archaeology is a broad and
deep discipline, focusing on the material remnants of human cultures and activities, and
archaeology can provide us with a deep column of information reaching far into the past.
Third, we look at the role of museums and museum collections, and finally, we consider
engaged Historical Ecology research. Together, these disciplinary perspectives and the data
and insight that they provide to us are some of the key foundations for Historical Ecology
research.
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CHAPTER 7

ETHNOBOTANY

THE ACADEMIC STUDY OF OUR RELATIONSHIP WITH PLANTS

HAKAN TUNON, ANNA WESTIN, COSMIN IVASCU

Plants are a part of our everyday life and have always been. Ethnobotany is the study of the complex relationship
between humans and the plant world found in their surroundings. This discipline has a long history of academic
research all over the world. Ethnobotanical research includes the use of plants in all aspects of life, e.g. specific
customs, religious beliefs, food, medicine, fibres, and other cultural or economic aspects. The use of certain
species of plants can give important information on the complex interaction of people and plants in the past,
the present, and the future. In some cases, even the linguistic analysis of specific local plant names can be used
to inform us about past land use or specific vegetation features. This chapter provides an overview of
ethnobotany and how ethnobotanical work can be done, also referring to central handbooks on the subject.
We explain some of the most important methods on how to study ethnobotany in historical contexts and in
present communities, including different kinds of interviews. The chapter also highlights the importance and
contributions of ethnobotany in undertakings based in Historical Ecology by gaining additional information on
local communities in past and present.

Introduction

From the beginning of time, humans have used plants for a multitude of purposes. It is therefore fair to say
that the knowledge about how to use and relate to plants is as old as humanity itself (e.g. Figure 7.1). A central
concept in ethnobotany is traditional ecological knowledge (TEK), defined as “a cumulative body of knowledge,
practice, and belief, evolving by adaptive processes and handed down through generations by cultural
transmission, about the relationship of living beings (including humans) with one another and with their
environment. As a knowledge—practice—belief complex, traditional ecological knowledge includes the religious
traditions of a society” (Berkes 1993).

Ethnobotany is the academic discipline studying traditional ecological knowledge and the complex
relationships between people and the plant world, including the nomenclature, use and beliefs surrounding
them, in past and present communities. Ethnobotany provides insights into people’s use of plants as basis for
material culture, for food, medicine and other physical needs. It also informs about intangible aspects, the
practical methods used, how people have taken care of significant plants, and their role in customs, beliefs and
spiritual practices (Figure 7.2.). Plant knowledge and practices in local communities may have been transmitted
between generations, but can also have been learnt from books or from people outside the local community.
Therefore, ethnobotanical studies may also inform about social and cultural influences and conditions outside
the local setting.
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Figure 7.1. The ability to gather food and to find water is one of the oldest needs of humankind. Plants could of course
be eaten directly, but also help people in hunting and finding water. The left picture shows the reconstruction of the only
known complete Saami bow made from the combination of #umed ([bull’s wood], compression wood, the harder
underside of a coniferous tree that has grown leaning on one side) and willow (§a/ix), put together with glue made from
bones of perch (Perca fluviatilis), and wrapped with bark from birch (Betula sp.). Note the Iron tip and ring on the bottom
which makes the bow useful as a ski pole for cross country skiing. The right picture shows the fountain apple moss
(Philonotis fontana) growing in water springs. Its pale green colour stands out in the vegetation. One of our first
ethnobotanists, Carl Linnaeus, noted on his Lapland journey that the Saami people used the moss as a guide to find cold

springs where they could store food.

The subject has several interdisciplinary and intellectual origins, within both natural and social sciences.
Ethnobotany can broadly be described by the two parts of the term, where “ethno” implies the study of people,
and “botany” the study of plants. Between them lies a wide spectrum of research angles ranging from
archaeology and history to natural product chemistry and bioengineering of new crops, but with a focus on
relationships between people (and communities) and plants. Ethnobotany makes important contributions to
Historical Ecology and other scientific endeavors based on both natural and social sciences, such as
conservation biology and ecological restoration, political ecology, linguistics, cultural ecology, environmental
ethics, nutrition and pharmacognosy (Nolan & Turner 2011). Where many other historical ecological disciplines
grasp over-all perspectives of people-nature interactions such as general land use, ethnobotany contributes with
in-depth knowledge about intimate interactions between humans and ecosystems.
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Figure 7.2. Harvest of birch bark in a young tree stand in Virmland, Sweden (around 1900). Ethnobiological aspects of
using birch bark includes the tangible objects made from the bark, as well as intangible knowledge about the harvest and
crafting of for example baskets, bags, and roofing. Note the boy holding a wooden flute which in Sweden is traditionally
wrapped in birch bark. Acknowledging the importance of birch bark in people's lives raises awatreness about past
livelihoods, the importance of the tree species for supplying enough bark for roofing, may also lead to the search of
traces from old peelings (which constitutes a biological cultural heritage). Photo: A. Aurelius.

Historical perspectives on ethnobotany

Ethnobotany can be considered a very old discipline with a tradition over millennia (referring to people’s
knowledge and relationship with plants) or fairly new, slightly over a century old (referring to the scientific
study of people’s relationship with plants; Schultes & von Reis 1995, Albuquerque et al. 2017). Researchers,
adventurers, travelers, merchants, and others have always collected knowledge concerning local uses of different
organisms, with the intent to spread the use to new areas or to find novel uses. Many of the ancient civilizations
had written documents about plant use, e.g. in Sumerian, Egyptian, Assyrian, Vedic and Chinese medical
manuscripts (Balick & Cox 1996; Svanberg & F.uczaj 2014). Ancient Greek and Roman authors documented
their knowledge of plant use as well as the uses by neighbouring civilizations. From ancient Greece,
approximately 78 vernacular plant names from the Dacian language were recorded, found in Pseudo-Apuleius
and Vienna Dioscorides botanical works from the 4t and 6™ centuries, respectively (Bocse & Mihaiu 1995).
Such documentation of vernacular names is of linguistic importance and helps us understand more about the
extinct ancient languages from Dacia and neighbouring tribes. One of the most complex writings regarding the
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traditional plant use in Ancient Rome is Pliny the Elder's Natural History (Nasuralis Historiae) from the first
century AD, especially in the books XII-XXVII (Pliny 1855-1857; available in English
https://www.gutenberg.org/ebooks/author/50041). In Europe, mediaeval herbalists continued the tradition

dating back to Greco-Roman antiquity regarding the use and knowledge of medicinal plants (Svanberg & Luczaj
2014). Carolus Clusius (1526—1609) is considered one of the most important late mediaeval Western botanists
and during his travels he collected considerable information of the folk use of certain plant species from
different areas of Europe (Svanberg & Y.uczaj 2014). During Carl Linnaeus travels through different Swedish
provinces in the 18 century, he collected information about the national flora and fauna, natural resources and
people's knowledge about them (Balick & Cox 1996; Tundn 2015). In 1749, Linnaeus published his utilitatian
Flora oeconomica, the domestic values of wild plants growing in Sweden, a forerunner of the 19% century
subject “economic botany” (Figure 7.3).

The term “ethnobotany” was coined 1895 in a lecture by the American botanist John William Harshberger,
dealing with the use of plants by aboriginal peoples. Harshberger also pointed out ethnobotanical studies as
potentially useful for “suggesting new lines of manufacture” (Harshberger 1890), an example of a line of
thinking that has been and still is the background to many studies. Other terms used to describe the relationship
between local communities and the surrounding flora were for instance “applied botany”, “aboriginal botany”,
“botanical ethnography”, and “plantlore” (Clément 1998).

During the 19% century linguists, ethnologists, and folklorists, as well as botanists, and natural historians
studied local plant use and plant folklore in many European countries (Tunén 2015). Ethnobotany as a more
scientific subject started to develop in Europe before and especially after the Second World War, by folklorists
and other social scientists like Heinrich Marzell (1885-1970), Eugéne Rolland (1846—1909) and other pioneers
(see Svanberg & Y.uczaj 2014). There have also been highly developed, national ethnobiological traditions in
different countries, rather unknown outside of its national borders, because most of its research was published
in the native language.

The academic subject developed further by scholars in the tradition of economic botany (North America).
As ethnobotany became a subdiscipline of anthropology during the 1950’s, American ethnobotanical research
shifted from the study of solely utilitarian use of plants to the recording of vernacular plant names and the
classification (folk taxonomies) of plants within indigenous cultures (Ford 2011). In 1955 the Society for
Economic Botany was formed (the society changed its name in 2022 to the Society for Ethnobotany). There
was also an increased interest in ethnobotany from the botanical perspective during the 1980’s and 1990’s due
to bioprospecting from the pharmaceutical industry as well as the processes that led up to the UN Convention
on Biological Diversity in 1992. The International Society of Ethnobiology was founded in 1988 and the
International Society of Ethnopharmacology in 1990.

According to the American anthropologist Eugene S. Hunn (2007), ethnobotany has gone through four
stages, referring to an increased awareness and gradual increased inclusion of local people. The first stage
focused on the recording and listing of names and uses. A second stage (cognitive ethnobiology) applied
cognitive, linguistic, and cultural theories on ethnobotany. During the third stage (ethnoecology), traditional
knowledge and practices were fused with ecological anthropology, and the fourth stage (Indigenous
ethnobiology) developed a more active participation of the local communities themselves in science (see also
Cotton 1996). Ethnobotany has also developed during the last century, from descriptive documentation to
more multidisciplinary and analytical (e.g. Anderson 2016). Another historical review of ethnobiology (including
ethnobotany) and its various epistemological frameworks is given by the Catalan biologist Ugo D’Ambrosio.
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Ethnobotany is part of the wider disciplinary context of ethnobiology. Ethnobotany, and other sub
disciplines of ethnobiology (such as ethnozoology or ethnoecology), can be approached from a multitude of
different scientific disciplines; ethnology, anthropology, archaeology, history, biology, medicine, and indigenous
peoples’ rights, just to mention a few.

As mentioned, ethnobotany is a vital part of TEK, and can therefore serve as a foundation to study other
aspects of TEK, including landscape management, social institutions, and worldviews (Berkes 2008, see Figure
1.1, Page 17). Ethnobotany helps to grasp the significance of various plant species within the context of local
culture and to identify cultural keystone species.
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Figure 7.3. Carl Linnaeus (1707-1778), the “father of botany” was also an ethnobotanist. During his travels, among
many other things, he collected information about the use and value of plants growing in Sweden. His work Swedish flora,
beside the descriptions of the plants and habitats, also contains information about how the plants have been used and
some local names. A section from the famous portrait of Linnaeus in Saami clothes by Martin Hoffman from 1737.

Changing ethnobotanical knowledge

Traditional ecological knowledge, including ethnobotanical knowledge, is being transmitted from person to
person, from one generation to the next, with possible innovation added by each generation (Berkes 2008).
This knowledge is adaptive, it is constantly changing in relation to the needs of people. Practices in use will be
preserved and developed in its social-ecological context, while knowledge which is no longer needed, will fall
out of use, erode and eventually be forgotten (e.g. Axelsson Linkowski et al. 2017). Elements of knowledge
may also be preserved ex situ through documentations made by researchers, other visitors or by the users
themselves. However, the practical knowledge, the unspoken and context-dependent understanding is difficult

to fully record in writing and the documented knowledge is “frozen” in time. Documentations represent
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snapshots of the conditions at a certain moment affected by the situation at the time. Still, documentations
made by travelers and others are invaluable sources to knowledge that otherwise would have been completely
forgotten.

Ethnobotanical knowledge does not only come from intergenerational transmission, neither in historical
contexts nor in current day rural communities with traditional lifestyles. The flow of information via people
and literature has therefore been mixed with knowledge derived from experience-based local knowledge. One
important source of knowledge transmission is literature and magazines. In Europe, information from classical
literature and other scholarly books has been widely spread in the society, implying that even very old rural
practices and perceptions may be based on external influences. With time, the availability of books and
magazines has accelerated the spreading and influence from “non-local” information on local traditions. At
times, new uses of plants have been intentionally introduced, for example during times of famine with an
increased need to utilise local food sources. Several waves of interest in “traditional” plant knowledge during
the last century have contributed with this spreading of knowledge. In southeastern Europe, books are still
owned by a few people and subjects of prestige and respect among the rural communities (Leu 1996). People
with access to books are prone to pick up knowledge from them, however plant names and uses learned from
book are not necessarily widely spread among the people in the community that don’t have access to these
books.

Knowledge acquired from books, magazines or other sources outside the community (or the region), can
indeed be traditional and experience-based by the nature of their information, but it may originate from a
different area or even country than the studied community and far back in time (Figure 7.4.). It is often difficult
to distinguish between different sources of knowledge, but it may be important for example concerning local
plant names or medicinal or other plant uses. Similar reflections have also been made regarding the situation of
the origin of plant knowledge in Sweden (e.g. Tunén 2005).

Foreign influences may be revealed by plant names. In Sweden, St. John’s wort (Hypericum perforatum and H.
macnlatum) is called johannesort (in analogy with many other languages). The name was imported from Germany
many centuries ago and refers both to the red pigment in the flowers (‘the blood’ symbolizing to the
decapitation of John the Baptiste) and that the flowering starts around St. John’s eve, around 21 June. However,
prior to climate change, the flowering in Sweden started approximately a fortnight later and therefore the
connection between the name and the flowering date is not particularly logical for Swedish conditions. Another
vernacular name for St. John’s wort is/was hitkumpirkum, a misconception of the Latin name of the genus.

Hunn (2007, cf. Balée 1994:164-165) mentions “the divide between communities rooted in the land and
those caught up in our contemporary global flows of capital, labor, and commodities”, meaning that
communities with more traditional lifestyles and stronger dependence to local biological resources are suggested
to have a closer relationship with nature and its inhabitants and therefore a more extensive traditional
knowledge, than most of us. Currently, there is an increasing interest among people in general on how to
identify, harvest and use wild plants for food and medicine, and information is spread via numerous books and
influencer accounts on social media, which contributes further to the spreading of ethnobotanical knowledge.
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Figure 7.4. A local expert on medicinal plants from the village Solcani from the Republic of Moldova. Combining both
traditional local knowledge and information from magazines and media, she cultivated most of the medicinal plants in
her garden, but also collected some plants in the landscape surrounding her village. Photo: Cosmin Ivagcu.

Ethnobotanical textbooks

During the past decades there have been numerous useful textbooks published in the field of ethnobotany and
the authors have taken different angles in order to introduce the subject and possible research perspectives.
Mostly they provide examples on how dependent we are on plant resources for all kinds of reasons. Here we

mention a few renowned and useful books (in chronological order).

Schultes, R.E. & Von Relis, S. (eds.). 1995. Ethnobotany: Evolution of a Discipline. Dioscorides Press, Portland,
USA.

This anthology with over 40 authors and 37 chapters reflect over a wide range of different perspectives on
ethnobotany. The chapters are divided in units, e.g. socioethnobotany, historical ethnobotany, ethnobotanical
conservation and ethnopharmacology. The book has a fairly strong focus on practical aspects of ethnobotany
to evaluate traditional uses and their potential role in local health, drug development, landscape governance,
policy planning, etc., to a large extent a continuation of the historical perspective of utilitarianism. The chapters
serve as well written examples to inspire future works. However, the book does not deliver much practical

methodology in general terms.
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Balick, M.J., Cox, P.A. 1996. Plants, people, and culture. The science of ethnobotany. Scientific American
Library, New York.

The book is an overview over human dependence on plants in six chapters. There are many examples of medical
drugs of plant origin that have been derived from the knowledge of local peoples. Naturally, there are also
stories and reflections related to other kinds of plant use and even aspects of ethnobotany’s role in nature
conservation. Like the previous book, this is a book for inspiration rather than one of methodologies. There
are some practical lessons to reflect upon, for instance, the authors state that ethnobotanist need to be “able to
step for a time completely out of their own cultures and embrace the indigenous worldview as a new reality”.
The authors state that “modern ethnobotanists adopt the role of participant-observer, living with the people
under study, observing their daily life and customs, and learning about their lifestyle, foods, disease systems,
and myths and legends. In true participatory ethnobotany, the indigenous person becomes a teacher, a colleague,
and a respected and valued friend” (p. 42).

Cotton, C.M. 1996. Ethnobotany: principles and applications. John Wiley & Sons, Chichester — New York —
Brisbane — Toronto — Singapore.

This book delivers an introduction to the history of ethnobotany as a subject and a valuable table over how
different people have defined the subject through the years from 1873 to 1994. This gives insights into what
have been considered as the main focus of the subject by different researchers and how to, atleast hypothetically,
draw the border to, for instance, economic botany. It also covers how the subject has broadened, from first
and foremost studying the practical use of plants, to also include beliefs of all kinds. Cotton also describes
elementary botany and phytochemistry in order to better understand traditional botanical knowledge. She
mentions that ethnobotanical studies have departed from three different approaches; utilitarian ethnobotany
(in order to find useful plants), cognitive ethnobotany (including also cultural and social aspects of plants), and
the ecological/cultural ecological approach (human activities are dependent on the ecological surrounding, and
the other way around). One chapter of the book specifically reflects on methods for ethnobotanical studies.
Since multidisciplinarity is seen as a strength of the subject, the methods depart from several different research
disciplines. The second half of the book is a parade of different examples of ethnobotanical studies with various

angles and experiences that provide food for thoughts for future studies.

Hoft, M., Barik, S.K., Lykke, A.M. 1999. Quantitative ethnobotany. Applications of multivariate and statistical
analyses in ethnobotany. People and plants working paper 6. UNESCO, Pais.

This is a relatively narrow working paper that presents a number of multivariate and statistical methods for the
analysis of ethnobotanical data. The aim is to enhance the indicative value of ethnobotanical studies; to make
qualitative studies more quantitative. Ethnobotanical data could, through different kinds of statistical methods,
be interpreted in a way that more objectively shows different patterns, e.g. relative importance of different plant

genera, preferences, and quantitative impact on the ecosystems.

Cunningham, A.B. 2001. Applied ethnobotany: People, wild plant use & conservation. Earthscan Publications,
London & Stetling, VA.

This book is a manual for ethnobotany. It begins with an overview over local people as ecological factors and
how flora are shaped by humans, followed by reflections regarding participatory working methods for
vegetation inventories. A collaboration with the local people needs to be based on the right methods on a case-
by-case-consideration. Consequently, it reflects upon, for instance, when a Participatory Rural Appraisal-
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method (PRA) is advantageous over interview methods, how to design a questionnaire, or relevant botanical
techniques. It discusses pitfalls when it comes to nomenclature, scientific versus ethnotaxonomy and so on, as
well as how to analyse the local market using a checklist for ethnobotanical surveys. It also provides techniques
for assessing availability of plant resources, for example how to measure heights of standing trees, in order to
estimate sustainability of harvesting. Furthermore, it describes how aerial photographs and satellite images can
be used to determine land patterns to compare with the results of participatory mapping. There are vast
amounts of insights collected in relatively dense texts that inspire practical work.

Martin, G.J. 2004. Ethnobotany: a methods manual. Earthscan, Oxon, UK. & New York.

This book (first published in 1995 and revised in 2004) is an appreciated manual with practical
recommendations and that also benefits local communities. The book consists of eight chapters; data collection,
botany, ethnopharmacology, anthropology, ecology, economics, linguistics, and finally ethnobotany related to
conservation and community development. It covers the six main disciplines in ethnobotany and provides
extensive reflections regarding methodologies in all of these areas. The book is filled with examples and case
studies to inspire the reader to design a future project. Participatory Rural Appraisal (PRA) is for instance
described as a time efficient way of data collection. Martin also highlights that ethnobotanical data can consist
of many different materials, e.g. interviews, photographs and plant material, which makes it necessary to
consider how to construct a relevant database.

Albuquerque, U.P., Ramos, M.A., Ferreira Junior, W.S., de Medeiros, P.M. 2016. Ethnobotany for beginners.
Springer briefs in plant science. Springer, Cham, Switzerland.

A relatively easy textbook aiming to help beginners “interested in a quick and pleasant read”. The authors state
that the keyword is “reflection”. With reflection, an ethnobotanist can start to understand people’s relation to
plants, the interaction of nature and culture described as biocultural diversity. They stress that ethnobotany is
the recent science studying the ancient relationship between people of living cultures and plants. Hence, they
consider studies of past cultures as archaeoethnobotany or paleoethnobotany, and the methodologies used
differ. The ethnobotanist’s academic background will focus on the people’s knowledge from different
perspectives. When ethnobotany departs from botany it often focusses on listing useful plants. When it departs
from anthropology it seeks the understanding the role of plants for the culture, while an ethnoscientific
approach focus on how the people themselves understand their plant knowledge and culture, for instance when
it comes to ethnotaxonomy. The authors argues that the way forward is interdisciplinarity. Chapter 4 focuses
on investigation methods and highlights methods like individual interviews, participant observation, free listing,
participatory methodologies, and triangulation techniques. They conclude the methodology chapter with some
recommendations, e.g. “treat informants as expert of the subject, as they truly are, since they possess knowledge
of phenomena that are unknown to us...”.

Tunén, H., Dahlstrém, A. 2010. Nycklar till kunskap. Om mainniskans bruk av naturen. “Keys to knowledge.
About human use of nature”. Centrum {61 biologisk méangfald, Uppsala.
We would like to mention a book that is of limited accessibility to many readers since it is published in Swedish,
but that has a perspective that differs from the previously mentioned one.

As several of the other books it is an anthology and, even if it is meant as a textbook in
ethnobotany/ethnobiology and agrarian history, it is not written by ethnobotanists. It is a multidisciplinary

book with chapters focused on methodologies dealing with different sources that can provide information for
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ethnobotanical studies. Consequently, the 33 chapters of the book includes how to work with archives, farmers’
diaries, plant names, written sources, artefacts, paintings and photographs, historical maps, interviews,
participatory ethnographic mapping, inventories of biological cultural heritage, archaeobotany, palynology,
osteoarchaeology, and dendrochronology. Hence, the book provides an introductory palette on a wide range
of examples of methodologies that can provide valuable information or be used for triangulation to verify other

data. We will summarise and use reflections from this book in the methodology section of this chapter.

Anderson, E.M., Pearsall, D. M., Hunn, E. S., Turner, N., J. (eds). 2011. Ethnobiology. Wiley-Blackwell Inc.,
Hoboken, New Jersey, USA.

Although it is not solely focused on ethnobotany, this book is a must read and one of the best synthesis on
ethnobiology that includes besides ethnobotany, also ethnozoology, ethnomedicine, and other ethnosciences.
The authors start with the intellectual origins of this emerging discipline and embedded subdisciplines, discuss
the current state of ethnobiological research all over the word and their importance for ethics, conservation
science or historical ecology. One chapter deals exclusively with the development of ethnobiology in Europe.
Three chapters focus only on ethnobotany and specific problems related to endeavours focused on the study
of humans - plant relationships also from a historical perspective. Chapters 10 and 11 deal exclusively with
reconstructing ancient subsistence patterns through the use of botanical remnants in archeological findings.

How to do ethnobotanical research

Ethnobotany is generally considered a “discipline located at the intersection between natural science and social
science”, and since these “two” cultures have different research traditions, the research of one of them is
sometimes misunderstood by researchers from the other (Valles & Goarantje 2016). Consequently, as
mentioned earlier, ethnobotanical studies can be performed in many ways and from various perspectives. Some
researchers work solely with historical ethnobotany and rely mainly on archives, documents, already published
research, and dictionaries on for instance vernacular plant names, uses and beliefs regarding the plant world
from different areas or countries. Others work with contemporary ethnobotanical information in the field, by
visiting a certain community and working in contact with people in the local community, ie. standard
anthropological or ethnological methodologies.

There is a continuous discussion whether the subject of ethnobotany is more natural science than social
science, the other way around or even equally of both? Belonging in two different research traditions can be
seen both as a strength and a weakness. Interdisciplinary work creates opportunities to go beyond disciplinary
paradigms and examine each subject in a new way. However, there is also a potential risk that interdisciplinarity
might result in questioning of the validity of methodologies used by the “other” discipline and conceptual
contlicts when it comes to the interpretation of data and what conclusions that could be made. In ethnobotany
it is also necessary to create a functioning transdisciplinary collaboration (i.e. with people outside academia),
especially in studies dealing with contemporary knowledge, which are strongly dependent on a close relationship
with the knowledge holders. It has been suggested that ethnobotanical research is a form of citizen science. A
close relationship between researchers and the studied community can be beneficial or problematic. On the
beneficial side a close proximity may result in a sort of local “peer review” of results and conclusions, but on
the other hand the scientific credibility might be questioned as the close relationship may result in an avoidance
to publish “unpleasant” findings. However, available ethical guidelines are helpful for avoid potential problems
(e.g. Vallés & Garnatje 2016; Tunoén et al. 2016 & 2020).
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Good relations are important in ethnobotanical fieldwork

As with all kinds of research, it is important to specify research questions and to consider which community to
address. For example, ethnobotanical fieldwork can be linked to the ethnographic features of a certain
community, to living ethno-cultural traditions, to linguistic particularities, to remoteness or isolation of a
community from urban settlements or to other large communities, specific histories, particular land use and
local economy or rich folklore.

To establish contacts within a community is one of the most crucial aspects of the research, and the success
of the forthcoming fieldwork is dependent on this step. It is extremely helpful to have a recommendation from
one of the members of the community and especially, from people that are respected. In rural communities,
such as in the Romanian villages where we have done fieldwork, it may be helpful to start with contacting the
mayor, the priest, veterinarians, or schoolteachers for arranging meetings with other members of the
community. Another approach is to make contact with people in spontaneous meetings in the field and explain
your interests and purposes.

It is also important to have an idea of how many interviews would be a minimum in order for the research
to be sufficiently representative of the community. Recommendations are important, in order to come into
contact with the right local experts of each subject. The methodology is referred to as the snow-ball sampling
method, an anthropological qualitative research model which is successfully applied in many ethnobiological
undertakings (Parker at al. 2019). For example, someone might know much about medicinal plants, another
person forage mushrooms and edible plants, while others are experts on ethnoveterinary practices or
ethnobiological knowledge such as fishing or livestock breeding. Traditional ecological knowledge is often not

evenly spread between the members of a community, which makes it necessary to interview several people

(Berkes 2008).

Botanical identification and voucher specimens

Ethnobotanical information must be linked as clearly as possible to the correct species; however, this is not
always easy. It is advisable that the informants themselves have collected or physically pointed out the relevant
species independently, to avoid mixing up species. If the interview is made in the absence of the species in
question, it may be difficult to identify the right species because plant names used by informants may not be
following the nomenclature of scholarly botany. Not even an “official” plant name in the local language or a
scientific plant name may necessarily be used in a correct way. It is possible that the informant may have
mistaken the botanical name and is referring to a different species. A vernacular name sometimes refers to
several different species. In such cases the botanical identification will easily be erroneous. Another advantage
of doing ethnobotanical interviews in the field, is that the species in the surroundings may trigger new
perspectives that otherwise would have not come up.

A general rule is to always collect a voucher specimen to deposit at a university herbarium or similar for
reference (Balick & Cox 1996, p. 46-51; Cunningham 2001, p. 18-19, Martin 2004, p. 28—-65). Contact relevant
universities prior to your study in order to include the required information with your voucher specimen.
Researchers may themselves collect the species mentioned by the informants and make herbarium specimens,
but then informants should also be asked to confirm that the collected species is the one referred to in the
interview. The second-best option to collect voucher specimens, is to take photographs of the plants pointed
out by the informants in order to secure a valid identification of the species. It is also valuable to take
photographs of the surroundings where you found the plant in order to be able to interpret the ecological
environment and possible human impact on the landscape (Martin 2004 p. 138-170).
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Interviews and questionnaires

Interviews are probably the most important tool in ethnological, anthropological, and ethnobotanical studies.
Interviews may seem easy to use, but the skill improves a lot with experience, not the least because every
occasion is different. A pootly designed interview generates misinformation and makes it difficult to obtain
reliable data (Albuquerque et al. 2017, p. 28).

Interviews can be performed in various ways depending on the purpose of the study. Interviews can be in
the form of open-ended conversations, they can be structured very strictly, they can be semi-structured,
unstructured, or something in between (Cotton 1996 p. 90-1006; Martin 2004, p. 96-135; Albuquerque et al.
2017, p. 28). An open type of interview can start with a theme around which the interviewer and informant
discuss, for example hay harvests. Depending on the interest and knowledge of the informant, the conversation
can move freely in different directions, for example about the practical and technical aspects of hay harvests
(tools, drying methods, storing, timing and time consumption), the social life of mowing (who participated,
were there celebrations, music, etc.), or the subsistence aspects (the role of hay in the total economy, other
kinds of feed, buying hay) etc. A structured interview uses each time the same, predetermined, questions, asked
in the same order to each informant. Semi-structured interviews typically combine predetermined questions
with open-ended questions in order to steer the dialogue but still being open to what comes up during the
interview. Also a structured interviews can adopt open-ended questions to follow up answers, ie. “Why?,
“How?”, and “What?”, that can’t be answered with a simple “yes” or “no”.

Gary Martin stressed that “Intuition and experience are the best guides to informal ways of gathering
information. When beginning fieldwork, we are drawn into a broad range of conversations. With inspiration
and good luck, we find ourselves asking the questions that open the way to understanding a foreign culture”
(Martin 2004, p. 109).

A questionnaire can be seen as a written list of interview-questions, that can be filled in by the informant, or
by the researcher based on answers given by the informant. A limitation with questionnaires is that they are not
interactive in response to the given answers. But questionnaires have the advantage of enabling the collection
of information from a large number of respondents and they can easier be analyzed using quantitative methods.
One result of the covid-pandemic was increased possibilities to do online-interviews, which may be a time and
cost-effective alternative. The online alternative is not suitable for all occasions or all interviewees, but it may
work well for example with people that are used to online meetings or when the interviewer and the interviewee
already are well acquainted. Cotton also points out a need to cross-verify information retrieved from interviews
and questionnaires through triangulation (1996, p. 95). When non-contradictory data are obtained with different
methods or from different data sources, it strengthens the results (Albuquerque et al. 2017, p. 32-34).

Interviews can be made with several informants at the same time, for example in focus groups. Focus group
interviews have successfully been applied in many ethnobiological research contexts. They are conducted with
approximately four to ten people at a time. These individuals have been invited in advance to patticipate in the
research to discuss a certain topic. The interviewer acts as a facilitator and introduces open-ended questions
but mainly stays out of the conversation. The intention is that the informants engage primarily with each other,
rather than with the facilitator, so that the conversation develops based on their discussion. The conversation
is recorded and used in the research. One of the main deficits of this method is that it requires a long preparation
time and the researchers need to take into consideration the availability of the people for the physical interviews.
Furthermore, there is a risk that some informants are too dominant, and others with important perspectives

may remain silent. It is important for the researcher to be observant and facilitate the interview in a way that
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includes all interviewees. Another deficit might be that sensitive or otherwise personal information might be
less likely to be shared together with a group of people living in the same location. In order to overcome the
two last weaknesses, follow up interviews can be made in smaller groups. One of the main benefits of this
method is that the interviewees can validate and reflect upon the answers given by other participants and thus
creating a constructive dialogue that may come up with more in-depth information.

. 7

]

Figure 7.5. During field work about Romanians alder meadows, interviews were taking place partly through participation
in the work. Being in the field together with the informants during harvest, facilitates and deepens the discussion on
various aspects on and relating to hay. Botiza, Romania. Photo: Anna Westin.

The artefact interview method was developed by Brian M. Boom in the 1980’s and is a methodology where
the interview departs from an artefact made from plants or a particular plant use context (Balick & Cox 1996,
p. 44). This method creates opportunities to highlight aspects of a particular subject that would not come to
the mind of the interviewee in a ‘formal’ interview (unless the interviewer already had very good knowledge of
the subject). Artefact interviews using photographs or other depictions of plant species or specific activities
may be particularly suitable during ex situ situations. The pictures should preferably show fresh plant material
in situ. It is also valuable if the pictures show as much detail as possible of, for instance, the flowers, fruits, bark,
stem cuttings, exudates, and associated fauna and/or flora. Such depictions can be useful even at occasions
outside the vegetation period. Some studies have shown that the informants have better possibilities to
recognize species from a photograph compared to a voucher specimen (Thomas et al. 2007). Such interviews
can also be made in situ in a place relevant for the subject of the interview, a method sometimes called place-
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based elicitation (Figure 7.5.). Being in a landscape where the plants in the centre of the interview are present,
can evoke knowledge and memories that the informant otherwise would not have mentioned.

A methodology used in Sweden by the siblings Yngve and Lilian Ryd is deep interviews with a very limited
number of informants. They have focused on describing practices and practical traditions among elderly Saami
people around Jokkmokk in the North of Sweden; a work that has resulted in many books. The methodology
is simple: to repeatedly and for several hours at the time interview and discuss a particular subject with the
informant. The interview sessions are often repeated several days in a row to dwell deeper and deeper into
details and to find inconsistencies in the answers. After each interview session the researcher analyzes and
rewrites the notes into a logical story and identifies new questions for the next sessions the following day. It is
important to have repeated sessions over a short timespan since the technique brings back or reconstructs
memories that have been “forgotten” and memories that the informant was unaware of having (Ryd 2009,
2010a; Ryd 2010Db).

A quick guide to vast knowledge systems, according to Yngve Ryd (2009):

e Discuss the same question with the same informant several times in order to get the details right.

e Be persistent. If an unanswered question is repeated several times an answer may come.

e Revisit good informants over and over again. If they remember one subject well, they can probably
deliver information on other subjects.

e Knowledge is best retrieved at the “kitchen table” where it is necessary to find verbal explanations.
When in the field it is far too easy to just point as an explanation.

e Total focus during the interview session, and the time for a break. It is not a leisurely conversation.

e Be aware that physical frailty does not necessarily reflect the mental state of the informant. They can
still have a good memory.

e There are more relevant subjects than researchers so encourage people to write down their knowledge
if possible.

e  Many different subjects are described in the literature, a white spot (hole) in the knowledge system is
only identified through the interaction with informants.

e It is not serious to have a time plan. A time plan may have a limiting effect and contribute to a

premature termination of a project.

Participatory methods

In interviews, the informant often takes a relatively passive role, as opposed to participatory methods where
the informants are highly active. The idea is that the participation should be non-hierarchical and egalitarian to
give all participants a voice (Martin 2004, p. 5-10, 107-109; Cunningham, 2001 p. 23-26). In Participatory
Rural Appraisal (PRA), local people take active part throughout the study “in the design of the study, data
collection, analysis of the findings and discussions of how the results can be applied for the benefit of the
community.”

Transect walks are a participatory methodology where the researchers and members from the community
follow a defined path and data is collected during the walk. The transect walks can focus on all sort of cultural
activities or other subjects, e.g. use of medicinal plants, edible plants, or natural resource in general, as well as
geographical organization of village life. It can also be used to establish a better contact between the researcher

and the community due to the relatively relaxed and casual conditions of such a study. The method can be used
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with ordinary people or key informants and is focused on creating an opportunity to discuss, observe, identify
and reflect over relevant items for the village (Cunningham 2001, p. 23).

Timelines are a method that can be used to identify historic events, game-changers, turning points, or
anything of importance for an area or connected to a particular land use. Events on a timeline could be the year
for the introduction of a specific technology, the implementation of a new regulation related to land use, forest
fires or an important climate incident. Timelines gives a possibility to evaluate how past events made a
difference for people, their use of resources, or how important land uses have changed (Cunningham 2001, p.
23).

Creating seasonal calendars is a method to visualise the annuality of important land uses and biological
resources (Cunningham 2001, p. 23). What do people do in different seasons? What are the important activities
over the year? What resources are harvested during what months?

Ecomapping, land use mapping, cultural mapping, or village mapping depending on the scale, are different
names describing a participatory method where members of the community put “cultural data” on a map. It is
often used to visualise the local community’s connection to their traditional territories, but is also useful to
indicate other aspects of people’s relationships with the landscape. Ethnobotanical mapping can include the
occurrences of different kinds of plants that are used by the community. An important ambassador for this
method is the British anthropologist Hugh Brody, who has used ecomapping in many different projects to
empower local communities in different parts of the world. His book Maps and dreams (Brody 1981) is
something of a classic in explaining the underlying ideas of this methodology. Another practical manual is Chief
Kerry’s moose — a guidebook to land use and occupancy mapping, research design and data collection (Tobias
2000). It is rich in hands-on experiences and inspiration for how to design such a study. Mapping can be done
directly on a map or on a clean paper depending on availability. We suggest starting a mapping session by asking
the participant to describe the geographical characteristics of their landscapes in order to create the framework
of the map. What are the characteristic features of the landscape? Hills, waterways, lakes, mires, etc. Then
continue with drawing the different kinds of land uses performed at specific places, and how people move in
the landscape. What are places that are of particular importance to the local community or fractions of it? What
do they do there? When? How? and Why? This information may then be corroborated during field visits to
the different areas by finding elements in the landscape that support their stories (Tunén & Bystréom 2010, p.
285-296).

Citizen science projects use observations and data contributed by members of local communities and other
“citizens”. The projects are planned and designed by researchers, who also analyze the data and interpret
findings. In citizen sience, the role of the “citizens” is only to contribute with information to a specific research
context (e.g. Praisl et al. 2022). This is in contrast to community-based monitoring (CBM), where the local
community documents data based on their own interests (Reyes-Garcia et al. 2022). People in the local
community identify a need and design a project to meet it, sometimes in collaboration with researcher, but not
always; the initiative originates always from the community.

Photovoice is another methodology with potentials for ethnobotany and historical ecology (Sutton-Brown
2014; Dedrick 2018, Carroll et al. 2018). The method was developed in the 1990’s and has, according to our
knowledge, not come to any common use within Historical Ecology. It is often used by marginalized groups
to visually identify, document, and represent cultural aspects within their community. The members take or
select photographs depicting what they consider typical, characteristic, or relevant for specific concepts or
contexts. What is, for instance, an adequate representation of medicinal plant use in your community? Or, can

the different stages in hay harvests in your village be depicted?
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Local markets are an interesting source of data, highlighted by Anthony B. Cunningham and Gary Martin
(Cunningham 2001, p. 60-95; Martin 2004, p. 191-200). Both authors deliver valuable insights in how markets
work and their values to the local economy and that they may play an important role as part of a trade network.
Martin points out that any study of the economic values of biodiversity must take the local markets into account
as many plant species that have a strict local value meaning only will appear on local marketplaces. Therefore,
they claim, surveys of biological resources must include talking to producers, sellers, and consumers. When
doing such surveys, Martin lists the following important aspects: information on the vendor; origin of the
produce; condition of the goods; management and marketing of the resource; quantity, price and availability;
changes in demand and supply; and additional information.

Participatory methodologies can be seen as versions of dialogue workshops or focus group interviews in the
tield. Balick and Cox (1996) argue that formal interviews, where interviewers have a more objective role to the
community, are difficult to combine with participatory methods. Also since the latter aims to “consciously
reduce the formal distance between observer and subject, they are vulnerable to the criticism that they move
too deeply into indigenous paradigms” (p. 43). The ethical issues of close proximity in Community Based
Participatory Research (CBPR) projects have previously been highlighted by Tunén et al. (2020). When it comes
to participatory methodologies, Participatory Learning & Action: A trainer’s guide (Pretty et al. 1995) can be
recommended for inspiration.

Ethical implications and access and benefit sharing

Researchers and adventurers have studied the practices and the knowledge of indigenous and local communities
for centuries. For a very long time there was very little respect towards the knowledge holders. However, things
slowly started to change, and in 1988 the International Society of Ethnobiology (ISE) held a congress in Belém
and decided on the Declaration of Belém, a document highlighting the responsibilities researchers have towards
the local people that supply their knowledge to scientific studies. This has since been developed into an ISE
Ethics Programme and the ICE Code of Ethics with 17 principles and 12 practical guidelines. Compulsory
elements are the issue of free, prior informed consent and the principles of precaution and diligence, as well as
the issue of reciprocity and giving back to the community. The latter, to present the findings for the local
community and not only for the scientific community, is an often neglected element in research projects. The
ICE Code of Ethics is one of many valuable guidelines to ensure the rights of the local people. It is important
to stress that ethical behavior is not just about ticking off the right boxes in a list of principles, but rather a
respectful relationship between researchers and a local community. This process is often time consuming, and
researchers need to invest enough time to meet and get acquainted with the community and finally be accepted
by it. To be familiar with the challenges, responsibilities, and provocations of folk biological research, it is
necessary to consult the emerging literature on this subject and also to adhere to appropriate ethical guidelines.
Practicing full disclosure is beneficial for both the researcher and the local community, since much of this type
of research is in fact co-production of knowledge (Berkes 2008) and might also help the local community in
several ways in the long run. A problem is that, for the researcher, this relationship is often limited to a specific,
often relatively short period relating to a funded project, while the local community is looking for a long term
and more reliable liaison (Tunén et al. 2016).

Another important issue is intellectual property rights and access and benefit sharing (ABS). The first
principle of the ISE Code of Ethics states that:

“Indigenous peoples, traditional societies, and local communities have prior, proprietary rights

over, interests in and cultural responsibilities for all air, land, and waterways, and the natural
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resources within them that these peoples have traditionally inhabited or used, together with all

knowledge, intellectual property and traditional resource rights associated with such resources and

their use.”
Consequently, the informants own their knowledge, and this ownership must be respected in ethical fieldwork.
Often people are happy to share their knowledge with people they trust, and it may be tempting to collect
information for future publications without disclosing to the local people what it will be used for. That people
share information with you does not necessarily mean that they give you the permission to spread it further.
To collect data for future studies without informed consent was common in the past, but it is now considered
unethical. Therefore, all field work nowadays requires that researchers first inform the participants and get
consent prior to the study. In practice, this means that the researcher must give full information about their
interests and the purpose of the research (nature conservation, epistemological value, cultural heritage,
development of new drugs or other reasons) as well as the planned outcomes (types of publications, exhibitions
etc.) before informants agree to take part in the study. The researcher should also give the informants their
contact information, if the informants change their mind or if they want to add information afterwards. From
serious journals, prior informed consent may be a requirement for being able publishing the results. It is always
advisable to let the interviewees read the minutes from the interviews and suggest corrections. Sometimes, key
informants might even be integrated in the research team and become co-authors (see also chapter 10). Also,
in order to collect specimens from different plant species, it might be advisable to have permission of the
community or at least of the landowner, if the species is found on private land. In this case it is always important
to consider the national conditions since national regulation may differ.

Apart from the ethical permissions from the local community, it may be necessary to have permissions from
the government. The negotiations of the UN Convention on Biological Diversity (CBD) have resulted in the
Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from
their Utilization, a global framework for ABS-issues, which also regulate the access to “traditional knowledge
associated with genetic resources” when it comes to bilateral exchange. It is important to keep track of what
requirements for due diligence are applicable for the countries of the research group as well as the knowledge
holders. Researchers in the European Union need to pay due respect to the EU regulation (511/2014) on
compliance measures for users from the Nagoya Protocol on Access to Genetic Resources and the Fair and
Equitable Sharing of Benefits Arising from their Utilization in the Union.

Ethnobotanical studies in archives and literature

Plants in histotical documents

Plants of economic interest are mentioned in various historical documents, and some of this information may
be of ethnobotanical relevance. Cadastral maps from Sweden, which recorded economic (taxation) capacity of
farms and villages, may contain information about the abundance of woody species used for firewood, timber,
fencing and roofing (reed, birch bark) etc. (see also chapter 2). Any disputed resource is also likely to occur in
court records. Unless the purpose of the source was to document plants and their uses, the ethnobotanical
information in these sources can be expected to be biased towards economically interesting species and

occasional anecdotal records.

Ethnographic sources
In the urge to document folklore and traditional lifestyles, ethnological institutions in different European
countries have long collected information from rural people (Tunén 2015, with the distribution of
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questionnaires about traditional customs, agriculture, language, beliefs, infrastructure, childcare and many other
themes (see also chapter 2). For example, in Sweden, hundreds of different questionnaires have been distributed
to informants around the country since the eatrly 20™ century. Many of the questionnaires include questions
relating to plants, and specific ethnobotanical questionnaires have also been sent out. The replies to these
questionnaires are rich sources to the diverse relationships between people and plants in the past. However,
one should be aware of source critical aspects. At least during the early days, informants were rather restricted
in their answers by the formulations of questions and the communication with the museum officials (Wall &
Richette 2010; Ostling 2010).

Literature

Literature of ethnobotanical relevance can be found from Antiquity and onwards. However, sources must be
treated on a case-by-case basis. Some literature is based on firsthand experience while others are at best
secondaty or tertiary sources. Many books are compilations of information of unknown origin and/or bad
translations from other languages. Another common problem with elderly literature is that authors sometimes
tend to “translate” foreign plant species into “comparable” native species, more understandable to the local
readers, which may lead to a situation where a particular plant is erroneously claimed to have been used in a
certain situation. Descriptions of a particular use may also be appearing in several different sources without
enough information to make it possible to determine that it is actually describing the same, or different, cases.
One important category of literature are travelogues by travelers such as Carl Linnaeus and his disciples, where
tindings were made public for a larger audience. These books are often botanically correct and the knowledge
and uses are often localized to an exact place and a defined date. However, they do have a tendency to leave
out observations of common species and activities and focus on the more things they found “interesting” and
that made impression on them. Consequently, as a common rule, an absence in a source does not necessarily
mean an absence in reality. Another inspiring source is descriptions in fictional literature, like novels, short
stories, and poetry, even if they are not always ethnologically entirely correct, they may deliver local perspectives
on plants and plant uses.

From the 20™ century onward, there is also a rich body of literature where ethnobotanical knowledge-based
information from various sources (including older literature and field work), have been synthesised into valuable
publications. For instance, from the Nordic countries there is the Danish Folk og flora [ People and flora| by
Vagn J. Brondegaard (1978-1980), Norwegian Planter og tradisjon [Plants and tradition] by Ove Arbo Hoeg
(1976), and Swedish Minniskan och floran [Man and flora] (edited by Tunén et al., 2005). The perspective of
these books differ slightly. While Brondegaard’s volumes mainly are based on literature sources, Hoeg’s book
is based on the stories of a huge number of local informants. Tunén et al. have edited a multi-disciplinary
anthology with a large number of scholars, thus being a scientific—popular scientific meta-study of historical
and contemporary plant use in Sweden. Comparable books have been produced in several different countries
and give a good background for further studies no matter if it refers to local conditions or at a higher level.

Examples of ethnobotanical research projects and methods

Ethnobotany can be integrated into several research projects and undertakings in Historical Ecology, nature
conservation, and also in immaterial and material cultural heritage and traditions. Here we will exemplify
ethnobotanical methods through case studies and methodological considerations from our own and other

people's work.
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Integrating ethnobotany into ethnographic research in Romania

In the project FOODIE, a team of anthropologists and ethnologists researched the diverse and uncharted
domain of traditional foods in Romania and historic Romanian speaking communities outside the national
borders. Ethnobotany was integrated as an important dimension of research. In the local cuisine of rural
communities there are a considerable number of wild plant species used for preparing different dishes (Figure
7.6). Several wild plants are also used for medicinal beverages or recreational teas (Sukand et al. 2013). The
project also recorded traditional and local varieties of fruit trees that were planted in gardens and orchards.
FOODIE is an example of how ethnobotany is starting to be acknowledged and integrated as an important
method of research, diversifying the research base of food studies (see also Pieroni and Leimer Price 2000,
Fontefrancesco et al. 2022, Séukand et al. 2013).

Figure 7.6. Left: A traditional fermented cider-like drink called otet or acrituri in the Apuseni Mountains, made from
lingonberry (Vaccininm vitis-idaea). Photo Cosmin Ivascu. Right: Mushrooms are collected in many rural areas of
Romania, both by rural and urban people. Many rural people have traditional knowledge regarding many edible

mushroom species, and through a wide variety of books, mushrooms have been made more available to forage for
everyone. This picture shows a traditional mushroom stew made predominantly from the chanterelle (Cantharellus
cibarins) served with polenta. Photo Cosmin Ivascu.

Impact by external sources of plant knowledge in southeast Europe

Impressive traditional plant knowledge is still alive in rural communities of Romania. In one community in
Maramures, most of the locals recommended a person whom they considered the expert in the use of medicinal
plants from the local flora. He had extremely detailed knowledge about medicinal use. However, a first
noticeable impression was that he did not use local plant names, but more common, standard names, found in
books on biology and medicinal plants. He showed us that his main source of knowledge was the book Health
from God’s Garden: Herbal Remedies for Glowing Health and Well-Being, written by the Austrian author
Maria Treben (1987, first published in German in 1980). The book has become a best seller of traditional
Austrian and Central European medicinal plant use, common especially in Central European countries, but
after the 1990 is also beginning to be quite common in Eastern European countries. Although the local expert
was familiar with the local methods and practices on plants, he considered them to be less trustworthy than the
practices described in the book.
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A similar event took place during field work in Banat, southwest Romania, where another local plant expert,
familiar with many traditional practices, used the book by Maria Treben as the primary source of reliable
information. The Hungarian edition of Treben’s book is quite widespread among the Csangds, eastern
Carpatians, affecting the vernacular plant nomenclature in this area and the medicinal use of plants (Babai &
Molnar 2016). Mattalia et al. (2020) found that the Hutsuls living in Ukraine, were very fond of their books
regarding the topic of medicinal use of plants and hetrbal tea recipes, among them Maria Treben's book.
Furthermore, Ukrainian Hutsul used books and newspapers more commonly than Hutsul living in Romania.
This phenomenon was linked to the emergence and spread of popular books on medicinal plants within the
USSR starting with the year 1970 that had success, being re-issued several times (Mattalia et al. 2020).

During our fieldwork with the FOODie project research team (see above), in the Republic of Moldova,
which was part of USSR from 1945 until 1991, we observed that some locals specialized in medicinal plants
collection and cultivation. Also here, we found a strong component of knowledge acquired from reading
popular medicinal books in the former USSR and from magazines. The plants were collected from the own
garden and other areas from the village and then sold at a local level mainly dried to be used as tea for medicinal
purposes or recreation. The external influence was obvious especially regarding local species nomenclature
(using some Russian plant names). This does not mean traditional ethnobiological knowledge is not present
anymore, on the contrary, it might be present but also adapted to new socio-economic conditions of the local
communities.

By studying historical ethnobotanical literature from the interwar period, it is clear that many communities
from the Republic of Moldova (at that time called Bessarabia and was a part of the Romanian Kingdom) had
incredibly rich ethnobotanical knowledge and very elaborate receipes for the preparation of medicinal teas to
treat different illnesses. When such cases are encountered, it is mandatory that the researcher try to identify the
influence of external sources in local intergenerationally transmitted knowledge, especially when the rest of the
community considers certain persons as local experts (see Bexultanova et al. 2022, Mattalia et al. 2020). The
existence of local experts specialized in medicinal plants with external knowledge sources (books, magazines)
is a recent reality in (south-eastern) European rural communities, but researchers should not underestimate the
traditions of peasant herbalists that might still exist in some European regions.

Ethnobotany as an important source of information in nature conservation

There are good reasons to do ethnobotanical research within landscapes with remarkable plant diversity such
as high nature value (HNV) farming, diverse cultural landscapes. and species rich grasslands. Learning from the
local communities, how they classify and use the different plant taxa and how they classify and manage different
vegetation types, will inform nature conservation about possible ways of land management.

In the Romanian Hastern Carpathians, a Hungarian ethnic group (Csangd) practices small-scale agriculture
in one of Europe’s youngest cultural landscapes with species rich grasslands. The Csangés have deep ecological
knowledge on the vegetation structure, a complex folk habitat classification, but also a rich local nomenclature
and medicinal knowledge on many of the species that grow on the semi-natural grasslands in their landscape
(Babai & Molnar 2016). Other communities with a long history of complex intertwined practices of cereal
cultivation and pastoralism in the mountainous region of Maramures have developed an extremely interesting
and detailed classification of hay according to several ecological factors (altitude, slope orientation, dominant
plant species etc.) being around 16 categories in one village (Ivascu et al. 2016). The classification of hay was
common also in other villages from in Maramures and coincided with a deep knowledge among the locals for

other medicinal, tinctorial, food and other uses of the wild plants growing in the landscape. In some other areas
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we found a less complex classification of hay, either due to environmental or cultural factors (e.g. Banat,
Bucovina etc.) (Ivascu unpublished). This shows that local communities practicing traditional methods of
agriculture and animal husbandry still possess incredibly detailed knowledge of vegetation and habitat dynamics
as well as the management shaping them. Learning from these people will enable more successful management
in areas where traditions have been lost but biodiversity is still rich.

Expetiences from ecomapping in the North

During the last decades we have used ecomapping to visualise land use in several studies, for example with
summer farmers in Western Dalecarlia, in the central parts of Sweden. Summer farming is a form of sedentary
transhumance pastoralism where one or more satellite farms are situated further away in the outlying lands, in
order to utilize grazing resources too far to reach on a daily basis from the central farm. Historically the animals
were herded to graze in the forests, mires, or alpine meadows in the vicinity of the summer farm. Today the
animals are most often free ranging or fenced in the infields (Tunén & Bele 2019). In our study we mapped the
areas grazed by the livestock, according to the summer farmers, along with other local information about e.g.
nature values, important areas, and stories about the animal husbandry (Figure 7.7.). Among other things, the
study showed that the infields, as defined by the National Board of Agriculture, constituted of on average 7.3 %
of the total grazing area that the farmers pointed out as grazed by their livestock (Poudel 2010).
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Figure 7.7. The sketch made by the farmer (left) is translated into a GIS-map (right), which gives us the opportunity to
calculate grazed areas and also to show the areas used by this particular summer farm in relation to other summer farms
in the vicinity.

In an assignment from the Government of Aland in 2019, we used participatory ecomapping techniques to
document the multiple use of coastal areas on Aland, for the development of a coastal and marine spatial
planning document. In several focus group interviews and dialogue workshops, fishers, hunters, local heritage
people and others from the local community discussed different aspects and uses of the coastal area with the
purpose to identify valuable areas for different parts of the communities and reduce the risks of future conflicts.
One of the results from this study was a map over the perceptions of status and trends of coastal birds in
different parts of the Aland archipelago (Figure 7.8; Tunén et al. 2020).
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Figure 7.8. A map over the trends of coastal birds in the Aland archipelago based on combined statements by local
people in a number of focus group interviews and dialogue workshops. Upward pointing arrow means that the
population of the bird species is increasing, and vice versa.

In another project, we helped the local communities in the archipelago south of Kalix in Northern Sweden
to visualize their experiences from net fishing in the shallow coastal waters. In this case they documented all
their catches during one year, marked the different species on a map, and then calculated the risks of getting
by-catches of the endangered brown trout. This project produced a map to show the authorities where fishing
could be continued and where it is advisable not to fish for conservation purposes (Kvarnstrom & Bostrom
2018). This example was about fishing, but it could be developed for most subjects, e.g. harvest of berries,
mushrooms, or medicinal plants.

Such participatory activities have also resulted in the inclusion of local people as co-authors, e.g. key
informants. We will highlight one case in which prior studies and discussions have led to joint ideas to highlight
particular issues of importance for the local communities and consequently co-authorship with locals (Tunén
et al. 2019). The writing process departed from a joint idea that was sketched out by the researchers, and then
developed by the local representatives. Joint discussion led to a draft structure that was adapted with input from
all. Experience-based comments from the local perspective were braided with reflections from the scientific
literature. Data were evaluated and scrutinized jointly to produce a picture that was equally correct from both
sides. Interestingly enough, the referees on the paper saw a problem in the fact that we didn’t have any literature
references to rely on when it came to the local representatives’ experience-based data. This highlights the
need in co-authored publications, to develop acceptance that both researchers and local experts have equally
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valid knowledge and perspectives. Both contribute with important pieces to the puzzle for the completion of
the picture. The importance of being humble and responsive is valid for both sides.

Ethnobotanical research in literature and archives

In the Northern parts of Scandinavia reside the Saami people, Europe’s only indigenous people. Scholars have
repeatedly studied and documented their customs and practices through the centuries with different purposes
and methods. In one study, a compilation of the documentation of Saami use of medical cures was needed
(Tunén 2000). When comparing information in older literature you may get the impression that some cures
were more common than they probably were, since the authors have “borrowed” information from each other,
rewritten and without citations. Repeated reports in the literature, when investigated further, might in fact have
originated from one particular case. We have also experienced that scholars documenting local traditions often
seems to have a bias towards describing the more uncommon, “exotic” practices. For instance, when looking
at the archives with ethnological records of folk medicine in Southern Lappland, you easily get the impression
that one of the most common medicinal plants was mezereon or february daphne (Daphne mezerenm), a very
poisonous plant. In the ethnological material, it is one of the most abundant medicinal plants where it is
described for a variety of uses. We find it most likely that treatments with less conspicuous plants have made
less impression on the informants and consequently that they are underrepresented in the material. It may be
that the informants have focused on more severe illnesses and, hence, many informants mention mezereon.
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Figure 7.9. Two maps from the archipelago south of Kalix, (left) a map with colored dots depending on the different
fish species caught while fishing, and (right) an intensity map over the likelihood to catch the endangered brown trout.

Local reflections on photographs

We have also used historical photographs as a focus of discussion with local people, as a way to acquire
knowledge deriving from local traditions that otherwise would not have been known to us (Figure 7.10). This
can be done from only a few photographs or by applying systematic methods using several photographs,

182



Practicing Historical Ecology

showing similar or different motives. People with local knowledge can usually add something to each

photograph, but it is difficult to predict how much information they have.

Figure 7.10. Left: Hay harvest in Funisdalen, mountainous parts of west-central Sweden, 1928. Due to geographical and
climatological conditions here, most of the fields were used for hay. Normally the farmer continued the harvest from
one field to another and brought home the hay when it was dry enough. In this picture we can see that most meadows
are still filled with hay racks, which tells us that the hay was still not dry enough to be stored. An interpretation is that
this must have been a wet summer. Right: A farm at Visings6, Sweden, in late summer, 1933. The harvested cereals were
stored in different stacks. Later in the autumn, after the threshing, the straw was kept in new stacks in case the fodder
the following year would be scarce.

Plant names, historical habitats and plant use

Plant names can be a gateway into past landscapes, plant use and traditional systems. Names can be descriptive
to the plant's characteristics such as taste (actis — bitter), color (album — white), or size (major — large). Many
names inform about the main growth places such as “sylvaticum”, meaning forest, “pratensis” or “pratense”
meaning open land (meadow), and “montanum” for growing in mountains. Species names can also inform
about historical plant uses. For example, “tinctoria” signifies plants used to dye textiles, and “officinale”, shows
that the plants have been used for medicinal purposes (Figure 7.11). This information may also be given in the
common names, such as Swedish plant names containing colour “farg-"; firgkulla — Anthemis tinctoria, and
targmara — Asperula tinctoria.

Plant names may lead to insight into past times religious beliefs and practices. In Sweden, and internationally,
Virgin Mary has been important for the local naming of plants. In German speaking countries there are over
180 different plant species named after her, in Sweden around 60 species are known to have carried names
related to Virgin Mary. Plant names including Virgin Mary remind us about folk religion in past times and how
important she was for people in their daily lives. It was common to include Mary in prayers and ask for her
help, not the least during childbirth (Herjulfsdotter 2013).

Common plant names have often been chosen from the richness of traditional local names and may be very
informative. In Sweden, where the traditional landscape has lost most of its traditional land use and habitats,
many plants have been forced to survive in other, perhaps less optimal habitats. The names may still inform us
about where they used to be common (Figure 7.12). There are a great number of plant names including dng-
or slitter- (hay meadow or mowing), such as dngsskallra — Rhinanthus minor, ingskovall — Melampyrum pratense,
slattergubbe — _Arnica montana, and slatterfibbla - Hypochaeris macnlata. It may indicate that hay meadows used to
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be the main habitat for these species. Another interesting group of species include aker- (arable), which may be
a clue that these used to be weeds in arable fields.

Figure 7.11. The plant Peucedanum ostruthinm has been considered a powerful plant, revealed by its common names in
several European languages referring to “master” (English masterwort, Swedish misterrot). Today, a more or less
forgotten plant but historically a commonly cultivated plant which may survive and spread in light conditions to cover
large surfaces around old farms and summer farms (as a biological cultural heritage). It has been used in various cures
for humans and livestock (hence the Swedish local name “kobot” [cows cure]. Modern research has revealed that the
constituents in its root indeed have inhibiting effects on infections, fever and mycobacterial growth. Photo: Anna
Westin.

Contributions to Historical Ecology

The wild plant use in the last centuries or even decades might have been more detailed, complex and more
general compared to the current use in many of the world's indigenous and especially rural European
communities. During the last decades, the erosion of traditional knowledge has accelerated, and especially in
our modern technological society where people have lost contact with nature. In many countries, traditional
ethnobotanical knowledge is forgotten among most people. It may therefore be difficult for us today to
understand the great historical importance of plants for people. Ethnobotanical research, in the past and present,
has the capacity to help us better understand historical people and communities through their relations to plants.

Ethnobotanical information can give us details on how different plants were used, including plant taxa that
were not subject to documentation in most other sources. An important characteristic of ethnobotany is that it
focuses on how ordinary people, including locally consulted experts, have actually used, and related to plants
in their everyday lives. This information comes directly from the people using plants themselves, or via another
person who met the plant users, through interviews and written documentation. The richness of interactions
between humans and the plant world offers insights into the great importance of plants for people. Through
research about plant practices and beliefs, ethnobotany gives more life to Historical Ecology than many other
sources of knowledge. Having at least some information on the extent and numbers of species of wild plants
that a community used in the past, for medicine, food, to organize herding and agricultural practices,
construction etc. is highly important, in order to understand the connection and influence ecosystems have
played on humans through the centuries.
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Figure 7.12. Rbinanthus angustifolins, greater yellow rattle, in Swedish called hoskallra (hay rattle) which indicates its close
connection to hay meadows. The name rattle (also in the Romanian common name clocotici) comes from the rattling
sound of the mature seeds, which has been a common indication for the right time to start mowing. This species is one
of many phenological indicators for mowing time. Photo: Anna Westin.

Plants have been the most important basis for material culture and used in building constructions, tools,
clothes and much more. For example, reed (Phragmites australis) has been important for the construction of
household parts and covering the roofs of many houses in European countries which had wetlands areas. In
Sweden, the bark of birch (Betula spp.) was also used both for roofing and making baskets, shoes, bowls and
other household containers. Willow (Sa/ix spp.) was used for basketry production and fences. In the past, whole
communities specialized in making baskets and other kinds of crafts.

Foraging edible wild plants played an important role in the not-so-distant past for supplementing domestic
food resources. In Romania, wild fruit trees such as wild apple trees (Malus sylvaticus) and wild pear trees (Pyrus
pyraster) were important in the past for producing cider-like drinks, or dried and used for human consumption.
Other plants that were introduced from the New World like the Jerusalem artichoke (Helianthus tuberosus) wete
semi-cultivated (planted in certain spots and only harvested in autumn) and used for preparing dishes. The
slightly toxic plant meadow buttercup (Ranunculus acris) was used in some areas of Romania as fresh green soup
in spring, the toxins being neutralized during cooking. The list of edible and medicinal wild plants can be
extensive. These plants had a significant but varying degree of importance in different communities (see
bibliographic resources cited in this chapter).
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Another interesting type of knowledge is the linkages between the phenophase of certain plant species and
the start of specific agricultural or pastoral practices. This topic shows the importance of wild plants as natural
indicators for human activities. In many regions of Romania, the flowering of blackthorn (Prunus spinosa) most
commonly called spin or porumb (meaning corn), signaled that the cultivation of corn (Zea mays) can
start. When the hay rattle (Rbinathus minor, Rbinanthus spp.), has mature seeds that sound like a rattle, has been
an indicator for the start of mowing season in Romania (Figure 7.12.). This indicator is still used in many rural
communities from Romania (Ivascu et al. 2016, Iuga 2016). The sounds of hay rattle have indicated the start of
mowing also in other countries like Sweden (Tunén et al. 2015) and England (Burton & Riley 2018). There are
many other practices relating to plant phenotypes, showing examples of the seasonality of traditional human
economic activities known from history and current rural communities.

Plants have also had an important role for decoration in houses and in customs (Figure 7.13). Magic and
divination were important in people's everyday lives, and plants have been important in foretelling or affecting
the future. Ethnobotanical knowledge still known in Sweden today is the practice of getting information about
a future husband by placing seven or nine kinds of flowers under the pillow during Midsummer night. The girl
had to follow certain procedures in order for the divination to work, for example picking the flowers in silence,
climbing seven fences, and speaking to no one during the entire evening.
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Figure 7.13. Left: Wreath of flowers, predominantly made of yellow bedstraw (Galinm vernm) called sanziana in
Romanian, affixed to a gate for protection in Banat on the eve of Saint John's Day (24 June). The yellow bedstraw is
usually collected on the 23 June, mostly by women and children who also make the wreaths. The wreaths and braidings
are used in different apotropaic and divinatory practices around Romania on the Day of Saint John. Photo Cosmin
Ivascu. Right: A silver fir tree (Abies alba) adorned with flowers and round bread is an important symbol of the milk
measurement custom in Maramures. This custom marks the advent of summer grazing and the movement of sheep
herds to the summer pastures. The fir tree symbolizes the tree of life in Romanian culture. Photo Cosmin Ivascu.
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Do’s and don’ts, benefits and shortcomings in ethnobotany

Ethnobotanical studies can provide unique insights into how people relate to plants, whether it's about practical
usage or beliefs. The interdisciplinary approach provides knowledge about both the plants, the people, and their
lives, both today and in the past. However, like for all subjects, there are limitations. The strengths and
weaknesses of the different methods have been described above. Similarly, it is important to recognize that
knowledge, both found in books and in people's own understanding, is a mixture of local and imported,
historical and newly acquired knowledge. It is important to be aware that different people possess different
depths of knowledge. People who have practical experience, for example, in making baskets from spruce roots,
have a completely different understanding of the craft than those who have only observed the process or maybe
only have used the baskets. There may also be informants who pass on stories about the craft, but without
having either made or used the baskets themselves. Therefore, it is crucial to be informed about the informants’
level of knowledge in order to assess their answers. When it comes to practical, experience-based knowledge,
it is also important to acknowledge that different people experience and remember situations differently and
will describe them differently. Also, we need to acknowledge that remembering is a process, not an objective
recall of events that is stored in the brain. In fact, memory research shows that memory is not something we
have, rather something we do (Hilding-Rydevik et al. 2018).

“The indigenous people, or the farmer, knowing their environment, appear to employ traditional

techniques that harmonize the need for management and conservation of resources. However,

this is not always true. It is a mistake to sustain the belief that all the so-called traditional cultures

have harmonious relationships with nature, because there are studies that definitely suggest the

opposite,” (Albuquerque et al. 2016 p. 20)

It is easy to fall into the belief that the locals always have a good and environmentally friendly relationship
with all other species in nature, when in fact traditional communities have also contributed with negative
impacts such as over-harvesting, local soil depletion or pollution. We suggest having an open mind and a non-
value-approach to all kinds of information that is collected during research, and to be highly aware of this aspect
during research analyses, discussion, and the possible use of the results.

Necessary training

Basic knowledge in botanical and social science methods are equally important for ethnobotanical studies based
on archival knowledge, literature, or field interviews. In order to communicate with and understand local
experts, it is mandatory to have some sort of training in botany, even if the researcher's background is in social
science. Without botanical knowledge it will be impossible to understand which plants people are talking about.
It is also necessary to be able to identify plants in the field, to understand when different names are used for
one plant and in general to be able to ask relevant questions. It is equally important that the researcher, if they
have a background solely in natural sciences, learn basic skills and techniques of social sciences. For example,
being able to conduct high quality interviews with individuals or groups of local people, or spending prolonged
periods of time within a local community (e.g. participant observation), and invaluable to gather data on plant

use in certain areas.
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Conclusions

Ethnobotany is a multifaceted research field, deeply interdisciplinary and often transdisciplinary involving local
experts in rural communities. The researcher conducting ethnobotanical research will develop skills about
humans, nature and their relationships through time, which is a very rewarding, however complex field of
knowledge. Ethnobotany is an important part of Historical Ecology, where it can contribute with research
methods and human-nature insights on a level of detail that few other disciplines work with. The use of plants
by indigenous and rural communities for food production, medicine or other economic and cultural activities
can show the extent to which these societies depended on natural resources for their development and at the
same time how they have influenced nature. Ethnobotany can be an invitation to a more intimate relationship
between people and species other than humans, which is not the least important both for sustainable
development, nature conservation and cultural heritage. Simultaneously, the information recorded by
ethnobotanical research can be considered as historical documents telling us about the knowledge of certain

communities in the present and/or the past.
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CHAPTER 8

LANDSCAPE ARCHAEOLOGY

PAUL LANE, SCOTT MADRY, ELIZABETH JONES

This chapter introduces the methods and techniques of the discipline of archaeology in support of Historical
Ecology research. Archaeology, the study of humans and their cultures through the analysis of their material
remains, has a great deal to offer in this context, and is often a key component in many Historical Ecology
projects around the world. Archaeology is sometimes viewed as a subfield of Anthropology, the study of us,
Homo sapiens, in all our many complex aspects. In North America it is seen as one of the key fields of
Anthropology, where in Europe and on other continents it is generally treated as a separate discipline and
sometimes closely aligned with History or Classical studies. Archaeological research may also be conducted by
scholars based in other academic departments, including Art History, Environmental Sciences, Classics,
Ancient History, History, and Religious Studies, as well as by government bodies at all levels and commercial
companies in the context of Cultural Resource Management (CRM).

Archacological investigations, particularly at a landscape scale, when linked with palacoecological and
environmental data and/or historical records, can provide important spatial and temporal context for both
continuities and changes in human-environment interactions which are key to Historical Ecology. The use of
genetics and DNA, spatial statistics, Geographical Information Systems, and other digital tools such as airborne
LiDAR have greatly enhanced the analytical power and scope of the integration of the different kinds of data
generated by archaeological research. These include data derived from field surveys and excavations,
topographic and spatial information, diverse types of ‘ecofacts’ (e.g., faunal remains, macrobotanical remains,
and the soil matrix), other information exposed in the course of excavation or recorded during surveys, and
bioarchaeological data obtained from diverse forms of scientific analyses (e.g. genetic and isotopic analyses of
human and animal remains regarding past climatic and vegetation conditions, diet, migration, mobility patterns,
and more). Archaeology is closely related to the disciplines of history, art history, and classical archaeology, as
well as to geology, geography, chemistry, botany, zoology and ecology, and offers distinctive insights into long
term trends and processes unavailable through other kinds of sources. Archaeology is inherently an
interdisciplinary activity.

Introduction

The focus of archaeology is the discovery and analysis of human material culture or “artifacts,” which includes
anything made, modified, altered or used by humans. This includes artefactual, architectural and structural
material remains above the ground as well as those long buried in the Earth. The methods of archaeology
involve a complex series of aerial, documentary, and field surveys, the discovery, documentation, and analysis
of artifacts and ‘sites’ located via these surveys, the careful excavation and documentation of more important
(or simply better preserved) sites that may include multiple occupations over time, and the overall analysis of
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all of these into an integrated and holistic understanding of the patterns of human use of the landscape over
time. Field surveys can take years, and can cover very large areas and record numerous cultural artifacts on the
landscape such as roadways, structures, ritual sites, agricultural fields, villages, etc. Individual sites can be
excavated, again possibly taking years, with the extraction, documentation, analysis, and curation of many
thousands of material artifacts, including all of the items associated with human occupation and a variety of
different types of environmental samples. Archaeological specialists in metals, textiles, human, animal and fish
bones, shells, plant remains, stone, and ceramics analyze and preserve individual items, and all of this, together,
must be synthesized into a coherent story that represents the temporal and spatial ‘history’ of an area and its
inhabitants. Archaeology is a complex and multidisciplinary endeavor within itself, but it can be conducted
within the larger, overall context where it is integrated with the other components within Historical Ecology
that are presented in this volume.

Archaeology and the collection, analysis, and conservation of archaeological data has many unique aspects to
it, due to the cultural and legal importance of archaeological artifacts and sites. Permits must be acquired for
tield survey, geophysical analysis, and excavation, and there are generally specific governmental restrictions on
the disposition of all materials discovered, including human remains, including limitations on exporting artifacts
for analysis. Archaeological site data are often considered confidential information, particulatly in association
with human remains or important cultural components that could be the subject of illegal artifact looting, which
is a significant problem around the world. Each nation has its own legal framework for archaeology , and these
must be understood and followed carefully. Artifacts must be properly curated, requiring dedicated facilities and
expertise.

Archaeological Data Types

There are many types of archaeological artifacts, including:

1. Structures. ‘Artifacts originally created to define space for human activities or to be used as components of
space defining artifacts.”

2. Building furnishings. ‘Artifacts originally created to facilitate human activity and to provide for physical
needs of people generally by offering comfort, convenience or protection,” but not including clothing.

3. Personal artifacts. ‘Artifacts originally created to serve the personal needs of an individual such as clothing,

adornment, body protection, or an aid to grooming.’

4. Tools and equipment for materials. “Tools, equipment, and supplies originally created to manage, oversee,
capture, harvest, or collect resources and to transform or modify particular materials, both raw and processed.”
5. Tools and equipment for science and technology. ‘Tools, equipment, and supplies used for the observation

of natural phenomena or to apply knowledge gained from such observation.”
6. Tools and equipment for communication. “Tools, equipment, and supplies used to enable communication,’

but not including * things produced as communication, such as works of art and documents.”
7. Distribution and transportation artifacts. ‘Artifacts originally created to transport or distribute animate and

inanimate things.’
8. Communication artifacts. ‘Artifacts originally created as expressions of human thought,” including such

things as advertising media, art, ceremonial artifacts, documentary artifacts, media of exchange (such as coins
and currency), and personal symbols.’
9. Economic artifacts. ‘Artifacts that are used for commerce, trade and exchange, including coins and money

and storage vessels.
10. Military artifacts. ‘Artifacts created for military purposes including earthworks, weapons, and armor’.
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11._Religious, ritual and spiritual artifacts. ‘Artifacts either deliberately created for the expression of religious,
ritual or spiritual beliefs and purposes, or adapted to serve these ends.’

12. Recreational artifacts. ‘Artifacts originally created to be used as toys or to catry on the activities of sports,

games, gambling, or public entertainment.’
13. Unidentified artifacts. ‘Artifacts originally created to serve a purpose that cannot be identified at the time

the object is cataloged.” The subcategories are ‘remnant,” ‘function unknown,” and ‘multiple use’ artifacts.

Categories of Analysis

There are many types of analysis for these artifacts, including:

1. Material involves what the object is made of—woods, fibers, ceramic bodies, metals, glass, and so on.

2. Construction has to do with the techniques of manufacture employed, workmanship, and the way parts are
organized to bring about the object’s function.

3. Design includes the structure, form, style, ornament, and iconography of the object.

4. Function embraces both the uses (intended function) and the roles (unintended functions) of the object in
its culture, including utility, delight, and communication.

5. Identification (including classification, authentication, and description).

6. Evaluation, which results in a set of judgments about the artifact, usually based on comparisons with other
examples of its kind.

7. Cultural analysis, which examines the various interrelationships of an artifact and its contemporary culture.
8. Interpretation, which suggests the meaning and significance of the artifact in relation to aspects of our own
culture.” This includes relating an artifact to the others with which it was found or associated—i.e., its meaning
in context of the “assemblage.”

Archacologists around the world have developed over the decades detailed chronologies of local cultural
traditions based on these assemblages, including detailed lithic and ceramic (the two most durable and hence
common classes of artifacts) typologies, for example, which allow the relative dating of an artifact and thus, the
stratigraphic layer where it was discovered (O’Brien & Lyman, 2002).

For landscape studies, this includes a spatial analysis of the constructed landscape features and their
relationship to each other, often undertaken within a Geographical Information System (GIS). Archaeological
material culture analyses are a “people-centered, relational field of study, using material culture to comprehend
aspects of everyday social life that often go unmentioned, or are obscured for varying ideological reasons.”
(Cochran & Beaudry, 2000).

In order to perform the above analyses of any artifact (e.g. dating, materials, stylistic components, etc.),
archaeology has to be conducted as an inherently cross-disciplinary and team-oriented activity, involving
specialists with many skillsets who work together to create a complete interpretation of the people and
landscape which are being studied over space and time. These specialists can include bioarchaeologists,
cartographers and photographers, faunal, wood, metal and lithic data specialists, geologists, art historians,
remote sensing and GIS specialists, excavation specialists, field surveyors, a myriad of conservation specialists,
artists, and others. Specialists in data recording and artifact curation are also required, and these large teams
entail significant administrative, logistical, and financial support and hence, skilled project managers.

Archaeologists study bio-cultural behavior through the medium of material culture—that is, objects made or
modified by humans. Biologically, they are interested in such things as the cognitive abilities that first enabled
the manufacture and use of tools in early hominids. Culturally, they study artifacts as representative of
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economic, personal, social and symbolic behavior. It is important to note that Archaeology does not differ from
sociocultural anthropology by being a study of the past. Archaeologists also study material culture in the present
as well, with some studying modern garbage to learn about behavior in contemporary societies.

The discipline has evolved quite differently around the world. In North America, it is generally considered to
be one of four subfields of Anthropology, along with cultural, biological, and linguistic studies. In several
European traditions, archaeology stands distinct from anthropology and often has (or had) closer ties with
History, and each European national tradition has distinct excavation approaches and methods which make
international joint excavations challenging. Archaeology is very much a traditionally learned skillset, passed
down from teacher to student, within a specific cultural context and approach to the work and forms of
embodied behavior.

There are also several different sub-fields or sub-disciplines within archaeology. These can include historical
archaeology, geoarchaeology, industrial archaeology, landscape archaeology, experimental archaeology, classical
archaeology, biblical archaeology, and more. Each brings with it its own perspective, research traditions, and
perception of the discipline and approach to data and analysis. Within each of these, many archaeologists may
specialize in a subfield such as excavation, field survey, GIS, ceramics analysis, geo or eco-archaeology, or many
others. It requires all of these, working in concert, to conduct a major project, and the management and
synthesis of the many components is a key meta-level skill set of experienced project managers and senior
scholars.

Archaeology is conducted within both quantitative and qualitative frameworks, and so the data, analysis, and
conclusions are primarily conceived within these, depending in part on theoretical orientation and project goals.
Archaeologists are very good at determining occupation dates, stratigraphic levels and contexts, ceramic types
and traditions, and timeframes because of the nature of their empirical data which also lends itself to
quantification. Qualitative questions of meaning, intent, personal relationships, spiritual practices, and social
context are more challenging, and require careful attention to the vatious stages of inference involved in
interpretation of archaeological data and their spatial and temporal patterning, and the multiple sources of bias
that can shape such interpretations, including the wider political, social and even religious contexts in which
archaeological research takes place (Wylie, 2002; Chapman and Wylie, 2006; Lucas, 2012).

Archaeological surveys, on land, from the air and even under water, provide information about past
settlement patterns, resource utilization, transportation routes, and more at various spatial scales. Excavation
of specific archaeological sites provides in-depth (pun intended) information about the chronology of use and
occupation, and can include the collection of ceramics, bone, wood, soils, metal, pollen, materials for
radiocarbon dating, and other information that further illuminates the history of use of that location. Surveys,
on the other hand, tend to work on a larger spatial canvas, providing insights about the nature and changing
distribution of activities across a large area but without the highly detailed information about each place that
can be obtained via excavation. To illustrate these diverse methods and their application in Historical Ecological
research, in this chapter we begin by briefly describing the characteristics of ‘landscape archaeology’, and its
development as a distinct field within the wider discipline, and some of its key theoretical orientations and
underpinnings. We then summarize the main types of analyses associated with different categories of
archaeological data before presenting a case study from East Africa of the application of these approaches in
Historical Ecological research. The chapter concludes with a short discussion of the applied value of
archaeological data for addressing current and future socio-ecological and environmental challenges with
reference to a selection of archaeologically driven Historical Ecology studies undertaken in different parts of
the world.
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Landscape Archaeology

The largest archaeological artifact is the landscape itself, which is modified over time to create built
environments for habitation, and the associated material infrastructure to extract resources (such as mining ores
or harvesting timber) or to grow crops, raise animals, and provide defense against enemies (Bruno & Thomas,
2008). The term ‘landscape’ however, has many connotations, both within individual disciplines and across
them (Forster et al. 2013). As Monroe and Ogundiran (2012: 13) note, ‘ask ten archaeologists to define
‘landscape’ and one will undoubtedly receive at least as many answers’. Landscapes are transformed both
intentionally and unintentionally by human activities, with many of the unintentional changes having significant
consequences as well as intentional ones, especially when assessed over the long-term - for example, the
production of greenhouse gasses, including methane and carbon dioxide, from crop cultivation, livestock and
burning fossil fuels. It is important to stress that not all human activities have negative consequences for an
ecosystem or biodiversity, and a goal of archaeologically driven Historical Ecological research is often aimed at
documenting both the positive and negative ways in which human actions have affected change at different
spatial and temporal scales, from the site level to that of the entire Earth System.

Landscape definitions

Western scholarly definitions of landscape, and their corresponding contrasting methodologies and analytical
approaches, have been conventionally construed in binary terms — with one approach focusing on the physical
characteristics and properties of the land (such as geology, topography, vegetation, physical features etc.), and
the other more concerned with how the landscape is viewed, perceived and understood. The intellectual roots
of these contrasting traditions have been explored at great length in the literature (e.g. Cosgrove, 1984; Widgren
2004, 2015; Casey, 2008; Olwig, 2019), as have some of their contrasts with other traditions (e.g. Luig & Oppen,
1997; Shaw & Oldfield, 2007; Taylor, 2009). As many of these studies emphasize, the English word ‘landscape’
derives from the sixth century Anglo-German words ‘landskipe’ or landscaef’, meaning “a clearing in the forest
with animals, huts, fields, [and] fences' ' (Taylor, 2009: 10). As evident from this etymology, the term was
originally intended to distinguish those places shaped by human activities from the surrounding ‘wilderness’,
creating a distinction between ‘nature’ and ‘culture’. In the Germanic, Dutch, and Scandinavian traditions these
terms also referenced the customs and traditions associated with living in these cleared spaces, and the rights
that a person’s or community’s presence in a defined territory conferred on them, especially their rights of
access to resources and their management (Olwig, 1996; Widgren, 2004). The common French equivalent to
the English word ‘landscape’ - paysage - has different etymological routes and hence connotations. Derived
from the Latin ‘pagus’, “meaning a defined rural district” (Taylor, 2009: 10), the term implicitly lays more
emphasis on the distinctiveness of particular areas of land arising from the long-term interplay between
particular cultural traditions and the physical environment in which these take place (Chevalier, 1976; Marano,
2017). In the seventeenth century and emanating from changes in artistic traditions and the rise of landscape
painting, new ideas about landscape emerged, emphasizing less how such spaces were lived in and managed
and instead focusing on how landscapes were perceived and represented (Olwig, 1996). Drawing on this
externalized perspective, some scholars argue that landscapes need to be understood as ‘cultural images’, “a
pictorial way of representing, structuring and symbolizing surroundings” (Cosgrove & Daniels, 1988: 1).
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Table 8.1. Different Concepts of Landscape (after Widgren 2004, with additions)

Conceptualisation Key Components/Emphases

Landscape as scenery Representation

Idea/Mental Construction

‘A way of seeing’, sensory engagement

Landscape as Institution Customary law, governance structures

Social order, land rights

‘A way of communicating, a way of acting’

Landscape as physical terrain | Topography and physical features (rivers, mountains etc.)

Soils and vegetation cover

Climatic regimes

Land(scape) as resource Land use, biological production

Production

Capital, inc. landesque capital

Landscape as dwelling Taskscapes

Rhythm and temporality of activities

‘Being in the world’, phenomenology

These are perhaps subtle distinctions but can help explain several of the varying connotations of the word
‘landscape’ and its equivalents in other Western European languages (Table 8.1), and the distinctiveness of
different regional academic traditions of landscape history and archaeology. In France, for example, research
in the early twentieth century was shaped especially by the ideas of the French geographer Paul Vidal de la
Blache (who in turn drew on some of the ideas expressed by the German geographers Alexander von Humboldt
and Friedrich Ratzel). His 1903 book Le tableau de la géographie de la France promoted an approach that
became extremely influential among French researchers. This focused primarily on the cultivated elements of
landscape rather than ‘natural’ landscapes, and on France’s regional geographical diversity, the interrelations
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between people and their environments, and the influence of these on the formation of national identity (Claval,
1998). A somewhat similar sentiment is evident in the work of the American geographer Carl O. Sauer, who
defined ‘cultural landscapes’ as places “fashioned out of a natural landscape by a culture group” (1925: 25).
Sauer, however, is better known for his promotion of morphological approaches to the study of landscapes,
especially their physical characteristics, although his work is also widely regarded as having laid the basis for
historical cultural geography in North America, as came to be epitomized by the Berkeley school of geography
(Williams, 1983). Within these traditions, a further contrast lies in the attention French geographers at the time
placed on understanding lived, rural, essentially agricultural landscapes, whereas in North American thought
and scholarship the idea of landscape was typically associated with ‘natural’ spaces and ‘wilderness’, and closely
tied to preservationist movements aimed at conserving ‘nature’ (Henderson, 1992; Haila, 1997).

In many ways, this dualistic conception of landscape and approaches to the interpretation of particular
landscapes is a reiteration of a deeper and more pervasive binary in Western, post-Enlightenment intellectual
thought between ‘Nature’” and ‘Culture’ that continues to shape disciplinary perspectives and conservation and
preservation practices (Cronon, 1996). As research informed by historical and political ecology across the globe
has highlighted, while such divisions may have heuristic and practical value, the separation of humans from
their environment and other, non-human co-inhabitants of those environments is, in the longer term,
detrimental to the interpretation, understanding and management of landscapes and seascapes regardless of
their particular characteristics and individual historical trajectories (Baleé, 1998, 2013; Crumley, 1994,
2021; Descola, 1996, 2014).

Palimpsests, Taskscapes, and Matters of Scale

Archaeological data can be analyzed at a range of scales, ranging from the micro-scale physical, chemical,
morphological and/or stylistic properties of individual artifacts and ecofacts [a biological artifact not altered by
humans, but which may be indicative of human occupation], to their contextual associations within distinct
archaeological scatters, structural features and individual sites, and ultimately in terms of their wider distribution
and patterning at the landscape scale. Archaeological research typically tacks back and forth between these
different analytical scales (Clarke, 1977; Lock & Molyneaux, 20006), often with different specialists providing
detailed insights on the nature of the data and archaeological information that can be extracted at one or other
scale of analysis. Common concerns, regardless of the scale of analysis, are with the temporal and spatial
dimensions of the data being analyzed and their contextual associations with both similar and other kinds of
data. Much primary archaeological analysis is either object- or site-based. Scaling up to produce meaningful
inferences about past human actions and social practices at the landscape scale presents various challenges, not
least of which are identification of the diversity of processes that can lead to the formation of archaeological
records and those which may influence their recovery for analysis (Schiffer 1987), as well as the temporal
resolution of these records and the past activities that created them (Holdaway and Wandsnider 2008).

The most obvious reason for this is that landscapes (and also archaeological ‘sites’) are dynamic entities within
which their individual elements and characteristics are continuously subject to modification, addition and/or
loss as a consequence of a combination of human and other, non-anthropogenic actions and processes (Foley
1981). Hence, both landscapes and sites are often likened to palimpsests — something altered or reused that still
retains traces of its earlier, original form and purpose. The English landscape archaeologist O.G.S. Crawford
(1953) evoked this perfectly in his pioneering book Archaeology in the Field:

The surface of England is like a palimpsest, a document that has been written on and erased over and
over again; and it is the business of the field archaeologist to decipher it. The features concerned are of
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course the roads and field boundaries, the woods, the farms and other habitations, and all the other
products of human labour; these are the letters and words inscribed on the land. But it is not easy to read
them because, whereas the vellum document was seldom wiped clean more than once or twice, the land
has been subjected to continual change throughout the ages. (Crawford 1953: 51-2).

W.G. Hoskins, widely regarded as the pioneer of English Landscape history (and who was certainly
influenced by Crawford’s approach) similarly wrote about the English landscape as ‘a palimpsest, written upon
again and again’, although he preferred his own metaphor, likening the landscape to a symphony, best
appreciated less ‘as an architectural mass of sound’ and more by trying to isolate ‘themes as they enter, to see
how one by one they are intricately woven together and by what magic new harmonies are produced’, going on
to argue that ‘[o]nly when we know all the themes and harmonies can we begin to appreciate [a landscape’s] full
beauty, or to discover in it new subtleties every time we visit it’ (Hoskins 1955: 19).

The idea that landscapes and individual sites are comprised of the material traces of successive layers of
activity, each adding to and removing from the traces that had existed previously was equally a guiding feature
of the research by the North American archaeologist Lewis Binford, albeit his accounts were far less poetically
expressed or evocative of place than those by Crawford or Hoskins. One of the clearest examples provided by
Binford is in his account of the progressive formation of ‘archaeological’ sites over several seasons and even
generations of activity by mobile Nunamiut hunter-gatherers in northern and north-western Alaska, especially
Anaktuvuk Pass (Binford, 1982). In this ‘archaeology of place’, Binford describes how the purpose or ‘function’
of different places within this landscape could change as the distribution of activities changed in response to
the seasons, or as the routes followed by Nunamiut to track caribou or access other wild resources shifted and
the locations of their home bases were moved. In one example, for instance, Binford (1982, 12-14) describes
how a residential camp was established at the junction between a major river and tributary in a location that
had previously been used as a transient camp/rest stop. Over the next few months, various hunting parties,
fishing and trapping groups and other work groups moved out from this residential camp into the landscape
creating a ‘logistical’ task zone, with some returning the same day and others spending several nights and even
weeks away from their base.

Each of these activities left different kinds of material traces in the landscape associated with the tasks
performed, and also influenced by the time spent in each locality and the size of the task group. As the
distribution of resources altered in response to the changing seasons, the group eventually moved their base
camp to another part of their wider territory, and the spatial distribution of their various off-site activities also
changed. As part of this change, the former residential site was now used as a hunting camp, occupied only by
men who performed a restricted range of tasks compared with those undertaken in the same locality just a few
months previously. In other words, over the span of no more than a few years, a particular point in the landscape
was the focus of different kinds of activities (temporary rest camp, seasonal residential camp, short term hunting
camp), each generating different kinds of material traces, differing also in terms of spatial patterning and density
of discarded materials. Over time, the same place might be used in similar or different ways, each time newly
deposited items accumulating over older deposits and blending into one another to create a palimpsest of
material traces.

As this example indicates, the notion that archaeological sites and landscapes are palimpsests, subject to
regular ‘blurring’ of the spatial resolution of past human activities by both subsequent human activities and
multiple non-anthropogenic processes that drive erosion and deposition, has obvious implications for
understanding the temporal resolution of archaeological data. This is not just because over time material traces

that were once temporally distinct can come to be stratigraphically associated with each other through the
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actions of different erosional or sedimentary events, but also because the very processes that contribute to the
formation of archaeological records operate at different temporal rhythms from the very slow rates of
‘geological’ time to the much faster (and temporally briefer) rates of ‘human’ time. Geoff Bailey (1983, 2007)
has referred to this as ‘time perspectivism’, on the grounds that when material traces are viewed according to
different timescales, this brings different aspects of human behavior into focus and consequently requires
different explanatory frameworks. For example, when approaching the interpretation of archaeological deposits
and materials generated by activities only a hundred or so years ago, it may well be possible to approach their
interpretation (partly because of possible cultural continuities linking these items with contemporary living
communities, and also because of possible access to other supplementary sources - such as historical texts) in
broadly anthropological and sociological terms. By contrast, when dealing with deposits formed tens of
thousands of years ago, that have been subject also to repeated blurring as a consequence of diverse taphonomic
processes, and by human communities very different from any living today, anthropological and sociological
readings of the evidence may be far more challenging than interpreting the observed patterning from
evolutionary and environmental perspectives. Bailey (2007: 201-3) also noted that different phenomena may
operate at different rates and over different time spans, with some processes such as individual human agency
and inter-personal interactions being both relatively rapid and of short-term duration compared with, for
instance, geomorphological processes or phases of climate change which typically operate at very slow rates of
change over the long term. Most archaeological contexts are the outcome of multiple processes and actions
operating at different rates and durations, and archaeological sites comprise multiple contexts, some of which
manifest as ‘true palimpsests’, i.e. ‘a sequence of depositional episodes in which successive layers are
superimposed on preceding ones’ (Bailey, 2007: 204), while others are what Bailey terms ‘cumulative
palimpsests’, i.e. layers marking ‘successive episodes of deposition ... that are so re-worked and mixed together
that it is difficult ... to separate them out into their original constituent’ phases (ibid.).

Although most commonly considered with reference to the depositional setting in which archaeological
materials are recovered during excavation and their attendant associations with other material ‘things” and traces,
at a landscape scale ‘context’ can also be approached via the concept of ‘taskscapes’, introduced into the
archaeological literature by the British social anthropologist Tim Ingold (1993). To illustrate the concept, Ingold
focused on a painting by Breughel the Elder known as The Harvesters, painted in 1565. The painting, thought
to have been originally one of a series of twelve, each illustrating the seasonal activities associated with a
particular month of the year, ‘depicts the month of August, and shows field hands at work reaping and sheafing
a luxuriant crop of wheat, whilst others pause for a midday meal and some well-earned rest’ (Ingold, 1993: 165).
In his analysis of the content and composition of the painting, Ingold exposes the ways in which different
elements are connected, in both space and time, each dependent on each other and the connections between
them for their specific manifestation and for being brought into being. For Ingold, the landscape is thus
something that is always in the process of becoming, constantly reformed as the relationships between people
and other elements of the landscape change, and are reconstituted through the intersection of place, time, and
embodied practices. From this perspective ‘landscape’ can be understood as ‘the world as it is known to those
who dwell therein, who inhabit its places and journey along the paths connecting them’ (Ingold, 1993: 1506). In
subsequent work, Ingold (2015) has expanded his analyses of paths and the networks of both physical and
symbolic relationships these give rise to, characterizing landscapes as ‘meshworks’, and the social lives they
encapsulate as being lived ‘along lines of becoming’.

In contrast to the notion of landscapes being formed through processes of steady accumulation, aggregation
and periodic erasure over time, a ‘dwelling perspective’ demands a rather different approach that emphasizes
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the embodied, experiential features of task performance and ‘being’ in a landscape. The adoption of the concept
of ‘taskscapes’ and dwelling perspectives in archaeology (for a summary of their impact, see Rajala and Mills,
2017), has also encouraged some researchers to develop phenomenological approaches to understanding
ancient landscapes. Key aspects of such approaches include the attention given to trying to recreate or at least
mimic the embodied, sensorial experiences of being in and part of past landscapes, and how these change
depending on the timing and tempo of activities, spatial orientation, direction of movement and other variables
(Tilley, 1994). Such studies are always particularistic rather than generalizing in nature, and also highly personal
as each of us experience landscapes colored by our own worldviews and biographies, yet, in many early studies
the subjectivities of the modern researcher were often left unspecified or problematized (Briick, 2005; Johnson,
2011). Critics of phenomenological approaches have also highlighted that the landscapes experienced by a
participant-observer today are never exact replicas of those that were lived in and created in the past, even if
some elements have remained largely constant. Regardless of whether phenomenological understandings of
modern landscapes also provide insights into how landscapes were created, used, understood and experienced
in the past, an important implication of these debates, especially for integrating landscape archaeology into
Historical Ecology, is that dwelling, as argued by Julian Thomas (2008: 302) drawing on the work of the German
philosopher Martin Heidegger, is inherently ‘a relationship with the world characterized by equanimity, in
which one cares for and preserves one’s surroundings while also allowing them to be themselves’ (original
emphasis).

Among the other characterisations of landscape archaeology, of particular relevance here are those that view
landscapes and their ecologies, as political manifestations writ both small and large. Small, in the sense that to
some degree all actions that take place on landscapes and through the affordances they offer are shaped by and
contribute to their political context, and large in the sense that those with greatest political power are typically
best placed to control the material form of any given landscape, and often normally hold greatest responsibility
for directing their transformation and modification and control over who has access to resources on the land
and even to land itself. Conversely, those with least overt political power may find themselves having to conceal
their activities or even their presence from those in authority leaving minimal physical traces and material
transformations, occupying ‘empty spaces’ and ‘marginal’ lands, although they may not conceive of such areas
in these terms. Archaeological approaches to the study of political relations at the landscape scale, until recently,
have tended to focus on the more monumental manifestations of power such as commonly found in state-level
societies, ranging from burial structures built for members of the elite (such as pyramids) and palace and temple
architecture, to various kinds of large-scale infrastructure such as road and irrigation systems, defensive walls
and ditches, and planned settlements (Smith, 2003; Ashmore, 2004; Isbell, 2006; Falconer and Redman, 2009).
As Sinopoli and Morrison (1995; see also Morrison and Lycett 1994) note, citing the example of the
Vijayanagara empire (c. 1340-1648 CE) in southern India, inferring the nature of actual past political relations
from these monumental ‘statements’ of power, is perhaps less straightforward than it might seem at first glance.
Specifically, whereas the Vijayanagra capital, located close to the imperial frontier at the northern extent of the
empire, exhibited many of the architectural characteristics commonly associated with political elites, these
features, as well as the capital’s geographical location and those of many satellite settlements also had sacred
associations with the Hindu deities Rama and Shiva, while in outlying areas temples and localities formerly
associated with local deities were also incorporated into the pantheon as part of a strategy aimed at symbolic
unification of an ethnically and religiously diverse population. Similarly, while the territories beyond the capital
saw the construction of large-scale irrigation systems, reservoirs, terracing and other forms of landesque capital
geared toward agricultural intensification entailing access to large labor forces for their construction, both the
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archaeological evidence and limited historical sources suggest these were typically under the control of local
authorities rather than a central elite.

As this example highlights, different kinds of power may be dispersed across the landscape, with different
groups having different levels of allocative power over resources and variable scales of authoritative power over
people and space. A critical concept to have emerged in discussions around such issues is that of ‘heterarchy’,
as initially explored in landscape Historical Ecology with reference to the shifting political dynamics from the
pre-Roman Iron Age onward evident in Burgundian landscapes in east-central France (Crumley 1987, 1995).
In broad terms, heterarchical systems stand in contrast to hierarchical ones in which elements can be ranked
such that some stand in subordinate relations to more dominant elements. Heterarchy, on the other hand, refers
to the kind of relations that exist between different elements “when they are unranked or when they possess the
potential for being ranked in a number of different ways (Crumley, 1995: 3). Further elaborations of the concept
with reference to the links between cultural landscapes and power have highlighted that many landscape exhibit
a continuous spectrum of different power relations, encompassing the interests and actions of those with
‘power over’ others, those who hold ‘power with’ other people, and those, as members of subordinate groups,
exercise ‘power under’ more dominant authorities (Spencer-Wood, 2010). Historical landscape archaeology has
proved a fertile ground for the examination of such distinctions and their material manifestations (or lack,
thereof), stimulating research on such diverse topics as elite gardens, the landscapes of enslavement and other
underclasses, carceral landscapes, and landscapes of colonization and resistance (for reviews, see Branton, 2009;
Spencer-Wood and Baugher, 2010), albeit with as yet limited consideration of how contrasting power relations
shape the historical ecologies of different landscapes.

Common Archaeological Methods

There is no specific method that is unique to landscape archaeology, and in many ways the field can often serve
as a model for reconstructing the Historical Ecology of a particular region or subregion, as most studies typically
adopt a mixed method approach that employs (to greater or lesser extents depending on the temporal,
geographical and thematic focus of the project) different archaeological datasets (such as from excavations,
ground surveys, earthwork mapping, and geophysical surveys), documentary and cartographic sources, aerial
photography and other remote sensing data, oral histories and placename data, geoarchaeological and
bioarchaeological analyses, palacoecological records, repeat photography, and even historical literary soutces,
among others, and integrating these into a dedicated project Geographical Information System (GIS). Some of
the more commonly used methods and approaches are briefly described below, while further information on
implementing these are available in numerous practical guides and handbooks (e.g., Aston, 1985; Aston &
Rowley 1974; McMillon, 1991; Maschner and Chippindale, 2005; Hester, et al. 2009; Burke, et al. 2009; Carver,
2009; Burke, et al. 2017; Jamieson, 2017).

Survey

Field surveys are often the first step in a regional archaeological project. Very large areas can be covered by
trained survey crews, looking for ceramics, lithics and other artifacts on the ground surface and in exposed
sections, along with other landscape signatures of human occupation such as terraced fields, sunken roadways,
canals, etc. There are multiple methods used (systematic vs. random), depending largely on the ground cover
and project goals, and these surveys are often informed by aerial photos and can include low-level aerial survey
by aircraft or, more commonly in recent years, low-cost drones and also high-resolution satellite imagery,
including Google Earth (Madry 2007). The data collected are generally entered into a GIS platform to map the
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spatial distribution of artifacts in relation to other elements of the landscape. A field survey often leads to
selective sampling using geophysical remote sensing, which can further identify potential locations for
excavation. There are multiple issues that a well-planned survey needs to take into consideration so as to
enhance the reliability of the results. These include the overall sampling design and methodology; monitoring
the visibility of surface remains due to variations in ground cover, weather conditions and the experience of
individual fieldworkers; and the possible distorting effects of natural and human processes and activities since
materials were deposited or structures were created (Banning, 2002; Richards, 2008).
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Figure. 8.1. An example of a field survey, conducted on the Greek island of Kythera, 15 meter field survey transects at
left, and a map of the distribution of one type of diagnostic ceramics at right (https://www.kythera-

family.net/en/academic-research/archaecology/archaeological-survey-methods-and-preliminary-results and
https://www.austriaca.at/0xc1aa5576%200x003c7£51.pdf).

Archaeological Geophysical Remote Sensing

Once potential sites have been identified, or simply as a component of survey, a variety of geophysical
techniques are available to further identify sites of interest (Cheetham, 2008). These atre all non-destructive
technologies and can provide a detailed set of images below the surface. Common methods include Ground
Penetrating RADAR (GPR), magnetic gradiometer surveys, electrical resistivity, and electromagnetic
conductivity (Gaftney and Garter, 2003; Comer and Harrower, 2013).
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Figure. 8.2. Dr. Jamie Lockheart of the Arkansas Archaeological Survey doing a gradiometer survey, and some of the
results indicating magnetic anomalies of a prehistoric village site in Arkansas. (https://archeology.uark.edu/learn-
discover/current-research/arvgeophysicalsurvey/)

These several geophysical surveys, preferably used together, provide a detailed and non-invasive view of the
soil layers beneath the surface, and can not only indicate artifacts such as pottery, burials, or building stones,
but also indicate other evidence of human occupation such as fire hearths, water channels, and agricultural
terraces. Constant improvements in these technologies and in the digital image processing of the data, have
made it possible to conduct cost-effective, detailed surveys of large areas, and the data can be integrated into a
project GIS system (Chapman, 2006; Connolly and Lake, 2006; Witten, 2006; Cattoor, et al. 2019).
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Figure 8.3. A GPR system (image courtesy U.S. National Park Service) https://www.nps.gov/articles/000/preservation-
in-practice-gpr.htm) and a Ground Penetrating RADAR (GPR) underground profile of a buried wall and channel in
Jordan (AbdEI-Rahman Abueladas and Akawwi 2020)
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Excavation

Excavation is the bread and butter of archaeology and involves the detailed analysis of a structure or site through
the destructive removal of all soil, dirt, rocks, and other matter which has buried the feature (Molyneaux, et al.
2003; Carver, 2009). The geological law of superposition generally means that upper stratigraphic zones nearer
the surface are more recent (unless otherwise disturbed and inverted), and that as we excavate down we are
exposing deposits and materials formed earlier and earlier in time.

Figure 8.4. The various stratigraphic layers in an excavation bulk of a site in Augsburg, Germany. These are not normally
outlined in this way, but this example more clearly shows the differences in the several layers.
(https:/ /en.wikipedia.org/wiki/ Archaeological_excavation).

Excavation provides us with the most detailed information of an area or site, but it is a destructive process, and
once a site is excavated, it has been irrevocably altered, hence the emphasis placed on detailed and as
comprehensive as possible recording of the deposits, contexts and materials encountered and the relationships
between them (Barker, 1993; Roskams, 2001). All materials are carefully mapped in situ during the excavation
process, using hand drawn plans, digital images, GPS, or a theodolite, and detailed maps are created to
document the process, again, as the site is essentially destroyed in the process. Profiles (also called ‘sections’)
through deposits are also drawn, photographed and described in detail, and often sampled for soil analysis and
recovering macro botanical and faunal remains. All artifacts (metal, coins, bone, textiles, ceramics, wood, glass,
etc.) that are removed are first mapped in situ with particular attention paid to their three-dimensional spatial
relationships with one another and the context in which they were found and are then carefully analyzed to
extract the maximum amount of information before their permanent curation. Specialists in the analysis and
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curation of these artifacts and the soil they were in provide vital information about the human occupation of

the site, and the excavation of many sites in an area create a landscape view of that occupation.

Archaeobotany, Dating, Dendrochronology, Ecofacts, and Environmental Reconstruction

Once a site has been excavated, the soil and artifacts can be processed to conduct a wide range of analysis.
Carbon 14 and other methods provide us with accurate dating of wood or other previously living materials.
Preserved wood can also be analyzed using dendrochronology, as presented in Chapter 4. Soils can be analyzed
and various ‘ecofacts’ such as phytoliths provide vital information about the state of the environment,
vegetation, sources of food, and climate at the time of that occupation level in the site. All of these, together,
provide vital information about the environmental context of each level of occupation and help to create a
temporal and spatial component that can extend back many thousands of years.

Repeat Photography

As the term suggests, repeat photography involves taking photographs that are framed in such a way as to
duplicate the view captured on a photograph taken some years previously. The technique generally relies on
comparing and contrasting several oblique images of a particular landscape to identify changes in vegetation
cover, visible signs of human activities and land use, and similar features that have occurred during the
intervening years between each initial and repeat photograph. There are no precise guidelines as to the number
of years separating the initial and repeat photographs, but most applications of the technique aimed at
contributing to the reconstruction of the historical ecology of a particular landscape have tended to select the
earliest known examples of photographs of the study area, which in some cases may have been taken over a
century ago—as for example in some studies of landscape changes in Yellowstone National Park and in the
American Southwest (e.g. Hastings and Turner, 1965; Meager and Houston, 1999). Identifying and locating
relevant historical photographs that capture views across particular landscapes is the first step in undertaking
such a study. National and state or county level archives, as well as those held by museums, mission societies,
professional organizations such as the Royal Geographical Society of London, universities and other similar
bodies are best consulted first. Local residents of the study area, especially those whose families have lived in
the vicinity for generations may also have their own personal photographic collections. In other instances,
historical picture postcards may prove equally useful (see chapter 2). Having identified possible historical
photographs and obtained copies, the next, and often hardest step is try to relocate precisely where in the
landscape the picture was taken. While precise matches are not always necessary, if the aim is to just present a
generic view of how the landscape has changed over time, some studies require very precise matches. Historical
photographs with good accompanying metadata on when and where they were taken, are especially valuable in
this regard. For other photographs, the researcher may have to spend considerable time moving around a
landscape trying to relocate the point in the landscape where the original photographer stood. Local informants,
with knowledge of the landscape and changes to it can be very helpful contributors to this task. In framing a
repeat photograph, three further steps need consideration (Kull, 2005; Klett, 2011). These are as follows: i)
ensuring the camera lens replicates the same field of view as the original photograph, and as older photographs
were commonly taken using wide format cameras, wide angle lenses are generally needed (somewhat easier with
modern, digital cameras); i) framing the repeat photograph so that it captures the same parts of the landscape
and at an approximately similar scale as the original - this may be harder than it seems if there have been changes
(vegetation growth, building construction, etc.) in the area where the original photographer stood; and iii)
capturing similar lighting and seasonal conditions as those in the original photograph, given changes to these
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can make certain landscape features either less or more visible. Georeferencing the point where photographs
are taken using a GPS receiver is also an important step, which will also help future researchers should they
wish to replicate the study further.

Repeat photography, or rephotography as some prefer to name the technique (e.g., Klett, 2011), typically relies
on qualitative analysis of a series of paired photographs taken at various points across a landscape that provide
oblique views of vegetation cover, settlements and other landscape features whether ‘natural’ or anthropogenic.
Many studies draw on supplementary sources, such as contemporary written descriptions (sometimes by the
photographer her/himself), archival sources and oral information from modern informants. The technique also
lends itself to integration within citizen science projects, which have the potential to generate more personal
and embodied narratives of change unavailable to outside observers (Scott et al., 2021). More recently, various
computer-aided approaches to quantitative analyses of the changes, often supplemented by reference to vertical
imagery (aerial photographs, satellite images) have been developed (Bayr, 2021). Computational approaches
have also begun to be developed for finding the location of historical photographs (Gilbert et al., 2023),
although these seem best suited to locations where there is a fairly high density of historical photographs taken

over several years to draw on for comparison.
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Figure 8.5. Repeat photographs of the same view across the Lolldaiga Hills, Laikipia Plateau, Kenya in 1935 (left) and
2002 (right). Note the expansion of tree cover and encroachment of Acacia shrubland over what were once large, open
grazing lawns.

Some of these changes may reflect changes in land management, but also replicate changes in land cover
across the Laikipia Plateau since the 1940s. Several of these open areas mark the location of former pastoralist
settlements, likely occupied in the 17th to late 19th centuries CE. Photo credits: left: D. Hinde, courtesy Robert
Wells; right: Laragh Larsen for the British Institute in Eastern Africa.

Indigenous/Traditional Ecological Knowledge (I/TEK)

‘T'raditional Indigenous knowledge can be defined as a network of knowledges, beliefs, and traditions intended
to preserve, communicate, and contextualize Indigenous relationships with culture and landscape over time’
(Bruchac, 2014: 3814), along with Traditional Ecological Knowledge, constitutes a subset of such knowledge
relating to the natural world and practical applications of Indigenous Knowledge regarding the management
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and stewardship of ecological resources and ontological characterisations of human-environment relations
(Bruchac, 2014: 3816). As presented in chapters 3 and 7 of this volume, archaeologists routinely work together
with local inhabitants and seck to understand modern Indigenous/Traditional Ecological Knowledge for a
variety of purposes, including archaeological site detection, reconstructions of land use histories and resource
use, and assessments of local heritage values and land management practices. As noted by Stump (2013), these
knowledge systems like any other are subject to change over time, and it is important, especially in Historical
Ecological research, not to treat I/TEK as ahistorical or timeless, and while incorporation of insights drawn
from Indigenous communities is important for both practical and ethical reasons (Gadgil et al. 1993; Wolverton
et al. 2023), critical assessments of their histories also need to be undertaken if the knowledge conveyed is to
be used effectively in promoting sustainable development and socio-ecological resilience (for examples of such

assessments, see e.g., Stump, 2010, 2019).

Synthesis

The final goal of an archaeological project is the synthesis of all the individual components of the work into a
coherent and understandable story which accurately describes what we have learned (and still do not know)
based on the work conducted. This synthesis is the ultimate goal of all the work of the many specialists and can
be likened to an orchestra conductor integrating all the instruments into a single symphonic entity. Comparisons
with previous projects and local knowledge allows the new work conducted to be placed into the local context
and, hopefully, extends the total understanding of the region in both space and time from the perspective of
the humans who lived there. New discoveries are put into their context, new theoretical questions are advanced,
and additional hypotheses and future directions are presented.

Case Study: Integrated Landscape Analysis of the Nineteenth Century Caravan Trade in
Eastern Africa

To better illustrate the kind of integrated landscape analysis (Lindholm & Ekblom, 2019) becoming increasingly
common in archaeology, the following section provides an overview of the approach and methods employed
to develop an outline historical ecology of the nineteenth century caravan trade in eastern Africa following
escalation in demand for elephant ivory from the region from c. 1840 CE onward to the eatly twentieth century.
This research formed the basis of a four-year landscape archaeology and historical ecology project (Historical
Ecologies of East African Landscapes — HEEAL), hosted by the University of York, UK, and funded initially
by a European Union Framework Programme 6 (FP6) Marie Curie Excellence (EXT) grant that ran from 2007
to 2013 (Lane, 2010). The research undertaken under the auspices of the HEEAL project was later augmented
by additional research by Louise lles funded by a European Union FP7 Marie-Curie International Outgoing
Fellowship (Envlron) hosted by the University of York and the University of Arizona between 2013 and 2015
(Iles et al., 2018). The project team also worked closely with another FP6 Marie Curie EXT project (York
Institute for Tropical Ecology — KITE) also hosted at the University of York that was undertaking
palacoecological studies at various sites across the Eastern Arc mountains in Tanzania and Kenya, including
those within the HEEAL study area (e.g. Mumbi et al., 2008; Marchant et al., 2009; Finch and Marchant, 2011;
Finch et al., 2010).

The goals of the Historical Ecologies of East African Landscapes (HEEAL) project were to investigate the
archaeological and historical signatures of the last 500 years of human settlement in eastern Africa, and to
illustrate through the use of specific examples how a longer term perspective can inform understanding of
contemporary environmental problems and issues, such as enhanced soil erosion, forest decline, rangeland

209



Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

degradation, and loss of local knowledge concerning natural resources management (Marchant & Lane, 2014).
Several of the sub-projects focused on the ecological, social and economic consequences of the expansion of
the ivory trade during the nineteenth century, with particular reference to the northern route through the
Pangani Basin and adjacent areas in NE Tanzania (Figure 8.6). Additional research was conducted on the
development of specialized pastoralism, and colonial and post-colonial forestry policies and conservation
initiatives.

East Africa
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Figure 8.6. Left: General location map of East Africa and the Pangani Basin. Right: Detailed map of the North Pare
Mountains showing location of known archacological sites at the start of the HEEAL project, and geoarchaeological and
palacoecological sampling sites. Sources: Prepared by Matthias Heckmann for the HEEAL project.

The focus on the social and ecological impacts of elephant ivory was chosen partly because elephants are
often considered to be ecological architects in their own right, shaping environments through their presence or
absence at different trophic levels (Pringle, 2008). Elephant ivory is also known to have been an important
export commodity for certain East African societies for upwards of two millennia. It is mentioned, for example,
in the first-second century CE mariner’s guide known as the Periplus of the Erythrean Sea as a key raw material
exported via various early coastal settlements (Casson, 1989). By the early second millennium CE, ivory is
mentioned in various Arabic sources as an important trade good on the East African coast, including that by
the geographer al-Mas‘udi’ in the tenth century, who commented “tusks weighing fifty pounds and more” were
exported first to Oman and from there on to India and China (Freeman-Grenville, 1962: 15). Several of the
ivory workshops around the Mediterranean and in Western Europe during the medieval era also sourced ivory
from East Africa (Guérin, 2013), although its flow into Europe was interrupted periodically owing to
disruptions to trading networks along the Red Sea. Prior to 1800 CE there was significant demand for East
African ivory in India, China and the Middle East, all of which had long-standing trade connections with
different ports along the Hast African Indian Ocean seaboard, from Lamu in the north (Thorbahn, 1979;
Ylvisaker, 1982) to Mozambique Island and Sofala in the south (Alpers, 1975), including the regionally
important settlements of Kilwa, Mombasa and Malindi. Other traded commodities circulating at the time within
the Indian Ocean sphere included gold, ambergris and enslaved individuals (Horton, 2006).
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Figure 8.7. Pangani, NE Tanzani: Top left: Remnants of former customs house; Top right: View of India Street; Middle

left: Wall footings of buildings adjacent to the German administration building (boma), exposed during excavations in
2019; Middle right: Extract from 1911 German cadastral survey map, 1898; Bottom: Map of lower Pangani River, as
compiled by Oscar Baumann in 1895. Sources: Photo: P. Lane; cadastral map Tanzania National Archives GM/167;

Lower Pangani map Baumann 1896.
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External demand for ivory escalated around the middle of the nineteenth century owing to new demands in
North America and Europe (Beachey, 1967). Caravan routes extended westward from several ports on the East
African coast as far as Lake Victoria and Lake Tanganyika. At the northern end of the network, these included
the town of Pangani (Figure 8.7), which became a key hub for collecting ivory and enslaved individuals, both
destined to be transported across the Zanzibar Channel to Zanzibar, which served as the main export hub for
both ivory and slaves during the nineteenth century. Customs records and related archives from Zanzibar
indicate that the export value of ivory per frasila (c. 15.5 kg) roughly tripled between the late 1820s and early
1870s, and then almost tripled again over the next twenty years (Hakansson 2004). The volume of ivory
exported from Zanzibar also rose markedly over this period. For example, total ivory imports into the United
Kingdom between 1790 and 1875 rose from around 125 tons to 670 tons, with the sharpest increase occurring
after 1840 (Sheriff 1987). Not all of the ivory reaching North America and Europe at this time came from East
Africa. Nonetheless, by the mid-19™ century, eastern Africa was the greatest supplier, with exports sent to
Britain, mainland Europe and the United States of America via two main redistribution centers — Zanzibar and
Khartoum. Eastern African ivory was desired over ivory from West Africa partly because it is considered ‘softer’,
making it more suitable for use in the manufacture of piano keys, combs and billiard balls, all increasingly
desirable commodities among the burgeoning middle classes in the West (Kelly, 2021).

Additional factors triggered an increased demand in Europe and North America and the geographical shift
in the main markets away from Asia. These included technological developments related to the processing and
working of ivory, as for example, the invention and patenting of a mechanized system for cutting ivory combs
by Phineas Pratt, a goldsmith based in the small hamlet of Deep River on the lower Connecticut River, USA,
in 1797 (Malcarne, 2001). From this small invention, new industries emerged and proliferated, encouraging also
labor migration, mechanization, and the development of new markets and forms of commodification that had
both local and global repercussions (Prestholdt, 2004), as well as having ramifications for local industrial
relations Johnston, 1933). The steady expansion of industrial production of ivory piano keys in both Deep
River and the nearby hamlet of Saybrook, later renamed Ivoryton, also led to their transformation into
‘company towns’ (Figure 8.8). In East Africa, there were numerous human agents involved in the extraction,
transport, exchange, manufacturing and consumption of ivory during the nineteenth century. These included
specialist hunters, middlemen, caravan porters and leaders, customs officials, caravan owners and financiers,
ivory buyers, ship captains, warehouse owners, auctioneers, manufacturers, factory workers, shop owners, and
consumers, all of whom may have changed aspects of their practices (Rempel, 1998; Hikansson 2007), and
may have had differential effects on their immediate environs and the wider landscape, either directly or
indirectly.

Whereas the organization of the ivory trade and some of its social, political and economic consequences
both in Fast Africa and more widely have been the subject of historical and anthropological research, other
aspects, especially at the landscape scale, had received more limited scrutiny partly because of gaps in the
historical and ethnographic sources. A goal of the HEEAL project was thus to try to fill some of these gaps
through the integration of a number of complementary research strands aimed at study of the bioarchaeology
of the ivory trade; the archaeological record of caravan halts; the archaeology of agricultural intensification; the
geoarchaeological record of settlement, farming and iron smelting; the effects of colonial and post-colonial
forestry policies; and changing perceptions and representations of East African landscapes. The ultimate
objective was to form a more complete understanding of the interaction between human and natural processes
and events in shaping East African environments and landscapes than was available from previous research
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(Lane, 2010). To accomplish these, the project was structured around a series of sub-projects, each with
interlinking components. Fach of these are briefly described below, along with their specific outcomes.

|

Figure 8.8. a) Comstock, Cheney & Co. Upper Mill, Ivoryton, CT; b) Comstock, Cheney & Co. Lower Mill, Ivoryton,
CT; ¢) Sole remaining original piano key bleach house, Deep River Historical Society Museum (The Stone House), Deep
River, CT. Photo: P. Lane, 2009.

Bioarchaeology of the Caravan Trade

The aim of this sub-project was to evaluate the use of isotope analysis for determining the geographical origins
of individual pieces of elephant ivory. To do this, it was necessary to create a baseline database of isotope values
from modern and historic provenanced East African elephants to assess whether multiple isotope analyses are
capable of characterizing different habitats and geological signatures within the region (Figure 8.8). These
samples were collected from a range of museum collections in East Africa, the UK, Europe and North America
(Coutu, 2015). The results showed a separation of the isotope values from provenanced elephants living in
distinct vegetation, environmental, and geological zones within East Africa, and all three major elephant
extraction zones along the caravan routes (coast, middle, interior) could be differentiated. Having established
this, unprovenanced samples from East Africa were tested and the results compared with the baseline data to
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determine their most likely origin (Coutu, 2012). Although only a small number of unprovenanced samples
were tested, the results indicate the viability of using the technique on a larger sample so as to better refine
understanding of the spatio-temporal patterning of the trade and its ecological consequences (Coutu et al.,
2016). The analysis of the unprovenanced worked ivory also provided insights into the variable uses of ivory in
different European and American industries. The study also demonstrated the potential of the technique for
understanding long-term trends in elephant ecology which may well be of value for modern conservation efforts
(Coutu, 2019).

Figure 8.9. ivory samples from East and West Africa, Ken Hawley Collection Trust, Sheffield (now part of the Kelham
Island Museum), June 2009 Photo credit: Ashley Coutu.

Archaeology of the Caravan Trade: Initial fieldwork aimed at relocating former caravan halts, using the few
historical maps available as guides to their location, and assessing their state of preservation. Subsequently,
excavations were conducted at a sample of sites along the Pangani River (Figure 8.10), supplemented by
research in and around the town of Pangani. Aside from mapping surface traces of the nineteenth century
caravan trade, emphasis was placed on investigation of possible impacts of the trade on local subsistence
strategies and trading patterns, indicated by changes in excavated artefactual and faunal remains. The results
indicate, contrary to some historical sources, that several of the settlements pre-date the expansion of the
caravan trade (Biginagwa & Ichumbaki, 2018) and that there were no significant changes in herd management
strategies or the relative composition of faunal assemblages at any of the investigated sites (Biginagwa, 2012;
Biginagwa & Lane, 2021). Beads and muskets represent the only trade goods to have survived archaeologically.
The local ceramic industry seems to have been unaffected by the broader socio-political changes that occurred
in the region. This and other evidence suggest that the caravan trade may have been less disruptive economically
than has been argued previously.
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Figure 8.10. Settlement mound at Ngombezi, Korogwe District, Tanzania, associated with the 19th century caravan
trade. Left: Mound under how cultivation, prior to excavation, March 2008; Right: Mound undergoing excavation,
directed by Tom Biginagwa, July 2008. Photo: Paul Lane.

Archaeology of agricultural intensification: Four seasons of archaeological reconnaissance, survey and test-
excavations were undertaken in the Pare Mountains, led primarily by Daryl Stump, but involving all HEEAL
team members at different times (Figure 8.11). The focus was on locating archaeological traces of settlement
and iron processing activities, mapping the distribution of irrigation furrows, reservoirs, agricultural terraces,
and ancient livestock drove ways, and establishing the date, function and cultural affiliations of these through
excavation and the recovery of artifactual remains and faunal and environmental samples. The field components
comprised the systematic survey and evaluation excavation of an Early to Mid-Iron Age iron smelting site at
Kisiwani, coupled with GPS mapping of functioning and abandoned irrigation channels and reservoirs, and
associated dry-stone wall terracing, and interviews with local farmers concerning the large area of agricultural
terraces around Myamba. The results indicated a steady expansion of agticulture and associated settlement and
iron working from c. 1000 CE, with signs of increased iron smithing activity in the highlands from c. 1500-
1600 CE (Stump, 2010; Iles et al., 2018). Artificial irrigation reservoirs and areas of agricultural terracing are
known from observations by eatly European explorers to be at least nineteenth century in origin and some
could be considerably older in date as suggested by some of the field results. Conversely, the surveys also
suggested that the use of dry-stone agricultural terracing was not as extensive in the precolonial period as might
be assumed from the accounts of European explorers in the late nineteenth century.

Archaeology and archacometry of iron smelting and smithing: The Pare Mountains in NE Tanzania are
known from both oral and documentary sources to have been a major center of iron production from at least
the sixteenth century CE. High-quality magnetite iron ore, derived from the decomposition of iron-mica gneiss,
is abundant — typically recovered from black ore sands found along stream beds and erosion gullies. There are
also plentiful supplies of clay with refractory properties, making them suitable for making smelting and smithing
furnaces and tuyeres for attaching to wooden bellows, and the numerous forests and woodlands provided a
ready supply of fuel (in the form of charcoal). There was also a market for the iron products, not just across
the Pare Mountains, but also in neighboring, densely populated agricultural areas such as Kilimanjaro and the
Usambara Mountains. Trade in these items brought economic prosperity and also enabled political power, with
certain clans controlling different aspects of iron production (Kimambo, 1969; Hikansson, 2008). The industry
was especially vibrant in the mid- to late nineteenth century, when European explorers first visited, noting that
iron production was concentrated in just a few areas — around Vudee in South Pare and Usangi and Ugweno
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in North Pare (Baumann, 1891). While impressed by the scale of activity, some of the observations made by
these early European observers seemed to imply that the activity might also be a source of deforestation, with
one commenting ‘Anything approaching a forest is only to be met with in the uninhabited district in the north-
west ... Elsewhere everything has been burned down for clearings” (Meyer, 1891: 223). Despite a lack of
subsequent detailed research, by the late twentieth century, charcoal production to fuel iron smelting was being
linked more explicitly with both deforestation and soil erosion in the Pare Mountains, including in studies
focused on land use management in the area, promoting an environmental narrative also invoked (again with
limited empirical support) to account for severe soil erosion elsewhere in Tanzania (Lane, 2009; Mapunda,
2013).

Figure 8.11. Left: HEEAL project members discussing stratigraphy and contextual evidence on site during test
excavation of an abandoned ndiva (water storage tank), North Pare, March 2008; Middle: Example of excavated
abandoned terraces; Right: stone terraces currently in use, 2009. Photo: P. Lane (left), D. Stump (middle and right).

To gather additional data with which to better assess such claims regarding the ecological impacts of iron
smelting in the region, and to enhance understanding of the technical elements of both iron smelting and
smithing, their spatial distribution and chronology, the HEEAL project undertook foot-surveys and test
excavations in North Pare. These efforts focused on the areas where previous archaeological surveys and
excavations surveys in the 1960-1970s (Soper, 1967; Odner, 1971), had located evidence of iron production,
mostly dated to the second half of the first millennium CE or later. Further lowland and highland smelting sites
and a highland smithing site were investigated as part of the Envlron project, with a range of sites being
radiocarbon dated. It was notable that several sites had evidence for large-scale or prolonged activity, in the
form of dense slag concentrations, piles of discarded tuyeres and preserved furnace remains (Figure 8.12).
Smithing remains found at highland sites, were identified by the presence of low-intensity slag tuyere scatters,
small slag smithing cakes and hammerscale. Based on the available radiocarbon dates, the lowland smelting
sites—on both the eastern and western flanks of the mountains— were established by the early second
millennium CE (c. 1000-1250 cal. CE), with production continuing in different locations until the mid-second
millennium CE. Highland sites cluster in the second half of the second millennium CE, although the flattened
calibration curve for this period makes their precise dating challenging (Iles et al., 2018).
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Figure 8.12: a) Upland iron working slag scatter near Mbore, North Pare Mountains, Tanzania; b) Inset of upland slag
scatter; ¢) Close-up of surface scatter. Photo: P. Lane.

The survey and excavation data were supplemented by the results of detailed metallurgical analyses of the
recovered slag, furnaces, tuyeres and ore recovered, combining chemical analysis of their major- and trace-
element compositions and optical microscopy. Additional information on historical smithing and smelting
practices, including the common wood species used for charcoal production, was also gathered through
interviews with former and practicing metal smiths. The combined data provided a more detailed understanding
of the chronology, distribution, and technological development of iron production in the Pare Mountains than
available previously (Iles et al., 2018). A method was also developed for estimating the average quantity of
charcoal used per smelt, to provide an estimate of the possible impact of charcoal production on the local
woodland resources (Iles, 2019). While several factors, including dating issues, introduce uncertainties to this
model (see also, Iles, 2016), on balance, the data suggest that by itself, even at the peak of production activity,
charcoal production associated with iron working would not have caused any significant deforestation. The
conclusion is also supported by the results of landscape-scale geoarchaeological research (see below), and the
palaeoecological research undertaken as part of the KITE project (Finch et al., 2017).

Geoarchaeology of land use and soil erosion history: Three seasons of geoarchaeological reconnaissance,
mapping and sampling were undertaken within the framework of the project, focused on a series of basins in
the Usangi area of the North Pare Mountains, known to have been historically important loci of human
activities. These locations were also targeted because it was anticipated that sediments would be well preserved
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due to the limited outflow via small, seasonal streams. Soils eroding from the steep hillsides would therefore be
retained within the basins and are likely to record erosion and sedimentation histories. The fieldwork entailed
survey of forest, basin and eroded soils around Kisiwani, the sampling for palacoecological remains of localized
swamp deposits in the same general area, and the examination and sampling of erosion gullies along the foot
slopes derived from streams originating in the highland areas (Heckmann 2011). Emphasis placed was on
reconstructing soil catenas [the sequence of different soils occurring along a slope from the crest to the base,
that illustrate the sequence of processes of soil formation, deposition and erosion active on the slope over time|
across the Pare mountains.
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Figure 8.13. Left:Interpretation of depositional history for Mrongo 4 soil test-pit, N. Pare (M. Heckmann, 2011).
Right: Example of a soil test-pit with sampling tins. Photo: D. Stump.

Reconstructed soil catenas are key to understanding past human land use and landscape change as they are
directly linked to slope processes possibly altered by human activities. Palacosols exposed in the walls of erosion
gullies were also sampled to aid reconstruction of the timing of phases of land surface stability between phases
of erosion and sedimentation. Other exposed sections revealed traces of various anthropomorphic remains,
including what was probably a sealed pit, as well as buried iron smelting remains and pottery scatters - all
indicating that there had been considerable soil erosion further upslope after these features were created.
Together with new palacoecological evidence from swamp cores collected as part of the HEEAL project
(Heckmann et al., 2014), and the KITE team’s reconstruction of the vegetation history of the Pare Mountains
(Finch et al., 2017), it was possible to reconstruct the phases of soil erosion and regional landscape change in
the Pare Mountains during the last two millennia (Heckmann 2012, 2014). The results indicated that a distinct
phase of soil erosion commenced in North Pare c. 500 CE, and this was likely related to the onset of agricultural
land use and associated woodland clearances. More aggressive erosion commenced around 1500 CE, roughly
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correlating with the archaeological evidence (in the form of terracing and irrigation channels) for agricultural
intensification. The study further showed how soil erosion histories can be used in archaeological contexts to
understand when and how early human land use starts to shape a landscape and to assess when ecosystem
thresholds are crossed leading to land degradation.

Landscape histories, perceptions and policies: Conservation policy can be prone to ignoring or simplifying
local environmental values and can operate with, at times, simplified understandings of landscape history based
on generalized ideas about population increase, deforestation and soil degradation rather than referencing the
results of detailed historical research into actual environmental change. Even if the general trend has been one
of agricultural expansion, deforestation and degradation, it is nevertheless important to establish in more detail
how and when a particular landscape has changed over time, in order to formulate relevant conservation policies
today. To this end, this sub-project aimed to complement the archaeological and geoarchaeological research by
HEEAL and related palacoecological work by the KITE team by providing anthropological insights into the
recent history of forest management in the Pare Mountains to explore whether the empirical evidence matched
the environmental narratives that were driving policy interventions at the time of the study (von Hellermann,
2010).

Al g

Figure 8.14. Sacred forest, Ugweno, North Pare. Photo: P. Lane.

Chome Forest Reserve in the South Pare Mountains was chosen as a useful place to focus research initially
because it is the largest forest reserve in the Pare Mountains, where there are several community conservation
initiatives. During the early to mid-twentieth century, land use across the Pare Mountains was transformed
significantly by successive German and British colonial forest, land, and agricultural directives, often driven by
particular environmental narratives of deforestation and land degradation. Moreover, the Leipzig-Lutheran
Mission had a station in South Pare, leaving an archive of early twentieth century landscape photographs
suitable for reanalysis via repeat photography, which had been digitized by the University of Southern California
(von Hellermann, 2020). By collating travel reports, colonial and missionary archival sources and historical
landscape photographs, a comprehensive dataset of historical landscape change in north-eastern Tanzania over
the last 150 years was compiled. Through the use of historical photographs and ethnographic research into
landscape memory, it was also possible to get a better understanding of how and why different groups perceive
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landscape change differently and so link the project’s historical and archaeological insights to current policy
concerns, and explore their implications for existing development and conservation initiatives in north-eastern
Tanzania. Contrary to narratives that reported continued loss of tree cover throughout the 20® century (e.g.
Mbaga-Semgalewe and Folmer, 2000) the repeat photography work showed increased levels of vegetation in
the early 215 century when compared to the early 20t (see Figure 8.15), although species composition and
hence species diversity are difficult to discern in these images. Additional archival research, supplemented by
oral histories and field observations, confirmed that tree cover in South Pare has increased since the mid-
twentieth century although overall species diversity has declined (von Hellermann, 2016), with the exception

of the sacred forests and groves that scatter the landscape which remain significant biodiversity hotspots
(Ylhaisi, 2004; Sheridan, 2009).

Figure 8.15. Left: Pauline von Hellerman and Ashley Coutu matching a historical photograph of the view above Gonja
Mission Station with the modern landscape, in 2009. Top right: View of Pare Mountains from Gonja Mission Station, ca
1900-14. (. All rights reserved. Reproduced with permission. Bottom right: Repeat photo of the same view taken in June

2009. Soutces: Datyl Stump (left); Photographer unknown, LLMA 5-601. © Evangelisch-Lutherisches Missionswerk
Leipzig (top right); Pauline von Hellermann (bottom right).
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Summary

The combined research by the HEEAL, Environ and KITE projects hosted at the University of York generated
a wealth of data on the changing relations and interactions between humans, their environments and regional
climate systems over at least two millennia. The landscape scale approach allowed comparison of the possible
effects of different anthropogenic and natural processes, agents and actors, while at the same time helped refine
understanding of more localized responses, adaptations and ecological changes. While the archaeological and
historical anthropological research in the Pare Mountains generated new substantive evidence that appears to
contradict older environmental narratives about these landscapes, it is also evident that the expansion of the
caravan trade in the nineteenth century would have had variable impacts and consequences across the wider
region cautioning against overgeneralization. As critically, the research also demonstrated that these changes
were also enmeshed within a much larger network of processes that linked East Africa with other parts of the
globe, especially North America and the United Kingdom, creating entangled histories of early industrialisation,
commoditization and mercantile capitalism. Landscape archaecology was key to this study, but so too were a
number of other historically oriented disciplines, reinforcing the need to transdisciplinary approaches in
historical ecology, more generally (French, 2019).

Another important insight from the project was that reconstructing the history of soil erosion and
colluviation helped explain why archaeological surveys undertaken by members of the HEEAL team and
previous researchers failed to locate traces of early farming communities in the uplands, despite other
indications (both palynological and geoarchaeological) of their presence in the early first millennium CE. In
essence, the results show that shifting cultivation with dispersed settlement in this period helped initiate the
process of hillside erosion, which ultimately erased traces of the eatliest farming settlements in the uplands and
buried those on the lower slopes beneath thick deposits of colluvial material. Radiocarbon dates from iron
smelting sites in the lowlands further indicate that eatly farming communities were well-established by c. 1000
CE, with upland erosion continuing at a slow but steady rate for the next five hundred years or so, with some
intermittent phases of stability. Between c. 1500-1600 CE, the rates of erosion increased markedly, seemingly
corresponding with agricultural intensification and investment in landesque capital (irrigation canals and hillside
terracing) and the first signs of iron smithing in the highlands. These smithing sites are both cut into and are
sealed by colluvium, so erosion pre- and post-dates them.

All these developments pre-date the intensification of the caravan trade, nd were potentially linked to broader
socio-political changes and the emergence of the Pare kingdoms although further research is needed to verify
this. It is perhaps also significant that the research on the former caravan halts along the lower Pangani River
also showed that these settlements had a much longer history than had been inferred from the sparse
documentary sources, and as in the Pare Mountains the data recovered point to an expanding regional economy
from c. 1500 CE. It thus seems unlikely that the landscape conditions noted by the eatliest European explorers
were recent developments, although again more research across a wider sample of terrains and ecological
settings is needed to explore this issue. At the very least, the research results from these three linked projects
suggest agricultural intensification and economic specialization across the region pre-dates the better
documented phase of intensification that has been extensively researched by environmental historians (see, e.g.,
contributions to Maddox et al., 1996), and that the ecological changes to these landscapes commonly attributed
to the impacts of the caravan trade and subsequent imposition of colonial rule, may well have their origins
much further back in time.
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Conclusions

Archaeological research in its many different forms is a key component in Historical Ecology projects.
Archaeology provides important components, including regional analysis of human settlement patterns and
transportation networks, chronologies of human settlement patterns over time, important environmental
chronologies through the analysis of excavation soils, and more. Archaeologists are accustomed to working in
interdisciplinary teams, and are generally open to expanding this context by including the other disciplines
described in this volume in order to address Historical Ecology questions. While much archaeological research
is at the site level, or concerned with intra-site patterning, and even at microscopic levels, landscape scale
research is equally fundamental to contemporary archaeological research. As illustrated here through a detailed
case study, the integration of different scales of analysis is also central to developing coherent explanations of
environmental transformations, continuities and regime shifts and the relative contributions of anthropogenic
and non-anthropogenic factors and agents in the shaping of local and regional ecologies. As numerous examples
now demonstrate (see Siegel, 2018; Isendahl and Stump, 2019; Riede and Sheets, 2020; Colonese and Milheira,
2023 for a selection of recent case studies), these deep landscape histories also have much to contribute to

addressing current and future socio-ecological challenges.
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CHAPTER 9

MATERIAL CULTURE AND MUSEUM COLLECTIONS

ANAMARIA TUGA, EVA GUSTAVSSON, ALINA-SORINA BIRO

As this Chapter’s focus is the relationship between Museum collections and Historical Ecology research, it is
best to explain it by focusing on the way museums are organized, what their functions are, and how they can
contribute to the Historical Ecology approach. Several examples will accompany our text, from museums from
Europe, but mostly from the museums that we, the authors, are, or have been, working for for several years.
More detailed examples will present our own activities. These include the activity of the Alexandru Borza
Botanical Garden in Cluj-Napoca (Romania) and the way it is involved in reintroducing plants in the wild, in
the case they have gone extinct, or are on the verge of doing so. Also interdisciplinary research concerning
traditional ecological knowledge and how it was presented to the public by means of exhibitions at the National
Museum of the Romanian Peasant (NMRP), in Bucharest Romania. Finally, we present the way a
transdisciplinary museum, such as the Lake Vinern Museum of Natural and Cultural Heritage in Sweden works
together with local schools to educate the next generation in sustainable development. This is done by
introducing the pupils to the rural way of life before electricity and fossil fuels, and the varied landscape with
its biodiversity, and how rituals and customs research conducted in traditional communities can help

understand the past and the present human-nature relationship.

Museums as a pretext

Museums preserve and present evidence of humankind and the environment (Lewis 2021). More precisely, they
safeguard the natural and the cultural heritage identified at different levels: local, regional, national, or worldwide.
Museums are primarily depositories of what is considered to be historically valuable. Following the seminal
concept coined by Pierre Nora (1998), museums are considered “places of memory” (“lieux de mémoire”), that
store the memory of a community and of the environment for their societies. In this role, they have an essential
commemorative task (Poulot 2014). At the same time, museums are a method (Thomas 2010) in itself, designed
to produce knowledge in a collaborative manner, between specialists, but also with their audience, be they local
or wider communities. “It is widely appreciated that museums work when they offer their audiences problems
rather than solutions. It might be added that they work best when they allow their audiences to discover things,
to be drawn into their unexpected, perhaps disturbing stories” (Thomas 2010: 10).

Although they have already been classified “by the character of their contents, and by the purpose for which
they are founded” (Goode 1896: 154), and “[g]iven their diverse origins, varying philosophies, and differing

roles in society, museums do not lend themselves to rigid classification” (Lewis 2021). Nonetheless, there are
five main types of museums, according to Lewis (2021): (1) general museums; (2) natural history and natural
sciences museums; (3) science and technology museums; (4) history museums (including the
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ethnographical /anthropological museums); and (5) art museums. A sixth type transcends all the others, by
nature of its electronic presentation: the virtual museum (see Lewis 2021).

Historical Ecology research can benefit from the information stored in various museums, especially the
natural history and natural science museums. Living collections and herbariums, such as the ones found in
botanical gardens, play an important role in national and global ex situ conservation, but also in ecological
education efforts, thus they are extremely relevant for the Historical Ecology approach.

But other types of museums can be relevant, too. For example, museums of old maps can be equally
interesting, as they can store maps from different times that can be used by Historical Ecology researchers,
although many historical maps can be found in State Archives or online.

Art museums can also be of interest, as they can present, in the form of art, information relevant for
researchers. For example, a retrospective of paintings that depict haystacks can be impressive, as they would
show landscape evolution in different times, as depicted by artists. These museums can also be a link between
communities and artists, hosting their work in temporary exhibitions and making it accessible for a larger public.
Of course, there are artists who are inspired by natural elements and their work is relevant to the historical
ecologist, too. A good example is the exhibition “Wildflowers in Romania - a botanical history,” hosted by the
National Museum of Art in Romania, Bucharest, and organized together with the Romanian Society of
Botanical Artists, in between 12 April - 2 June 2019. The exhibition brought together the works of art of
Romanian impressionists and fauvism painters, but also the botanic drawings made by a Romanian artist of
Italian origin, Angiolina Santocono, who started working for the Botanical Garden in Bucharest in eatly 1960s,
and who composed drawings to depict the botanical characteristics of plants. Another good example is the
work of the sculptor Ern6 Bartha from Cluj-Napoca, Romania, who is creating sculptures from hay, and whose
work was hosted by the Art Museum in Cluj-Napoca in 2004 (the “Arkhai” exhibition), and who has opened
since a private patk with his works of art, the “Erné Bartha's Arkhai Sculptute Park” (see also Bartha 2010).

Ethnographic (anthropological) museums ate also equally relevant, as there can be found research concerning
the human - nature relationship. Of course, at the same time, these types of museums are presenting past
traditional ways of living, especially in the countryside, or aspects concerning traditional ecological knowledge.
One of the best examples is Skansen Museum (https://skansen.se/en/) in Sweden the first open air museum

in the world, dating from 1891, and created by Artur Hazelius. This museum’s main goal is to present the way
of life in the pre-industrial society of Sweden. Together with the traditional houses and activities presented
(using local craftsmen, or employees of the museum that present the specific works), there are also animals
present that are typical for the region. Thus the museum is both an ethnographic one, but also a zoo. Hazelius
had an idea to preserve everything to do with the old peasant culture (implements, customs, craft knowledge,
arts...) that was giving way to the new, modern society. Consequently, he also created the castle like Nordiska
museet to display a multitude of items from all over Sweden, but also to host cultural festivities (such as folk
dances) in the grand hall. Skansen and Nordiska museet were created simultaneously to work as two
complementing entities within the same organization up until 1963, when they were separated

(https://www.nordiskamuseet.se/en).

Another good example is the Eco-museums, which are local museums that focus upon a territory and a
community. This type of museums developed in France starting with 1971, by a concept developed by Georges
Henri Riviere and Hugues de Varine, who stated that an eco-museum:

“is an instrument conceived, fashioned and operated jointly by a public authority and a local population.

It is a mirror in which the local population views itself to discover its own image, in which it seeks an

explanation of the territory to which it is attached and of the populations that have preceded it. Itis an
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expression of man and nature. It places man in his natural environment. It portrays nature in its wildness,

but also as adapted by traditional and industrial society in their own image.” (Riviere 1985: 182).

Although the Eco-museums, for more than two decades, were very successful in France, and then also
abroad (Switzerland, Canada, even Sweden), at the beginning of the 1990s, it was requested in France to remove
them from the museum institutions, because they would abuse the local memory (see Poulot 2014), thus very
few have kept this title, mostly the ones outside of France.

Museums’ purposes and practices

Collect and preserve (safeguard)

The first goal of a museum is to collect and preserve material culture, but also intangible aspects of culture
produced over centuries by communities, and, according to the specificity of the museum, to collect (if possible)
and preserve natural heritage, too. The collections, which are often heterogeneous, are gathered over time, and
are stored in specially designed repositories, with very precise rules concerning the control of humidity,
temperature, light, human and other biological factors. Conservation involves both safeguarding of objects
stored in collection repositories, treatment, and also restoration (if restoration laboratories and specialists are
available). In order to achieve this goal, specialists are hired: museum specialists, in charge of the organization
and keeping of the collections, but also restorers, who are in charge of restoring objects.

The objects are divided into various collections, according to age, materiality, geographical country of origin,
support, or any relevant criteria concerning the heritage stored. Most museums have an archive, as well, where
there are stored documents (some of them concerning the history of the museum), old photos (on various
supports), audio recordings (lately on digital support), video recordings (digitally produced in the past decades),
and transcription of materials (such as transcriptions of interviews).

The collections are very dynamic: the object number can increase over the years, as any time a new and
unique object can be found and can be acquired or can be donated to the museum. For example, the National
Museum of the Romanian Peasant (NMRP), in Bucharest was founded in 1990, continuing the museum
established in 1906 by Alexandru Tzigara-Samurcas (1872-1952), who was a Romanian art historian,
ethnographer, museum specialist and journalist. He dedicated himself to the creation of The Museum of
Ethnography and National Art, which had, as a start, part of the ethnographic objects that were exhibited in
the Romanian pavilion at the 1900 International Exhibition in Paris. In 1931 the museum already had 13,800
objects in the collection (Popovit 1999: 88). Today, the NMRP hosts more than 90,000 objects, divided into
eight different collections: Ceramic; Wood, traditional furniture and iron objects; Traditional clothing; Religious
objects; Textiles (with two different categories: indoor textiles, and carpets); Varia (objects related to customs
and rituals); Foreign countries (objects that do not originate from Romania); and Samples (for example, textile
samples). The collection is growing with every year, as there are either objects that are bought from different
communities in Romania, or abroad, and accessed into the museum collections, or there are objects that are
received as donations from different persons and benefactors. Thus, one could say that collecting objects in a
museum is a dynamic activity. The museum has, also, an archive where there are stored old photos (on various
supports: daguerreotypes, glass, paper, and now digital), old documents, old notebooks gathered from villages,
recordings (audio, video), transcripts of recordings and so on. This Archive is also increasing in time, with the
materials that the researchers of the museums produce, and also with different donations received.

Another interesting aspect in the world of museums is the fact that new types of museums can appear
constantly. For example, there is an increasing number of “personal museums” (see Klimaszewski 2018),
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created by enthusiastic individuals who collect “old” objects from their own community, mainly ethnographic
ones, and then display them in their own house. This phenomenon proves that museum practice is already
accepted by communities and considered the first option, when preservation of the cultural and natural heritage
is at stake. This type of museum could be interesting for historical ecology researchers, as they store local tools
that were used, for example, in agriculture, or present the way the local population has capitalized local resources.
As an example, in the village of leud, Maramures region (Northern Romania), there is a local museum opened
by the Pleg family, where, along with the different objects present in the museum, most of them with interesting
stories (see luga 2010), the owner decided to present and explain how hemp fabrics were produced before
industrialization. They have a corner where they grow hemp (having a special permit from the local authorities
that allows them to do so), they soak the hemp stalks in water, crush them with a special tool, transform it into
fiber by brushing the crushed stalks with a brush with iron teeth, and, then, spin it into a thread that is used to
weave textiles, in the end. Such a demonstration allows historical ecologists to understand the way people were

living up to the early 20th century in Ieud, when hemp was still cultivated, for household use.

Document and research

The second goal of a museum is to research and document the collections: studying all possible information
about the items, its materiality, description, and history, but also connection to its community of origin, in order
to understand the cultural, social, historical and political context that led to its creation (see Pearce 1994). For
this type of work, museums employ researchers who document not only the collections, but also go on different
tieldwork, according to their specialty.

Natural history museums interested in natural heritage, or botanical gardens, would have among their
specialized personnel researchers in plant taxonomy, physiology, ecology, biogeography, ethnobotany,
ethnomedicine or historical ecology. Even though in the past three decades the focus in these institutions has
been on modern facets of plant science using the latest technologies available in plant genetics (DNA barcoding
used in biogeography and taxonomy), in vitro propagation, remote sensing, GIS habitat mapping, etc. there is
a newly sparked interest in what not so long ago was considered old fashioned types research. Ethnobotany
and ethnomedicine are among those domains, but combined with historical ecology there was a new interest in
these subjects. What facilitated this comeback was the need for a new interdisciplinary approach in ecology and
conservation science propelled also by technological advancement. The readily availability of online digitized
maps, orthophoto maps from free sites like Google Maps, direct contact with social sciences researchers with
access to ethnographical archives, all together, make the research process of plant ecologists novel, interactive
and full of possibilities.

Ethnographic and anthropology museums, whose main research topic is the material and the intangible
cultural heritage, often employ researchers in anthropology, ethnology, or sociology. Among the cultural
heritage preserved in such a museum, there are included objects or tools that reveal the way people have been
working the land and have shaped the landscape they were settled on. Thus, any type of information that can
help document this type of objects is important. At the same time, they can document the intangible heritage
of the communities, such as traditional ecological knowledge, which is important to understand the way people
are related to the environment (see Berkes et al. 2000; or Iuga et al. 2017). Of course, interdisciplinary research
is most productive and beneficial, as one topic of research can be approached from different perspectives. Such
an example can be the collaboration between biologists, historical ecologists and ethnologists in studying
grassland management (see, for example, JaniSova et al. 2021 for a detailed methodology desctiption of such
an approach).
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Providing setvices

Museums are constantly involved in the life of the communities where they are located, and each of them have
interactive activities (exhibitions, tour guides, creative activities) that have an impact on the public. Thus, a third
main goal is to provide different services for the community where they reside, mainly the transfer of knowledge
to the public. In this sense, museums are considered to “work” for the interest of the community. Each member
of the community, but also outsiders, can learn about the values promoted in the past, and about what is valued
in the present. At the same time, museums play an important role in the local economy as they actively
contribute to sustainable development of a community, by offering, first of all, jobs for the local specialists, and
then, attracting tourists that can spend time in the community, and make use the local lodging and restaurant
facilities (see Pereira Roders and van Oers 2011; Jeannotte 2003). Local museums also promote the local cultural
heritage and cultural interactive activities, meant for a larger and wider public.

Foremost, museums satisfy the demand of leisure activities, but are, first and foremost, considered to be
important educational institutions, as “[m]useums are uniquely powerful semiotic instruments for the creation,
maintenance, and dissemination of meanings by fielding together and synthesizing objects, ideas, and beliefs”
(Preziost 2009: 38). These kinds of services are available by means of exhibitions (temporary or permanent
ones), educational activities (for children or adults), or other related activities (concerts, conferences, cultural
projects, publications of periodicals, handbooks, catalogues, research papers and so on). All these types of
activities contribute to providing information to the wide public (Lewis 2021).

One of the activities that has the most impact are the exhibitions. Curators are in charge of organizing
exhibitions, to arrange and select all the materials they have available on a topic (e.g.: objects, archive materials,
such as old photos, or research materials, interviews, fieldwork recordings of any sorts). For the preparation of
an exhibition, the curators work closely with the museum specialists, restorers, but also researchers that have
studied on the topic of the exhibition. It is important to mention that during fieldwork, especially because all
research can be subject to an exhibition, the researchers must consider asking or developing special techniques,
or actions foreseen to help the future exhibition, and that could be visually presented and exhibited. A more
detailed example is provided in one of the examples we offer below, the exhibition on hay.

Of great impact are the museum educational activities meant for children, but also for adults. Thus, curators,
when thinking of an exhibition, must also work closely with museum education specialists, who, according to
the specificity of the theme exposed, can think of several activities they could implement. Such education
activities are ruled by the principles of variety and interactivity: “If we want for our visotors to learn something,
we must actively involve them in our story” (Aarts et al. 2010: 123). To answer this challenge, NMRP, initiated
in 2011, workshops for children that were using the materiality of hay and flowers, in order to ctreate hay-
puppets. The children were invited create their own figurine using these raw materials (see Figure 9.1), but only
after they were told local legends connected to hay-know-how, that the researchers collected while doing
fieldwork. A detailed example of good practice from Sweden, concerning museum education activities for
children, will be presented below.

Historical Ecological research, or any interdisciplinary research, can be promoted by means of public
conferences,or publications as well. Research activity is defined by promoting itself at academic conferences,
but museums offer an arena for a wider promotion, aimed to a more general public. For example, NMRP has
a special program of public conferences where there is presented research conducted in the museum, but also
conducted by other researchers (mainly anthropologists, but also other social sciences researchers, or natural
sciences researchers). In February 2011 there was presented interdisciplinary research on the topic of traditional

234



Practicing Historical Ecology

ecological knowledge and biodiversity of the hay meadows in the Northern part of Romania, and in Sweden, a
comparative research conducted by researchers from NMRP and the Swedish Biodiversity Centre (Uppsala
University, Sweden). In January 2023 there was presented research on the traveling island of the Danube,
conducted by researchers from Francisc Rainer Anthropology Institute of the Romanian Academy of Sciences,
the Geography department at the University of Bucharest, and the South-Eastern Europe Studies Institute of
the Romanian Academy. This interdisciplinary approach was concerned with the development of the nomadic
island, and their meaning for the local communities.

Figure 9.1. Hay figurines created during a creativity workshop at the Romanian Peasant Museum, 2011.

Photo: Anamaria Tuga.

Publications edited by museums can be another way to promote interdisciplinary research and historical
ecology research. A good example is the Martor Journal, published by NMRP, who has published two thematic
issues on topics related to Historical Ecology. These include an issue on the agrarian question (Dorondel and
Serban 2014), and an issue dedicated to hay meadows management (Iuga and Iancu 2016).

Dedicated to providing services for the community, many museums offer facilities for researchers from
outside the institution that would like to investigate museum’s collections or research data: there are study
rooms with special equipment where different objects from the collection repositories can be examined; library
access; archive access; meetings with museum specialists (researchers, museum specialists, custodian of
collections, curators, restorers, archive specialists).
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After presenting the services a museum can provide, we can conclude that museums are “those places where
2”5

people can experiment captivating things, which can awaken emotions (...) and experience ‘aha-moments
(Aarts et al. 2010: 139).

Illustrations

Botanical gardens. Keepers of histotical and applied traditional ecological knowledge

The Alexandru Borza Botanical Garden in Cluj-Napoca (Romania) has had a deep connection with the rural
facets of life in Romania even from its eatly planning and beginnings in 1921. Its founder, professor Alexandru
Borza [1887-1971] (Borza 1939), was very interested in the early study of phytosociology, but also in early
Romanian ethnobotany, ethnomedicine, rural gardens, and, as a complement, he was an avid researcher of folk
traditions and archeology. All of these interests were reflected in the botanical garden he created. For example,
among the garden’s first ornamental collections was the Dahlia one, a traditional rustic flower cultivated in
almost every household during the late 19% - early 20t century, when the majority of Romania’s population was
living in rural areas.

Figure 9.2. Autumn view of the Transylvanian plain meadow with endemic Crocus banaticus and Colehichum antumnalis
blooming. Photo: Alina Biro.

On a more scientific note, the botanical garden in Cluj has had for a century a whole sector encompassing
5 of its size of 14 ha dedicated to discovering the flora and vegetation of Romania, a space where not only
different plants are presented to the public, but simulations of natural habitats occurring throughout the country,
From the sand dunes of Dobrogea to the continental inland salt steppes of Transylvania, to alpine rockeries of
the Carpathians, limestone cliffside forests of Banat and, most importantly, a traditionally managed hay meadow,
mown manually twice every year. This sector was a novel concept at the time, as no other garden in the world
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had this, and it is also important historically, as it came at a time of great celebration for the Romanian people
- two years after the Great Unification (1918). Over its prolonged development, the flora and vegetation of
Romania also provided insight to horticulturists and botanists alike on how to better grow, conserve and present
species to the public. Nowadays, more than ever, this can be an inspiration for ex-situ conservation and
repopulation efforts that botanical gardens make all over the world.

The Botanical Garden in Cluj is an example of the longevity of an artificially maintained habitat through the
use of traditional ecological knowledge. A major part of the flora and vegetation of Romania is a traditionally
managed hay meadow (see Figure 9.2 and 9.3), inspired probably by the founder’s young years spent with the
locals in his birth village now called Borzesti (Cluj County). The high biodiversity of grasslands in Transylvania
is tody well known in the scientific communities, but the idea to implement it in a botanical garden as a way to
conserve and present over 150 grassland species while being cost effective and ecologically sustainable was and
still is a revolutionary idea. While this type of “working habitats” was not so common in the past, today more
and more botanical gardens use them. This can be seen at Wakehurst Kew Gardens (United Kingdom), where
lawn patches have been transformed into meadows full of indicative species including Rhinanthus spp. and
meadow orchids, Pannonian dry grassland in East Austria presented by the Botanical Garden of the University
of Vienna and rockeries and alpinariums all over Europe (Gothenburg, Grenoble, Kew, Vienna, and so on), or
native tropical forest patches like the ones in the Singapore Botanical Garden.

Figure 9.3. Eatly summer in the Transylvanian plain meadow, on the bottom left acclimatized native daffodils (Narvissus
poeticus). Photo: Alina Biro.
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The Botanical Museum and the Herbarium are extremely important collections that are provided by the
Alexandru Borza Botanical Garden to researchers. The garden’s Botanical Museum remained in its original
form, as designed in 1920s by its creator, professor Borza, and can today even be considered a museum of
museums (see Figure 9.4). The 10,000 piece collection has among its displays, botanical illustrates and fossils,
a large number of pieces with traditional folk value like different illustrates, wax replicas and vials of conserved
traditional fruit, vegetables, grain and fiber plant cultivars which are now extinct from all over Romania. It also
contains traditional household objects and clothing made out of these prime materials attesting to the fact that
they were once widespread in the rural parts of Romania. By using the museum’s collection of traditional
cultivars of fruits, grains and handmade objects made of plant fibers and wood, we can have a glimpse of our
rural farming past.

Figure 9.4. Left:: General view of an alley in the Botanical Museum. Right: Traditional hat made of tinder fungus (Fomzes
fomentarius) by the moti from the Apuseni Mts. Photo: Alina Biro.

Herbariums have too long surpassed their initial purely taxonomical and chorological role and can now be
used to discover and verify traditional land use and practices through the use of habitat indicative plants. Many
plant collections have been made over time in all the historical regions of Romania with a special focus on
Transylvania and its distinct grasslands which have been studied by early botanists in the region like Johann
Christian Gottlob Baumgarten [1765-1843], Florian Porcius [1816-1906], Rezs6 So6 [1903-1980], and so on.
The Cluj Herbarium has more than 800.000 entries, the eatliest specimens dating from the 18% century. By
examining the old herbarium collections conserved here we can cross reference the change in the flora and
vegetation of the areas of interest to us and we can get further insight on what happened when traditional
management gradually disappeared and how the vegetation reflected it over time. For example, we can easily
discover that the psammophyte flora of Deliblato region, in historical Banat, has changed completely by using
specimens collected in regional herbariums from the late 19t century (see Figure 9.5). Endemic elements of the
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flora there are now almost extinct since the region has been under strict protection from conservationists by
instating a grazing ban in the area, as it was previously thought that grazing has only negative effects on this
type of flora and ignoring the regions historical transhumance past. As a result, most of the region is now
forested with invasive species like black locust (Robinia psendoacacia), planted here initially to stabilize the sands
by agronomists and left unchecked by conservation efforts. The only sandy regions that survived are the ones
outside the reservation which are still grazed.

Figure 9.5. Regional herbarium collection dated 1900 by author Dr. Degen von Arpad. On the right the rare grass
Agropyron banaticnm collected from the Deliblato region. Photo: Biro Alina.

Through its Index Seminum (seed index) and newly founded in vitro plant cultivation laboratories and seed
bank collection of Carpathian endemic species developed in partnership with Kew’s Millennium Seed Bank in
Wakehurst (U.K.), the botanical garden in Cluj is able to further expand its conservation efforts. Even though
these last two projects are in early development, they can sustain the growing need for new plant material in
the garden and for research experiments, while conserving wild populations.

Exhibiting hay

In Romania, semi-natural grasslands are still mostly managed in a traditional manner, as people have animals in
their care (cows, sheep, goats, and horses) that need to be provided with winter fodder. During Spring, Summer
and Autumn, cattle and sheep are grazing in pastures (common pastures, or private pastures), but the main
winter fodder is hay. Romania’s rural areas, even if there are many areas where traditional knowledge is well
preserved, is a modern society where changes appear, constantly transforming the landscape. One of the main
changes is the decrease in the number of animals owned by private households, which leads to the abandonment
of hay meadows, and of pastures as well.

Hay is a very practical solution for local animal breeders, as it provides the winter fodder, but it can also
become an inspiration for creating art, including the work of the above mentioned artist Erné Bartha, from
Cluj-Napoca, who has created ever since early 2000s, impressive sculptures in hay. He has used hay as raw
material for creating his sculptures, transforming a natural product into a cultural one, showing that the raw
material of dried grass has artistic values (see Bartha 2010).
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Continuing on this idea, hay can become a pretext for understanding or portraying a local culture. For
example, the work of the U.S.A. artist photographer Kathleen Laraia McLaughlin, gathered in the album “The
Color of Hay” (McLaughlin and McLaughlin 2011), after living for one year (1999-2000) in a remote village in
Maramures (Romania).

In addition to this, hay can be valued by a larger public in exhibitions. For example, in 2015, NMRP hosted
the exhibition “The Traditions and Transitions of Hay” (20 July - 16 August 2015), that was focused on hay as
a cultural product, and where materiality was exhibited together with the intangible heritage. As explained by
Bogdan Iancu, one of the researchers, the exhibition came “after many years of doing field research. The starting
point was simply the objects we came across during our fieldwork in rural areas - we’d see scythes with handles
made out of bicycles bars hanging from the eaves of the peasant houses where we stayed or did interviews.
We’d see plastic rakes instead of traditional wooden ones, rakes whose teeth were replaced because they had
been torn or lost... This is how we got the idea that this material universe of objects which generates hay must
illustrate somehow the cultural shifts that the hay making process is currently undergoing” (Panoiu 2016: 173).

Figure 9.6. Opening of the exhibition. In front & back: aerial images. Talking on the microphone is anthropologist
Vintild Mihiilescu, who has been actively supporting the research. On the left side: Bogdan Iancu and Anamaria Tuga,
researchers of the Romanian Peasant Museum. Photo: Marius Caraman, 2015.

Presenting the changes that occur in a local rural community for an urban public (material changes, but also
those concerning local knowledge and practices) was a challenge the curators and the researchers undertook.
The curator, Cosmin Manolache, decided to have a selection of photos, maps, and information that were used
in the exhibition. It was crucial to consider the amount of material and to adapt it to the exhibition hall. For
this exhibition, the space was very limited, no more than 50 m?, thus, very few objects were included, just the
iconic ones: a scythe, a rake, a pitchfork, and several hay bales (Pdnoiu 2016).

The images used told about local traditions and ecological knowledge still to be found in different
communities in Transylvania, Romania. The photos focused on landscapes that are iconic for the region, but
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also on actions of people in the landscape, that are the sources for local knowledge about plants, use of plants,
and traditional practices of harvesting hay. The exhibition was telling the story of the new regulations of the
European Common Agricultural Policy, as applied in Romania, and how the subsidies influenced the local
communities and the way hay meadows are managed. Aerial images that the researchers obtained from the
regional agencies (see Figure 9.6) were included. Photographs created during the fieldworks of 2010-2014 were
put in dialogue with black-and-white archival images stored in the NMRP’s Archive (see Figure 9.7 and 9.8),
showing the continuity of practice. Another important source of visual materials used in the exhibition was the
work of the American photographer Kathleen Laraia McLaughling, who has been documenting life in the
village of Sarbi in the Maramures region of Romania, where one of the main activities in the summer is the hay
harvest. The artist was extremely open to the collaboration and sent us some of her photos that brought to the
exhibition an artistic touch (see Figure 9.9).

Figure 9.7. Details of the exhibition photo layout presenting local practices.
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Figure 9.8. View of the exhibition’s corner presenting local practices and tools used in harvesting hay. Photo: Marius
Caraman, 2015.

Figure 9.9. View of Kathleen Laraia McLaughlin’s photos. Photo: Marius Caraman, 2015.
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Apart from the materials used in the exhibition, whose selection is crucial for the success of the outcome, a
special interest must be given to the various levels of collaboration that made possible the endeavor itself. First,
there was the collaborative research that took place since 2010, between the researchers from the National
Museum of the Romanian Peasant-NMRP in Bucharest (Romania) and from the Swedish Biodiversity Centre
(Swedish University of Agricultural sciences). In 2014 it was already clear that in the following year there would
be an exhibition organized, thus, during the research of that year, the specialists prepared for it actively,
producing special materials. Sounds of the hay meadows were recorded, such as the sound of the grass in the
wind, the sound of crickets and other insects, the sound of the ripe “clocotici” (Rhinanthus) letting people know
that mowing time has started. There were also recordings made with the actions of humans, for example, the
sound of a scythe being prepared for the mowing, or a legend told by a local person.

During the research conducted in 2014, some questions were asked considering using the answers for special
parts in the exhibition. Such an example was asking the local population to name different plants that were then
picked up, dried and exposed, along with other plants. These were then presented like a huge herbarium page
in the exhibition (see Figure 9.10).

Some of the materials used in the exhibition are still available online, as a result of another museum effort
that allows people to get free access to materials stored in archives and collections. For example, some of the
materials that the NMRP is holding in the archives are online (www.arhiva.muzeultaranuluiroman.ro), and some
of them are part of the audio materials used in the exhibition about hay. This opens the collections to the public,
not only by exhibitions, but also online. It is also an example of the museum working for the public and making
information public. In this manner, specialists can reach a wider audience, over a longer time frame, that
surpasses the short timing of an exhibition, no matter how long an exhibition may last.

Figure 9.10. In the right side of the photo there are the plants collected and pressed as a herbarium. Photo: Marius
Caraman, 2015.
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Teaching Swedes about lost habitats and species - “Gifts from the Land”

In contrast to many Romanians, most people in Sweden have never seen a real hay-meadow (i.e. a species rich
grassland, managed by cutting, and not “improved” by plowing, fertilization or the sowing of fodder grasses).
Late 19t century maps show that meadows were being turned then into arable fields for food and fodder
(Gustavsson et al. 2011). Non-improved pastures went the same way or were abandoned or planted with spruce
or pine. Many people today react to the lack of insects, but few have the knowledge to connect this to the lack
of semi-natural grasslands, or other flowering habitats that historically dominated the landscape. They are not
aware of there having ever been any. In 2013, as a response to this, the Lake Vinern Museum of Natural and
Cultural Heritage in the rural town of Lidképing in south Sweden, created a new permanent exhibition to show
how the clayey plains around the south of Lake Vinern were transformed from a landscape of meadows and
pastures for rearing cattle, into a landscape exporting oats to feed the horses in Great Britain, and onwards to
the industrialized agricultural landscape of today. The exhibition, named Gifts from the Land, was refurbished
in 2020 to better serve the extensive educational activities for school classes, but the idea of giving a voice to
the threatened or extinct species is still central. The background material is largely based on the doctoral studies
of Eva Gustavsson (2007) concerning land-use change and biological cultural heritage in this area, with added
knowledge from fellow curators at the museum concerning the built environment and historical implements.

Figure 9.11: The Gifts from the Land uses a fable concept to reach an audience disconnected from nature, e.g. a spider
complaining about relatives moving in from their clear-cut wooded pasture and a cow dreaming of flowers. The
exhibition is used in the schools’ education on sustainable development. Photo credit: Malena Kindberg.
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Different historical landscapes are shown in models and the varied use of the landscape’s different habitats
are depicted. Modern versions of these landscapes are conspicuously similar. The loss of species and decreases
in population sizes is illustrated by giving voice to different animals (Figure 9.11). A cow is dreaming about a
legend about a pasture full of flowers, instead of the silage she is served in the barn. The orb-weaving spider
Aranens angulatus is annoyed with all the relatives moving into his glade, after the neighboring, grazed forest has
been planted with spruce. A painting shows animals and flowers in a demonstration against the destruction of
their habitats (Figure 9.12). The fable concept was chosen due to the lack of contact that today’s children have
with nature and its inhabitants. It has been shown that people, not living directly from what nature or low-
intense agriculture gives, i.e. in modern societies, have far less species knowledge than people who are
dependent on nature for subsistence (Pilgrim et al. 2008). Giving the species human voices is an attempt to

help children reconnect to nature.
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Figure 9.12. Animals and plants demonstrating against the habitat destruction initiated in the 19 century, which is going
on in the background. Painting by museum technician Robert Bernhoft.

The municipality of Lidképing has commissioned the Vinern museum and two other cultural institutions to
be part of the school children’s education in sustainable development. All children in the municipality go to
these institutions in grade 2, 5, and 8 for specially designed programs, in which the Gifts from the Land
exhibition is used to illuminate the historical aspects of each theme. The curator and educator Malena Kindberg,
who has worked with the renewal of the exhibition and the educational concept, explains: In grade 2, the visit
centers around food (Figure 9.12). What did children eat in the 19t century? The children make a timeline with
food from the late 19th century until today. What is the same and what is different? How was food preserved

245



Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

before freezers and refrigerators existed? Working with all senses is important for learning, so the children get
to taste Swedish turnip, they create characters from vegetables, and they try grinding grain to flour by hand.
The children also work with current sustainability issues around food at another exhibition in the museum.
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Figure 9.13. Food in the past and in the present is the central theme when the 2nd-grade school children visit the Vinern
museum. In 8th grade they work with the production of clothes. Photo credit: Malena Kindberg.

In grade 5, focus is on the landscape and the enormous changes during the last 200 years. The area these
children come from is an agro-industrial landscape, where biodiversity is decreasing due to habitat destruction,
eutrophication, fragmentation and pesticide poisoning. The program therefore aims at showing them how
different every part of the landscape was before the great land transformations. They discuss the difference
between old growth forests and spruce plantations by counting species in pictures showing this and talk about
the lack of bees in the landscape and why that is. They play a hands-on game (Figure 9.14). Where they have to
agree on how to divide the arable fields between them: first according to how it would have been divided
between the land-owning villagers before the land transformations. Then they rearrange the arable land
according to how a land-surveyor would have done in order to modernize agriculture. In the museum’s
workshop for creative work, they build insect hotels to bring home.
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In the 8th grade, they work with lifestyles and consumption. Historical probates are used to compare what
things a person owned some 100 years ago, as opposed to today. Clothes always come into focus. The
discussions start around the scarcity of clothes people used to have. It is then directed towards the production
systems of fabrics and clothes historically and today (note the flax and the spinning wheel in Figure 9.15. How
expensive and labor intensive making clothes is, also today, but that the prices on garments do not cover the
real cost of production. How do we treat clothes today compared to in the past, regarding the lifetime of a
garment as compared to historically, passing them on to younger siblings, mending, altering, remaking and
finally using them as rags? What can we do about this system? Malena Kindberg is often impressed by the
ingenuity of the solutions put forward by these young people with their agile minds.
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Figure 9.14. Museum curator and educator Malena Kindberg demonstrates how the 5th grade pupils learn how Swedish
villages were transformed during the 19th century, by playing a hands-on game. The different colored rods represent
arable land, owned by different villagers. Photo: Eva Gustavsson.
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In evaluations of the so-called 2,5,8-programme, the teachers are generally satisfied with what and how their
pupils learn. The program is designed to cover parts of the compulsory curriculum on sustainable development,
which the teachers agree it does. The transdisciplinarity of the Vinern museum enables the inclusion of the less
obvious historical and cultural aspects of sustainability into the educational program.

In conclusion, museums, by the way they are organized and how they involve their visitors in an active
manner, by interactive exhibitions, or by museum education activities, can provide awareness services to their
community, by talking about the past that has contributed to the creation of the landscape, and making them
receptive to Historical Ecology issues. With the examples presented above, it is possible to see the way
traditional knowledge concerning nature, and natural materiality can reach a variety of audiences: art lovers,
knowledge seekers, the general public, children - in other words - all kinds of people.

Rituals and the understanding oflocal ecological practices

Rituals and customs can explain how a society is organized and the values that it promotes. They are considered
to be one of the ways traditional knowledge (including traditional ecological knowledge) is passed down from
one generation to another (Bot 2008; Berkes et al. 2000). Through this process, cultural continuity is guaranteed.
But rituals have an economic purpose, too, as they can regulate work and the use and distribution of resources.
They can, for example, limit and restrict access to critical resources (Scott 1976). Thus, observing rituals that
are connected to the agricultural or pastoral practices and understanding their meanings for the community can
shed light on the use of local resources and the human-nature relationship, research topics that can be of use
for the Historical Ecology approach. After the research conducted by employees of museums, all the data is to
be stored in the museum’s archive, ready to be consulted by other specialists in the future.

The milk measurement feast, for example, in the rural mountain and hilly areas in Romania is such a custom.
Held in Spring, it regulates the way milk (as a product) is divided among the sheep owners (Ivascu and Iuga
2022). The custom is performed at the start of the grazing season, in early Spring, on a day that would be
different from one community to the other, according to the altitude. It is either after the feast of St. George
(23t of April, as observed in the village of Rogoz, Maramures region), or in the first half of May (as observed
in the villages of Surdesti, Maramures region; or the village of Camarasu, Cluj region), but it could be as well in
the second half of May, if the village is situated at a higher altitude (as observed in the villages of Botiza and
Teud, Maramures region). When the milk measurement feast takes place, the summer grazing starts, and the
different owners of sheep gather their animals in one flock. After two days of grazing all together, the owners
come to the sheepfold, and each one milks their own sheep; the milk is measured, sometimes using an ancient
measurement unit, the “font” (which is %2 of a liter), quantities are written down and, according to each local
system, it is decided the quantity of the milk, and thus the amount of cheese, the owners would receive during
the whole summer grazing season. For example, as observed during research conducted in 2010 and 2013 in
Surdesti, an owner of sheep would receive thirty-five liters of milk for each half a liter measured on the feast
day. After the feast, grazing starts in the pastures situated on the territory of the village, but later in the summer
(end of May, beginning of June), the sheep are moved towards the higher altitude pastures. During the grazing
period, each owner will come to the summer farm and stay there for a longer period of time, in order to make
their own cheese (in the village of Surdesti), or take the cheese already made (in the villages of Botiza, Ieud), as
much as there is calculated during the Spring feast. When they come, they also bring different food, or other
products needed for the shepherds; and this is included in the way they remunerate the shepherd for their
work.
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The milk measurement feast has an important economical purpose: the division of resources and products.
But it also has a critical symbolic reason, as several gestures are performed in order to provide for the protection
of the sheep. These gestures make us understand the traditional relationship to nature. For example, a tree is
usually cut and placed in the center of the sheepfold. Usually it is a birch - one of the first trees to produce
green leaves in Spring; or a fir-tree, an evergreen tree, that is used in other rituals as well in the territory of
Romania, all for different purposes, and with various meanings. This tree is called “the cross of the sheepfold,”
and it is shaped as a cross, either with the branches tied up together (as seen in Rogoz village, 2011), or it is
adorned with flowers and ritual bread (Ieud village, see Figure 9.15). In front of the cross of the sheepfold there
is placed an ax, in order to protect the sheep from being hit by lightning (Ieud village). The priest is often called
to bless the sheep and the shepherd, in order for them to be protected during the summer grazing period.
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Figure 9.15. Goats and sheep around the cross of the sheepfold created to protect the summer farm. In the left bottom
corner, there is an ax implanted near the cross of the sheepfold. Ieud village, Maramures region, Romania. Photo:
Anamaria Tuga, 2016.

The start of the summer grazing is strongly connected with the rebirth of nature in spring. This explosion of
green vegetation is much used in the ritual that is performed when the milk is measured, for the purpose of
animal protection. The “cross of the sheepfold” that is implanted in the area of the summer farm is one example.
Another is the custom locally called Papalugiri, that is using branches, for the vegetal mask of the Green Man
(“Homo Viridis,” see Neagota 2019), a usual custom in the village of Cimarasu (Clyj region, Romania), until
2009, the last year it was performed. The mask had a protective and fertility-providing role. The Green Man
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leads the sheep flock (see Figure 9.16) from the ingress of the village to the place where the milk measurement
is performed. When the sheep were at their final destination, an exuberant water fight followed, the main aim
being to soak the Green Man. The purpose of the fight was that by doing this, the sheep will give more milk
during the summer.

There is a strong human-nature relationship in a traditional community, as we can see in the above-
mentioned examples. Observing and using nature, humans have developed a set of traditional knowledge, but
also a set of rules applied by means of rituals, beliefs and actions. These are both practical and symbolic, and
thus, following the rules of magic thinking, meant to be both apotropaic (having the power to ward off evil or
danger) and to provide for good productivity.
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Figure 9.16: The ritual of the Papilugiri (the Green Man), performed before the milk measurement, Cimarasu (Cluj
region, Romania). Photo credit: Anamaria Iuga, 2009.

Limitations
In the work of museums, there are some problems to surpass as well. For example, there is always a question
of how much of the data that are stored in museum archives are to be presented to the public and made available

to such a variety of audiences, from the general public to specialists. The general trend is to store the data in
archives, thinking that perhaps in the future it will be used, but then, the opportunity never presents itself, or
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when it does, it is, somehow, late, or obsolete. Thus, we strongly believe that data should be made available as
soon as possible after research, and the means offered by museums are a very good way to reach a wider
audience.

Another issue concerns an administrative aspect, as funding is not always easy to provide, especially funding
for research in Historical Ecology, that would be the basis for all other museum activities. Museums are usually
subordinate to national, regional, or local public institutions, which provide for its basic funding. Of course,
there can exist as well private non-profit institutions, supporting themselves and involving the local
communities, mainly for pro-bono work. But when it comes to research, and also to present (in the various
ways, as we have seen already) the results of a research, this can be problematic and extra funding should be
provided. A solution to this can be offered by accessing funding research opportunities, in collaboration with
research institutions. There are, thus, special funding opportunities at an international level, such as various
research and development programs supported by the European Union (Horizon, Biodiversa, etc.). Another
example is to appeal for private grants or from private donors. For example, in 2018, the Institute of Biology
of the Slovak Academy of Sciences was granted a research grant offered by National Geographic for research
concerning traditional ecological knowledge in meadow management in the Carpathian Mountains. For the
Romanian Carpathians, they have involved an ethnologist from NMRP, who accompanied and conducted
research on the way locals are managing grasslands. In this way, research materials were produced, serving the
purpose of the research, but, at the same time, to be included in the archives of the museum, and, if the

opportunity presents itself, to be used for exhibitions, publications, conferences, or museum education activities.

Conclusions

Historical Ecology research can benefit from museums, perceived as a method per se, (Thomas 2010) but also
from museum research and activities, both in the research stage, but also in the way that research information
is presented to the public. Museums store material and intangible cultural heritage that is relevant for a local
community. They manage, display, and produce knowledge using their collections (Bell 2012). At the same time,
museums are relational and engage in a relationship with their audience: they are involved in the life of their
communities and develop interactive activities that bear messages to the public (Bell 2012). Such a message can
be the interactions between humans and nature, what were the actions that lead to various transformations of
the environment, and, at the same time, of society. The different examples that we have presented in the chapter
show that experiences among museums can be quite different, but it is a difference that invites creativity, with
its unlimited resources. We have seen how museums can be a link between specialists, such as researchers, and
the communities, especially the young generation. Museums help transform scientific information into a
“serious game,” that helps young generations understand the environment, its historical and millennial
relationships with all of us.

Museum activities are a solid argument for interdisciplinary research, as all the work done in the museums,
from research to exhibitions and museum education activities are the result of good cooperation between
specialists in different fields of expertise. Historical Ecology research can gain from this type of interaction, and
can, at the same time, get involved in this type of enterprise, having as a common purpose presenting to the
public by means of exhibitions, written texts for specialists, and also for a general public, or by means of
creativity activities meant for the younger generation.
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CHAPTER 10

ENGAGED HISTORICAL ECOLOGY

EVA GUSTAVSSON, ELIZABETH JONES

This chapter discusses recent trends that emerge from collaborative interdisciplinary research methods
developed in large part by extension and community consultation work. We are motivated by the necessity to
advocate for an engaged Historical Ecology that comes from a desire to move beyond theoretical knowledge
production to an applied scientific and policy outlet. An engaged Historical Ecology can, and should, be more
inclusive of people with traditional ecological knowledge, people of different ages, educational levels, socio-
economic status, and other minority/minoritized groups, be they ethnic, racial, religious, or otherwise. This is
important, as these constituents often must interact with policymakers, private businesses, public entities or
individual property-owners, and they are often in a disadvantaged position. In this sense, an engaged Historical
Ecology is an intentional decision to insert historical and ecological understandings into conversations that are
often focused only in the present, but actually future-oriented, where certain narratives and experiences from
the past are ignored or made invisible in the discussions that stakeholders have when attempting to solve
challenges. In essence, this increases the number of participants, and perspectives, multiplies the points of
contact that they have with researchers and projects, and provides more seats at the decision-making table.

Disciplinary underpinnings and perspectives

Historical ecology necessarily works on different time levels. When researching fairly recent history, local people
are essential sources of knowledge in understanding how the society works (or worked in a recent past)
concerning work, leisure, religion, traditions, and more. In traditional societies, these personal stories (chapter
7 and 8) form links to eatlier times, e.g. making sense of data and findings in various types of historical records
(see section 2). Through the stories about their society, the dynamics in the landscape come to life, formulating
new questions and often giving answers to questions not even asked. Local people, who live traditionally off of
what the landscape provides, by working in (and with) it, have profound ecological knowledge in the
interrelationship between management and the effect that this has on nature. They create “taskscapes” (Ingold,
1993), a socially constructed space of human activity, conceived in space and time. This knowledge is following
the rules of cultural transmission (see Baumgardt, 2008): it is handed down through generations and modified
through each individual person, family, village etc., according to the cutrent situation in combination with
accumulated experience and new developments. Another term for this is Traditional Ecological Knowledge
(TEK) (Berkes, 2018).

The instruments researchers use to tap into these complex webs of knowledge are basically the same as in
ethnography and oral history. This chapter will not cover these methods and techniques but will instead focus
on how to engage the local citizens, which are the stakeholders and carriers of this knowledge. We describe
different levels of engagement with the stakeholders, and how researchers, by letting go of absolute authority
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of the research questions and methodology, can gain deeper insights. We also provide examples from our own
and others’ research and point to some complications that might arise when scientists get very close to their
“objects under study”.

Levels of interaction
To really reach into a society, to gain a deeper level of understanding, the researcher needs to let go of some
power of the project's content and direction, as well as of leadership, and needs to surrender these to the
stakeholders. Depending on the purpose and nature of the project, as well as the type of research questions,
different levels of interaction can be used. The characterization is inspired by The Partnership Way (Cashman
et al, 2014), which advocates a system called Leading by Convening, where leadership is shared by several
people and all stakeholders are encouraged to join in the work. The system was primarily developed in the U.S.
to implement new legislation to bring up the education of children with disabilities to a certain level. This was
done by inviting a large number of stakeholders from different groups to convene around a difficult topic on
which many disagreed. As the projects proceeded, the levels of interaction and engagement deepened into
partnerships of authentic engagement. One key phrase throughout the report is “doing the work together”.
Accepting the fact that not everybody could, or even wanted to, interact on the deepest levels, all stakeholders
were welcome to join on their chosen level of interaction. Throughout the projects, individuals would increase
or decrease their engagement according to changes in interest or personal possibilities to interact. All input was
always welcomed. The report describes four levels of interaction, namely informing, networking, collaborating
and transforming, and how a core group of engaged stakeholders, through information, networking and
collaboration, can build up an organization with dynamic leadership for transformation of society.

In this chapter we describe how research projects can be run on these four levels, exemplified by our own
and others’ projects, and we discuss how they fit on one or more levels of interaction.

Informing - telling stakeholders about a project without involving them further.

This is the most basic form of interaction, where you, as a researcher, share or disseminate information with
others who care about the issue or locale. The information can be shared at any time in a project; before, during
and/or after depending on the purpose of the information.

Informing people before the project begins is a courteous way of drawing land-owners’ and other inhabitants’
attention to the project that will take place in their area. This is a good way to avoid possible confrontations or
misunderstandings, should your purpose of being there be misunderstood. Once, author Gustavsson’s field
assistant was told off that the neighbors were NOT interested in a windmill behind the house, when in fact she
was documenting rare plant species with a GPS. This could possibly have been avoided by posting information,
for example, on community notice-boards (this was before social media). Working on other people’s properties
is comparatively simple in Sweden, with the country’s traditional (and now legislated) “right of public access”
to areas without buildings or growing crops. But these rights differ vastly between countries, probably entailing
time-consuming negotiations between researchers and landowners in many countries. Sometimes access is
simply not possible.

Most locals will however be curious as to what is happening in any project concerning their local area. What
have the researchers found out so far? What tools are they using? Informing during the project, e.g. halfway
through, can have benefits also for the project, as many locals have knowledge that they love to share and which
may be of interest. This is where information is bordering on networking. Informing after the project is finished
will allow the researchers to share some results as well as to give information on what happens next.
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Restricting your interaction to the information level may be necessary, for example due to a restricted budget,
as Interacting with people takes time. Or perhaps your methods require some distancing. In historical ecology,
local knowledge is however hard currency. Informing personally can be accomplished during any local event.
It is easier for you to join an already planned event, e.g. to put up an information point at a local fair, than to
get people to attend an obscure meeting with an “oddball professor”. Make a flier, talk to people. The word
will spread.

Local associations are also very good places to start, e.g. local heritage groups. Besides knowing a lot about
the area, they often know “everybody” and who would be interesting to talk to. Social media can also be an
option. Post basic information about who you are and what you do in a local group. You can then follow up
with new posts during and after the project. In smaller communities, the local newspaper will often be more
than happy to write about your project. Research budgets can be too tight to fit information into the projects.
Some research foundations do however have special calls for outreach purposes, and such a project is used as
an example later in this chapter.

There are many complex issues involved here. How do you identify the local/regional /national stakeholders
involved? How do you know where they are coming from in regard to the issues you are researching? What is
the level of interaction that is appropriate for you regarding interaction and participation with different
individuals and groups? What channels of information should be used or avoided? All of these are important
things to consider in defining and conducting your work.

Networking — Asking others about their opinions and knowledge, and listening to what they have to
say

Networking is the next level of engagement, where the stakeholders are asked to contribute with their
knowledge, opinions, and insights which, in turn, may influence the project orientation. This level of interaction
is close to classical ethnographic procedures, where the researcher approaches the locals from an outside
perspective, asking for information pertaining to the local community, such as the citizens' knowledge about
their home landscape, their traditions and insights, i.e. their network of knowledge. Often the topics being
studied concern knowledge and traditions that are in danger of disappearing in the near future due to the
advanced age of those with this knowledge.

As networking is still a rather limited form of interaction, and there are usually limited resources for it, the
timing of network meetings is crucial. The more input you want from the stakeholders, the earlier you need to
identify them and consult with them, preferably already while writing the application for funding, but at least
as soon as possible after receiving the funding and committing to the project.

Make up a timeline for interaction, to plan what to talk about and how to do this in a logical sequence, is a
vital early activity that can guide the way for your research. Plan for who you want to meet and when. Being
sensitive to the wishes of the stakeholders as to who wants to meet with you alone or who wants to be in a
group is important. In the Swedish example of “Networking” below, one of our interviewees specifically asked
to be interviewed together with his friends. This probably made him more comfortable. However, afterwards
he was not satisfied with how the management of his own forest had been discussed. A new meeting was
scheduled with only him, the project leader and the filmmaker. The filmed material with him, describing how
he worked with his forest, was fantastic.

However, this type of knowledge has become increasingly important, from interesting documentations of
fading cultures to vital knowledge pieces that fit into the complex jigsaw puzzle of sustainability. In time, it has

become obvious that traditional, low-input agriculture or direct, nature-based sustenance, is highly compatible
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with or, in many cases, a prerequisite for healthy ecosystems. This is expressed in the UN Agenda 2030
Sustainable Development Goals. To reach the deeper levels of traditional knowledge, with higher levels of
detail and complexity, deeper levels of interaction should be considered.

It is important to map out a timeline for these interactions: including when to get people involved in project
discussions. This is particularly true when there is a pending decision or a near-term potential impact or
immediate threat or environmental consequence to a community.

In the next level of engagement, local people are engaged in setting the agenda of what knowledge is
important to convey, rather than simply responding to questions.

Collaborating — Engaging people in trying to do something of value and working together around the
Issue.

Acknowledging, as a researcher, that the experts on traditional knowledge are the people living traditionally, it
is a good idea to actually do the research work together with these stakeholders. A lot of the everyday “doing”
and “making” in traditional livelihoods give clues and insights into how the system is connected and will give
you information you didn’t know you needed. For example, heating a baking oven requires another type of
firewood than for cooking the daily meal on the stove. This wood needs to be collected and prepared in the
correct way, in good time before the baking takes place. Hence, baking influences the use of the forest and
probably affects the working schedule of more people than the person doing the baking. This network of
knowing what to do, how to do it, and when to do all the things that need to be done in a certain traditional
setting, is difficult to research by just doing interviews with questions created from the external knowledge of
the researcher. Moreover, all these tasks are obvious to the members of the community and therefore not
apparently interesting to convey to a researcher asking about forest management OR baking bread.

Getting stakeholders to engage on this level is complex. The researcher seeks for them to actually do work,
to have some influence on the direction of the project, and to be in the methods used, and all of this will need
to be transferred to the stakeholders. What historical, cultural, ecological, and traditional questions will engage
the stakeholders? What knowledge gaps can the group of collaborators identify? This includes knowledge that
the group secks or perhaps knowledge that the majority society needs to be enlightened about. Is there some
sort of threat to a community, a place or a tradition to convene around? This way, Engaged Historical Ecology
can also setrve a communities” own needs (reviving a defunct or dwindling cultural practice that may need/want
the “legitimacy veneer” of external scientific actors). The Partnership Way (Cashman et al, 2014) lifts some
issues that need to be processed together on the Collaboration level. These include exploring and
acknowledging differences among the participants, developing a common vocabulary, exploring issues to be
addressed, and developing grounding documents for the joint work ahead. Another important task is continuing
to invite participants to ensure relevant representation. Working together is key.

This intensification in project engagement will naturally lead to more meetings, as well as work between
meetings. Researchers and officials (municipal, regional, national) will likely be paid by the project or their
respective employers. This is typically not the case for local participants volunteering for the odd interview.
However, increased time spent working on the project means more time away from their own livelihood, and
perhaps they even need to hire a farmhand to care for the animals. Hence, compensation needs to be considered
to create a fair opportunity to participate meaningfully (Tunén, Rytkénen & Bele, 2020).
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Transforming — Doing things The Partnership Way (leading by convening, cross-stakeholder engage-
ment, shared leadership, consensus building).

Transformative work is the deepest (or most mature) form of collaborative work, according to The Partnership
Way (Cashman et al, 2014). The leadership is flexible and shared by those ready to lead, be it leading the main
project or different parts of it. Working towards common goals is the most important aspect, and commitment
to consensus is key. Stakeholders are open to disagree as a means to reach agreement. A common vocabulary,
developed together, is used. Through consensus, the stakeholders decide on which issues to move forward with,
in which order, and by which methods (Cashman et al, 2014). Another concept in The Partnership Way is the
relationship of Leader and Learner. On the Transforming level stakeholders acknowledge that they move
between the roles of leaders and learners with ease.

Community-based participatory research (CBPR) (Detroit Urban Research Center, 2023; Atalay, 2012) is a
related research concept used in health-care, social studies and traditional knowledge, where the aim is not
simply to gain new knowledge or insights, for the sake of research, but just as much to enable a path to change
for the community. Community can be a geographical delimitation, but also people or groups of people with
something in common, which typically puts them at risk for marginalization and/or discrimination. CBPR and
The Partnership Way have a lot in common, in that all participants are considered equal partners, to ensure that
the right issues are researched and acted upon, to create real change. The stakeholders are perceived as the true
experts concerning what needs to be studied and also as carriers of knowledge, whereas the researchers have
their academic expertise in the subject and in methodology and analysis. Every step of the research: planning
and writing applications, doing the research, analyzing and publishing - is done as a team. Hence, identifying
who needs to be at the table to complete the group is essential. Broad participation of academics from different
disciplines, fair community representation, and adequate representation from the official society are all equally
important and valid perspectives.

The initiative for research may come from a researcher/research team, but also from the community itself,
having identified the need for more knowledge in order for the community to improve its situation. If the
initiative comes from the researchers, the broad scientific realm (in this case historical ecology) will by necessity
be set by the researchers. However, the stakeholders are equally entitled to nominate, discuss, and decide on
the subject areas to study. Research methodology may also be subject to discussion but is typically an advanced
skill for researchers to choose and perform. If the initiative, on the other hand, comes from the community,
the stakeholders will instead seek out the researchers that will best suit their specific questions or problems.

Engaged Historical Ecology is a process and a mindset, by which the researchers must “let go” of their own
agendas. Expressly following the needs and desires of the community can be counter-intuitive to any
researcher’s training, to normative research objectives, and (not least of all) the funding mechanisms that
condition most scientific paradigms. However, if we want our work to contribute to a more sustainable
framework for the future, then we must transform the mechanisms for conducting research, and how our
results are utilized, and by whom.

Ethical dilemmas specifically concerning CBPR have been discussed by Wilson, Kenny & Dickson-Swift
(2018), and Tundn, Rytkénen & Bele (2020). One issue concerns proper distancing between researchers and
the stakeholders, when it is the stakeholders’ traditional knowledge that is being researched. One dilemma may
concern research results which are unflattering for the stakeholders. Do you still publish this, even if this may
cause conflicts with the group? In historical ecology, research is very often connected to Indigenous peoples or
local communities. These societies have good reason to be skeptical towards outside researchers, who have

historically treated them purely as research objects, and often with racism and contempt, or at least ignorance
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(Wilson, 2008). Will publishing unflattering results stir old animosities? Another issue is the anonymity of the
informant, which may likely also be a part of the community research group. Can that person be a co-author?
Should they be named or be kept anonymous? How representative are the local participants of the community?
Are there e.g. formal or informal hierarchies deciding who will represent the community? To promote respectful
conduct, several ethical codes and guidelines have been written, 13 of which have been described and analyzed
by Tunén, Kvarnstrém & Lerner (2016). Wilson (2008) puts forward a paradigm of indigenous research, where
the researchers are both indigenous and scholars, which ensures an understanding of indigenous culture.

Researchers who work in a transformative way, point to the novel research ideas, the empowering of the
community, and the unexpected insights that this type of collaboration offers. All in spite of the heavy
workload it entails, due to the complexity and many people involved (Atalay, 2012).

Examples from our research projects and study areas

Informing - special grants for information project

One research project that author Gustavsson worked on received additional funding to give back information
to the citizens and other stakeholders in the local communities. The research had been based on a citizen survey,
asking for information on cultural, historical and botanical knowledge about, as well as attachment to, a favorite
place. Another part of the project consisted of semi-structured interviews. The ensuing outreach project was
therefore partly a way to say “Thank you for sharing”. A collaboration was set up with the local Lake Vinern
Museum (see Chapter 9), the office of the Biosphere Reserve Lake Vinern Archipelago and Mount Kinnekulle,
where the project was located (Figure 10.1), and the municipal offices for culture in the three biosphere
municipalities.
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Figure 10.1. Map of Scandinavia. Biosphere Reserve Lake Vinern Archipelago and Mount Kinnekulle is enlarged.
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The information was published in a booklet (Gustavsson et al, 2019), in a mobile outdoor exhibition
(Dahlbom et al, 2020), and in short information films (Anhede et al, 2020). All published material was in
Swedish, and in a non-academic language, to make it accessible for most people. The booklet launch was
arranged as a workshop for local and regional politicians and officers as an aid to sustainable landscape planning.
After the projects (both research and outreach) were finished, the booklet was a popular give-away at biosphere
and municipal conferences and workshops, and to extra interested tourists at Tourist Information Points. The
exhibition traveled in the municipalities during the summers of 2020 and 2021. Cultural events had been
planned for the openings, but sadly, pandemic restrictions stopped most of them (Figure 10.2).

Figure 10.2. Two openings of the same exhibition. To the left, the first opening in 2020, when Covid-19 stopped all
cultural events. Photo: Eva Gustavsson. The second in 2021 (right), when a temporary lift in pandemic restrictions
allowed for a couple of public cultural events within the information project. Artist Africa Coll’s installment of
sculptures in front of the flat limestone-quarry wall, where the information film was projected. Information was also

conveyed orally and by giving out the booklet. Photo: Anne-Sofie Andersson.

Hence, this is typical for an Information-level project. Before the research project started, the local
newspapers published interviews with us, which were followed up with reports from the booklet
launch/workshop. The power over the research project was entirely in the hands of the researchers, whereas
some power was redirected to the museum and the biosphere reserve office in the outreach project. All input
from stakeholders were based on classical “researchers ask, respondents answer” and when both projects were
tinished, the researchers left with the hope that the project results would be of use.

Networking - Reconstructing historical forestry in southeast Sweden

Forestry in Sweden has, since the late 19th century, focused on increasing yield and efficiency. This has led to
monocultural and evenly aged forest plantations succeeding the multi-used forests from earlier times: uses
including grazing, selective cutting of firewood and timber, mowing of forest mires, and other traditional forest
uses. The historical forests held much higher biodiversity than the modern plantations (Larsson & Danell, 2001),
there was timber of higher quality, and they also had more to offer in terms of recreation. We have thus much
to learn from traditional forest use (Berkes & Davidson-Hunt, 20006), but is it possible to reach back in time to
reconstruct multi-use forests from 60-year-old plantations, when tradition was severed (sensu Rotherham 2008)
almost a century agor

Stensjo was designated a cultural reserve in 2020. It is a hamlet situated in southeast Sweden (Figure 10.3
and 10.4), in a forested area close to where many of Astrid Lindgren’s stories were set.

260



Practicing Historical Ecology

Finland

Figure 10.3. Map of Scandinavia. Stensj6 is marked with a blue star.

When the hamlet was donated to the Royal Swedish Academy of Letters, History and Antiquities in the
1960’s, the houses, fences, fields and pastures were in dire need of restoration. This was paid for by clear-cutting
the forests and selling the timber. Following the changes in ideals and conservation philosophies of the last 60
years, and with its reserve status in hand, the Academy and the Kalmar County Administrative Board, as the
responsible authority, decided to hence-forward focus on research-based, historically authentic craftsmanship
to reconstruct the processes and physical imprints in the village and its entire surrounding landscape, as closely

as possible to the late 19 to early 20t century.

Figure 10.4. Stensj6 in winter clothing. This hamlet was designated a cultural reserve in 2020, due to its many historical
features, along with the ambition to improve authenticity in materials, processes and craftsmanship through research.
Photo: Frida Persson.
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Stensjo is managed by four employees - a farmer, a forester, a landscape manager, and a gardener. Due to
the pandemic and geographic distances, most meetings between the project management, the employees, an
Academy representative, and the responsible county officer, were held online. Knowledge gaps pertaining to
landscape management were identified by the staff. While the project had its themes, as defined when writing
the application, the subject areas and priorities were formulated by the Stensjé people themselves. People
holding knowledge of traditional farming and forestry were identified, and methods for conveying desired
knowledge were discussed. These knowledge holders had already been involved in the reserve, and so they were

part of an already existing network.

Figure 10.5. Typical plantations at Stensjo. Single-aged and evenly spaced Scots pine (Pinus sylvestris 1..) on the dry hills
and Norway spruce (Picea abies L.) on the moister soils on lower grounds.

One major concern of the reserve is how to transform the single-aged plantations of Norway spruce (Picea
abies 1) and Scots pine (Pinus sylvestris L.) from the 1960’s (and onwards) (Figure 10.5) into something
resembling the multi-used forests of the late 19t to early 20% century (Figure 10.6). Out of 454 hectares of
forest, 264 hectares are to be transformed into many-layered forests for timber and other household needs, and
113 hectares will be converted into semi-open forest for pasture and other uses (Wadstein, 2018). This daunting
task needs to be addressed in many ways. The project has offered support in three specific areas: An archival
search for historical forest photos, support for the employees to document their own work with a focus on
craft skills, and filmed meetings with knowledge holders in different constellations. All three methods are first
and foremost directed towards giving input to the employees, but also as ways to pass on the knowledge to

others working with historical or other non-clear-cutting forest uses.
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Figure 10.6. Grazed, semi-open forest in Stensjo in the late 1920’s. Trees are mainly Scots pine. Note the stacked
branches of (probably) firewood. Photo: Unknown. From the Erik Stensié photo collection in The Royal Swedish
Academy of Letters, History and Antiquities’ archive.

Most resources were allocated to field discussions with knowledge carriers. We decided early on to film the
meetings, to explore film as a means to convey landscape management knowledge. The raw material is used
both for the memory of the Stensjd staff and for research at the Craft Laboratory into traditional ecological
knowledge of historical forest management. After editing, one or two films will be published on YouTube,
aimed at forest professionals and other people, interested in or working with historical aspects of forestry.

So who were these knowledge holders? Three elderly men from a parish close to Stensjo, who are very
unusual in that they have (to varying degrees) learned local, traditional farming from their parents and older
relatives. They have chosen to retain different levels of traditional land use and techniques in their own lives
and are also interested in learning more about historical practices and implements. The interviews were most
often made by the Stensj6 landscape manager. The person behind the camera was chosen on the premises of
being proficient both in filming and in landscape management. Being proficient in the craft under study makes
that person more apt in directing the camera, seeing what the knowledge holders see, and helping the
interviewer in adding questions. The camera person was also responsible for the postproduction, which has
proven useful in taking care of the traditional craft knowledge conveyed by the knowledge holders. These men
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have given us invaluable input on how they work with their own forests (Figure 10.7), what they consider a
forest pasture in this part of the country should look like concerning tree-species, and densities of trees and
bushes of different sizes. They discussed how Stensjé could transform, improve and manage different parts of
the forest pasture to-be, for example concerning a historically mowed forest fen (Figure 10.8). They also
discussed how to shape bushes and trees to improve the ground vegetation, to provide shelter and scratching
places for the animals, and to create material for traditional wooden fences. In short - providing the feedback
Stensjé needed.

s : T o T Sy K
Figure 10.7. A filmed interview with one of our knowledge holders and author Gustavsson about his grazed home
forest, its historical use and current management, how he plans what needs to be done etc. Screenshot from film: Freja
Frolander.

Figure 10.8. Stensjo landscape manager asks advice on how to restore a forest fen meadow and its surrounding. Our
three knowledge holders discuss treeless spaces for drying grass, a barn for storing hay, possible historic fencing to keep
grazing animals out etc. Screenshot from film: Freja Frolander.
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The level of interaction in this project falls into the category of networking. During the application, an already
existing, nationwide network of landscape managers and county officers was engaged to identify knowledge
gaps to address in the project. Priorities were made by the project group when finalizing the application for
funding, and later, in the execution of the project. In Stensjd, the people responsible for planning and executing
the management were able to choose among the themes, but not add new themes. Allocation of resources for
each project activity was decided by the project group. The knowledge holders were part of an already existing
network, built up to support Stensj6 with traditional knowledge. One downside was its gender bias, which could
have been redeemed, had there been resources allocated for it. Landscape management in general has come to
include mainly the male work spheres of the traditional farm work, such as forestry, fencing, scything and
pollarding. This does not mean that women did not have their own knowledge on the subjects under study.
For example, the care of the animals (except for the horses) was historically a female responsibility, including
herding.

In this project, the stakeholders had the most “power” in the initial step, before the application for funding.
In later stages, the stakeholders were invited to choose within pre-decided themes and methods, and to point
out knowledge carriers. Although the project group kept an open mind for alternatives, the decisions were still
made by them.

Limitations and benefits of working with these data. What we can do well and what we cannot

These types of projects typically address one geographical area, specific tradition or cultural sphere at a time. It
is paramount to be cautious on making generalizations extending beyond the project’s limitations. In countries,
like Sweden, where old traditions are all but lost, it is easily done to apply traditional knowledge studied in one
area, to other parts of the country, without reflecting on whether this was at all relevant outside the studied area
or cultural sphere. Applying historical practices in the wrong context or place, can in the worst cases eradicate
local traces of other traditions. However, (re)discovering local traditions in one place, puts us on alert to find
similar traditions elsewhere, thereby facilitating new rediscoverings as well as comparisons between different
cultures (Sharifian et al 2023).

Another limitation is time, and the changes in societal context that the knowledge holder has experienced. A
person's memory and knowledge is not static. Memories change and they may disappear, partly or completely.
Craft knowledge will also change through life as new techniques mix with the old. We must also remember that
society had already undergone a lot of change when the oldest members of our society were born, hence some
traditions had likely already lost at least part of their context when they were young. Therefore, we cannot
expect more than fragments of old traditions from any one person. But fragments from a variety of people put
together can give us some sort of understandable picture.

One definite benefit of engaged historical ecology, is that traditional knowledge or craft skills or other such
types of knowledge do not exist in historical archives. Things like the decision-making on when to perform a
certain task on a farm, has never been recorded by any authority, but is highly relevant in current landscape
management. Information from knowledge holders may offer new explanations to phenomena found e.g.
on historical maps, or odd place names. In other words, knowledge holders are invaluable sources of

information.
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Best practices and sources of errors and problems. Problems with these data, apples and
oranges

Problems with collecting and analyzing data concerning traditional knowledge and practices do most often
pertain to the researchers not actually understanding the information given them, due to cultural or linguistic
misunderstandings. The farther away from each other in culture and/or language, the greater the risk.
Indigenous cultures, in patticular, have been subjected to ignorance, prejudice and sometimes outright racism
and may therefore rightly be hesitant towards non-indigenous researchers. Therefore it is of great importance
to encourage deep levels of engagement from the stakeholders, as well as a readiness from the researchers, to
let go of complete control (Wilson et al 2018, Atalay 2012, Wilson 2008).

Cost and effort required, training needed, data size and complexity issues and software or
equipment required

Working with people is complicated and time consuming and rarely a smooth ride. A key skill is knowing how
to treat people with respect and genuine interest, which may best be trained together with researchers who are
already experienced in this type of project and/or already know the people you want to work with. Trust takes
time to build. However, the deeper the engagement of the stakeholders, the more interesting, but complicated
data. Each person has their own relationship to and knowledge about the subject, which demands more
stakeholders to be involved to reach some level of generalization. Analyzing the data demands skills in handling
large and complex qualitative data sets, parallel to the statistical skills for quantitative sets.

Archiving data, physical and digital

Personal data must be handled with the deepest respect for personal integrity. Legislation on how to collect
and store such data, as well as permissions to publish data, photographs, films etc varies between countries, so
it needs to be checked beforehand. Within the EU, the GDPR regulation (European Commission 2023) is a
legislation in common for all member states, on how these issues should be handled. It regulates e.g. the rights
of the citizens to control if and what of their personal data a register may hold, and whether or not a person
wants their photograph published or not. Publishing a photograph with identifiable faces demands the
expressed permission of each identifiable person (professional news publications have exceptions). In research
projects, guidelines for and storage of such permissions and other personal and/or sensitive data are usually
provided by the university hosting the project. Digital archiving is covered in chapter 15.

Existing guidebooks, field guides, and tutorials

The Detroit Urban Research Center homepage provides a comprehensive description of how they have worked
with Community Based Participatory Research (CBPR) during the last 25 years for equitable health (Detroit
Urban Research Center 2023). They also provide an online course.

Research about indigenous cultures has a history of being colonially tinged, but there is interesting modern
research engaging the community, not least when performed by indigenous researchers. Sonya Atalays
(2012) Community-Based Archaeology: Research with, by, and for Indigenous and Local Communities and
Shawn Wilsons (2008) Research Is Ceremony. Indigenous Research Methods are two examples of the
importance of bringing inside understanding of the researched culture, to actually understand the results.
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Conclusions

Engaging stakeholders in historical ecological research is very rewarding, be it on a basic information level or a
higher, transformational level. On any one level, you will gain a deeper and/or broader understanding as to
how the local agriculture, regional trade routes, religious ceremonies, local superstitions and what not, shaped
the society, the landscape, the ecological processes etc. The traditional knowledge shared, can work as
something like a matrix between the fragments of information from historical and biological records, material
culture and place names. Working with people demands skills in networking, planning, negotiation, showing
respect and genuine interest, as well as treating people and their shared knowledge in accordance with ethical

laws and guidelines.
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SECTION 4

TECHNIQUES AND TOOLKITS

This section presents several of the technologies that can be used in Historical Ecology
research projects. It contains five reasonably detailed but entry-level descriptions of some
of the most commonly used geospatial capabilities today. These are, in order, Geographic
Information Systems (GIS), also referred to as Geomatics, aerial photography and
photogrammetry, satellite remote sensing and digital image processing, and satellite
Positioning, Navigation, and Timing (PNT), such as the Global Positioning System or GPS. All
of these are interwoven and are often used together in varying degrees. We also present the
emerging concept of Digital Archiving, and present a look at where all this is going and how
the rapid development of these interwoven technologies and toolkits will rapidly change
how we conduct our work in the future.

The descriptions in each chapter are presented in a basic manner, so that an informed lay
person can understand what the technology is, how it works, and how it can be used in our
types of research. We present, as in previous chapters, case studies from our own work to
illustrate these capabilities and data, and how they fit into a larger research program. In all
cases, we have focused on Open Source tools, so that the maximum number of readers can
benefit from these. There are certainly other toolkits that could have been included, such as
ground-penetrating RADAR and related geophysical systems, for example, and perhaps we
will add these to future editions. We hope that you will find these both interesting and useful,
and will consider how you can begin to put these powerful capabilities to work in your own
research.

269



Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

CHAPTER 11

GEOGRAPHIC INFORMATION SYSTEMS AND GEOMATICS

SCOTT MADRY

Figure 11.1 Uxeau, France. A Digital Elevation Model (DEM) 3-D view at left, showing the terrain and hydrology
network, and at right showing 2011 IGN detailed GIS data, including structures (red) roads (brown), forests (green), the
communal cemetery (tan), and individual property parcel lines and patcel numbers. All overlaid over a detailed, high
resolution satellite image. Data courtesy IGN, images by Scott Madry of our project QGIS database.

This chapter will introduce the methods, techniques, and approaches of the analysis of spatial data using
Geographic Information Systems (GIS), also referred to as Geomatics, in support of Historical Ecology
research. GIS can be an integrative supporting technology that enables the combination of multiple types and
sources of data into a single digital environment that allows the overlay and analysis of these data. Historical
maps, aerial photos and satellite imagery, field survey data, ecological and geological data, human population,
demographic, and economic data and more can be combined in a project GIS database and analyzed. GIS
involves several steps and techniques, which will be presented, as well as the many sources for such data. The
various data can be digitized and fully integrated into a GIS database for further analysis and comparison with
other data and the testing of hypotheses. Statistical analysis can be conducted and graphics produced for papers
and reports. Powerful Open Source tools, available without cost, are now available that can be shared across
project participants, the public, and governments. The chapter will present some examples from our own work,
including our long-term GIS research in Burgundy, France.

270



Practicing Historical Ecology

Disciplinary underpinnings and perspectives

GIS and geomatics are very interdisciplinary activities, with foundations in a variety of disciplines. These include,
but are not limited to: geography, cartography, photogrammetry and remote sensing, geodesy, computer science,
statistical science, and the environmental sciences. It is also a relatively recent development, with the first
systems being developed in the 1970’s and 1980’s. These disciplines all share similar traditions, in their
geomatics sense, of team projects, practical methods, and field investigations as well as lab analysis. Today,
geography departments are often the home of much GIS-specific teaching, development, and research in the
academic setting, but GIS activities are found, literally, from Archaeology to Zoology and everywhere in
between. One of the great strengths is the generic nature of applications, and this fosters interdisciplinary
research and investigations such as Historical Ecology projects. Although one can certainly conduct geomatics
work individually, it is often seen in the team or group project context, often with a skilled GIS specialist
supporting the various disciplinary researchers in integrating their data into the project GIS and assisting with
the analysis of the results and the presentation of final graphics and map products.

The Basics of GIS

GIS is a computer-based technology that allows us to store, manipulate, analyze, and present spatial and non-
spatial data from many different sources. A GIS is a very powerful and useful computer technology that is also
very generic in nature. It has an existing disciplinary user base in archaeology, cultural resource management,
and historical regional analysis, as well as for general environmental planning, urban planning, natural resource
management, forestry, and agriculture. Each of these is of interest to us in Historical Ecology research, and
GIS can be the ‘glue’ that binds all of these disciplinary investigations together. Spatial data in our GIS database
can be used for many purposes and applications across disciplines. GIS is also very scale independent, in that
it can be used, with appropriate data, literally from a global or national context down to a very local scale, for
an individual farm, for example. It can, if properly used, provide better information for decision making, and
can be applied in any situation requiring spatial analysis of the environment or human interaction with the
environment. Historical GIS, or HGIS, is a rapidly evolving subfield, where the technology is used for historical
and temporal projects such as those of interest here, and there is a growing body of work reflecting this HGIS
application (Knowles 2002, Rumsey and Williams 2002).

GIS has many definitions, including “A computer-based system used to capture, store, edit, display, and
analyze geographically referenced data at any scale”. My favorite definition is by geographer Ron Abler from
way back in 1988, when he said that "GIS is simultaneously the telescope, the microscope, the computer, and
the Xerox machine of regional analysis and the synthesis of spatial data." (Abler 1988).

GIS is a process as well as data. There are users that want information, and this can be a government agency,
a consultant’s customer, or an academic team asking various integrated questions. The GIS analyst takes that
request for information, and turns this into a process, locating and using the needed data and processing tools
to generate and present the desired results. We collect the data and do the analysis and then prepare the
requested outputs. This could be in the form of color maps, PowerPoint and web graphics, area and distance
measurements, visualizations, or statistical analysis. The cycle goes around, and the next request comes in and

off we go again.
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GIS databases can be created and used at almost any scale to address many questions. These can include:
Global scale- Continental or Ocean-specific ecosystems and climate dynamics and change over time. Data
could be derived from a combination of satellites, in-situ sensors, high altitude aircraft, and could also include
atmospheric, political, economic, and other relevant data. Modeling of potential scenarios and potential
outcomes can be produced.

National scale- Many nations generate and produce national scale GIS datasets that are used for many
purposes. The U.S. National Map (https://www.usgs.gov/programs/national-geospatial-program/national-
map) is an excellent example, as is the French Geoportail (https://www.geoportail.gouv.fr). These data are

produced by multiple agencies and ate freely distributed to support many potential users, including national
and state or departmental agencies, academic researchers, the private sector, and nonprofits. Data range from
satellite and aerial imagery, environmental data, political, economic, health, and other diverse information.
Regional ecosystem scale- A project that encompasses a regional environment or ecosystem of varying
possible dimensions. It could be of a size of some square km to hundreds of square km.

Local scale- Virtually every regional and local political entity in the developing world in North America and
Western Europe have a GIS staff and database that support governmental activities ranging from use value
taxation, infrastructure management such as roads and streets. These systems support diverse activities
including economic development, police, fire, and public safety, public health and more.

Very Local scale- this could be a GIS for a study of a small individual pasture ecosystem of some hundreds
of meters across, creating a detailed database of vegetation patterns, or a single archaeological site measuring
tens of meters across.

GIS databases are independent of scale, and can be developed and used at scales ranging from the global to the
local, and there are even GIS databases of Antarctica, individual watersheds such as the Chesapeake bay in the
U.S., Mars, and the Moon. We often nest smaller and more detailed analysis areas within larger, less detailed,
regional datasets.

Geomatics is a more recent term that is used to describe the functional integration of vector and raster GIS
(discussed below), databases, remote sensing, LiDAR, drones, Global Positioning Systems (GPS), the internet,
statistical analysis, decision support systems, the cloud, visualization, big data, in situ monitoring, Al, and much
more. This is far more comprehensive than the original boundaries of GIS, and it is a powerful and quickly
developing interconnecting suite of capabilities. Figure 11.2 shows some of the interconnected research
domains that can be integrated within the geomatics framework. Figure 11.2 also shows the various,
interconnected geomatics tools and technologies that provide us with a broad suite of integrated tools that do
much more than just store and display digital maps. All of these, together, can be used to create a virtual model
of reality for our use. We can create a virtual ‘flight simulator’ of data through time that we can use as a testbed
for the analysis of complex processes and trends. We can test quantitative hypotheses and create new models
as new data arrive or new theories are developed. This allows the exploration of multiple possible scenarios and
their potential consequences before we actually make decisions and impact the environment.
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Figure 11.2 The interconnected domains that make up Geomatics today. Image from Scott Madry.

The basics of the use of HGIS

There are several sub-varieties of GIS. These include systems specifically designed for utilities networking and
electrical power distribution, business marketing, defense, and more. For our purposes, we have also developed
GIS systems that are specifically used for historical and regional environmental analysis over time, and these
are called Historical GIS, or simply HGIS. The tools are the same, but the focus and data revolve around the
incorporation of historical maps and aerial photos, population and ecological data, and all of the information
that we can derive from these, as well as the quantitative analysis and visualization of spatial patterns of change
over time. HGIS is an evolving discipline, and projects are growing in both sophistication and geographical
extent around the globe (Piovan 2019).

For Historical Ecology projects, a GIS database can serve a variety of purposes. It supports equally well the
preparation and conducting of field work, conduct of post field work spatial analysis, as well as providing
graphics, mapping, statistical analysis, visualizations, the synthesis of various sources of data, and, ultimately,
the integration and presentation of final results.

GIS Data: Vector and Raster

Anything that can be plotted on a map or located in the real world can be entered into a GIS database. We
have two primary ways of storing, accessing, analyzing, and representing GIS data; vectors and rasters. Vectors,
represented in figure 11.3, can be used to represent points, lines, and areas, called polygons, as a series of points
that are connected by straight lines. Points by themselves, simply an X,Y pair of coordinates, can represent data
such as individual trees, artifacts, or GPS field locations. Sets of points connected by lines can represent streams,
road networks, or elevation contours, and sets of lines that close upon themselves to create areas can represent
soil zones, vegetation communities, political boundaries, or property parcels. Points, lines, and polygons can
represent most GIS data in a vector format, where the spatial and non-spatial data ate stored in a database. GIS
is a spatial spreadsheet, where we store tabular attribute data that are linked with a spatial component, such as
lines representing the elevation of a contour line or the soil type of a polygon. The same feature can be
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represented differently, depending on the scale. For example, archaeological sites could be stored as points over
a large area, or as polygons at a more detailed (larger) scale.

Raster data are totally different from vector in their structure, but can represent the same features. Rasters
are two-dimensional arrays of numbers, and often represent features such as elevation, slope, aspect, and
scanned maps and remote sensing imagery. Each cell has a specific area and each contains a unique value, stored
in the database. Remote sensing consists of inherently raster (grid cell) data that are displayed as pixels on our
computer screens, as discussed in chapter 13 on remote sensing. Modern computers all use raster displays, for
example, and modern GIS software can easily store and use vector and raster data, and can convert files between
either format. In general, vector data are a better representation of the human-built environment: property and
political boundaries, building footprints, and things that have discreet edges. Raster data are generally a better
representation of many aspects of the natural world: soils, natural vegetation zones, elevation, slope, and aspect.
These are what are properly defined as continuingly varying surfaces, where there are no discreet edges to soil
types or vegetation communities in the wild. So raster data better represent these types of features. We can do
GIS analysis with either, but it is better to use the most accurate representation of the world that is possible,
either as vectors or rasters. Computers are very good at analyzing two dimensional arrays of numbers, so raster
analysis can be very quick and powerful for conducting complex modeling and analysis using a raster calculator.
Figure 11.3 shows point, line, and polygon data represented as both vectors and rasters.

Line features

s

Polygon features Raster polygon features

Figure 11.3. A simplified representation of the same points, lines, and polygons represented as both vector and raster
data. Image courtesy U.S. Geological Survey.

In a GIS, we separate the complexity of the real environment, both human-built and natural, current and in
the past, into individual, discrete layers, each representing a single category or feature type. This is often referred
to as the “GIS Layer Cake” (Figure 11.4).
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Spatial Data Layers

Figure 11.4 The GIS Layer Cake showing multiple data layers collected from different sources all georeferenced
together. Image courtesy USGS.

The amount, type, scale, and date of your data depends both on what is available and what you require for
your work. The vector data are linked with the tabular attributes of the data in a relational database, so that we
can query and analyze these data in both a tabular and spatial sense. For example, “where are all the parcels
larger than n hectares, and which are within 500 meters of a paved road, within 200 meters of a permanent
streatm, within these three political jurisdictions”. GIS is very much a spatial spreadsheet, and all vector data
have a database engine behind it that stores and analyzes all the various categories of information that all are
linked to locations on the ground.

Map scales

The scale of the source data is a vital concern, and maps of the same location created at different scales can
look quite different and represent the features differently as well. Maps with a representative fraction (or scale)
of 1:5,000 clearly have more detail compared with a map made at 1:100,000. All GIS data should be field verified
as much as possible, and should never be considered to be ‘true’ until demonstrated to be so. Most vector GIS
data are derived originally from paper maps, or, more recently, digital aerial surveys, from which vector maps
are generated. Version management is an ongoing concern if you have more than one person working on the
database, and it is vital to document the work done as you go, including which data was used for which analysis.
It becomes very difficult to recall what was done by whom in long-term research projects, especially when
students and researchers come and go over time. The ability to create and update metadata, or information
about the data such as its source, date, scale, and how it was processed, are provided for in all GIS systems, so
that you can document the process used to create new layers, the sources, dates, etc. All GIS data and maps are
cultural constructs, created for a given purpose and within a specific time, technology, and organization, and
so it is important to understand as much as possible the intent and technological limitations and perspectives

of the creators of the data that you use. This includes you and your project colleagues.
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Map Projections and coordinate systems

The world is (roughly) round, but maps are flat, and so there is a need to describe the nature of what a map
actually represents in terms of both the scale but also how it represents the actual surface of the Earth. This is
the science of geodesy, and it is a fascinating and complex field. The old saying in cartography is “All maps lie
flat, therefore all maps lie”, meaning that any flat representation of the Earth’s surface has inherent spatial
errors. Something has to be distorted. These distortions can be mathematically described, and maps are
produced using various different map projections using different coordinate systems. There are hundreds of
map projections and also many different coordinate systems, including Latitude/Longitude, Universal
Transverse Mercator (UTM), and many national and state mapping grids (Snyder 1987). You should become
familiar with those used in your study area, and use the right projection and coordinate system for your project.
Modern GIS systems can easily convert data between these.

In a GIS, for it to be useful, all the layers are (or should be) georeferenced to the same map projection and
coordinate system, so that all of the features on all the layers ‘line up’ appropriately. So that if you were to stick
a pin down through all the layers, they would all be the same location on the Earth. The problem is that our
data come from many sources, and in HGIS they come from many dates as well, and the data are often in
different projections or, in the case of historical maps, may come with none at all. By separating and co-
registering all of the data in this way, we are then able to recombine and analyze the data at will to achieve a

better understanding of our world and of our impact upon it, in the past, present and future. This is the power
of GIS.

GIS-related field work

It is very useful to conduct field work in support of your GIS, and, in the other direction, the GIS can support
field work in a variety of ways. Field work can help verify the location of features and also can assist in
georeferencing maps and photographs to field features. In the other direction, GIS can support a wide variety
of field activities by providing field maps in either paper form or using a tablet or field computer. As discussed
below, historical maps and other data can be directly viewed in the field as you move along, and you can actually
digitize new maps 1 to 1 in the field using GNSS receivers.

Methods of data collection and data analysis

All maps are created based on field reconnaissance, or aerial surveys that are based on field knowledge.
Conducting ’ground truth’ is an important aspect of GIS work, because errors are always possible and we must
ultimately connect what we actually see on the ground in the present day with what our data represent. Modern
mapping agencies spend much time and effort to create accurate data, but the old GIS saying of ‘Garbage In,
Garbage Out” is always true, and errors will propagate through our GIS if they are not identified and removed
or minimized. Central to our HGIS data are historical information derived from historical maps, archival aerial
photos, and historical population, agriculture, and demographic data, as presented in the previous chapters.
Field verification is vital to connect these representations of the past, such as old roadways or the location of
mills and dams, with the present reality on the ground. A good GIS is never static, and we can create new
individual files from each map, including vegetation zones, streams, ponds and water features, road networks,
houses and buildings, mills, elevation contours, and other features, but this is all dependent on the map data
available. Historical maps are fascinating, and are covered in detail in chapter 6, but they atre also cultural
constructs, created for a specific purpose, and may not contain all features on the landscape or be categorized
in the same way as another map of the same area. There are many different scales of maps, and smaller scale

276



Practicing Historical Ecology

maps (things look smaller at smaller scales) often generalize and omit features that are included in maps created
at a larger scale (where things look larger). More information on cartography and historical maps is included
in Chapter 6, and they are closely linked with HGIS.

All maps and GIS layers have an associated coordinate reference system (CRS) describing its projection and
coordinate system. These can vary over time as cartography and geodesy have continued to evolve and improve
over time. An understanding of the CRS of an input map is vital, as all paper maps must be scanned and
georeferenced to our modern GIS database before we extract individual sets of features or conduct analysis.
Good GIS database design is critical, and the old GIS saying of “Garbage In, Garbage Out” is even more true
when working with historical data. It is important to understand what types of questions you want to address
with your project data before you begin, so that you can pick appropriate data sources, and so that you can
extract the individual classes of features, such as water features, roads, or buildings, into the correct categories
to support your analysis (e.g. for hydrology: major rivers, permanent streams, ephemeral streams, canals,
artificial ponds, springs, natural ponds, etc.) Good database design is important and much easier to do before
you digitize features than after the fact. We have developed a new and improved process of georeferencing
historical maps due to the difficulty of accurately locating features on the ground (Madry, Jones, and Tickner
2009). Itis based on alocalized process of ‘rubber sheeting’, where different sections of an old map are warped
in different amounts and directions based on local modern features, rather than using a single warping process
for the entire map.

Finding appropriate data for your project is always a challenge in HGIS, and the availability of such data
varies widely by time, nation and region around the wotld. For North America and western Europe, there are
many GIS deatasets and historical map sources available, with many already in digital format and available
online, but the farther off you go, the more difficult it can be to find the data you require for your scholarly
interests. Searching for old maps and documents is part of the fun in doing HGIS, but sometimes you must
redefine your project goals and questions to seek to address, due to the lack of appropriate data for your study
area, or you may wish to move to another location where better suited data is available. We sometimes have to
create our own layers entirely if other data are not available.

Examples of the use of GIS in Historical Ecology projects

There are a growing number of projects using GIS in Historical Ecology projects around the world. Levin
presents a good overview (Levin 2015) and a few more are added here. Some good examples are the North
Orkney Population History Project (Jennings et al. 2019), and others in Italy (Gabellieri et al. 2015), California

(https:/ /www.sfei.org/content/delta-historical-ecology-gis-data#sthash.qlqgAo8Ti.dpbs and
https://www.sfei.org/programs/projects), the Columbia river basin of Washington state and Canada

(https://www.fisheries.noaa.gov/resource/data/columbia-basin-historical-ecology-project-data), Canada,

(https://niche-canada.org/2021/03/05 /historical-gis-as-reparative-environmental-history-of-the-global-
north-atlantic/), and Jordan (Zohar, M. 2019), and there are many more. There are several books on the subject
with several moew examples (Gregory and Ell 2008), (Knowles 2002), (Knowles and Hillier 2008).

Integration with other data and into our GIS in our project

Our French GIS research dates back to 1986 and has continued ever since. GIS data are primarily spatial
information, derived from GIS digital data, maps or remote sensing, along with their associated attribute
information. But much of the data of interest to HGIS projects comes from historical records such as tax, birth,
death, marriage, agricultural and economic records and more, as presented in the chapters above. We also have
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various geological and pollen core data, climatic data, archaeological data, and more. We need to integrate these
data to the maximum extent possible, and our GIS system is the environment where we can do this.

Publications from our GIS research, including but not limited to our Historical Ecology work
Our French GIS database research has been fruitful, and to date, we have published papers on archaeological
patterns and predictive modeling using GIS (Madry and Crumley 1990), Historical transportation networks and
line-of-sight and intervisibility analysis of ancient roadways (Madry and Rakos 1996), the use of genealogical
software (Jones 2009), mills, ponds, and water features in the study area (Madry et al. 2015), interdisciplinary
collaboration (Jones et al. 2018), historical cartography and integration with GIS (Madry, 2006, Madry 2008,
Madry, Jones, and Tickner 2009, and Madry et al. 2011), meadows and hay (Leonnartson et al. 2016), the use
of Google Earth for archaeological site discovery (2007), digital terrain data (Madry and Wiencek, 1995), remote
sensing and site detection (Madry 1991, Madry 2005), aerial photography (Madry 1987), and associated
technical methods, among other topics. At present, we are working on a comprehensive book which contains
the cumulative research work conducted over the past 20 years (Madry and Jones, 2024, in preparation). This
will include chapters on forestry and forests, agriculture and animal husbandry, hedges and hedgerows, wine
and vineyards (Figure 11.6), hemp and flax production, water, mills and ponds, and settlement patterns and

transportation networks in our study area. Our work continues.
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Figure 11.6. Vines displayed in purple and forests in green as of 1834 in Uxeau commune, France. Data derived from the

1834 cadastral maps and associated tax data, all displayed over the modern IGN topographic map. Image from our
QGIS project database created by Scott Madry.

Limitations and benefits of working with these data. What we can do well and what we cannot

GIS is a very powerful tool, and current systems are both free to use and relatively simple to learn. But they are
quantified digital data, which have their strengths and limitations. It does very well at measuring quantified
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data such as the relationships of soils and vegetation zones, distance zones to hydrology, measuring slope and
aspect, how many parcels are taxed at a certain level or who owns how many fields and where, and for generating
area measurements and statistical analysis of environmental and cultural variables. GIS is less able to deal with
‘fuzzy’ or ‘soft’ social questions and issues of meaning, context, social relationships, power, and equity. We
have trouble creating “a typical Celtic settlement landscape”, because we cannot really quantify what that means.
But it can store the location and raw data of the site of ethnographic interviews, for example, and new
capabilities are always under development.

Best practices and sources of errors and problems

One of the interesting and difficult issues in doing HGIS is that much of our data are detived from historical
maps, old aerial photos, and other data that are significantly less spatially precise than modern digital mapping
data. My experience is that the farther back you go the less accurate the data are, and so it is always best practice,
if possible, to work backwards in your data, from the most recent to the oldest, in order to maximize the spatial
accuracy and precision of your work in each step back. As mentioned above, we have developed an improved
method for georeferencing historical features from old maps and aerial photos, as shown in Figure 11.7 (Madry,
Jones, and Tickner 2009) due to the difficulties experienced in this process, and there are others working on

this area as well.

Figure 11.7. The 1759 hydrology, including rivers, streams and ponds, shown in pink, of the area re-registered to our
master IGN topo map, using our new method. Image from our QGIS project database created by Scott Madry. This is
far more accurate than the original version shown in Figure 11.11.
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Sources of GIS data

When we began we had to manually digitize all of our maps, as there was no existing digital data available, but
today there are many readily available digital sources of GIS data. But some freely available data may not be of
an appropriate level of detail for your specific needs. Good places to look are national, state, and local archives,
including national mapping agencies such as the USGS in the U.S. and IGN in France.

OpenStreetMap

There is no single, global GIS data repository, but the OpenStreetMap online wiki
(https://www.openstreetmap.org) is about as close as we have today (Figure 11.8). It is an online wiki, where

people can, free of charge, digitize and update their own local areas, and where all the data are freely available.
People map their own local regions as they change and freely share these as a single, global detailed set of GIS
data. It is the most accurate and detailed global GIS database today.
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Figure 11.8. The OpenStreetMap view of Mont Dardon, France, showing detailed forest cover, roads, and settlements.
Image courtesy OSM:
(https:/ /www.openstreetmap.org/search?query=uxeau%o2C%20france#map=15/46.6758/4.0369).

Geofabrik

The Geofabrik organization, a commercial GIS business in Germany, takes a nightly download of all the

OpenStreetMap (http://openstreetmap.org) global and very detailed GIS data, and converts it all into ESRI
ArcGIS  shapefiles, downloadable for free by nation and states from their website at:
https://www.geofabrik.de/data/download.html. This is an excellent place to start to find detailed, current GIS

data for your local area, no matter where you are in the world, but you can also look for data in national mapping
agencies, local governments, NGOs, other researchers, university libraries, government agencies, and other
sources. Often we create our own, specific data for our research needs if it is not already available.
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GEOFABRIK

The OpenStreetMap data files provided on this server do not contain the user names, user IDs and changeset IDs of the OSM objects
because these fields are assumed to contain personal information about the OpenStreetMap contributors and are therefore subject to data
protection mgulanons in the European Union.

acts with fi etadata are available to OpenStreetMap contributers only.

Welcome to Geofabrik's free download server. This server has data extracts from the OpenStreet! t which are normally updated every
day. Select your continent and then your country of interest from the list below. (If you have been directed to this page from elsewhere and are
not familiar with OpenStreetMap, we highly recommend that you read up on OSM before you use the data.) This open data download service is
offered free of charge by Geofabrik GmbH,

Willkommen auf dem Geofabrik-Downloadserver. Hier gibt es Daten-Auszige aus dem StreetMa ’rojekt, die normalerweise taglich
aktualisiert werden. Wahlen Sie aus dem Verzeichnis unten den Kontient und ggf. das Land, fur die Sie Daten bendtigen. (Wenn Sie van
anderswo auf dieser Seite gelandet sind und von OpenStreetMap nichts wissen, dann ist es empfehlenswert, sich mit dem Projekt vertraut zu
machen, bevor Sie mit den Daten arbeiten.) Diese Downloads werden von der Geofabrik GmbH kostenlos angeboten,

Click on the region name to see the overview page for that region, or select one of the file extension links for quick access. £8 Not what you were looking for? Geofabrik is a
consulting and software development firm based in
Karisruhe, Germany specializing in OpenStreetMap
services. We're happy to help you with data oreparahon.

Sub Region Quick Links
osm.pbf .shp.zip

08 (5.7 GB) x [.osm.bz processing, server setup and the like. Check
os (31.2 MB) hp iy and contact us if we can be of service.
c (11.8 GB) x
s (1.0 GB) x
(603 MB) x
(26.8 GB) x =B Nicht das Richtige dabei? Die Geofabrik ist ein auf
(12.4 GB) x penStreetMap tes und
k (3.0 GB) x Softwareentwicklungsunternehmen in Karlsruhe. Gern
helfen wir Ihnen bei der Datenaufbereitung,
s about this download service. Datenkonvertier .Jr‘g Servclmslal\atmn und &hnlichen

Aufgaben. Besuche Webseite und sprechen
= Sie mit uns, wenn wir Thnen helfen kénnen.
Display a menu for "https://download.geofabrik.defafrica.htm|”

Figure 11.9. The Geofabrik.de OpenStreetMap extracts website (https://download.geofabrik.de)

Be careful of data copyright and ownership issues, the scale of the original maps or sources of the data, and
do not use or share data for which you do not have a license or that is not in the public domain. Older data are
often in obsolete or unused coordinate reference systems, so read the metadata (if present) and you may have
to convert this using your GIS. GIS can be an excellent tool for explaining your work, goals, and results both
within your project and more broadly to the public.

Cost and effort required, training needed, data size and complexity issues and software
required

GIS has developed to be a very mature and capable technology, and is widely available and it is relatively simple
to begin, but it is a complex technology and it can be difficult to become fluent and learning can be frustrating
on your own. There are many ‘how to” GIS books, blogs, and websites, including my book on QGIS (Madry
2021). There are also many online GIS training programs and universities and colleges offer courses as well,
and many of these are available online. Most universities and many community colleges and other schools offer
GIS training, and there are several excellent online options as well.

Open Source Alternatives, Free and Open Source Software (FOSS) GIS

GIS is a computer-based technology, and so it requires computers and storage, software, and data. Fortunately,
things have progressed, and GIS work can be done using a standard desktop or laptop computer today, but
faster systems, bigger monitors, and more storage are always good. The commercial GIS system ArcGIS, from
the Environmental Systems Research Institute (ESRI) is the standard commercial GIS today. While ESRI and
their products have largely created the current commercial GIS landscape, and continue to drive its use, there
are significant issues with this model. ESRI is a commercial business, and their business is selling GIS, along
with associated data, training, and consulting, all for a profit. Their software, and the other commercial remote
sensing, relational database, and related tools, are very expensive, only work in the English language, only work
in the Microsoft Windows environment, and are closed tools, in that you cannot actually see the code or know
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exactly how they work. Licenses are very expensive, and you cannot transfer or legally copy the code.
Universities often receive free copies, but once you graduate or leave, you lose access and cannot use your data
without purchasing a full commercial license. These restrictions are all reasonable for a commercial product in
the commercial context, but this has led to the development of a vibrant and growing Open Source Geospatial
community, that is, in many ways, disrupting the existing ESRI paradigm, and which is very appropriate for
Historical Ecology research.

GRASS GIS

Bringing advanced geospatial technologies to the world.

Open Source GIS has been around for a long time. The GRASS GIS, the Geographical Resources Analysis
Support System, was originally developed by the U.S. Army Corps of Engineers, Construction Engineering
Research Lab (USA-CERL) in Champaign, IL. It was first developed in 1982 for Army base environmental
compliance, largely for NEPA (National Environmental Protection Act) compliance protecting cultural
resources and endangered plant and animal species on military bases and Army Corps of Engineers managed
lands, which is very compatible with Historical Ecology uses. GRASS was developed using the UNIX operating
system, and it was the first, practical, Open Source GIS. As this was before the popularity of ESRI products,
GRASS developed its own vector and raster data format and process of managing and displaying data, as it was
a completely independent development. It gained very wide use both within various U.S. government agencies
(US Army, NASA, National Parks Service, Soil Conservation Setvice, and more), as well as academic and even
commercial users. In 1997 CERL was ordered to cease GRASS development and support, after complaints
from the commercial GIS vendors (ESRI). GRASS development transitioned to European academics, and
continues to grow strong, with thousands of users around the world. GRASS now has a very good user interface,
and runs on Windows, Mac, and Linux. See https://grass.osgeo.org.

\Gls

QGIS
Since GRASS was dropped by the US government and was later supported in Europe, other developments

have occurred, including the rise of QGIS, which has assumed a leading role as the primary Open Source GIS
system. QGIS, originally called Quantum GIS, was originally developed by Gary Sherman of Alaska in 2002. It
was, at first, a simple data viewer, but quickly became a fully functional GIS system, and is today the most
popular and most widely used Open Source GIS in the world (https://qgis.org). It is simple to use, faster and
smaller than ArcGIS, runs in over 40 languages, and runs on Windows PCs, Macs, and several flavors of Linux.
It even has a tablet interface useful for field data collection. It is a fully capable raster and vector GIS system,
and can be used for complex analysis, including HGIS applications. It is quite simple to learn, and has a very
understandable user interface. It is the primary GIS work environment of the author.
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Benefits of Open Source

Free and Open Source Software (FOSS) GIS, and other applications, have many advantages beyond the fact
that you do not have to pay for the software. In the Open Source model, anyone can play, no matter where or
who you are, what language you speak, or how much money you have. Open Source is free as in lunch, and
free as in liberty. You don’t have to pay anyone to use the tools, and it is open, allowing for free sharing of
tools and knowledge. Everyone can participate and share, and it puts us in charge of development. This also
enables citizen science, local users, and other, nontraditional approaches to research, which is very appropriate
in the Historical Ecology model. This means that academics and practitioners including all fields related to
Historic Ecology, who have very specific research needs (and often smaller research budgets), can develop and
share tools that are specific to our particular research interests that are not commercially viable or of interest to
commercial software developers. It extends collaborations around the world, as many Open Source tools, like
QGIS, work in over 40 different languages, and run on Windows, Mac, and Linux OS. This means that students,
who benefit from the use of free licenses from ESRI while they are in school, can take their tools, data, and
skills with them after they complete their education, where ESRI licenses will expire as soon as you leave school.
It also means a much faster development and bug fixing cycle, as there are developers and collaborators around
the world working on new tools, and we can actually see what the modules do, because the source code is open,
and we can adapt and improve the code to our specific research interests. There are very active and growing
archaeology, ecology, hydrology, and other user communities in the GRASS and QGIS communities, and
people share developments and applications, and share ideas online and at conferences. There are many reasons
why Open Source tools should be used by Historical Ecology researchers.

Most Open Source GIS tools, including QGIS, are Licensed under the GNU General Public License (GPL)
that requires all derived products to become Open Source, and be made available under the same or similar
license. This allows everyone to acquire and use the programs for any purpose, to study and modity the code,
and to release these to the public. The only thing that you cannot do is to sell the software. There is also the
GNU Lesser General Public License (ILGPL), that allows the use of libraries in proprietary programs.

& 0S6eo

A major player in the Free and Open Source (FOSS) geospatial community is the Open Source Geospatial

Foundation- OSGeo (www.osgeo.org). This was founded in 20006, and it exists to support the development of
FOSS GIS software. GRASS, QGIS, and many other projects, over 200, are supported by OSGeo.

Cost and effort required, training needed, data size and complexity issues and software or
equipment required
All you need is a reasonably capable computer and you can download QGIS and its related tools, and GIS data

and historical maps and other data are now widely available online from many sources. There are many online

learning opportunities, and also many books and workbooks as well (https://locatepress.com) as well as

international and disciplinary online user groups and forums, YouTube videos, blogs, and conferences.
Multi-terabyte hard drives can be purchased for US$100, and that should at least get you started. I would
suggest purchasing slightly more expensive solid state hard drives, as they are less prone to failure. Get two and
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rotate them as your active and backup drive to avoid losing data. Getting started is relatively simple, but it takes
time and experience to get to where you can conduct complex modeling and analysis. Large format quality
scanners for maps are more difficult to find, but many university libratries, and even many FedEx stores or
other copy stores now have these. Including a GIS specialist in your Historical Ecology project is a very good
idea, but you can begin to use these tools yourself.

Archiving data, physical and digital

Archiving and data management are major issues in HGIS projects. Multiple copies of our GIS database are
retained by members of our team in different locations, to avoid loss through fire or accident. Our working
database is named “GIS Final” as a project joke, because it is a living and growing thing like sourdough starter
on the back of the stove, that seems to never be finalized. Our original paper maps are all stored flat in map
drawers, and the various original and paper records are maintained by each researcher in the group who is
responsible for that data. Digital archiving is a growing and important related field, and is covered in chapter
15. We must all participate in appropriate digital (and physical) archiving of our research materials.

Existing guidebooks, field guides, and tutorials

There are several very good resources for you to begin your own GIS journey. These include:

Principles of Geographic Information Systems (excellent basic textbook by ITC in the Netherlands) available
online at:

https://webapps.itc.utwente.nl/librarywww/papers 2009 /general/principlesgis.pdf

The QGIS main website with sample data and extensive tutorials https://qgis.org/en/site

A gentle introduction to GIS: https://docs.qgis.org/3.22/en/docs/gentle gis introduction/index.html

My book: Introduction to QGIS Open Source GIS, with tutorials and sample data
https://locatepress.com/book/itq

QGIS for Archaeologists: Getting Started
http://www.bajr.org/BAJRGuides/42 QGIS StarterGuide/42 BAJR Guide QGIS.pdf

Relevance to Historical Ecology

The potential applications of GIS and Geomatics for Historical Ecology research should be evident. HGIS
provides a digital context where data from many different sources and from different researchers from different
disciplinary perspectives who are involved in a Historical Ecology project can share a commonly held and used
source of data. These include information from historical documents, maps, field work, photos, geological data,
and much more. All members of the team can have equal access and this is an important point. We all see the
research area and the data through our own disciplinary filters and viewpoints, and looking at all of these data
together truly can enable the transdisciplinary perspective that we all seek. We all see the same data differently.
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Conclusions

GIS is one of the linchpins of our long-term French research program, now over 45 years old and still ongoing.
Fortunately, the quantity, quality, and ease of access of our data, and the tools to analyze them have increased
tremendously over the past decades that we have been working with these tools in our Burgundy research. But
the process and goal remains the same, we seek to understand the complexity of the relationship between
people and their environments over time, and our GIS is a unifying and central aspect of our work.

There are many issues that you should consider carefully when conducting this type of work. You must
match the scale and quality of your data with the research questions you are addressing, and sometimes they do
not match. You then either have to find additional data or revise your research questions or find an area that
has the needed data for analysis. There are many technical issues to consider, and best practices should be
learned and followed. Quality control must always be a primary concern, and we always have a second person
review and check the GIS digitizing, tabular attributes, and analysis work that is done before it is cleared for
use. This is a laborious and time-consuming process, but it is vital to the quality and reliability of our work. It
is vital to maintain proper documentation of your work process and the data, as we are constantly creating new
derived layers. Updating your metadata is vital, and keeping up with versioning of your data is key as well. With
more than one person doing GIS work, you need to constantly ensure that you keep an up to date master
version, and multiple, off-site backups are essential. All of this takes time, more time than you think. The new
and evolving domain of digital archiving (Chapter 15), is a growing, if nascent, aspect of this work, keeping
track of all of the GIS and other data used in large, complex, and long-lasting projects such as ours. The most
important thing is that you can incorporate GIS into your Historical Ecology work, and it can play a central
role in the management and analysis of your data. Free and Open Source (FOSS) GIS software and data now
make these powerful tools much more available for Historical Ecology researchers around the world to learn

and use, so just get started!
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CHAPTER 12

AERIAL PHOTOGRAPHY

SCOTT MADRY
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o Enage 12.1 A 1945 U.é._r;lﬂitary aerial p-hoto of France, georeferenced and overlaid on a GIS map.

This chapter will introduce the methods, techniques, and approaches of the analysis of various types of aerial
photography in support of Historical Ecology research. Historical and modern aerial photos are a rich source
of information for such research, and they are available widely around the world. Precise measurements from
acrial photographs led to the development of the technical process of photogrammetry, and accurate
topographic maps were able to be created and updated over vast areas. Digital technologies led to the
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development of digital sensors in aircraft which have revolutionized our ability to map and analyze our world.
New developments, including the use of low cost drones and LiDAR-generated microtopographic data, hold
the potential for revolutionizing our ability to analyze the environment over time. This chapter will present an
overview of these technologies, and their current and future application to Historical Ecology. Data from
projects will be presented.

Disciplinary underpinnings and perspectives

The disciplinary underpinnings and perspectives are broad, and include cartography, geography,
photogrammetry, geodesy, and multiple individual applications including archaeology, forestry, agriculture,
ecology, and water quality. It traditionally has been considered a ‘team sport’” with individuals working as a part
of a larger group, but this is not always true, and individuals can conduct aerial photo acquisition and
interpretation work with sufficient training. It includes both the field research activities, including gathering
‘ground truth’, as well as doing the analog interpretation or digital image processing of the data in the lab and
the production of various maps. Detailed vegetation and land cover/land use maps can be derived. For
Historical Ecology projects, it is a good idea to include a person with photo interpretation and remote sensing
training to support the overall project goals. This can often be the GIS person, skilled in both, as they are
closely related and are often taught together. Most current GIS software is capable of handling the basic
processing of aerial images, but advanced processing may require dedicated digital photogrammetry tools.

The Origins and Principles of Remote Sensing

Remote sensing is the science and art of obtaining information about some object, area, or phenomenon
through the analysis of data acquired by a device that is not in contact with the subject under investigation. It
is remote and sensing. Our senses of sight and hearing are remote sensing, while our senses of touch and taste
are direct sensing. Since ancient times, people have always looked for the high ground, and have used the
landscape to get a view of potential hunting opportunities or threats. The Iron Age hillforts in our study area
in Burgundy are examples of this use of the landscape to view the surrounding region. Later, people developed
ways of viewing our world using balloons, kites, and even pigeons to take aerial photographs (Figure 12.1).

* ‘ B
- Do | BN :
Figure 12.2. Pigeon cameras and resulting photographs by Julius Neubronner (1852-1932) in Germany. Note the
wingtips in the edges of the bottom photo. Photo courtesy U.S. Library of Congress.
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The development of the airplane and aerial cameras created the first aerial remote sensing systems that could
systematically map our world, and great strides were made in World War I and II in aerial mapping. Today, we
have new and low cost aerial drone systems that bring new capabilities to research projects (Wilson, 2000). This
has revolutionized our ability to map and analyze our planet Earth for many different applications, including
for Historical Ecology and related research.

Methods of collection and data analysis

The use of historical and modern aerial photographs in historical ecology involves locating appropriate data
sets and acquiring access to them, visual analysis and interpretation, and (for historical aerial photos) scanning,
georeferencing, and extracting land use and land cover features and entering these into your project GIS, very
much in the same process discussed in chapter 6, on historical cartography. For digital aitborne data, the process
is similar, except the data are already in digital format, and can be often acquired without cost over the
internet. Some data come already georeferenced but others are not and require this step. The images then
require digital processing to extract the data of interest for use in your project GIS. Generally, aerial satellite
imagery provides us a detailed temporal series of land use and land cover maps, useful for a variety of historical
ecology interests (Morgan et al. 2010).

Aerial photography and Photogrammetry

Aerial photographs are simply any photo taken from an aerial perspective. They can be acquired from aerial
towers, balloons, drones, light aircraft, high altitude jets, satellites, or any aerial platform. The first known aerial
photo was taken from a balloon in France in 1858. The history of this is fascinating, and goes back to the first
balloon flights and they were even used in the U.S. civil war (1861-1865), but really advanced during the first
and second world wars when huge technical developments were made.

(https:/ /papa.clubexpress.com/content.aspxepage id=22&club id=808138&module id=158950).

Aerial photos fall into to categories, oblique and vertical. Oblique aerials are photos taken at any angle, while
vertical photos are taken pointing directly down below the camera, at what is called the nadir point. There is a
very long history of aerial archaeology in Europe, dating back to just after the first world war (Bourgeois and
Meganck 2005, Wilson 2000) and thousands of archaeological features have been discovered from light aircraft
at low altitude conducting ‘aerial prospecting’ while flying low over the landscape. The later development of
GPS and digital cameras significantly improved these efforts, and they continue today.

While any aerial photo can contain useful information, vertical mapping photos taken from high quality
digital mapping cameras provide accurate and detailed measurements of the land and vegetation. Originally,
black and white photos were taken, but later color and even color infrared films were developed. Today, most
aerial cameras are digital. Photogrammetry is the art and science of deriving accurate measurements using aerial
imagery, and it is the basis for the production of neatly all modern topographic maps produced today by national
mapping agencies around the world.

Scale

Like maps, aertical aerial images each have a specific scale, or representative fraction, which means that a given
distance on an image equals some other actual distance on the ground. This can be represented as a fraction,
such as 1/25,000, or as a ratio such as 1:100,000. Things look large in large format photos (1:2,500), and things
look small in small format images (1:100,000), and these terms are often used incorrectly. The actual scale within

an aerial photo actually varies somewhat with the altitude out from the center point (radial distortion) and also

290


https://papa.clubexpress.com/content.aspx?page_id=22&club_id=808138&module_id=158950

Practicing Historical Ecology

with terrain variations within the image (topographics distortion), and these must be corrected
photogrammetrically. The lower the altitude of the camera, the greater the relative distortion.

Photo interpretation

Aerial photos accurately acquire an image of what is below, but the features on the landscape are often difficult
to interpret without training and experience. These are the skills of the photo interpreter, and it is a very useful
skill for those conducting Historical Ecology projects, especially using a seties of historical aerial photos. There
are several common aspects to photo interpretation, and these include interpreting: the shape of a feature on
the ground, the size of features, the tone (for black and white) or color, of vegetation for example, patterns
such as tree plantations or golf courses, shadows indicating tall features, texture, time changes between photo
dates, and association, meaning if you see an airport runway, a large building next to it is likely a hangar or
terminal, where the same size building at an ocean port is likely to be a warehouse. Each of these, individually
and together, allow a trained photo interpreter to determine settlement and land use and land cover information
and other useful information from aerial photos (Philipson 1997). Archaeologists have used these indicators to
locate habitation sites, old roadways, field boundaries and other features around the world, and foresters and
ecologists can investigate vegetation communities and their changes over time.

It is important to understand that the scale of the questions and data are vital issues here. We can accurately
map, for example, regional land use and land cover over large areas, and the changes in these over time, using
aerial photography and remote sensing imagery, covered in chapter 13. We can accurately map the major
categories of forest, pasture, and agricultural crops, etc., and can map the human occupation in terms
of building, roads, and structures, but for many ecological questions related to Historical Ecology, such as the
detailed mapping of relevant species, this must be done on the ground by trained biologists. Such ‘ground
truthing’ as it is called in the remote sensing community, allows us to improve the quality and detail of large
area mapping using aerial photos and remote sensing.
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Figure 12.3. Ovetlapping aerial photographs. Image courtesy Natural Resources Canada
(https:/ /www.nrcan.gc.ca/maps-tools-publications/ satellite-imagery-air-photos/air-photos/ national-air-photo-
library/about-aerial-photography/concepts-aetial-photography/9687)
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Most vertical mapping photos are taken in carefully aligned parallel flight lines, which overlap both along the
flight line and with adjacent lines (Figure 12.3). Each photo, traditionally measuring 9 x 9 inches, or 22.86 cm
on a side, is assigned a unique identification number which includes the date, flight line, and photo number.
Large maps are prepared showing the coverage of the aerial survey for easy reference. This overlap provides
the interpreter the ability to see the world in 3-D using a simple optical stereo viewer (Figure 12.4). A stereo
viewer uses parallax, the difference in the angle to features on the ground from the center of each individual
photo. Our eyes and brains process this into an exaggerated 3-D view of the landscape, which is very useful for
photo interpretation, allowing us to see the relative height of forests, structures, or other features. It takes a bit
of getting used to, but can be learned quickly and is a very helpful skill in the field and in the lab.

One of the great benefits of aerial imagery is that these were widely acquired around the world dating back
to the 1920’s and 1930’s for aerial mapping projects, and they have been reacquired at regular intervals up to
today. Where available, these provide us with time series data going back for nearly 100 years. Many of these
have been scanned and are available in digital format from government sourcers over the web. Others are only
available as prints or with a printing cost. Your national mapping agency is your best place to begin looking
(USGS in the USA, IGN in France, Natural Resources Canada in Canada, Lantmiteriet in Sweden etc.) And
many of these have geographical data portals available online for searching and downloading data, including
historical aerial photos and remote sensing images. There are also extensive archives in Western Europe of
aerial reconnaissance photos taken during World War Il by all sides of the conflict. The availability varies around
the world, so you will have to check for your local study area.

Some of the benefits of aerial mapping photos include the long time frame covered, higher detail (identifying
individual trees and structures), the simplicity of manual analysis, and the recent availability of color or color
infrared films that discriminate vegetation types better than older black and white images. Some of the
limitations include the small area covered by each photo and the need for many photos to cover a given study
area, local lighting, season, and time of day differences, variable scale and parallax within each photo, and the
difficulty in patching together large photo mosaics accurately to cover large areas. These problems were
addressed later by satellite remote sensing, discussed in the following chapter, where large areas can now be

imaged in a single frame.

Figure 12.4. A 3x manual stereo viewer.
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Examples of how different remote sensing techniques and sources have been used in our
research in Burgundy, France.

There follows several examples of how different aerial photo techniques and data sources have been used in
our long-term Historical Ecology research in Burgundy, France.

The author has conducted aerial research in this area since 1978, using a wide variety of different datasets
and analytic methods. These range from flying low-level aerial surveys and visually interpreting vertical mapping
photos, to using a variety of remote sensing data and their analysis using various digital image processing
techniques (Madry 1983, 1987, 1998, 1991, 2005, 2007, 2008). The following section will give examples of how
different types of aerial photography have been used in our historical ecological research in Burgundy. Similar
uses can be applied in any spatial context around the world, and here are many such examples in the literature.

Figure 12.5. A low level oblique aerial photo of Mont Dardon, taken in 1979, showing the traces of an old Celtic
roadway (darker gray line) at the top center of the image. Photo: Scott Madry.
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Aerial Surveys and Aerial Archaeological Prospection

Archaeological and other environmental features may be visible from the air, or from an aerial perspective. The
four primary ways this occurs are shadow marks, soil marks, positive crop marks and negative crop marks, as
shown in Figure 12.6. Shadow marks appear in the early morning or early evening, when small variations in
terrain cause linear or angled shadows to appear. They are very ephemeral, and may only last a few minutes
from a given perspective. Old roadways and field boundaries are often found in this way. A similar mark is the
snow mark, when, after a snow, linear stretches of snow or melted ground are briefly visible. Soil marks are
visible as different colors of soil. These can be caused by digging of road ditches or other human activities.
Positive and negative vegetation (or crop) marks are the most common source of locating archaeological or
historical features from the air. Negative crop marks are seen where you have, for example, a buried stone
foundation below the modern soil layer. Crops or vegetation cannot get their roots down through the rocks,
and so, especially in times of drought or other crop stress, there will be a line or angle or circle of reduced
vegetation growth that is clearly visible from the air. These are quite difficult to see from the ground. Positive
crop marks are the opposite, and are seen as a darker green, indicating more vegetation growth. This can occur
in a lower, wetter area, or in a location that was once an animal pen, containing more nutrient rich soils, or post
holes for an ancient structure, which catches additional rain and fosters improved growth. All of these are
accentuated by drought or plant stress. They are also very ephemeral, and what may be visible from one angle
on one day of one season may be invisible the next week. This ephemeral character is one of the frustrations
of aerial archaeology, and it requires frequent revisiting of the same location. Fach year a different crop, at
different stages of growth, may make visible features below the ground, or not. Buried features like rock

foundations can be up to a meter below the current surface and still be visible as crop marks (Figure 12.9).

Positive crop marks

Negative crop marks Sun’s rays
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Figure 12.6. The primary sources of archaeological feature identification from the air: shadow marks, positive crop
marks, and negative crop marks (soil marks not shown). Sourc: https://en.wikipedia.org/wiki/ Aetial_archaeology.
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Figure 12.7. A French Robin aircraft used in aerial prospection in France.

The photos in figure 12.9 were taken from a Cessna 172 light aircraft in the summer of 1979, which was a
very hot and dry summer in France. A Gallo-Roman villa complex that we discovered is visible. The negative
crop marks, with less vegetation, clearly show the outline of the stone wall foundations of the large structure.
Atupper right is a positive crop mark, probably indicating an animal pen or other feature where the soil contains
more natural fertilizer and is more conducive to modern crop growth. At lower right is a pile of stones from
the site on the surface, with curved marks made by a tractor raking over the stones.

o e ddn s, Tl i i 1

Figure 12.8. A ground photo of the Gallo-Roman villa, taken later the same day as the photos in figure 12.9. The linear
negative crop marks are cleatly visible, but the larger pattern of the building structure is not discernible from the ground.
Large amounts of Gallo-Roman era roof tile and pottery were visible on the surface. A person is walking at left for
scale. Photo: Scott Madry.
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[ TN BN
Figure 12.9. A Gallo-Roman villa located in 1979, with the shadow of the aircraft at right. Photo: Scott Madry.

Old roadways are useful features to locate in many ways, in that they connect communities and populations,
and are often easily identified from the air (Figures 12.10 and 12.11).
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Figure 12.10. Top: The route of an old Roman road indicated in the 1759 Cassini map. Bottom, the roadway as
identified on the ground. Photo: Scott Madry.
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Figure 12.11. An old roadway running through the landscape, as discovered in 1979 from the air. Negative crop marks
are in the center of the road, and positive, darker green lines are on both sides, representing ditches on either edge.
Photo: Scott Madry.

The 1759 Cassini map of our area indicates several ancient Roman road segments that were known or visible
at that time. We used these maps, our aerial photos, and field visits to locate some of these features which were
not known in the modern era (Figures 12.10 and 12.11). These were then added to our project GIS system and
used to try to piece together the ancient land use and settlement patterns in the area.

Using Google Farth and other similar internet map viewers, as discussed below, has largely replaced this
aerial process, but it was and is great fun to zoom over the beautiful French fields and to fly out of the small,
grass airports and interact with the French aviation community. But ultimately, the cost and unreliability of the
method outweighed its utility, and the analysis of high resolution satellite images remotely is much more
productive, if less fun.

Google Earth Photo Analysis and Archaeological Site Prospection

The author has been one of the originators in the use of Google Earth and similar internet-based high resolution
imagery apps for archaeological site prospection and analysis (Madry 2007). The advent of freely available, high
resolution imagery viewers with world-wide coverage and frequently updated imagery has enabled site
prospection and other work around the world from any computer with a good internet connection. This tool
is also very useful for a wide range of purposes, including vegetation determination and change over time,
locating old roadways, agricultural production, and other applications. Planning field work, local travel, and
accessing rural areas efficiently are also easily planned using Google Earth’s directions, and using streetview can
provide a ground-eye view along roads (alas, it is not yet fully available in our very rural region of France and
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in many rural locations around the world). You can also overlay your GIS data in Google Earth by converting
them to .kmz or .kml format for direct viewing in Google Earth. In the other directions, Google Earth files are
also usable in all standard GIS environments. Google Earth has now also been joined by Bing Maps, Apple
Maps, and other free, high resolution internet imagery viewers available over the internet. Viewing your region
in each of these is often beneficial, as they have imagery of different sensors, dates, and seasons, and allow for
comparisons over time using different imagery. Be careful about the user license limitations of these imagery
sources.

The author has used these tools for several years now to conduct aerial archaeological site prospecting not
only in Burgundy, but also in other parts of France, Europe, and also in Peru and South Africa. Over 200
archaeological sites, roadways, looted sites, and other features have been identified, documented, and shared
with appropriate local authorities. One benefit is that newly located features can be easily saved as a placemark
and shared by email, and once opened, it will automatically open Google Earth and display the location. You
can then use Google maps to get driving directions to the spot. The simple ability to systematically survey a
large area for the vestiges of ancient land use and sites from any computer with high speed internet anywhere
in the wotld is a powerful tool (Figure 12.12 and 12.13), and documented in our previous research (Madry
2007).

Figure 12.12. Several Iron Age features in Burgundy that were discovered using Google Earth, including two square
structures, rectangular field divisions, and an ancient road at the upper right. Image courtesy Google Earth.
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Figure 12.13. A large Gallo Roman era villa rustica in Burgundy, located using Google Earth. This site is readily visible
on some Google Earth dates (top) but nearly invisible on others (bottom), which is a common aspect of such ephemeral
features and their appearance in aerial imagery. Photos courtesy Google Earth.
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Existing vertical mapping aerial photographs are very useful for several types of regional analysis that are
useful for Historical Ecology. They represent different dates and times of year, cover a very large area, and can
be analyzed using stereoscopes to both magnify and also to show the area in three dimensions so that subtle
changes in topography are seen. For example, vertical aerial mapping photos in France are available from the
IGN (Institute Geographique National), and there are various dates available going back to the 1950’s. More
recent color and color Infrared photo sets are also available for free download from the IGN website. We have
acquired several sets of these for analysis. Similar data are available in other nations, but it varies widely, so you
will have to do your own search for your study region.

IGN Vertical Mapping Photos

The French IGN mapping agency has recently scanned and made available for free a series of historical aerial
photos on their Geoportail website (https://www.geoportail.gouv.fr/). These date back to the 1950’s, and
several more recent images are Color Infrared (CIR) images that are very useful for discriminating forest and
other vegetation types (Figure 12.19). They were the basis for all of the modern 1:100,000, 1:50,000, and
1:25,000 topo maps, beginning in 1951 in our area, and all of the more recent vector IGN GIS data. IGN now
has a very sophisticated and ongoing process of acquiring digital aerial imagery of all of France on a revolving

5-year schedule using state-of-the-art digital airborne digital imagery systems.
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Figure 12.19. 1946 aerial photo of the Celtic Iron Age hillfort of Mont Dardon, devoid of vegetation, displayed over a
digital elevation model. The rampatts are visible. Original image courtesy IGN, 3-D image from our QGIS database.

New Directions: Aerial Drones and Airborne LiDAR

The technologies of aerial remote sensing continue to advance rapidly, and there are many new and interesting
capabilities that are directly relevant to Historical Ecology research. Low cost and portable aerial drones are
revolutionizing our ability to quickly acquire low cost aerial imagery without the use of expensive aircraft and
pilots, and camera-carrying drones are now a regular component of many field research programs around the

world (Meyer et al. 2015).
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Figure 12.20. 1998 IGN digital Color Infrared Aerial photograph mosaic, centered on Uxeau commune. Mont Dardon is
at top center. Commune boundaries ate shown in green. Color IR is useful in discriminating between different forest
and vegetation communities. The forest areas show the different pine vs hardwood areas. QGIS image by Scott Madry.

302


https://smallfarms.cornell.edu/2019/01/remote-sensing-shows-promise-for-vegetable-growers/

Practicing Historical Ecology

Drones range in size and cost from tiny hand-held units that can be purchased for a few hundred dollars to
complex and expensive remotely controlled aircraft costing hundreds of thousands. These can be controlled in
real time in the field, allowing the researchers to decide the time and season of image acquisition and to collect
concurrent ground truth data. Drones can access areas difficult to reach on foot, and can be programmed to
acquire exactly the same flightlines repeatedly on different dates. Many have modular payload bays, which allow
for quick and simple swapping out of different sensors and payloads. There are drone flight planning modules
available in QGIS and other GIS software, so that aerial data can be acquired and integrated directly into your
project GIS. Drone applications and capabilities will only continue to grow, and will continue to become
important parts of Historical Ecology projects as prices drop and capabilities increase.

LiDAR, Light Detection and Ranging

LiDAR, Light Detection and Ranging, is active laser light remote sensing in the visible portion of the spectrum,
and it is revolutionizing archaeological, forestry, and other field surveys around the world. It provides detailed
Digital Elevation Models (DEMs) accurate to a few centimeters. These show minute variations in topography,
including data acquired through dense forest canopies. The vegetation can be digitally stripped away, showing
detailed (cm precision) ground topography. Alternatively, forest composition and canopy cover can be extracted

and analyzed in great detail (Figure 12.22).

Figure 12.22. A 3-D airborne LiDAR image with vegetation (top) and stripped of vegetation (bottom). Image courtesy
Foresttech https://foresttech.events/new-advanced-lidar-on-a-fixed-wing-uav

This is revolutionizing archaeological and ecological prospecting in many locations. In MesoAmerica,
hundreds of archaeological sites, roads, and other features have been located through the thick jungle cover,
and minute topographic variations can be identified (Chase et al. 2012) as shown in figures 12.23 and 12.24
from Clermont-Ferrand, France.
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internal detalls of structures, ramparts, and more. Image courtesy INRAP: https:
opmdum de-gergovie- 14441#

and

survey/heag179-using-airborne-lidar-in-archaeological-survey
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Relevance to Historical Ecology

The potential applications of aerial photography, both historical and current, for Historical Ecology research
should be evident. The examples presented here have focused on a long-term archaeological project, but aerial
photography and air photo analysis have contributed and deepened our Historical Ecology knowledge of our
study area in Burgundy. We investigated the changing nature of the vegetation, land use, and land cover over
time in order to better understand how different cultures, with different levels of social organizations and
technologies, both formed their environment and were, in turn, formed by them; how they were both limited
and enabled by their physical environment, and how their levels of social and technological organization
interacted with their local world and beyond (Madry 1987).

In order to investigate, and hopefully better understand, these questions, we used many integrated
approaches and technologies, including ground surveys searching for evidence of archaeological sites such as
structures, roads and ceramic concentrations, linked together with low-level aerial surveys and the analysis of
vertical mapping air photos using stereoscopes in the lab, all searching for evidence of previous settlement
patterns such as the visible remnants of roads, field boundaries, defensive structures, and habitations. By
locating and mapping these according to their cultural affiliation, we were able to create regional maps of the
settlement and transportation networks for the Iron Age, Gallo-Roman and early Medieval periods. These were
used in our GIS analysis create archaeological predictive models which were used to both focus our future
aerial and ground surveys in the area, as well as to better compare and contrast the differences in these patterns.
Aerial photography played a key role in this process, by identifying both vegetation zones and vestiges of
archaeological sites and transportation networks from the past that have, in some cases, been modified or
completely destroyed by modern development.

Through our use of archival mapping photos from 1945, we were able to make general vegetation and land
use maps from the end of World War II, which was used in our long term analysis of the changing patterns of
forest use, ponds and mills, vines and wine production, and agricultural and settlement patterns over a 270
year period (Madry et al. 2015). It specifically informed us regarding the severe environmental impact of the
war and of the German occupation, particularly on local forest resources (Madry et al. in preparation) and the
recent impact of severe droughts. Historical aerial mapping data gives us a view of the region that is older than
we can acquire using modern remote sensing systems, which reach back to the 1970’s at best.

By mapping our best interpretation of the vegetation and human occupation, again using multiple integrated
data including historical maps and pollen analysis, we investigated these changing patterns of settlement and
land use in order to better understand these complex and interacting patterns over time, which has been the
source of multiple publications. By using multiple aerial photography techniques, we learned much about the
changes and continuities of vegetation and human settlement in the study area, which directly address our
Historical Ecology interests. Future aerial technologies, including the routine and low cost use of drones and
emerging technologies such as LIDAR data acquired from such drones, have the potential to advance new and
currently unaddressed questions in Historical Ecology, including detailed regional vegetation community
composition, detailed forest composition, hedgerows, hydrology, new archaeological discoveries, and more.
Clearly, aerial photography in all its many forms is a powerful tool for Historical Ecology researchers, and we
hope that you will consider how these can assist you in your work, wherever and whatever that may be.
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Conclusions

Aerial photography is the oldest form of remote sensing, and data are widely available around the world, going
back many decades. It can be conducted from many platforms and it can reach back into the past and extend
our understanding of our environment and human settlements and land use and land cover. We are also seeing
a new generation of use with inexpensive drones and powerful LIDAR, thermal, and multispectral systems that
are generating new, inexpensive, and useful datasets for our use. Detailed environmental and cultural features
can be extracted, and data can be integrated directly into your project GIS for analysis. Time series, fly-throughs,
and visualizations can also be created and the detailed vegetation data can be used to improve satellite image
classifications and other uses, as discussed in the following chapter.

Today, there are multiple freely available datasets of aerial imagery, all available to researchers free of cost
via internet download. Other aerial and satellite data are also available for a fee, including data with pixels of
only 15 cm. The archives of aerial photo data reach back to the 1920's in many patts of the wotld, but this
varies. Vertical mapping photos, oblique, low-level aerials, and available high resolution satellite images are
readily available today and can play an important role in Historical Ecology research. Each of these datasets
have different and useful characteristics, and there is an important benefit in acquiring and analyzing different
types of data over different seasons and years. This is referred to as the ‘multi’ concept. There are also, and
equally importantly, Free and Open Source Software (FOSS) photogrammetry, drone management, image
processing and image analysis tools to process these data and integrate the results into your GIS
environment. Many nations make their archives of aerial photographs publicly available in print and digital

formats, and acquiring your own data with drones has become a very cost-effective tool for field research.

Data Sources and Resources

There are several excellent basic remote sensing books available, here is a freely available one from ITC in the
Netherlands:
(https:/ /webapps.itc.utwente.nl/librarywww/papers 2009 /general/principlesremotesensing.pdf.

Many universities offer hands-on classes and remote learning courses as well, and there are many tutorials and
training materials available online and on YouTube and similar sites.

QGIS Open Source satellite remote sensing analysis code and tutorials
https://fromgistors.blogspot.com
https://fromgistors.blogspot.com/2018/02 /basic-tutorial-1.html

Sources of Aerial Photography and Imagery

Sources of historical aerial photos:
USGS Aerial Photography site  https://www.usgs.cov/centers/eros/science/usgs-eros-archive-aerial-
photography-aerial-photo-mosaicsPqt-science center objects=0#qt-science center objects

The U.S. National Archives aerial photography site (over 35 million aerials from 1918 to 2011 from the US and
foreign lands during wars. Includes many German photographs
https://www.archives.gov/research/cartographic/aerial-photography

UK National Collection of Aerial Photography https://ncap.org.uk

IGN French geodata site https://www.ign.fr
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The IGN Geoportail https://www.geoportail.gouv.fr

US Library of Congress https://www.loc.gov/collections/?fa=subject:aerial+photographs

Sources of LiDAR data https://historicengland.oro.uk/images-books/publications/using-airborne-lidar-in-
archaeological-survev/heag179-using-airborne-lidar-in-archaeological-survey
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CHAPTER 13

SATELLITE REMOTE SENSING AND DIGITAL IMAGE
PROCESSING

SCOTT MADRY

Figure 13.1. A satellite infrared image of Mont Dardon, France taken by the Japanese Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER) dated 16-08-2002. Ovetlaid on a Digital Elevation Model in QGIS

This chapter will introduce the uses and analysis of satellite remote sensing and digital image processing in
support of Historical Ecology research. Remote sensing is the collection of data from a device not in contact
with the subject of investigation. It originated soon after the first balloons and aircraft were developed, as
described in the previous chapter about aerial photography. The advent of modern digital technologies led to
the development of digital sensors in aircraft and, more recently, in satellites in orbit, which have revolutionized
our ability to map and monitor our world. Today, modern governmental and commercial Earth observation
satellites image the world on a daily basis, and much of this data is now available without cost or at minimal
cost to researchers via the internet. Powerful Open Source digital image processing software can process these
data into land use and land cover data and time series of these, which are clearly useful in Historical Ecology
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research. New systems with improved capabilities are constantly being developed. This chapter will present an
overview of these technologies, and their current and future applications for Historical Ecology. The chapter
is separated into satellite remote sensing and digital image analysis sections, and examples from our ongoing
work in Burgundy are presented.

Disciplinary underpinnings

The disciplinary underpinnings and perspectives are broad, and include photogrammetry, space sciences, digital
image processing, electrical engineering, computer science, geodesy, and these are used in multiple individual
application disciplines including agriculture, archaeology, cartography, ecology, forestry, geography,
atmospheric science, and water quality. It traditionally has been considered a ‘team sport’ with individuals
working as a part of a larger group, but this is not always true, and individuals can conduct photo interpretation
and remote sensing work with sufficient training and the appropriate data and tools. It includes both the field
research activities and gathering ‘ground truth’, as well as doing the digital image processing of the data in the
lab and integrating these into the larger research context for analysis. This often involves integrating the data
into the project GIS for further analysis. For Historical Ecology projects, it is a good idea to include a person
with photo interpretation and remote sensing training to support the overall project goals. This can often be
the GIS person, skilled in both, as they are closely related and are often taught together.

The Fundamentals of remote sensing

As mentioned in chapter 12, aerial photos have several limitations, including the cost, number of photos
required to cover a large area and the variations in sun angle and time of year in aerial photo datasets, but the
advent of the space age has led to the modern era of digital satellite remote sensing. Today, numerous satellites
provide daily, global, high and moderate resolution imagery of our planet, covering the entire planet on a daily
basis. These provide cost effective data that can be readily processed and integrated into GIS systems using
available commercial or Open Source tools. Satellite images do not go as far back in time as aerial photo data,
but they can be acquired and processed very quickly over large areas.
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Figure 13.2. The process of passive space remote sensing. Image courtesy of Canadian Space Agency.
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Passive remote sensing

The basic passive remote sensing process is shown in figure 13.2. The Sun’s radiation strikes the Earth’s surface
and some small amount is reflected off the surface, back up through the atmosphere, and is focused on the
detectors of the satellite’s sensor.

Digital sensors on satellites record the number of photons striking it as it sweeps along its orbital track,
hundreds of kilometers above the surface of the Earth, zooming along at over 28,000 km per hour. This photon
count is converted to an electrical current (voltage), and then to a digital number that is stored onboard the
satellite and then sent to the ground for processing. This is done for each tiny area of the Earth as the satellite
passes over. A prism is used to separate the light into specific wavelengths or bands, which are useful for
determining the makeup of the ‘target’. These data are recorded onboard and are later telemetered down to the
ground for further processing.

Active remote sensing

A different approach is active sensing, where we have our system send out a pulse of energy, often in the
microwave (RADAR) or optical (LIDAR) spectral regions, and record the reflected energy for analysis. Active
systems are very different, in that they send out their own pulses of energy, and so they can be acquired at night
or through clouds. RADAR systems produce very different images, and LiIDAR has revolutionized archaeology
in deeply forested and jungle areas, as it is able to penetrate through foliage to map minute variations in the
ground topography, as briefly presented in chapter 12. A high resolution satellite RADAR clearly shows in
detail various land use and land cover categories (Figure 13.3).

Figure 13.3. A 25 cm pixel very high resolution airborne RADAR image of an airfield in Germany. Fields with different
agricultural vegetation and houses at left, an airfield at center, and a forested area at right. Image courtesy DLR, the
German Space Agency.
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These active systems require additional image processing, but provide us with another way to view the
environment and can be used together with other imagery to contrast and compare the differences. The basic

difference between active and passive remote sensing systems is shown in figure 13.4.

Satellited Sensor System)
Suni Source)

W

Land Features( Object) t
Q, ! Ground Station

Remote sensing using passive sensor system

Satellited Source and Sensor System)

W

Land Features Object) ‘
: ? l ! Ground Station

Remote sensing using active sensor system

Figure 13.4. The difference between active and passive satellite remote sensing fundamentals. Image courtesy Canadian
Space Agency.

Raster data format

Remote sensing systems acquire data as a two-dimensional numerical array or grid, with a single data reading
for each location on the ground, called the instantaneous field of view (IFOV). This is the pixel size or spatial
resolution of the image. Each square holds a number which represents the amount of energy focused into the
satellite’s telescope and focused on the detector for a brief fraction of a second. These numbers are recorded
and transmitted to the ground where they make up the pictures that we see, but the images are actually grids
made up of pixels displayed on our computer monitor (Figure 13.5). These two dimensional raster arrays of
numbers are very easily manipulated by our computers, and all of our image processing, discussed below, is

done using these grids of numbers.
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Figure13.5. Raster satellite image format. Image courtesy National Science Foundation’s National Ecological
Observatory Network (NEON).

Spectral reflectance

A satellite in orbit can identify vegetation types on the ground because different materials on the Earth’s surface
absorb and reflect energy differently at different wavelengths of the electromagnetic spectrum. Each type of
matter (concrete, grass, pine trees, wheat, sea water, etc.) has a unique spectral ‘signature’ that can be analyzed
using remote sensing data based on these identifiable patterns of absorption and reflection (Figure 13.0).

The chart in figure 13.6 shows the spectral reflection patterns of four generalized types of land cover: water,
green and dry grass and soil, in the visible, near Infrared (IR) and Mid IR regions of the electromagnetic
spectrum. You can see that vegetation looks green in the visible spectrum, because plants absorb a great deal
of the blue and red energy for photosynthesis, and reflect back green wavelengths, so that we see grass as green
with our eyes. Grass is actually just reflecting the green wavelengths back into our eyes that it does not use for
photosynthesis. All physical matter absorbs and reflects energy in different amounts across the spectrum, and
we can use our eyes and also our computers to analyze these patterns to identify forests, water, sand, etc. across
broad areas, and also to analyze their changes over time with successive imagery acquired on different dates.
There have been many civil remote sensing systems, and new ones are becoming available as the technology
advances. Today, there are very capable satellite remote sensing datasets that are available without cost, as well
as very high resolution imagery, comparable to detailed aerial photographs, that are commercially available for
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a fee. Modern imagery permits detailed land use and land cover analysis anywhere on the planet for
incorporation into our research projects.
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Figure 13.6. spectral response curves of four general types of land cover. The region of the spectrum is along the X
axis and the percent reflectance is along the Y axis. Each type of land cover has a unique spectral ‘signature’, and this
allows us to identify features on the ground using remote sensing systems by analyzing the data collected. Image courtesy
Canadian Space Agency.

The Four types of Resolutions

Every remote sensing sensor produces data with several parameters that help you decide what data will fit your
needs. These are the spatial, spectral, temporal, and radiometric resolutions of the sensor. Spatial resolution
means the pixel size on the ground, usually defined as x meters on a side. From an engineering perspective, this
is also the Instantanecous Field of View (IFOV) of the sensor. The current Sentinel-2 satellite data has a 10
meter spatial resolution, while Planet Dove satellites have a spatial resolution of ~3 meters. Commercial imagery
is available today with a spatial resolution as high as 15 cm (Figure 13.7). Spectral resolution is which areas of
the electromagnetic spectrum data were collected. Most sensors have multiple channels that include the visible
blue, green, and red, and also near and middle Infrared channels beyond our ability to see, but which are very
useful for vegetation and soil analysis. These are called multispectral sensors. Temporal resolution is how often
the sensor in orbit will revisit your location (every 16 days for Landsat, every day for Planet), and also the size,
or swath width, of the sensor, or how wide an area is collected on each pass (160 km wide for Landsat).
Radiometric resolution relates to the radiometric ‘depth’ of the data, or how finely the reflected energy can be
measured. This is measured in bits, such as Landsat 8 and 9’s 12 bit data (2!2). This means that the sensor can
discriminate 4,096 levels of energy responses as recorded at the sensor, and today we have sensors with even
higher radiometric resolution. The combination of the four resolution parameters define the capabilities of the
system and help us to pick the right satellite data for our needs. All sensors are compromises, and if you get
very high spatial resolution, for example, you will get less frequent temporal resolution. Spatial resolution is
usually considered first, but all four are important in choosing the right data for your particular project needs.
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Digital Image Processing

Once the data are collected and transmitted to the ground, they require digital image processing to generate
useful images and data. The data are just a stream of numbers that make up a two-dimensional numerical array
of numbers, and these must be processed to create the beautiful and useful images of our world that we use.
There are many tools available today, including both commercial and Open Source options. Commercial
software includes ENVI and ERDAS IMAGINE, among others, and these are excellent tools, but they are
quite expensive, difficult to learn and use, and work only in English and in the Windows PC environment.
Open Source tools such as GRASS, QGIS, and others are now available without cost, and work on multiple
platforms, and are generally easier to learn and use, But all image processing is complex and not to be
undertaken lightly or underestimated regarding the time and effort required to generate quality data. The QGIS
Semi-Automatic Classification Plugin is an excellent free alternative, and works within the QGIS environment.
It provides full image processing abilities, has excellent tutorials, and focuses on free Landsat and Sentinel data,
including the process of downloading the data from the web all the way through generating final products:
(https:/ /fromgistors.blogspot.com/p/semi-automatic-classification-plugin.html).

Preprocessing

Some of the common preprocessing steps conducted in satellite remote sensing include atmospheric
corrections to compensate for clouds and atmospheric haze, georectification to make the imagery accurately fit
on a given map coordinate reference system for your GIS, and data corrections (if needed for systematic errors
in the data such as dropped scan lines or missing pixels). Once we have our data preprocessed, we can do a
variety of useful tasks. These include: edge enhancements, directional filters, data merging of multiple datasets,
creation of true and false color composites, and more.
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Data Processing

One of the most important types of data processing are the production of thematic classifications. This is where
we take the data from multiple bands for each individual pixel and classify these into land use or land cover
categories (water, bare soil, urban, forest, and agricultural vegetation, for example). There are two general types
of these: supervised and unsupervised classifications. An unsupervised classification is where we let the
computer statistically analyze the patterns in the several bands of data and separate these into the various classes
as the computer sees fit. A supervised classification is where you, the operator, tell the computer “this small
area is water, this is a pine forest”, and the computer then analyzes the entire data set and then finds all the
pixels that have similar ranges of values and creates a classified map. We often use both, first allowing the
computer to sort the data, and then training the computer with known locations for our final analysis. More
recently, Al and related Machine Learning tools are also being used to great effect to process large areas of data
with high accuracy. Statistical data are generated, as well as images. There are many other processes, including
generation of change detection over time of land use and land cover, visualizations and fly-throughs with
remote sensing images draped over Digital Elevation Models, and more. The processed data become new raster
layers in your project GIS database, and can be analyzed with the other layers derived from many other sources
included in the chapters above.

You can often find a participant for your Historical Ecology project with both GIS and remote sensing skills,
as they are very much related. If this all sounds too intimidating, you can always pay a commercial provider and
include the costs in your grants to receive fully processed remote sensing data that fits your requirements.

In the following section are some examples of the most commonly used such systems that can be used in

Historical Ecology research.

Corona declassified spy satellite imagery

The U.S. Corona and follow-on systems were the first satellite spy imagery system for the United States. Begun
in the cold war, this super secret film return system was first launched in June, 1959 and operated in various
configurations through May, 1972 (Day, Logsden, and Latell 1998). Over 860,000 images were acquired around
the world from 1960 to 1972, with a spatial resolution ranging from as low as 2 meters to 100 meters. There
are several examples of the use of Corona imagery for archaeological prospection and mapping (Casana 2020)
land use mapping (Agapiou 2021), and other applications. These are the oldest available satellite remote sensing
systems, and the data have now all been declassified, and are available for download without cost through the
USGS portal (https://catalog.data.gov/dataset/ corona-satellite-photography). The data were mostly acquired
over the former Soviet Union and China, but data exist over much of the world (Figure 13.8).

Free and Open Source data

Today, we are fortunate to have two excellent sources of global passive satellite imagery that are freely available.
The U.S. Landsat program and the European Space Agency Sentinel 2 program. Landsat began in 1972 and is
the longest running such program. Today, Landsat 8 and 9 are collecting data daily, and the entire imagery
archive is searchable and available for free online from the USGS (Figure 13.9). While new systems continue
to be developed as technologies improve, the goal has always been to allow change detection between newer
and older data.
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Figure 13.8. The area covered by the Corona KH-4A and 4B satellites. (Source: https:/ /lta.cr.usgs.gov/declass_1). The
different colors indicate the number of images acquired over each area. White indicates no imagery available.

Figure 13.9. The Landsat 9 satellite in orbit. Image courtesy NOAA.

The Landsat program has continued uninterrupted, and the most recent Landsat 9 was launched on September
27,2021, continuing some 50 years of continuous data collection and free data distribution (Masek et al. 2020).

Shown in figure 13.10 are the various Landsat spectral bands over time. Landsat 9 is at the top. Landsat 8
and 9 measure different ranges of frequencies along the electromagnetic spectrum — you can think of each as a
‘color’, although not necessarily a color visible to the human eye. Each range is called a band, and Landsat 8
has 11 bands. Landsat numbers its blue, green, and red sensors as bands 2, 3, and 4, so when we combine them
we get a true-color image, where blue water on the surface appears blue and green forests appear green.

The European Sentinel satellite series is part of the larger Copernicus program (Figure 13.11). The
Copernicus program and U.S. Landsat today offer freely available high resolution multispectral imagery,
downloadable from the internet. There are also several commercial vendors who operate and sell ultra high

resolution imagery with pixels as small as 15 cm on a side, equal to aerial imagery, but these are quite expensive
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and are often not affordable for historical ecology projects. The operational combination of Landsat 8 and 9
and Sentinel 2 provides 2 or 3 day revisit rates for the entire Earth.
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*MSS bands 1-4 were known as bands 4-7, respectively, on Landsats 1-3
Figure 13.10. Landsat 8 and 9 imager spectral wavelengths are shown on the top, with the slightly different Landsat 7
instrument and older MSS shown below. Gray areas show where the Earth’s atmosphere is transparent, so we can
conduct space remote sensing in these parts of the spectrum. In the other regions, the atmosphere absorbs the energy
and so no remote sensing is possible in those regions of the spectrum.

https://directory.coportal.org/web/eoportal/satellite-missions/1/landsat-8-ldcm

All Copernicus data are free and available over the internet. At the time of this writing, there are two Sentinel-
2 optical satellites (A and B), launched in April 2015 and July 2016 (Figure 11).

https://www.satimaginocorp.com/satellite-sensors /other-satellite-sensors /sentinel-2a

Figure 13.11. The Copernicus program (formerly GMES) is a partnership of the European Community and the
European Space Agency, and consists of several satellite designs, and includes Radar, high resolution optical,
Geostationary, Lidar, ocean and climate data systems. Image courtesy ESA

http://www.esa.int/Our_Activities/Observing the Earth/Copernicus
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Sentinel-2 spectral wavelengths
Sentinel-2 has 13 spectral bands, with spatial resolution of 10, 20 and 60 meters, and a temporal resolution
(revisit rate) of 5 days. You can learn more about the satellites and ground systems at:

https://directory.coportal.org/web/eoportal /satellite-missions/c-missions /copernicus-sentinel-2

In figure 13.12 are the Sentinel-2 spectral bands, shown at the top, along with those of Landsat 7 and 8. You
can see that the Sentinel-2 bands are very similar to Landsat, with the exception that Sentinel-2 has no thermal
bands (at right). Gray areas show where the Earth’s atmosphere is transparent, so we can conduct space remote
sensing. In the other regions, the atmosphere absorbs the energy and no energy reaches the ground.
https://directory.coportal.org/web/eoportal /satellite-missions/c-missions/copernicus-sentinel-2

Comparison of Landsat 7 and 8 bands with Sentinel-2
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Figure 13.12. The spectral bands of Landsat 7, L.andsat 8, and Sentinel 2.

The Sentinel-2 Multispectral Imagery (MSI) has a swath width of 290 km and spatial resolution of 10m (four
visible and near IR bands), 20 m (six red edge and shortwave IR bands), and 60 m (three atmospheric correction
bands). Sentinel-2 data are delivered in ‘tiles’ of 100x100 km areas, and ‘granules’ of 25x23km subzones. This
Sentinel 2 image of our Burgundy research area, was acquired on October 20, 2018 and is shown in figures
13.13, 13.14, and 13.15. It was acquired online and was processed using a combination of both ArcGIS and
QGIS.
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Figure 13.13. European Space Agency Sentinel 10 meter true color image acquired 2018.10.20. This image shows the

land use and land cover of our study area (outlined in blue), and individual features are identified in red in our
GIS. Image processed by Ducan Amderson, QGIS image by Scott Madry.

T WL YA -

Figure 13.14. Sentinel-2 10 meter image acquired 2018-10-20. This is a Detailed image of Mont Dardon with Mont
Dardou at right. This is a true color image, so green are forested areas, and various field are shades of brown. Individual
houses and structures in our GIS are displayed in orange. Image processed by Ducan Anderson, QGIS image by Scott

Madry.
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Figure 13.15. A digital aerial image of Mont Dardon for comparison. Image courtesy IGN
Geoportail. https://www.geoportail.gouv.fr/carte
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Figure 13.16. 2018 Sentinel image at top, with land use/land cover classification at bottom. Hardwood forest zones are
in light green, pine forests are dark green, farm fields are in yellows. QGIS image by Scott Madry, image processing by
Duncan Anderson.
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Figure 13.17. 2018 Sentinel-derived forest cover of the study area. Image processing by Duncan Anderson. QGIS image
by Scott Madry.
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Planet

The largest commercial satellite imagery constellation today is operated by Planet of San Francisco, USA

(https://www.planet.com). A small Silicon Valley start-up just a few years ago, Planet now operates the world’s

largest constellation of remote sensing satellites, over 200, and images the entire Farth’s surface, over 300
million sq. km., every day with imagery of very high spatial resolution (~3.7 meters). The data are commercially
available and are acquired using tiny “3-U” satellites called doves, as shown in figure 13.18.

What does this have to do with Historical Ecology?

Remote sensing satellites and the digital image processing of the data derived from them have important
benefits for Historical Ecology research, primartily for the determination of land use and land cover
classifications and their changes over time, which are key parameters in Historical Ecology research. There is a
growing number of examples of projects who are using such data (Herrault & David. 2022), and this will only
increase in the future. There are many very capable Open Source satellites, datasets, and image processing
software available today, from the U.S. Landsat series and European Sentinel systems that acquire moderate to
high resolution data (10-30 meter pixels) that can be acquired and processed without cost into vegetation,
agriculture, water quality, and other products. These are very useful for regional analysis, but they cannot (yet)
be used for individual, very large scale vegetation analyses, such as within a single field or hedgerow, for example,
this still requires detailed field analysis by trained biologists. Using detailed field ecological collection provides
us with ‘ground truth’ that informs and improves our satellite imagery, and extends the reach of these small
surveyed areas. We often engage in nested surveys, where small areas are investigated in detail on the ground
and then extrapolated out to larger areas using aerial or satellite imagery. The technology continues to advance
rapidly, and there are commercial satellites today that image the entire Earth every day, some with a pixel size
of only 15 cm.

* Nstwss 0 o] o arer @ ORCIRT T @
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Figure 13.18a and 24b. Two high resolution images of Cape Town, South Africa, acquired by Planet satellites. The top
image is in the visible spectrum, and the lower is in the color Infrared. The port complex is at upper right, and Cape
Town stadium is in Green Park at the top. Urban areas with individual buildings surround the ‘Lion’s Head” mountain at
center, which is covered in forest. Large areas of burn scars are visible on the mountain as lighter pink areas. Images
courtesy Planet. QGIS image by Scott Madry.

Figure 13.19. Planet cofounder Will Marshall holding one of the tiny Dove remote sensing satellites.

These are very useful for vegetation and ecological monitoring over large areas, particularly in remote

locations that are not easily accessed, or if quick coverage is needed due to significant events such as damaging
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weather or forest disease or other infestations. They are very useful in monitoring remote areas for illegal
logging, development, and the looting of archaeological sites. The images and classified maps, as well as other
derived products such as digital elevation models, thermal maps, and more, can then be easily entered into GIS
systems for further analysis of vegetation communities and ecosystems with the data derived from other sources.

Conclusions

Today, there are multiple freely available datasets of satellite imagery, all available to researchers free of cost via
internet download. Other commercial data are also available for a fee, including data with pixels of only 15 cm,
equal to the highest quality aerial photography. The archives of civil remote sensing data reach back to 1960
and the early 1970’s. Each of these datasets have different and useful characteristics, and there is an important
benefit in acquiring and analyzing different types of data over different seasons and years. This is referred to as
the ‘multi’ concept. There are also, and equally importantly, Free and Open Source Software (FOSS) image
processing and analysis tools to process these data and integrate the results into your GIS environment. Free
imagery can now be acquired anywhere in the world on a weekly or monthly basis, allowing for frequently
updated forestry, agricultural, land use, flooding, and other analysis over time. Unlike in the past, there are now

no practical barriers of spatial resolution or cost to including these data into your regional research activities.

Data Sources and Resources

There are several excellent basic remote sensing books available, here is a freely available one from ITC in the
Netherlands: (https://webapps.itc.utwente.nl/librarywww/papers 2009/general/principlesremotesensing.pdf.
Many universities offer hands-on classes and remote learning courses as well.

QGIS Open Source satellite remote sensing analysis code and tutorials
https://fromgistors.blogspot.com

https://fromeistors.blogspot.com /2018 /02 /basic-tutorial-1.html

Sources of Satellite Remote Sensing Imagery

IGN French geodata site https://www.ign.fr
The IGN Geoportail https://www.geoportail.gouv.fr

Historical ~Corona satellite Imagery  https://www.usgs.cov/centers/eros/science/usgs-eros-archive-
declassified-data-declassified-satellite-imagery-12gt-science center objects=0#qt-science center objects

NOAA Land Processes Distributed Active Archive Center https://lpdaac.usgs.gov

You can download all global archived Landsat data free at:
http://landsat.usgs.gov/Landsat Search and Download.php

USGS Tandsat 8 website

Landsat download sites

NASA Goddard Remote Sensing Tutorial

Japanese ASTER data https://earthdata.nasa.gov/learn/articles/japan-nasa-provide-open-access-to-aster-data
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Archaeology uses of Sentinel 2 data

https://www.researchgate.net/publication/322937167 ldentification of Leveled Archeological Mounds H
ovuk in the Alluvial Plain of the Cevhan River Southern Turkevy bv Satellite Remote-

Sensing Analyses/figures?lo=1

https://www.mdpi.com/2072-4292/6/3/2176

https://www.mdpi.com/2076-3263/9/1/25 /htm

https://www.tandfonline.com/doi/pdf/10.1080/00934690.2019.1629256

https:/ /ktisis.cut.ac.cy/handle /10488 /8607

https://ktisis.cut.ac.cy/bitstream /10488 /8607 /1/remotesensing-06-02176.pdf

The EU/ESA Copernicus Satellite Program https://www.copernicus.cu/en

Sentinel-2 program

Sentinel-2 data hub

Sentinel-2 User Guide

Planet satellite data https://www.planet.com
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CHAPTER 14

SATELLITE POSITION, NAVIGATION, AND TIMING (PNT)
AND SYSTEMS FOR FIELD DATA COLLECTION

SCOTT MADRY

WHITEHEAD;
CIRCLE

MORGAN CREEK , #

Figure 14.1. The Earth, surrounded by the GPS satellite constellation (image courtesy NOAA) and an Applic iPhone
running the MotionX GPS app with background satellite image in the field. Photo: Scott Madry.

This chapter will introduce the methods, techniques, and approaches of satellite PNT (Position, Navigation
and Timing) systems and their use in field data collection in support of Historical Ecology research. Several
similar PNT systems currently exist, which allow for the recording of our precise location on the surface of the
Earth, navigation on the land and water, and precise timing services. PNT systems, also referred to as Global
Navigation Satellite Systems (GNSS), include the original US Global Positioning System (GPS), and the later
Russian Glonass, Chinese Beidou, Indian GAGAN, and European Galileo systems. There will likely be more
such systems in the future. These broadcast free and open signals that can be received by low-cost hand-held
receivers, including smartphones and dedicated field data loggers. PNT receivers vary widely in cost and
precision, but centimetric measurements and accurate timing can generally be collected in the field in real time.
This is obviously useful in Historical Ecology projects, as these integrate accurate spatial and timing data
collected in the field, along with geotagged ground photos and various attribute data collected, with other data
in our project GIS systems for use by all participants in the project. This chapter will discuss the basic
technology, how it works, how it can be used, and some of the common methods of using satellite position
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data as well as some limitations of the technologies. Some comparison of the currently available commercial
and Open Source field data collection systems will be presented, and examples will be shown of field data
collected using PNT receivers. The chapter will present some examples from our own work, including our

long-term research in Burgundy, France and a mountain gorilla conservation project in East Africa.

Introduction

Satellite-based PN'T has now become an invisible part of our daily lives, a hidden infrastructure that is involved
in many aspects of our global transportation, energy, and routine activities (Madry 2015, 2024). Even the
internet, electrical power grids, and stock market trades are timed using GPS timing services. The disciplinary
underpinnings and perspectives of PNT include geodesy, space sciences, satellite applications, geography, and
any of the many individual disciplines that use these tools.

GPS and the other, similar international systems, all rely on a constellation of satellites in a medium orbit
(~20,200 km) that constantly broadcast coded signals which are timed by several atomic clocks onboard each
satellite (Teunissen and Montenbruck 2017). A complex ground control infrastructure monitors the system,
and ensures accurate timing signals are updated frequently, and check for errors. Using an inexpensive receiver
on the ground, including every smartphone sold today, one can map and track their location and time anywhere
on or above the planet, including in fast-moving ships and aircraft. The signals are broadcast in the clear and
are available world-wide without cost to the end user. Military versions of these systems also exist that have
limited access and improved performance.

Many dedicated GPS receivers are available for a range of costs and levels of precision. These are often
separated into three general categories: recreational, mapping, and survey grade systems, with different levels
of cost and precision for each, as described below. Your smartphone (recreational) can give you perhaps 30-50
meters precision on the ground, while an inexpensive dedicated GPS receiver (mapping) can provide ~5-10
meters precision for around US$100. Real Time Differential GPS (survey), available in many GPS receivers,
can provide between 0.5 and 2 meters in real time using a reference receiver that broadcasts local corrections.
Satellite Based Augmentation Systems (SBAS) have been developed that use a network of ground stations to
measure errors in the signals and then broadcast every few seconds a correction signal to GPS units equipped
to receive this, providing ~2 meter precision. Several such systems exist, including the original U.S. operated
Wide Area Augmentation System (WAAS) which covers North America (Figure 14.2). The European-
operating system called EGNOS covers Europe, the Indian GAGAN covers the Indian Ocean area, and the
Japanese MSAS system covers Japan. China and Russia also operate similar systems, but these are closely
controlled and are not publicly available. All of South America, Africa, and much of Asia and the Middle East
are not currently covered (Figure 14.2), but there are also commercial systems available for a fee, such as
OmniSTAR, which are available globally using custom-built receivers.

The high end PNT systems are called Carrier Phase Tracking systems, or RTK, for Real Time Kinematic
receivers, and these process the location data in a different way. This requires a professional grade receiver and
also a fixed base station, and can provide centimetric precision (~15cm), with a price range from around
US$1,500 to several thousands. This is much less expensive than just a few years ago. These systems can also
be rented. Post processing of your field data is also possible, increasing the precision in the lab after you
download and post-process your data using stored correction information. These services are available around
the world, and are generally available for free in many developed nations. So with PNT and GPS, you generally
do get what you pay for, and cost generally equals precision, although the price of all systems continues to

decline over time. It all depends on what you are measuring and how precise you need to be to address the
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questions at hand. But your location anywhere in the world can routinely be mapped to within your arms length
using a receiver costing around US$100.

PNT systems data (and related geotagged photos) can easily be directly integrated with your project GIS
system as either vector points, lines, or polygons, as well having a date and time stamp attached, all depending
on how you collected the data in the field or do your post processing. All current GIS systems, both proprietary
and Open Source, can input the most commonly used PNT receiver formats directly and can convert the data
into standard vector GIS formats for storage and integration with your GIS data.

Figure 14.2. Space Based Augmentation Systems service areas. Image courtesy wikimedia.
https://commons.wikimedia.org/wiki/File:SBAS Service Areas.png

PNT Field Data Loggers

Today, there are several, dedicated GPS-based field data loggers that allow you to enter database attribute
information and collect geotagged photos in the field when you collect your field data. ESRI, the developers of
the commercial GIS system ArcGIS, offers ArcGIS Field Maps, which replaced their similar ArcPAD product
in 2020. ArcGIS Field Maps is a mobile field data application that allows field data collection using a smartphone
or tablet. You can create a map in ArcGIS, download it to your tablets, and then collect data in the field. Some
of our Swedish colleagues work with ArcGIS online and it is in direct contact with Field Maps. They can
simultaneously upload data in real time so that multiple people in the field and lab can see the points and
polygons collected as soon as they are synched, as long as they are in wireless internet contact. These data are
then uploaded and synched at the end of the day in the cloud. You can collect GPS data, add field photos or
videos, and add attribute data and field observations, and you can send data back live if you have a working
wireless or bluetooth connection in the field, or store it for upload later. One limitation is that these data can
only be used within the ArcGIS family of systems. https://www.esti.com/en-us/arcgis/products/arcgis-field-

maps/overview

There are several excellent Open Source field data collection alternatives as well, including QField

(https://gfield.org). This allows you to conduct field work and collect ground photos, videos, and field

observations and seamlessly integrate these into the Open Source QGIS using the free QField sync plugin of
the popular and free QGIS (Figure 14.3).
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X: 968'410.65 Horizontale Genauigkeit: 1.20 m vdop: 4.60
Y: 6'025'831.57 Vertikale Genauigkeit: 1.20 m valid: true
Hohe 412.36 m pdop: 7.50 fix: Fix3D

Geschw.: 0.11 m/s hdop: 5.90 quality: Autonomous

Another QGIS-related field data collection system is Input, developed by Lutra Consulting in the UK. This is
a Free and Open Source app that works on both Android and IOS devices, and allows you to use your
smartphone or a tablet to collect field data as points, lines, or polygons and collect geotagged photos, and then
seamlessly upload these to your QGIS database. It allows you to sync data from multiple field devices and also
works offline in the field if you are out of range of wireless internet (https://inputapp.io/en/, Figure 14.4).

Choose Active Layer

/\-‘

.
« Points
.

l Polygons

] ©

\ Projects GPS Record

Figure 14.4. Input data collection screen and geotagged photos at right. The photo at right indicates three locations
where geotagged photos were taken and the direction the camera was pointing. Courtesy Lutra Consulting.
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A simpler, analog approach is used by Field Papers (http://fieldpapers.org/about) which is an online
program that lets users define a study area and print out a paper Atlas of OpenStreetMap map tiles covering
that area at a desired size and scale. Notes and markings on the maps made in the field can be photographed
and uploaded, in what is called a snapshot, and these are automatically connected online with the original maps
for later visual analysis or printing. It does not use any GIS or GPS, and is strictly an analog map system, which
may be useful in situations where training limitations or access to PNT systems is not feasible.

Field data collection and the design and management of field survey activities varies widely by discipline and
purpose. Archaeological field surveys are structured and conducted very differently from geological, ecological,
or forestry field activities, so your field operations should be grounded in the best practices of your particular
discipline. One benefit is that, if conducted using PNT systems, the field activities of any disciplinary project
design can also be useful more broadly across an interdisciplinary project. Collecting geotagged ground photos
is a good example, where different researchers from many disciplines often see many different things in the
same image. Careful planning, field design, data collection, and data archiving are all important aspects of
successful field activities, and are addressed below. In a Historical Ecology project, it might be beneficial for
researchers from different disciplines to coordinate field data collection forms before the fieldwork commences,
so that the maximum data can be collected by all groups. For an interesting example of how the American Red
Cross approaches using untrained volunteers to conduct post-disaster GPS field data collection, see:
https://americanredcross.github.io/Guides/gisfieldwork/pdf/Guide to GIS Fieldwork v1.1.pdf

i~

Fig 14.5. A color 1834 cadastral map displayed on one of our Garmin GPS units in the field. Photo: Scott Madry.

In figure 14.5, we are standing in the track of an old, now disused road, visible as the sunken, green area at
the right of the photo. In the GPS display, our position in the small blue triangle at center (difficult to see),
shows my position along the track of the old road, as shown in our georeferenced, 1834 historical map on the
screen. The mill and mill pond of Chevalot-du-Bas is visible on the GPS display and in the background at upper
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left, This ability to pick different historical maps to display in real time while in the field is a powerful capability,
and was used extensively for our analysis of water, mills, and ponds in the study area (Madry et al. 2015).

One example of this work was at the old mill site of Noirterre which, according to our historical maps and
records, was destroyed when the dam failed during a severe storm sometime between 1840 and 1848. We knew
that the mill structure was completely destroyed, but had not been able to locate it in the field. Using this
technique, we were able to navigate to the location of the mill as it was indicated on our detailed cadastral maps
(Figure 14.6 and 14.7), and then displayed on our GPS and we located large foundation stones of the structure,
and accurately collected its coordinates for our GIS database, including geotagged field photos.

o AL

1

v

Noialears

ol L

Figure 14.6. Left: The detailed 1838 map of the dam and mill complex at Noirterre that was downloaded into our
Garmin GPS. In the right figure we were standing under the ‘t” in Noirterre in the map, looking to the right across the
old dam. The breached dam at Noirterre in the background. A paper copy of the 1838 historical map is at right, which is
also visible in our Garmin GPS unit. Photo: Scott Madry.

QGIS ground photo geotagging

Once field data are collected, including ground photos and completed field forms, these data can be integrated
into our project GIS. The Event Visualization Tool, or eVis, was a powerful capability in QGIS, that allowed
you to geo-tag ground photos and associated field-collected GPS location and tabular data, and enter them into
your GIS as a vector point file (https://biodiversityinformatics.amnh.org/open source/evis/index.html), as
shown in figure 14.7. In the example shown in Figure 14.7, the vector GPS points are shown on the QGIS
screen at left as red dots overlaid on our scanned 1:25,000 IGN topo map. When the eVis plugin is activated
in QGIS, and when you click on a red point on the map, in this case the top red dot by the top blue pond, it
will open a new window (at right) showing you the ground photo, along with the associated text data that was
collected in the field, which is shown at top right. In this case, it shows a pond that had been recently drained
for maintenance and the collection and sale of the fish. When you click on a point on the GIS map (red dots),
an arrow appears, indicating the compass direction in which the ground photo was acquired.
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Figure 14.7. A view of some of our eVis data field data. At left is the GIS database, showing the modern 1:25,000 IGN
topo map with the location of geotagged photos shown in red.

N.B. eVis has been superseded by new QGIS capabilities in 2020 and is no longer a part of QGIS, but the
same capabilities have been incorporated directly into QGIS as a part of the newly updated version. This is
frequently done, useful external capabilities are incorporated directly into the core system. All you have to do
is go to ‘Import Geotagged Photos’ in the Processing Toolbox and it is done, very simple. This creates a new
vector point layer for each photo derived from the JPEG images in a folder. The point layer will contain a
single point for each photo. The altitude data will be automatically read as the Z value, and the coordinates,
time taken, and direction are all saved in your attribute table. Non-geotagged photos can also be downloaded
and manually geolocated, if necessary, but almost all modern smartphones can collect geotagged pics if you
enable the location feature.

QGIS field use, 1 to 1 field digitizing

QGIS also has a very useful capability to collect vector GIS point, line, and polygon data directly in the field
using a laptop and GPS. The QGIS GPS module, allows you to download and upload GPS data to and from
virtually any receiver or data format. It also has a function that, when a GPS device is attached to your laptop
or vehicle, you can turn on the digitizing capability in the Editing menu, and you can actually collect 1 to 1
vector point, line, or polygon data from a vehicle, aircraft, or on foot, with the simultaneous full use of QGIS
to zoom, roam, and display other data. You are simply conducting 1 to 1 digitizing in the field. This has many
uses. For example, in the old days when we were flying for aerial archaeology prospection, it was very difficult
to actually locate the individual field containing a potential site of interest back on the ground after the flight.
Marking on a map was inaccurate at best, and finding that spot on the ground was even harder. Today, with
GPS, one can track the exact location of the aircraft and view our geotagged aerial photos and GIS data at the
same time, including turning off and on various historical maps and aerial photos, all shown on our laptop in
the cockpit. On the ground, you can track your location in a vehicle across open ground, and can walk the
extent of located ground features, all entered directly into QGIS as vector point, line or polygon features,
complete with attributes and geotagged ground photos.
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MotionX iPhone app

Even at their lower prices today, not everyone can purchase or have access to dedicated GPS receivers, but
virtually everyone today has a smartphone, and all of these include GPS (and Russian Glonass or other) PNT
receivers. While these are somewhat less precise in position than dedicated GPS receivers such as those from
Garmin and Trimble, they can still be useful when doing field transect surveys where each individual needs to
track their own location and data. These apps, such as MotionX and others, are free or nearly free, and they are
intuitive and simple to use for students and others who are not familiar with the operation of dedicated GPS
units.

We used the free MotionX iPhone app (https://gps.motionx.com) for field work in 2018, with a group of 4
students and a faculty supervisor doing forestry parcel surveys (Figure 14.8 and 14.9). Each student used their

own iPhone and after one, quick orientation session on campus before departure, they were able to track their
tield transects, geotag ground photos, and collect field attribute data in the field without difficulty. None had

ever used similar tools before.
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Figure 14.8. Field survey transects in the forested areas of our study area, displayed in QGIS. These were collected in
2018, by a team of four students and one faculty advisor, all using their own smart phones and the free MotionX GPS
app. The field transects are shown in the forested (dark green) areas. QGIS screen image courtesy Scott Madry.

Figure 14.9 shows field transects through the various forests after the data were downloaded to our project
QGIS database. The GPS transects are overlaid on a high resolution satellite image in our database. These data
were collected by the field team each night after a day’s work, and were transmitted via the internet to our
project GIS in the U.S., where they were reviewed and entered into our QGIS database after quality control
checks each evening. The field crews then had access to the previous day’s field work the next morning when
they were ready to start work again.

Our project has continually evolved over the years in our field survey approaches and the use of the available

technologies, and this process continues.
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Figure 14.9. Showing a detailed enlargement of one forest and the transects that were walked by our students. Ground
photos and field attribute data were collected and integrated into our project QGIS database each evening. QGIS screen
image courtesy Scott Madry.

Case study from the Virunga Volcano region of Uganda, Rwanda, and the Democratic
Republic or the Congo

In the late 1990s and early 2000s the author participated in a major research project of Mountain gorilla (Gorilla
beringe beringed) conservation in the Virunga volcano region of Rwanda, Uganda, and the Democratic Republic
of the Congo (Madry 2007, 2008, 2015). This was a major primate ecology project, seeking to understand the
relationships of the several mountain gorilla groups in the area, how they interacted with each other and how
they moved about the landscape and utilized different vegetation zones as these changed throughout the year
(Figure 14.19). We also conducted an extensive anti-poaching program due to the high amount of illegal
poaching in the reserve. A GIS database was created, including historical maps, including a 1:100,000
topographic map at the Belgian Royal Museum for Central Africa that was created by the Belgian Colonial
Service in 1938, which was the best topo map currently available for the entire region (!). We also acquired
recent RADAR satellite imagery acquired by NASA for the project, as well as field vegetation and land use data
(Figure 14.11).

GPS systems were used by the anti-poaching rangers in the field to map both the daily movement and
activities of the various gorilla groups over time, as well as to map locations of snares, traps, and evidence of
poachers such as camps. These data were integrated into the project GIS for both basic scientific research
regarding the ecology of the gorillas within the Virunga reserve, and also for use by the anti-poaching patrols
to focus their efforts to better protect the gorillas (Steklis et al. 2005 and 2007). This work, carried on by others,
continues to this day and has significantly improved the long-term survival potential of these magnificent and
highly endangered creatures. This is an excellent example of the potential that integrated technologies can have
for complex environmental and ecological research programs, even in very remote and inaccessible locations.
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Figure 14.10 Researcher Netzin Steklis, a very early model GPS unit, and a friend in the Virunga reserve. Photo by
Dieter Steklis.
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Figure 14.11. Four maps of the Virunga Gorilla reserve in Africa. Clockwise from top left, a recent topographic map
derived from satellite imagery, a vegetation map produced from GPS fieldwork and satellite imagery, A 3-D view of the
region using GIS and overlaid satellite imagery, a black and white map showing the GPS-derived location and movement
of different gorilla groups, and a Digital Elevation Map of the region derived from satellite imagery. Images courtesy
Scott Madry and the Dian Fossey Gorilla Fund.
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Proper Field Data Collection Methods

It is important to establish a coherent and structured field collection strategy before you begin, and to use this
in all field work conducted in a given field season. Always test your equipment and methods at home before
you deploy to the field, and work out any problems or issues before you are consuming valuable (and costly)
tield days, or have to redo work. The use of checklists and standardized procedures ensure that everyone is
collecting their data using the same methods. It is always a good idea to also collect and maintain analog field
notes in case there are technical issues with the field computers, which can happen. We have conducted sample
tield tests using our GPS and digital map overlays at home before traveling to the field to ensure that the entire
process, from first field transects through entering the final data into the GIS, actually works as planned, and
to catch any issues before the field season begins. Careful quality control and review of the data collected,
preferably each night after the data are collected, is important. Attention to safety issues, especially if students
are involved in the fieldwork, is an important component of your planning, and there should be a consideration
of the potential risks involved, and how you will respond in the event of a medical problem or other emergency
in the field.

The digital field GPS data collected are of very limited size and complexity, and are generally archived within
the project GIS system as vector point, line, and polygon data with their associated attributes or as geotagged
raster photos. It is vital to acquire and maintain good field notes as well, and these should also be archived
appropriately for long term conservation (Chapter 15). There are no copyright issues with using data from the
currently available GNSS systems, unlike some commercial satellite imagery or copyrighted maps, and you are
free to share, copy, and use these GNSS data without restrictions. Proper metadata and paradata should be
collected and archived so that the specific parameters of the data collection methods are saved for future users,
including the type of receiver and positional precision, so that future analysts can properly understand the
parameters and quality of the data that were acquired, in order to understand their limitations and appropriate

use.

What does this have to do with Historical Ecology?

Clearly, the use of GNSS-enabled field data loggers provided us with important capabilities that can be useful
in many aspects of Historical Ecology research and beyond. PNT-enabled field receivers link together our field
work with precise location and time data, allowing our field reconnaissance and data collection to be quickly
integrated into the context of the project GIS system. This allows our field recordings to be spatially connected
with other spatial data such as historical maps and aerial and satellite remote sensing imagery, geotagged photos,
pond pollwn cores, ecological samples, etc. Multiple field researchers collecting environmental data can quickly
use a field data logger to collect standardized environmental, position, and time data using digital field forms
and all of these can be quickly uploaded and made accessible to the entire team through the project GIS. These
systems can assist in the accurate georegistration of satellite or airborne imagery, and in the field verification of
digital image products such as thematic vegetation classifications of remote sensing data. We can accurately
collect 1 to 1 field data directly into our GIS, mapping old roadways, vegetation zones, hedges, or other features.
Such receivers are also very useful in mapping aerial surveys, and prospecting tracks and accurately identifying
the locations of features discovered from the air, something that was very difficult before the advent of hand-
held GPS receivers. Geotagging of field photos and the routine collection of field images by all project
participants is of real value. These receivers can also be used in the other direction as well, in that we can
download random or stratified field locations for sampling strategies, or the results of computer models such
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as predictive models or vegetation classifications, and we can then download these positions to our PNT
receiver and easily navigate to these precise locations on the landscape to investigate. So these receivers can be
used in both directions, if you will. PNT field receivers provide us with an easy-to-use and inexpensive way to
link our field data collections with accurate positioning and integration into our project GIS for analysis and
presentation, so put them to use in your project.

Conclusions

Satellite Positioning, Navigation, and Timing (PNT) systems are now an invisible but vital aspect of our lives.
They enable and drive many daily capabilities that we take for granted, and it will only become more enmeshed
with our ever more technological and digital world over time. PNT and related field data collection tools and
methods, providing the recording of precise locations and time, can be a vital aspect of Historical Ecology
research, if we harness this powerful capability appropriately. Accurate field measurements are a vital
component of our work and these existing and emerging data recording technologies enable our work in
important ways. While many PNT-enabled field data systems exist, their use is generally simple and
straightforward. Proper training and attention to detail are still vital, and always test out your methods and
processes before going into the field to ensure that everything is working correctly. Make certain that all persons
collecting data are using the same approach and are collecting data in the same way for comparability. Conduct
quality controls, and back up your data and ensure that analog copies are available and that you create and
archive both the data and metadata for future use.

Emerging technologies (Chapter 16), have very strong intersections with these field data collection
technologies and methods. New and evolving methods for automatic in situ data collection networks, drone
photography, Al, and automatic statistical analysis of field data, and more are emerging which have the potential
for revolutionizing these aspects of our work. These all involve PNT, so the future of Historical Ecology will
be very interesting. The key point is to realize that these capabilities exist, are quite affordable, are simple to
use, and can be incorporated directly into our work both now and in the future.
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CHAPTER 15

DIGITAL ARCHIVING AND DATA CONSERVATION,
SHARING, AND ACCESS

GREGORY N. JANSEN

Digital archiving is a vital new supporting technology for Historical Ecology, and is, at this time, rarely used.«
This chapter will present the basics of this exciting new field and how it can be relevant to the digitization,
storing, access, and archiving of data in support of Human Ecology projects and the sharing of information on
large projects. We will describe the practice of digital archiving as it applies to data-driven projects like Historical
Ecology and cover all the essential archival concepts to bear in mind while adapting archival practices for your
project, including provenance, original order, fixity, durable storage, disaster recovery, and more. As with any
research endeavor, there are a variety of scales and maturity levels within Historical Ecology projects, especially
with regard to digital workflows and storage. These core archival concepts can be applied to any scale of
Historical Ecology project, from a single researcher with a single computer to a team of a dozen or more

international researchers working within a data center or with cloud storage.

Professional Help

Before we jump into archival theory, perhaps the most strategic first step your project can make is to avoid
mistakes and duplication by identifying any institutional or archival resources that are already available to you.
If your project includes connections to an academic or cultural heritage institution, or if you can establish such
a connection, you will do well to inquire with the archivists at those institutions as early as possible. A
professional digital archivist will be able to tell you if their institution includes materials like your project in their
collecting policies. If so, then you may obtain consulting on your data practices and the use of institutional
services, such as a trustworthy digital repository for long term data storage. Archivists can recommend
appropriate strategies based on your particular data and workflow. Lastly, the research institution can preserve
your data and provide access to it for far longer than a team of independent researchers can possibly manage
themselves. So, before you read much further, consider the resources you have available and take full advantage
of any professional services at an affiliated institution. Having said that, even with professionals involved, the
archival theory and practice we outline here can inform your research practices and can be a refreshing lens for
thinking about data-driven projects.

Content, Context, and Structure

When an archivist approaches a record, whether digital or in physical form, they are concerned with the three
fundamental aspects of content, context, and structure. Archives as a discipline is the practice of preserving
and providing access to records with these three aspects as intact as possible. Content is the intellectual

substance of the material or work, such as its text, data points, images, or sounds. Context is the organizational
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and social circumstances of the object, i.e. who created it, in what organization, and to what purpose. Finally,
the structure is how a collection of objects, works, or items were organized, interrelated, and presented. These
three aspects taken together are considered to be the archival record. An important observation at this point is
that the records that make up a collection are not like the books in a library, which are shelved together for
storage and discovery purposes. Unlike books, records that make up archival collections stick together in a
structure that lends additional meaning to them. Another departure from library-style collections is that archival
materials are often described in aggregations and at a higher-level than individual items. So a letter may be
stored within a series of correspondence between two people. The series will then be described with context
about the relationship between the letter writers. This treatment of individual items as an aggregate is a helpful
concept for digital archiving of your research data, where many digital products may share the same origin and
workflow and be likewise described at a high level.

Perhaps the most salient concept in archives is provenance, the preservation of the original context of an
item, including its origin, chain of custody, and ownership. In museum collections it is this fully detailed
provenance that establishes that a painting was created by Vermeer rather than a skillful copycat. Provenance
is a key property that establishes trustworthiness, such that a visitor can believe that an item is authentic and
that any alterations are known. In the digital world the ease of copying and sending data to new places often
wreaks havoc on digital provenance. For, once a document is emailed around the world a few times, nobody
can easily say who created it or where the latest copy is stored. It becomes difficult to trust that the copy you
have is indeed the latest and best copy. The convenience and fungibility of digital data makes provenance a
particular challenge. Capturing provenance during a digital project requires additional consideration and effort.
Archivists maintain provenance by cleanly separating collections into divisions, based on their different origins,
and preserving notes on the original context in descriptive records. They maintain checksums for each file and
an irrefutable log of how they are transmitted and preserved. In the realm of ecological data, provenance may
be identified in a fine grained way, such as recording the identity, method, and configuration of the instrument
that was used to make observations within a dataset. In some settings, such as Earth remote sensing and
radiocarbon dating, this level of detail is useful beyond the individual project and may be essential to the
reproducibility and contestability of the research. Another key component in scientific provenance, especially
in multidisciplinary fields such as Historical Ecology, is the capture of data processing workflows, such as data
cleaning steps and those methods used to extract and generalize raw observations into the features of a
particular mathematical model, as discussed in the chapters on GIS and remote sensing. When data from many
scientific disciplines is combined in one project it is easy for researchers to make assumptions about how data
has been handled outside of their specific field. Provenance is a helpful concept for identifying the key steps in
the lifecycle of your data and deciding which details may matter to later consumers of that data and related
products in the broader context of historical ecology.

Alongside and in support of provenance, there is the idea of order. In archival practice we talk about original
order as the organizational structure of the records that was established by the creators of the records. Archivists
intend to preserve, as far as practical, the original structure in which records were created or used by a particular
person or organization. Sometimes these original structures are peculiar, sloppy, or haphazard and not especially
helpful to the later visitors to these collections. However, the original order is supplemented by indices and
catalogs that are created by archivists to help visitors find their way into the materials. Whereas in physical or
document collections the original order consists in folders, boxes, and shelves, in digital collections the original
order is usually a mix of drives (or filesystems), nested folder structures, and package files (archival files, such
as ZIP files). Sometimes the original structures that house modern digital materials include specialized data
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systems, such as geographic information systems (GIS), social media accounts, and cloud-based services. Digital
data may be managed and used in a variety of “data silos” that are each accessed in their own way and that may
be hard to preserve or replicate outside of that digital home. For example, it is a harder problem to preserve
the original order of a Facebook account outside of Facebook, than it is to preserve the original order of a hard
drive outside of the original device. It may be possible to export the complete data from its digital origin online,
but replicating how such data was displayed is a challenge. A common practice is to export data in a way that
preserves the logical structure in as much detail as possible; Then take screenshots or short videos to capture
the way that a complex structure of objects is rendered for display to users. With respect to digital data we have
a unique ability to produce multiple renderings or visualizations which may highlight important areas or details
that are easy to miss.

Having established all of the structure and context that surround each archival object, we now finally come
to the object itself, the content. From biological specimens to works of art; from video games to office
documents, archival content comes in many forms and formats, each with intrinsic challenges for storage,
preservation, and access. The content objects in digital collections, even when exported from a digital service,
boil down to data stored in files.

Filesystems, Files, and Formats

Files can only be stored inside of a file system, such as NTFS, which is common on MS Windows computers,
HFS MacOS), or EXT3 (Linux). Within a physical storage device, such as a USB drive, the file system tracks
files by their name and folder path and may also store a few other properties for each file, such as the owner,
file size, the modification data, and sometimes the creation date. Some file systems also support custom, user-
assigned file properties. Aside from these names and properties, the file system treats each file the same way,
as a container for reading and writing a stream of binary data, or bytes.

The internal structure of a file is determined by the software and the user that created it. Some files are
created automatically without user involvement, say by the operating system, while others are created with
minimal intervention from application software, such as when a user writes a plain text file. Most files that we
care about are created by people using application software, such as MS Word or Adobe Photoshop. In these
situations the internal structure of the file follows strict rules laid down by the software designer that we call
the file format. Sometimes the rules are public knowledge and well-documented, but other times those rules
are a trade secret and undocumented. When the intellectual content of a file is embedded in a secret or
proprietary file format, it becomes difficult to access outside of a running copy of the application software.

The intrinsic properties of a file are mostly determined by the rules of the format and the design of the
software. For instance, MS Word stores data about the user who created each file and a record of the changes
made by each subsequent user. Some camera or fitness software will record the geographic location of the
device inside of a photo file or a workout log, while other software that uses the same file format may not
record that detail. The file’s format determines the set of required and optional information within a file, but
users may always establish additional conventions to encode more data, such as a rule that says that a document
file always includes a version number and publication date. Similarly, file formats are often based on other file
formats, adopting all of the rules from the preceding format, but adding some new ones. Newer versions of
Microsoft Word would often add new rules in order to support new software features. For example, many
formats are based on the ZIP file format, which allows software designers to bundle many separate files, each
with their own format, within one file that represents the intellectual entire work. Modern MS Office formats
are based on the standard ZIP format. Modern software often creates files with several levels of composition,
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placing each element of an intellectual work, such as text, images, and sounds, in the most suitable format, then
packaging and compressing these along with structural information that fits them together in one viewable or
playable file.

Technical Debt and Large Digital Projects

As a digital enterprise develops, there is demand to create greater and greater interactivity with collected data
and media, these include new visualizations that demonstrate findings or interfaces that engage with users. That
new interactivity is created through software and that software must be developed, configured, and maintained
by people with the appropriate expertise. Someone, either in-house or a third-party, must maintain all of the
software or it quickly becomes out of date and stops playing its part in the software ecosystem. As a software
project grows more complex, there is a sort of technical debt that accumulates and demands “interest
payments”. Digital enterprises use the concept of technical debt to refer to the software investments they must
sustain in order to keep the entire project technically viable. It includes the activity of maintaining code, but
also the maintenance of the staff expertise required to deploy and configure the entire software system. As a
rule technical debt is ignored by nascent digital enterprises until they are surrounded by it and realize that half
of staff time is spent keeping systems running instead of developing new features and services.

Historical Ecology projects vary widely in the level of software employed. Some consist of collections of
shared files while others include large geographical databases, sophisticated websites, and custom data
processing software. The more sophisticated projects are generally more difficult to keep running and likewise
more difficult to capture faithfully and archive for posterity. As we dive into more specific strategies for
archiving a Historical Ecology project you may find that technical debt is a useful lens for reflecting on
technology choices.

High Fidelity Preservation versus Core Properties

Many normal websites can be captured page-by-page as browseable archives by dedicated web archiving tools,
such as HT Tracks. However, the more high touch, dynamic, and interactive experience of Historical Ecology
that exists, say, in a sophisticated online research portal, is perhaps most faithfully preserved by taking steps to
make that infrastructure itself more durable and sustainable. For instance, adding reliable backup and recovery
procedures and careful documenting the systems involved. It is difficult to faithfully capture the browser
experience of such dynamic sites with current web archiving tools. Typically the best alternative is to capture
the website as it is experienced by making a movie or a slideshow that preserves a snapshot of the interactivity
for a potential future audience or researcher. We then try to identify and also preserve the core collection data
and media that are used to construct the experience of the website. The digital archive system is an excellent
place to store these items, along with documentation and perhaps core data processing code that might be
useful to future researchers or helpful to someone trying to recreate a similar user experience.

Getting Started: Rapid Assessment

Digital Asset Inventory

The first step in creating an archiving plan for your project is to build an inventory or summary of the data you
have accumulated and any incoming streams of new data. The inventory will inform your next steps, such as
formulating an appropriate capture and preservation plan. Hopefully, in a multidisciplinary project, the

inventory can be supplemented by short interviews with the data producers, but often it is the case that a
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producer is not available for some reason. You want to start by grouping your data into large “buckets” with
similar provenance. It may be useful to examine the various layers in your GIS to disentangle the various buckets
of data. A simple spreadsheet is a good way to organize this information. There can be a fair amount of detective
work involved in gathering even at this high level data, so keep it simple for now. Here is a short list of the data
to gather on each bucket:
e  Subject - What is the data about?
e Rationale - Why is the data part of your project? What is its function?
e  Origin - Where did it come from?
e Producer - Who created the data?
e Medium - Where specifically is the data stored? For example, what network drive or what optical disc,
etc..
e Format - What file formats are involved?
e Access - How is the data accessed and used?
¢ Owner - Who owns the intellectual property?
¢ Rights - By what license or whose permission is the data used?
e Privacy - Does the data contain any personally identifiable information or sensitive geographical or
cultural information, such as confidential ethnographic informant data?

e Activity - Is this data still being produced and growing or is it no longer active?

You may end up with a list of five or six sets of digital materials if your project is relatively new and small.
Larger projects may list out twelve or thirteen different types of data, that must be further divided into different
sets by their provenance, for example all of the digital aerial photographs may not originate with the same
photographer, instrument, or organization. They may not all have the same access or publication rights. These
different sets of aerial photographs will need to be listed as separate inventory buckets. Ideally you can organize
all your materials in this way and know with some detail what you will have in your custody. However, inevitably
you will encounter a mess that exists somewhere in your project, materials of various origins thrown together
without a clear organizing scheme. Don’t freak out. This is an entirely normal state of affairs when professional
archivists receive new deposits. The answer to a chaotic mess is that you can lump these materials together and
do the best you can to describe them as an item in your inventory, including where you presently found them
and as many supporting details as possible. A description might be something like, “Maps and Documents,
duplicated in Burgundy 1992-1998” or “35mm Slides - 1981”. You don’t need to dive into every mess to tease
out each and every single dataset. That could take a lifetime and it isn’t helpful at this rapid assessment stage.
So when you don’t know the details, put such mixed materials in a “bucket” and keep moving.

Capacity Assessment

The other form of assessment is a reflection on the resources and time available to your archiving effort.
Archiving is an ongoing act of stewardship, but you first have to obtain basic control and secure your materials.
Further processing can take place with the knowledge that your materials are in durable storage. The initial
phase to secure materials will require a lead person as well as a commitment to assist from colleagues and data
producers. The initial phase will locate and secure the most vital materials against various risks of loss. If time
and resources are severely limited, then your effort may need to retain a sharp focus on the critical task of
locating and securing the data. In doing this you enable others to carry on later when more capacity is available.
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The National Digital Stewardship Alliance (NDSA) has a simple model consisting in four levels of digital

preservation (Table 15.1):
1. Protect the data
2. Know the data
3. Monitor the data
4. Repair the data

These levels are progressive, starting with the first and most important. Within each level the NDSA lists

essential tasks within five categories of storage, integrity, control, metadata, and content. Their Levels of

Preservation 2.0 planning grid is an excellent reference for evaluating your capacity and planning the steps in

building your project’s digital archives. If you only have the capacity to protect the data (level one), then that is

what you should plan to accomplish at this phase.

Table 15.1. Levels of Preservation v2.0=

Level 1: Protect the Data

Level 2: Know the Data

content characteristics including how and
when these were identified.

Storage | Have two complete copies in separate [ Have three complete copies with at least one
locations. copy in a separate geographic location.
Document all storage media where content is | Document storage and storage media indicating
stored. the resources and dependencies they require to
Put content into stable storage. function.

Integrity | Verify integrity information if it has been | Verify integrity information when moving or
provided with the content. copying content.

Generate integrity information if not [ Use write-blockers when working with original
provided with the content. media.

Virus check all content; isolate content for | Backup integrity information and store copy in a
quarantine as needed. separate location from the content.

Control | Determine the human and software agents | Document the human and software agents
that should be authorized to read, write, | authorized to read, write, move, and delete
move, and delete content. content and apply these.

Metadata | Create  inventory  of  content, also | Store enough metadata to know what the
documenting current storage locations. content is (this might include some combination
Backup inventory and store at least one copy | of administrative, technical,
separately from content. descriptive, preservation, and structural)

Content | Document file formats and other essential | Verify file formats and other essential content

characteristics.
Build relationships with content creators to

encourage sustainable file choices.
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We reproduce the first two levels of preservation above and encourage you to visit the websites for further
details and other helpful guides.

Preservation Planning

As you plan long term preservation activities, you want to decide what preservation levels are practical for each
bucket in your inventory. As Historical Ecology often borrows datasets, photographs, and other materials, you
might decide to focus your preservation efforts on the materials that are most original and unique to your
project. Find out which materials in your inventory are being preserved elsewhere, such as by the research
institution that supported the original study? If data is being reliably preserved at a research institution with a
suitable retention schedule, then you might consider offloading the digital preservation work and citing that
data with a persistent identifier and link. If you are less sure of preservation at the original host institution, you
may still want to monitor that preservation activities are ongoing at the host institution and count their copy as
one of several copies of the data.

Using the U.S. NDSA guidelines, create a plan that lists out which preservation level you choose as a
reasonable goal for each bucket in your inventory. The plan might include more advanced preservation levels
for truly unique and irreplaceable materials and light treatment for materials that are found elsewhere or have
physical analogs. In any case, the first step will be to ensure all of your digital materials are protected at level
one. If you end up reaching your initial goals for preserving materials, then you can revisit the plan and decide
if a higher level goal is worth pursuing,.

The second part of your plan will detail how you intend to fulfill the chosen level of preservation for each of
the five NDSA categories. This includes the specific tools, services, and techniques you will use. In the following
section on archival technique we will explore the categories of storage, integrity, control, metadata, and content
to review basic requirements and make a few recommendations that will help you get started.

Digital Preservation Techniques

Storage

We all know that making a backup copy of materials is a hedge against all kinds of damages to the original copy,
such as a hard drive crash or a stolen laptop. A key principle in digital archives is that additional copies will
keep the material safer still. Each copy safeguards against the loss of all of the other copies. The caveat is that
each copy introduces some overhead and costs. Someone must know how to recover the data from all of the
different copies using rehearsed procedures and this person also needs a backup. We use the term replica for
each copy of a digital object and the process of distributing or updating the copies is called replication. A
strategy that mitigates risk by making copies is called a replication strategy. Replication strategies may be
designed to address both specific and general threats to digital materials. First of all, data storage of any kind is
at risk due to mechanical failure, disaster, and human error. On top of these ever present risks, some copies
may face specific risks, such as discontinued funding, closure of a host institution, policy changes, or a sudden
discontinuation of third-party cloud services. A replication strategy can mitigate risks by placing one or more
copies out of reach of any specific threat. For example, to mitigate the risk of data loss due to a localized disaster
we ensure that we have a replica in two or more different geographic areas. To mitigate the risk that an
institution closes down, taking their data storage offline, we place copies at other institutions or with third-party
storage services.
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To protect your data, the first step is to create one additional copy in a separate location as soon as possible.
The second copy will instantly and dramatically lower your risk of data loss, as long as the storage device is
independent of the first copy and not in exactly the same server room. Since time is of the essence, you should
move with deliberate haste, in months not years, picking a location that is readily available to your project. This
can be cloud storage, your institution’s storage service, or a separate researcher’s computer hard drive, as long
as the storage location is persistent, not temporary. Your decision depends upon the resources available to your
project. After a second copy has been made you can better afford the time it takes to investigate further storage
options and consider the specific risks to your project data.

When replicating data for the purpose of backup, there are a few concerns you must keep in mind, some of
which we will explore in the next section on integrity. One that comes up when looking for storage services is
that backup/recovery storage services can be quite distinct from normal storage, especially when dealing with
terabytes of data. One way to save money on backup storage is to use a “high-latency” storage service. This
means that data is stored on magnetic tape or some kind of optical disc and that it must be reloaded from the
medium before the data recovery can start. In other words, your data is not instantly available nor is it accessible
in a piecemeal fashion (random access). Some very popular backup/recovery providers are high-latency and a
good bargain, such as Amazon Glacier (or Deep Glacier for even higher latency) or tape services such as Iron
Mountain. When high-latency data is at rest, you pay very little to persist it. Instead the costs rise when you
need to access the data for recovery purposes. In fact you are paying for use of low-latency (fast, random access)
storage and network bandwidth or transportation during the data recovery process.

When shopping for storage there are three common-sense factors to keep in mind. Durability is the statistical
risk of data loss and should be a published, no-nonsense metric from the storage provider. As an example the
Amazon Glacier services design their system for a durability of 99.999999999% (11 nines). Availability is the
protocols and latencies involved in accessing the data. These must be adequate to complete both backup and
recovery in a reasonable time frame for your project. In order to know your requirements for availability, you
must know your acceptable time to recover and your specific recovery procedure. If a copy takes several weeks
to recover internationally on optical discs, that may be fine. Your project must be able to do without a primary
copy for those weeks. The last factor is cost naturally. You have to be able to afford the cost to persist the copy
over time and, in case of disaster, the cost of restoring the data. Be aware that many IT vendors engage in
aggressive marketing and unclear pricing. Web searches on “backup services” or even some of these technical
topics will turn up a trove of marketing material masquerading as how-to guides, technical articles, workshops,
and even IT conferences. Look for a clear menu of services that lists out prices alongside metrics for service
uptime and data durability. Try to find objective technical benchmarks and reviews of services by a trustworthy
organization. I use a site called “Alternative To”= and search there for competitors to popular cloud backup
providers such as Amazon Glacier, Google Coldline, and Backblaze.

Another important distinction to note before we leave storage is that synchronization services are not the
same as backup storage. Synchronization services keep multiple copies of your files updated across two or more
computers or devices. One popular example is the Apple iCloud for synchronizing music and media collections.
The main problem with synchronization is that change is replicated too fast to offer any safeguards against
operator error. If you were to delete the primary replica of a digital object, the sync service might instantly
delete all of the other copies that it controls on other devices. Synchronization services are not a sound
replication strategy for many reasons, but mostly because they replicate changes instantly and because they give
one service too much span of control over your copies, meaning that any failure or misconfiguration in the
synchronization service would be catastrophic. Along similar lines, a single backup service alone is not a sound
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replication strategy, even if used to store multiple copies, because of the dependency on a specific backup
software and corporation, which can fail, be misconfigured, or become obsolete.

Integrity

We've discussed replication strategies and how to evaluate storage services. Now we turn to the replication
process itself and how it is and isn’t different from simply dragging and dropping a couple of folders onto a
network drive. Integrity is the quality of digital objects being whole and unaltered through tampering, loss, or
corruption. Integrity also includes the completeness of a given collection of objects; That nothing is missing.
We want to ensure that the digital objects and collections have this quality of integrity and we also want to have
documentation that allows us to verify integrity over time and prove it to others. You want to establish integrity
information for your files as soon as is practical, even during the process of transferring materials in your high-
level inventory on local storage.

The primary integrity information you need to capture for individual files is fixity in the form of a file digest.
A digest, also known as a digital signature, is a long number that is created when you feed the entire byte stream
of a file into one of several digest algorithms. These algorithms consume and “digest” the file content. If the
file is altered in any way, the digest number will change too. By comparing an older digest number with a newly
computed one, we can verify that the byte stream is intact. This allows us to verify a replica’s fixity without
having to re-read the byte stream of the primary copy, for example. A common digest algorithm for decades is
MD5, while a more modern one is SHA256. Digests are also used in digital authentication and encryption,
where they must block malicious agents from spoofing a byte stream, so they are more than adequate for the
detection of more accidental or naturally occurring file corruption.

There is a very helpful standard that I recommend you use to build and organize your integrity information,
Baglt v1.0s, which was adopted as an Internet-Draft by the Internet Engineering Task Force (IETF) in 2018
(Figure 15.1). There is also a free tool from the US Library of Congress, python bagite, which meets this
standard and helps you build “bags” of files along with their integrity information in the form of manifest files
that contain calculated digests. A bag in the Baglt sense is a folder of files that follow a certain naming
convention and may include manifests and other control files.

<base directory=/

|
+-- bagit.txt

+-- manifest-<algorithm=.txt

+-- [additional tag files]

+-- data/

| |
| +-- [payload files]

|
+-- [tag directories]/
+-- [tag files]

Figure 15.1. IETF Baglt v1.0 Folder Structure.
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When you run the bagit command-line tool on a folder of your choosing, it moves the folder contents into a
data subfolder and proceeds to build a manifest with digests for each included file. Another command allows
you to verify any existing digests in the bag manifests. If you compress the folder into a ZIP or similar file, then
send it around the world, you can simply decompress the folder again and verify the integrity of the contents.
Note: When bagit moves payload files into the data subfolder it does so as a logical move as opposed to a
physical move. The files involved stay in the same location on the physical storage medium, but the filesystem
catalog is updated to reflect their new logical location or path. Files that are reorganized within the same
filesystem generally remain “at rest.”

The same exact workflow applies in the transfer of files into the future on a storage device. A convention
like this one allows you to deal with files in batches that travel together, which can cut costs significantly in
transfers to cloud-based archival storage. Finally, a Baglt bag allows you to treat many different storage
technologies as “black boxes”, which can be used interchangeably in your archival workflow.

As you gather together digital files and consolidate them into the buckets of your high-level inventory, one way
to reliably transfer groups of files from colleagues is to have them create and send a compressed bag file. This
establishes fixity as early as possible and, through bag verification upon receipt, guards against file corruption

during any number of file transfers.

Control

In this context control refers to administrative control over digital objects. It is important to consider who will
need to have the ability to read, write, update, and delete your files. Often the best way to approach this is to
define some roles within the archiving team and the larger project. In Historical Ecology we can probably
assume that there is a group of colleagues, all of whom should have the ability to read the archive at some point.
A smaller group would have the ability to create and update files in the archive and an even smaller group
should be able to delete items. At first, in achieving your level one goals, you don’t need to enforce these access
rules on data platforms. A small group will need to configure your storage, handle the creation of bags, and
replicate them to other storage systems. This same group can facilitate access, when needed, for the rest of the
project members. The common name for this workflow is a “dark archive”, one which has no publicly
accessible interface and all access is mediated by a technical team. Deciding on proper controls at this stage is
not a theoretical exercise, as the technical team will need consistent guidelines on who is authorized to request
copies or send updated versions of files.

One way to document your controls within a Historical Ecology project is to designate certain people as the
stewards of certain data. These are the people who would be expected to produce or bring in an updated version
of the files. They get the create and update permissions within that part of your inventory. The technical team
would have to check with them if someone else were to request such a change. This may roughly translate to
the “owner” column in your inventory, but in many projects the owner will be an institution or a single person.
There may be more than one steward for a part of your inventory. Much depends upon the scale of your data
and the number of people involved. If your project is still small, the steward and the tech team that configures
the storage may indeed be one and the same person.

Metadata

Metadata is simply information about data objects, singly or in groups. In digital archives we break metadata
down into categories of descriptive, administrative, technical, and provenance. Descriptive metadata describes
the content in terms that resemble a library catalog, such attributes as the title, creator, subject, type or genre,
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and length. At the early stages of building an archive this metadata should be created at the highest level that
still makes sense. The best case would be to have the subject matter expert be the creator of the records, but
this is not always possible. Your inventory buckets may be sufficient, or you may want to create a level of
description below certain buckets with distinct subfolders. In institutional archives and records management
there is deep expertise in collection arrangement and description, including hierarchical organization of material
description into collections, sub-groups, series, sub-series, and folders. Like ourselves, they will certainly begin
with a light description of top-level level divisions, and then secure the data, before exploring deeper levels of
description. Traditional paper archives rarely include document level descriptions of materials as there simply
isn’t time available for this, aside from the papers of famous authors and other luminaries. Researchers in these
archives will use higher-level descriptions to request a set of physical folders and then flip through the contents
to find documents of interest. Since digital technology facilitates many forms of automation, including full text
indexing and search, digital archives can provide greater assistance to researchers looking for specific
information in a large collection.

Administrative metadata that we need at this stage is already listed out in the rapid inventory spreadsheet,
namely ownership, intellectual property rights, licenses, and metadata about administrative controls. You will
have already captured those at a high level.

Provenance metadata is the event record of custodial or preservation actions that have been taken on a digital
object over time. An event is usually recorded for actions like virus scans, format migrations, or digest
verifications, physical and/or legal transfer of custody. This record of events helps to prove that a digital object
has been faithfully preserved over time. Events logs may be maintained within a digital asset management
system, or a dedicated digital preservation repository. Short of such systems we can also maintain an event log
in a spreadsheet or in a comma-separated text file. As with descriptions, we can record events in aggregate at
this stage. For instance, when you verify that a Baglt transfer has been successful and all the files within are
intact, then you can record an event in your event log stating who performed the verification, what software
was used, the date, and path or filename of the bag that was verified.

You may have noticed that we failed to address technical metadata so far and it is because that metadata falls
in the NDSA content category.

Content

Here we are concerned with the digital objects themselves. The advice from the NDSA at the first level is to
document file formats and essential object characteristics. Technical metadata is this kind of information about
the structure of an object. In physical archives this could be the binding style of a book, or the type of paper
used for a photographic print. For our purposes in digital preservation we care about the file format and any
structures that create dependencies between the files. You can say that essential characteristics are any details
necessary to reproduce the intellectual content of an object. For instance, a GIS database is composed of several
different files with different formats. All of them are necessary to reproduce the GIS database. A web page is
similar, wherein one HTML file depends upon supporting image files and perhaps javascript and CSS files.
There are helpful tools to help gather and record file format information, but these tools only rarely recognize
compound objects, such as an ArcGIS shape folder.

Let’s explore tools used to characterize files and produce technical metadata. A powerful tool used to
characterize an entire folder full of files is Brunnhildes (Figure 15.2). If you point the Brunnhilde tool at the
data directory of a Baglt folder, or any folder, it will scan the contents and produce a detailed format report on
file formats it discovers. It produces both a comma-separated text file report (CSV) and a more user-friendly
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HTML report. Brunnhilde can even perform virus-scanning for you at this stage, using the free virus scanner,
ClamAVe. Brunnhilde depends upon a prior project, Siegfried, for file format identification routines. If you
want to know more about this topic, such as identification algorithms and the format signatures they use, you
can find more on the Siegfried websiteuw. Similar tools that you might also want to use include the FIDO tool
from the Open Preservation Foundations: and the Unix/Linux file command. Note that digital collections
often contain files that are unrecognized by all of the above format identification tools. When these tools fail
to identify a file, it is best to look at the provenance and inquire as to how that file was produced; what software

was used, etc.

File formats

Format ID Count
AppleDouble Resource Fork fmt/503 466
ESRI Shapefile Projection (Well-Known Text) Format fmt/320 210
dBASE Database x-fmt/9 177
ESRI Arc/View Shapefile Index fmt/277 126
ESRI Arc/View ShapeFile X-fmt/235 126
ESRI Code Page File fmt/1253 104
Esri Shapefile Geospatial Metadata File fmt/1729 96
Plain Text File x-fmt/111 88
Portable Network Graphics fmt/12 79
ESRI Spatial Index File fmt/319 58

Figure 15.2 Brunnhilde produced file formats report for a set of ESRI Shapefiles.

When an intellectual work is composed of several files, that structure isn’t captured by Brunnhilde or other
file analysis tools. Instead you may need to identify these composite items yourself through a specialized
workflow that may or may not include some simple scripts to detect the relevant file name conventions. For
example, the pages in a book are usually scanned as individual image files in a number sequence from
something like “MyBook_p001.tiff” to “MyBook_p442.tiff”.

As we approach digital preservation in Historical Ecology projects, we confront the issue of compound
objects head on in the form of GIS databases. These structures combine data files, such as map images and
geographic datasets, with configuration information that defines how those data files are folded together into
the combined map and database (Figure 15.3).

When we consider migrating these files to newer formats, such that they can be accessed in contemporary
software, we need to remember that migration of individual file formats may break file dependencies and
invalidate configuration information. This is a key consideration for long term preservation of Historical
Ecology databases. Migration of the GIS configuration files and supporting files must take the entire structure
into account to preserve the intellectual contents. In the example above we can see several files with the same

352


https://docs.google.com/document/d/1xsn6iBDzE1VkiDTelBfntZXkHa62VxC-OHT6_BmdJVc/edit#bookmark=id.93o5n34mhayg
https://docs.google.com/document/d/1xsn6iBDzE1VkiDTelBfntZXkHa62VxC-OHT6_BmdJVc/edit#bookmark=id.kb37xqejdg1e
https://docs.google.com/document/d/1xsn6iBDzE1VkiDTelBfntZXkHa62VxC-OHT6_BmdJVc/edit#bookmark=id.v6uvfsowb4v6

Practicing Historical Ecology

name and different file extensions. When appropriate, all of these should be migrated to new formats together,
preferably using a QGIS-specific migration tool or script.

TRONFLUV_id.dbf
TRONFLUV_id.prj

TRONFLUV_id.qp]
TRONFLUV_id.shp
TRONFLUV_id.shx

Figure 15.3. A set of files for one QGIS database.

Assessment and Level 1 Preservation in the Historical Ecology of Burgundy Project

While writing this chapter that applies archival practices to Historical Ecology collections, I have been working
with Scott Madry and his colleagues to conduct a rapid assessment and reach level 1 digital preservation of the
vast materials collected from their Burgundy region project. Dr. Madry has been conducting archaeological and
landscape research in Burgundy for more than 45 years, alongside fellow researchers, students, and community
members. The project spans multiple disciplines and institutions, as well as multiple generations and continents.
One hub of the project is clearly with a few scholars, presently including Scott Madry and Seth Murray, at two
universities in North Carolina. The broadly defined project has collected materials that describe human activity
and interaction with the landscape over a span of 2000 years. As colleagues have moved in and out of this
project, the collected physical and digital materials have been carefully kept in homes and offices around the
world, but they have never been processed and preserved as an archival collection. Two separate house fires
have claimed a portion of the materials along with personal collections. Labs and offices have also flooded,
causing extensive damage to materials. Meanwhile the digital portion of the project has grown substantially
since the 1970s and includes more and more the digitized forms of materials from the pre-digital era. Much like

the physical materials, the digital copies remain in homes and offices and are subject to the same types of losses.

Rapid Inventory

After some initial meetings we decided to use the project as a test case for the methods I laid out in the chapter,
in particular, the initial assessment and the steps to Level 1 preservation as per NDSA guidelines. As current
stewards of the project, Madry and Murray were able to hire a graduate student from North Carolina State
University to begin the initial inventory of their collections. They created a shared spreadsheet on Google Docs
to identify the initial buckets of data that may later become archival series (Figure 15.4). After many passes
through the inventory, they collected much of the information desired on the content, its provenance,
ownership, format, and more.

An overview of the project collection is essential for discussing the next step to take in preserving the
materials. Such an inventory is rarely fully complete before proceeding, but it must be good enough to
understand the breadth and depth of the material involved. In digital collections this amounts to the scale of
the data, file formats, geographic dispersal, ownership, and access sensitivity. Ownership is one data point that
may be misleading at first for digital data. It is primarily used to establish a clear deed of gift, which transfers
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ownership to a collecting institution. In historical studies much of the source material may be in the public
domain, but nonetheless photographs or other likenesses of that data may be owned by the photographer or
producers. Intellectual works are similarly the property of their producers, generally, although articles,
photographs, and data files may have different ownership if they are produced under contract. Sometimes
ownership will require extensive research to establish according to any sort of legal standard. For the initial
inventory a best guess is sufficient for planning purposes.

1
P Rationale Origin Producer(s) Contributor Medium Format

LI Maps Maps of Multiple, IGN,  Multiple, IGN,
Burgundy BNF, AN, LOC BNF, AN, LOC Paper Analog

- D Scanned maps Multiple, IGN, BN hsﬂﬂlé:pﬁi,'fgé Digital Digital
(YA Vertical aerials analog 1945 aerials US DOD US DOD Analog
-3 Vertical aerials digital 1945 aerials Us DOD Digital
LEI IGN aerials digital IGN mapping ph IGN Digital
LUl Oblique aerials aerail photos Multiple Analog
AN Oblique aerials digital aerail photos Digital
Satellite
3l Remote Sensing data imagery of Landsat, ESA, US, ESA,
various dates  JAXA Japan Digital

PRl GPs files GPS ground

Figure 15.4. Sample rows and columns from the Burgundy Project Inventory.

Some of the other columns not shown above for the Burgundy materials include whether the material is
digital, the owner, repository location (if applicable), privacy level, whether active or not, size, location, and
keywords. In a matter of weeks enough information had been gathered to proceed with the next steps in the
plan, namely capacity assessment. The Burgundy Project has no permanent full-time staff of its own. Instead it
relies upon the effort of a loose confederation of scholars. This effort is dictated by their other commitments
and the availability of funding for travel, scientific equipment, and graduate assistants. Funding is mainly
awarded for new research that produces new piles of data, and not for the preservation of legacy collections.
Therefore the capacity of the Burgundy Project itself is fairly limited. They have access to existing personal
computer equipment and the network storage drives that are supplied by their institutions for active work. They
do not have a server room or storage infrastructure of their own, nor do they have access to a private cloud-
based storage infrastructure. They have no ongoing source of funding to develop either of these storage
infrastructures. So the capacity for preserving this information within the project itself is very limited.

However, being composed of a diverse group of scholars, the project has affiliations with multiple research
institutions and these institutional partners may be able to help meet their needs. Through Scott Madry, we
reached out to the university archivist at the University of North Carolina at Chapel Hill (UNC). In our meeting
they shared all of the services that UNC is able to provide for faculty and which types of collection might fall
under the university archives or special collections purview. While the Burgundy Project does not fall under the
university archives collections policy, parts of it, such as papers and other academic works, may be submitted
to the UNC institutional repository. This repository service is used to preserve access to academic works by
faculty at UNC and mainly used for academic publications. The university archivist was also able to point us to
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the Odum Institute at UNC, which runs the DataVerse, the chief repository for scientific data that is produced
on campus. At their urging we set up an appointment to meet with staff at the Odum Institute.

Meanwhile, Seth Murray contacted the archives staff at his home institution, North Carolina State University
(NCSU). The project team met there with a digital archivist and their lead librarian for collections stewardship
and discovery. They showed us the various services made available to NCSU affiliates, including the consortial
scientific data repository, Dryaduz, of which NCSU is a member institution. After exploring options on the
NCSU campus itself, the team determined that the most promising home for the NCSU affiliated Historical
Ecology data collections will be the consortial Dryad data platform. Similarly, when we circled back to meet
with the staff at UNC’s Odum Institute, we learned that their consortial repository, DataVerse, will be the
appropriate location for UNC affiliated Historical Ecology collections. Dr. Madry is in the process of
submitting his digital data into their system. The choice of two large consortial non-disciplinary repositories
seems fitting for such an interdisciplinary project.

By leveraging their affiliations with UNC and NCSU, the faculty members will be able to preserve their work
without the need to develop their own infrastructure. The institutional commitments to the longevity of the
data are sufficient to ensure continued access by themselves and future scholars. While the team will need to
develop their workflow for the inventory, packaging, and deposit of materials, they will no longer have to design
a replication strategy all on their own or create any storage infrastructure, quite a savings. Though the data will
be somewhat arbitrarily divided into subgroups and split between two consortial repositories, we do have ways
to unify the whole project collection later, after they achieve the NDSA’s Level 1 preservation, using a finding
aid to provide an overview and central access to the series in each subgroup.

After inventory, capability assessment, and initial preservation planning, the next step for the team to reach
Level 1 is to package their data in its current physical location, with fixity information. This step will ideally
precede any significant file transfers and ensure the integrity of files as they are consolidated in one place. The
Baglt tool is used to create a folder with the files and a manifest, then this folder is used to create a verifiable
ZIP package. These ZIP packages will be uploaded to a shared drive or sent in other ways to a team member
who will unpackage them and verify file integrity. If any packaged folders need to be reorganized or pruned
before deposit, this is the opportunity to do so. While the verified copies co-exist on the same physical disk
they can be moved between packages or combined into larger ones. Generally archivists will try to leave items
in their “original order”, i.e. in the organizing scheme that they were used or produced. However, in the case
of the Burgundy Project, the decades of work may mean that original order needs to be somewhat restored as
various partial collections are consolidated from around the world and then split into buckets. Since several
scholars have amassed separate digital collections, there are multiple organizing schemes as well, or the schemes
may have changed in different eras of the project. Preserving these multiple schemes as they are is fine and may
provide valuable insight into legacy tools and workflow. However, if the schemes are nearly the same it may
make sense to consolidate them on some level. The downside is that consolidation can result in loss of valuable
contextual clues and other information, so a prior check with the original creators is the best policy.

After the buckets and the high-level folders within them have been determined, then the Baglt tool will be
used once again to generate fixity information for the new contents. As the buckets are now more or less
formulated, we can start referring to them as “archival series”, i.e. as the divisions within this archival collection.

For practical storage and delivery reasons, a series may need to span several packages or ZIP files. If you
imagine that scholars need to download certain packages on 4G or LTE mobile broadband, then you do well
to limit the compressed form of those packages to 3GB or so, since it will take approximately 10 minutes per
GB to download the data. If you have certain data that is inherently very large, you can either split a large
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compressed file into parts that are downloaded separately, or find a repository that offers other delivery options,
such as grid or cloud data delivery.

Level 1 Preservation and Beyond

As soon as all the Burgundy materials in the inventory have been safely packaged and transferred to the two
consortial repositories, the team can finally take a deep breath, secure in the knowledge that their data is
minimally preserved according to the guidelines of the US National Digital Stewardship Alliance. They will
have split the data into reasonably sized packages to facilitate access by current and future generations
of scholars. They have a main inventory file that describes where all of the data is preserved and its basic
composition. Their Baglt packages contain manifests that allow anyone to establish fixity after future transfers.
They will have ensured that their files do not contain computer viruses and will have secured any packages that
contain sensitive data.

After initial preservation, the next step for the project will be to enhance access to their data by providing a
richer description and wayfinding guide for future researchers. In archival practice this is accomplished with a
finding aid document, which provides an outline of the entire collection and descriptions of its series and
provenance. The finding aids for physical materials might include the shelf, box, folder locations, or other
references that help the visitor find or request them. In mixed and digital collections, the finding aids may
contain hyperlinks or digital object identifiers that can be used to access the material online. In the case of
digitized documents, you may find both a link and a physical location. With their finding aid, the Burgundy
team will be able to reunify the series that have been separately preserved at two different consortial repositories.
In this same way they may want to incorporate the work of future collaborators, wherever their data is preserved.
For future scholars this will provide a single reference point where they can begin their investigations.

Archival Practices and New Projects

It has been a joy to contribute some archival practices to the Burgundy project and it provides an ideal example
for how one can tackle a large legacy project. Fortunately newly funded research projects often require a well-
documented data management plan that guides stewardship of digital materials from the first byte created.
Under the guidance of host institutions, these materials may be steered towards an institutional, consortial, or
disciplinary data repository. In these data plan situations the basic metadata layout (or data dictionary) is
prescribed and data recorded on an ongoing basis for new materials. The replication strategy and other
workflows are thought out in advance and periodically updated. In many cases, a host institution will provide
these plans as templates alongside their repository services. Nevertheless, there are many practices that are
common to both the planned and unplanned archival scenarios, namely inventory, fixity, transfer, and
replication. These practices can be applied at the highest level in a case like the Burgundy project, or on a micro-
level whenever an active research project receives a large deposit of new research data, for example from a new

colleague with a personal collection they wish to contribute.

Conclusions

In this chapter we have explored the many concerns and practices involved in digital archiving your projects.
With a little awareness and preparation, you can set your project on a better path for digital sustainability and
longevity. As we know, archaeological excavation is an inherently destructive practice, leaving behind only
meticulous records and artifacts that are irreplaceable. Other forms of research, such as collecting historical
documents or biological samples, are painstaking and expensive to replicate. Extra care must be taken to
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preserve the value of all our scientific records, especially in fragile digital form. Not only does digital archiving
preserve this record for future science, it enables enhanced collaboration in current projects. By sharing digital
scientific records with colleagues we enable a more robust, inclusive, and transparent research practice. Even if
you do not become an expert in these digital practices yourself, we hope that you understand their value to
your projects and become an advocate for this important role.
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CHAPTER 16

EMERGING TECHNOLOGIES

HISTORICAL ECOLOGY 2.0

SCOTT MADRY

“The only thing we can be sure of about the future is that it will be
absolutely fantastic. So if what I say now seems to you to be very
reasonable, then I have failed completely. Only if what I tell you appears
absolutely unbelievable, have we any chance of visualizing the future as it
will really happen.” - Arthur C. Clarke (Clarke 1964)

We live in a time of unprecedented technological change. New developments in computer science and related
technologies are creating a new world of massive disruptive innovation. The digital revolution, super computing,
quantum computing, daily remote sensing of the planet, big data, smart sensor networks, machine learning,
data analytics and more are reshaping our world, disrupting traditional business, academic and methodological
approaches, and creating new opportunities for gathering data and our ability to analyze that data in support of
our academic interests, including for Historical Ecology. These profound new capabilities are not yet utilized
for most applications, but they are on our doorstep, and hold the potential for enabling major innovations in
many fields as well as new research directions. This chapter will provide an overview of the disruptive
innovations that are emerging, their effects on scholarship and academic culture in general, and their impacts
on long-term and multi-participant projects, including Historical Ecology. Let us consider how new and
disruptive developments in big data, data analytics, data fusion, in-situ data sensor networks, artificial
intelligence, crowdsourcing, citizen science and more could impact the conduct of Historical Ecology projects
and potentially revolutionize the types of science conducted.

Disciplinary underpinnings

The disciplinary underpinnings and perspectives are computer science and, in a broader sense, the Silicon Valley
entrepreneurial culture of disruptive innovation, rapid technology development, and technological risk-taking.
Disruptive innovation is a well-studied process, first described by Prof. Clayton Christensen (Christiansen
1997). Itis where a new and novel innovation or technology becomes rapidly adopted and creates a significant
disruption in a given market or in society itself. The introduction of the iPhone on June 29, 2007 is an excellent
example of this. It simply changed the way people interact with technology on many levels and completely
destroyed the existing mobile phone and mobile computer markets and market leaders. It also had a significant
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cultural impact around the world, where today we simply cannot imagine life without our smartphones in our
pockets. There are many other examples of this.

In my 2020 book Disruptive Space Technologies and Innovations: the next chapter (Madry 2020), I present
several case studies on how disruptive technological innovation can radically transform not only existing
commercial markets and market leaders, but society itself. The disruptive innovation cycle has occurred many
times, and the speed and complexity of these changes are accelerating at an ever increasing rate. Examples of a
disruptive technology in the past have included mass production of the automobile by Henry Ford, the
development of the shipping container and the reordering of global shipping markets, the internet and, more
recently, the Apple iPhone. Today most, but not all, of these changes are driven by the extraordinary advances
in computing and information technology. Elon Musk and his reusable rockets, Jeff Bezos and Amazon’s
delivery of nearly anything daily to your door, (which is a database and internet-based business) and the
pervasive influence of social media are examples of how traditional commercial markets and social structures
are being altered at ever accelerating rates by disruptive technologies. And the spiral continues.

But what does this have to do with Historical Ecology and what exactly do we mean when we discuss these
disruptive innovations? Ultimately, the relevant technologies all revolve around computing, digital data, the
internet, and global, high speed networking advances. Included in this ever longer list are some things you use
today, and some things you have not yet heard of: big computing, big data, data analytics, data mining, data
visualization, cloud computing, edge computing, distributed data computing, mobile computing, open source
tools, the Internet of things (IOT) and the internet of everything (IOE), in-situ sensor webs, artificial
intelligence, machine learning, deep learning, mega satellite constellations for telecommunications and remote
sensing, persistent aerial and satellite imagery, citizen science, crowdsourcing, quantum computing, and more.
Importantly, these are not separate and individual technologies, but all rapidly intertwine and interconnect,
creating a new, digital reality which is rapidly overtaking our world. All of these are, at heart, extensions of
computing and networking into every facet of our lives, including the monitoring and measuring of our planet
and its changing environment, both now and in the future. We, as individuals, as scholars, and as a society, are
ill prepared to digest all of this, and many of its effects are yet unknown. There follows a quick review of what
each of these technologies are, at a very basic level.

Big computing

Moore’s law, first stated by Silicon Valley computer scientist and Intel co-founder Gordon E. Moore in 1967,
generally is interpreted to mean that computing power will double every two years (It’s not exactly what he
said). This has remained remarkably accurate, to this day.

This massive increase in computing power and reduction in size, without increased cost, is what drives our
modern world of smartphones, the internet, and a global digital economy. Transistors made of Silicon, the
second most abundant element in the Earth’s crust after Oxygen, are the heart of our modern world, and we
truly live in the Silicon Age, in the sense of the Stone, Bronze, and Iron Ages of our ancestors. My laptop today
is far more powerful, and has more storage, than the most powerful supercomputer on the planet when I first
started working, and this process will only continue.

Where are we today? Computers have become very, very fast. The largest and fastest computers today are
government-controlled systems dedicated to particle physics and nuclear research. The first petaFLOP
computer (capable of one million billion (10%%) floating-point operations per second) was developed in 2008,
and the U.S. Department of Energy created in 2018 the fastest computer on the planet, which could process
200,000 trillion calculations per second and has over 10 petabytes of memory (1 million gigabytes). It has an

359



Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

Artificial Intelligence and machine learning-optimized architecture for the analysis of massive datasets, along
with an intelligent software architecture, and it cost just over US$200 million. In 2020 the US government
announced the first ExaFLOP computer, capable of 1,000 petaflops, or 10'8 floating point operations per
second and costing over US$660 million, and it will have its first 2 exaFLOP system, called El Capitan, installed
by 2024 (Smith 2021). These are simply examples of how large and fast computing has become, and Japan and
China are constantly vying with the U.S. for the fastest computer crown each year. And all of this flows down
to our personal computers and smartphones, which have significant processing power and continue to be more
and more capable, and with more storage as well, for about the same price that a very early PC cost twenty

years ago.

Big data

The reason for big computers is big data. We live in a world of very big data, and the numbers are staggering.
We now live in a truly digital world, and massive amounts of data are generated, stored, analyzed, and shared
on a daily basis. In 2012, IBM estimated that we collectively create some 2.5 exabytes (2.5 billion gigabytes) of
data each day. For example, Amazon, the world’s largest retailer, does not have a single retail store, but operates
its business entirely online with over 42 Terabytes of databases serving over 40 million customers around the
world each year. They ship over 66,000 products every hour of every day, worth over $400 million in sales each
and every day of the year. All of this is done with very big data and very big computing.

Planet, the world’s largest commercial satellite data provider (that was just a Silicon Valley start-up a few
years ago) has over 40 Petabytes of imagery data available to its customers online, and collects over 3.3 million
square km of imagery every day of the year. Google is the unquestioned data king, and is estimated to have as
much as 15 exabytes of data, and it processes over 3.5 billion requests each day, processing over 20 petabytes
of data daily using over 1.5 million servers operating all day, every day. That is big data, and it is available to us
all whenever we want it from wherever we are using high speed wireless internet and our personal laptops and

computers, tablets, and smart phones.

Data analytics, data mining, and data visualization

Once we have big computers and big data, we need to be able to analyze and search for patterns and to
understand and visualize these patterns in nearly real time. This is the province of data analytics and data mining,
which are very big business today and have impacted our world in transportation and logistics, healthcare,
weather and severe storm prediction, environmental monitoring, and more. Data analytics itself is so complex,
and the data sets are so large and dynamic, that it is, in turn, very much powered by Artificial intelligence (AI)
and Machine Learning (ML).

Artificial intelligence (Al), Machine Learning (ML), and deep learning

One of the main limitations of big computing is the requirement to have humans do all the work on the data.
People are so much more limited in many ways than machines, with their need for sleep and lunch and vacations
and all, and the development of computers that have artificial intelligence and the ability to learn has made
possible the analysis of massive databases in a way that humans simply can not do. Al is driving much of the
data analytics today, and as machine learning matures, computers are taking over more and more of the data
processing tasks. Narrow Al includes existing things like Siri, Alexa, and web bots. Al is already here, with over
100,000 million of Amazon’s Alexa systems in use around the world. General Al is quite different, and will,
rather soon, have such advanced capabilities that you will not know if you are interacting with a human or a
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computer. Federated learning is a new concept, used in the medical field, including screening for breast cancer,
where data from many different hospitals are mined and analyzed, all the while maintaining the patient
confidentiality of each institution and patient. Deep learning is a specific type of machine learning that is
designed to use neural networks to more accurately mimic how humans learn and process data, as opposed to

more linear and traditional machine learning approaches, as shown in Fig, 16.1.

Artificial Intelligence:

Mimicking the inteligence or
behavioural pattern of humans
or any other living entity.

Machine Learning:
Atechnigue by which a computer
can "learn" from data, without
using a complex set of different
rules. This approach is mainly
based on training 2 model from
datasets.

Deep Learning:
A technigue to perform
machine learning
inspired by our brain's
own network of
neurons.

Figure 16.1. The relationship between Al, Machine Learning, and Deep Learning. Image courtesy Wikicommons.
https://commons.wikimedia.org/wiki/File:AI-MI.-DIL..svg

CrowdFlower, Mechanical Turk, and CrowdAl are commercial firms that sell commercial Al services today.
These train computers to automatically analyze end users health data, retail sales, transportation networks, and

satellite imagery. Many more are being developed.

Cloud computing

Massive data centers are operated around the world by governments, corporations, and even individuals, and
the cloud (which is actually just using somebody else’s computer over the internet) is very big business, all
driven by high bandwidth internet and inexpensive data storage, data analytics, and data processing. Amazon
web services (AWS) s the largest cloud data provider today, owning about %5 of the cloud, but Apple, Google,
Microsoft and many others are also very much involved in this growing business of hosting and processing
other people’s data. AWS also provides on-demand large-scale virtual computing as well as long-term, secure
data storage, Al, machine learning, and broad scale bandwidth, all on a pay-as-you-use model. Big computing,
big data storage, Al, and data analytics all go together, and are the integrated engine that drives our modern
digital world. This will only become more pervasive.
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The Internet of things (I0T), and the internet of everything (IOE)

Traditionally, the internet has connected computers to other computers, and this has been extraordinarily useful,
but today, smart devices are popping up everywhere, and this trend is accelerating rapidly, connecting many
millions of devices to the web, and this will be a major sea change in how computing is done. Smart TVs, smart
cars, smart houses and smart refrigerators that will reorder your favorite foods when you are low, GPS enabled
dog collars, and millions and millions of other smart devices are coming soon. These all will be interconnected
in a digital web, but they also may bring with them a new reality of ‘sensor overload’ and there are serious
privacy and security issues that will have to be addressed in all of these new digital technologies. But the age of
billions of interconnected smart devices, the Internet of Everything (IOE) is fast approaching.

In-situ sensors and sensor webs

One of the most directly applicable emerging technologies to our work includes developments in in-situ sensors
and sensor webs, which are a specific type of IOT. Networks of small, low-cost, solar-powered sensors can be
seeded throughout a study area that will then collect and send back real-time data of various parameters to be
constantly sorted and analyzed. (Teillet, Gauthier and Chicagov 2012). Large city traffic lights are a good
example. The integration of microsensors, solar power, low cost computers, and high bandwidth wireless
communications has enabled the development of in situ sensor networks for a variety of applications. Water
quality and flow sensors, soil parameters, vegetation parameters, solar radiation, all can now be collected
remotely using smart sensor webs. Their use is very much in its infancy but shows great promise for our future
Historical Ecology work.

Remote sensing was covered in chapter 13, but there are many new and emerging aspects that deserve to be
included here. Next generations of remote sensing systems, ranging from inexpensive drones to constellations
of thousands of satellites, provide extensive coverage of our planet in a wide range of the spectrum. Today, the
company named Planet operates nearly 200 satellites, and they acquire high cadence and high resolution data
of every part of the world’s land each day, over 300 million square km each day. New, high resolution RADAR
satellite systems can acquire imagery at night and through clouds and rain, and new capabilities are available for
purchase. LIDAR systems provide detailed terrain data, and High Altitude, Long Operation (HALO) systems
are being developed that can loiter over a given area for days or weeks, and there are new concepts for smart
systems of integrated aerial and satellite sensors. Improvements are also being made in automated digital image
processing and analysis, with systems like the Google Earth Engine that incorporate all of the technologies
mentioned above for remote sensing analysis over large areas on a continuing basis much faster than could be

done by humans.

Edge computing

Edge computing is a new concept and is, in some ways, the opposite of massive data servers. In this approach,
so many computers and smart sensors will be widely distributed, due to the Internet of Everything, that it will
become inefficient for all data to be sent to huge data servers for processing. In Edge computing, data are
processed as close to the device as possible, at the edges of the net, in a distributed manner, and only processed
data, much reduced in size, is passed along as needed, when needed. Edge computing is a more distributed
model than massive data centers, and will be driven by the millions of smart devices that will soon be a part of

the Internet of Everything. Satellites will soon have onboard data processing, for example, and will download
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only the processed data required instead of the full stream of raw data. This reduces the amount of data shared,
and speeds up the processing as well.

Crowdsourcing and citizen science

Another fascinating paradigm change is the emergence of crowdsourcing and citizen science. Smartphones and
more powerful personal computers have made it possible for thousands of people to acquire data in the field
and share the information broadly. This has become a powerful new tool for activities ranging from astronomy
to birdwatching, and enables regular people, and their computers and smartphones, to be linked together for
field investigations and data processing in ways never imagined before, and this will continue to grow in
popularity and power. Crowdsourcing has also become an alternate source of funding for academic projects
that do not fall into the standard funding processes (like Historical Ecology projects).

Free and Open Source Software (FOSS) tools

The mainstreaming of Open Source software plays an important role in all of this. A new model of freely
available and shared source code makes development much faster and more robust. Having many people
around the world writing, editing, and improving code alters the digital environment for the better, and even
Amazon runs its massive online operations using a collection of Open Source utilities to service their over 40
million customers. This is called the Apache Hadoop Distributed File System. It is a very robust and powerful
environment designed for massive data processing and analysis using large numbers of concurrent computers,
and includes automatic fault detection and avoidance, and is the engine behind facebook, Yahoo and half of
the Fortune 500 corporations today. And it is free and Open Source code available to all completely without
cost (IBM 2021). We have covered the many benefits of FOSS tools in GIS and remote sensing in previous
chapters.

Synergy and integration

A key aspect of all this is that these are not individual capabilities or tools, but they all meld together into an
integrated and very powerful new digital landscape, and this will become more and more so in the future.
Synergy will become the rule in data, not the exception.

Historical Ecology 2.0

What on Earth does this have to do with Historical Ecology? You very well may be asking yourself this question.
A great deal, I would argue. In the space world currently there is much discussion of ‘Space 2.0°. This refers to
the radically different way that Elon Musk of SpaceX, Jeff Bezos, Richard Branson and others in what is called
the NewSpace’ community are approaching space activities. This is opposed to the traditional big government
and aerospace corporation approach of NASA, ESA, Boeing, Airbus, and other major aerospace corporations.
Part of this is generational, but there is also a radically different approach to acceptable risks, goals, rewards,
decision making, and organizational structure. Much of this is also very much rooted in the Silicon Valley
innovative and entrepreneurial mindset of ‘fail early and often’, which is radically different from the traditional
and very conservative government and corporate approach to large space projects.

Historical Ecology has existed now for some time, and it has been successful in establishing its place among
scientific pursuits (Crumley 1994). But it has essentially relied upon the same, original methodological and
technological framework since its inception. So what might Historical Ecology 2.0 look like? What if we
conceived of a radically different and technologically advanced approach to our work that builds upon and fully

363



Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

integrates these powerful emerging disruptive innovations into our research designs and projects? What might
that look like?

Imagine a new Historical Ecology project that is about to be started by a group of recently graduated young
researchers. Unwilling to spend the time and energy to submit detailed proposals for traditional grants to
funding agencies, the group crowdsources the initial funding required, and begins their work with a jointly
conceived research design and work plan, all developed using shared FOSS computing tools. A digital search
of remote sensing imagery archives locates several interesting potential study areas, and an automated search
for the chosen area of historical data, maps, archival aerial photos and other historical information is quickly
conducted in dozens of digital archives and libraries world-wide. A study site is chosen, and an initial drone
flight is organized online which automatically collects detailed LiDAR, thermal, and color remote sensing
imagery of the chosen study area as initial baseline data. Digital terrain and vegetation data are automatically
extracted into the new, cloud-based Open Source project GIS system, and weekly remote sensing data
collection is ordered from multiple sources, which is all automatically processed using Al and ML throughout
a full yearly vegetation cycle, with appropriate vegetation communities identified and classified for analysis. An
Al algorithm decides the best placement of a network of in-situ data sensors, including stream gauges measuring
water quality parameters, and ground sensors measuring soil moisture, weather, and relevant vegetation
conditions. The sensors are deployed using drones (and also field researchers), and the network is configured
using edge computing for the sensor net to collect, process, and transmit their data on a regular schedule for
automatic integration with the project GIS, where the results are automatically made available to the team, who
receive an email notifying them of each update. Machine learning algorithms automatically monitor the network
and watch for unusual patterns in the data. If unusual events are noted, drones are sent to investigate and collect
additional images and data, and emails are automatically sent to project participants to go into the field, along
with the appropriate GPS coordinates and customized field maps indicating the location and nature of the
event to be investigated. A previously unknown historical tax record of the area is discovered in an obscure
local library in one of a series of ongoing library searches, but it is hand-written and also partly damaged.
Thermal and ultraviolet scanning and digital image processing allows the damaged pages to be read, and a
machine learning algorithm is accessed online that, with proper training, is able to decipher the full document.
This is then automatically entered into a spreadsheet for analysis and is shared with the group, along with
automatically generated metadata. The improved optical character recognition algorithm created is made freely
available as Open Source to other researchers world-wide for their use. The automated search for historical
maps, aerial photos and documents leads to the downloading of the most interesting data to create a detailed
time series, and the smart GIS system automatically georeferences them and extracts individual natural and
cultural components representing vegetation and cultural features as new vector or raster GIS files. When each
new data set is located and added, it is automatically quality checked, metadata are created, and a new set of
statistical analyses, area measurements, and time series visualizations are generated and sent to all project
members, including customized data and map representations for each member of the team, depending on
their selected preferences and professional interests. A graduate student chooses to run a new image processing
analysis on several satellite images, similar to that done in a recently published paper that was sent to him based
on his research interests. This is done, all by using a natural language interface that does not require specific
software familiarity or programming skills. Artificial intelligence and machine learning processes find new
relationships between disparate datasets, and create new spatial and temporal models. It also refines existing
approaches as new data are available or new publications suggest new ideas or hypotheses that could be tested.
Data can be reanalyzed and project results can be compared with other, similar projects in similar environments
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using their methods and approaches, and multiple projects in different locations can also be compared over
space and time. Field data, including sensors and ground photos, are collected and automatically sent to the
centralized project cloud computer system for mapping and archiving, and metadata are automatically extracted
from new data and updated as data are analyzed and new layers are created. The project’s advanced digital
archiving system automatically searches for, scans, and sorts new data as it comes in and feeds it into the
project’s digital archiving system, and alerts project members when new photos, recordings, old postcards, or
other data are located on the web, based on their specific interests. Project members can easily access all data
in all formats by location, keyword, data type, or natural language customized searches, and customized maps
or atlases can be generated digitally or on paper on request by team members. Relevant new journal and
conference papers in each discipline are automatically searched for and downloaded, analyzed, summarized,
and sent to project members and sorted for archiving by keywords, location, and other factors. Individual
journal formats, including graphics and citation formats, are automatically generated for use on demand for
authoring new publications or proposals in as timely a manner as possible. Complex final graphics, statistics,

and charts are generated quickly using a natural language voice interface.

Conclusions

All this may sound ridiculous, or even impossible, but it will surely happen, and much faster than you might
think. So what is left for us humans to do? By managing all of the very time consuming and tedious ‘grunt work’
usually associated with such complex research projects, we humans will be free to focus more on the real
problems of interest: theoretical questions, methodological advances, and the analysis of ever more complex
problems over space and time. We can also study ever larger areas and do more comparative analysis between
multiple study sites or with other comparable research programs. Historical Ecology research is inherently
transdisciplinary, and we are interested in the analysis of multiple, interconnected threads of environment,
climate, ecology, geology, society, economics, politics, markets, technologies, and more. The emerging digital
capabilities briefly presented in this chapter will serve a very real purpose by allowing the analysis of levels of
complexity well beyond the ability of a single researcher or even a large team at the present time. The ability to
collect, store, analyze, and visualize massive amounts of disparate data may very well allow us to attain new
levels of understanding, and move Historical Ecology research into a new and fruitful era not possible with
today’s technologies, data, and methods. New questions may be posed and answered, new areas studied in detail,
new ideas can be tested, and new concepts pursued.

Epilogue

Presented above is a consideration of how technology is rapidly advancing and how this will almost certainly
impact how we conduct Historical Ecology Research. It was intended to be an eye-opening read to many of
our more traditional colleagues in the field. But we know that Historical Ecology research is very dialectical in
nature, and there is another side to this technology coin that must also be considered at the same time. Anyone
who has done this type of intensive and long-term work knows that there is a very human side of the equation.
Itis not all statistics and pixels. We all establish a deep and personal relationship with our study area, its people,
and the maps and dusty documents that become important aspects of our lives. Years ago we did a paper on
improving the accuracy of digitizing historical maps, and presented it at one of the leading computer and
archaeology annual conferences (Computer Applications in Archaeology- https://caa-international.org). After

my presentation, several colleagues asked me “why don’t we just develop entirely automated tools to do this?”
and we replied, quite emphatically, that we would never want to do this. We love our old maps, and spend
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wonderful hours pouring over them, studying each ragged corner, wondering what a given feature represents,
and trying to get into the minds of the cartographers who created them and hoping to see in our mind’s eye the
now-altered landscapes that they represent. We would never want to simply have a completely automated
process that takes us, the human mind and heart, out of the equation. And it is the same in the field. All the
satellite images ever collected do not replicate the knowledge (and joy) that we draw from walking through the
fields and woods in our study area, finding a new small indicator of some previous land use, or a fragment of a
long-abandoned roadway that we didn't know existed. It is much more, of course, than a study area, it is a place
that we love and find fascinating and there is no technology that can replicate the personal connections or
insights that are developed by simply being there. An important aspect of how we will have to adapt our work
in the future is not only how we will integrate the tidal wave of technologies that are engulfing us into our future
work, but how we must find ways to keep the human aspect, the human touch, and the human connection in
our work. Nothing replaces connecting directly with the landscapes and places in person, and the bits and bytes
need to be in support of our very human intellectual endeavors, and not become replacements for them.

As Arthur C. Clarke said:

“The Information Age offers much to mankind, and I would like to think that we will
rise to the challenges it presents. But it is vital to remember that information — in the
sense of raw data — is not knowledge, that knowledge is not wisdom, and that wisdom
is not foresight. But information is the first essential step to all of these.” (Clarke 2003).

These advances discussed above, and even more emerging technologies that are on the horizon, have the
potential to ultimately create a new Historical Ecology 2.0 paradigm, one that will be able to address questions
we are currently unable to fathom, and which will bring us much closer to the knowledge, wisdom and foresight
that we seek in our quest to understand the relationships of people and their environments over time. It is now
time to begin to make this a reality. We must begin by starting to harness these capabilities and to use these
new tools, in concert with our traditional and very human actions, in our work today to the extent now possible,
and to seek the participation of experts in these new technologies in our projects. Let us begin to take baby
steps towards Historical Ecology 2.0, but let us also keep what we do a very human endeavor. Finding that
balance will be our task.
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SECTION 5

INTEGRATION AND CONCLUSIONS

This section presents three concluding chapters which deal with how we integrate and
manage all of the disciplinary perspectives and data presented in the previous chapters.
Historical Ecology is unique in the pivotal importance of its interdisciplinary focus and
perspective. It is inherently about how we take all of the pieces presented here (and many
more) and find ways to actually integrate these into a whole which is greater than its
individual parts. Chapter 17 presents some thoughts about how we can actually integrate
the various data and perspectives, as well as how we can actually manage such complex
projects over time in a practical manner. Chapter 18 looks at the fine art of human
collaboration and how we can successfully find ways to work together across the deep
cultural and disciplinary realities that divide us. Getting people to work together
productively is always more difficult than managing data, and we consider how this can be
done because, in the end, if we cannot find ways to work together across disciplines and
cultures, there can be no Historical Ecology research. Finally, Chapter 19 presents some final
conclusions and thoughts about what we have presented in this volume, what it all means,
and where it is all going.
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CHAPTER 17

PLANNING, DESIGNING, AND MANAGING
A HISTORICAL ECOLOGY PROJECT

SCOTT MADRY AND ELIZABETH JONES

In the several previous chapters, we addressed a sampling of individual disciplinary perspectives, approaches,
techniques, and datasets that can contribute to the complex understandings produced by Historical Ecology
research. There are many others that could have been included, but that will have to wait for the second edition.

We now consider how to operationalize the integration, analysis, and production of research results
combining these many very different disciplinary lines of work into a coherent whole.

In this chapter, we consider the practical issues of planning, designing and managing a Historical Ecology
project, from conception to completion. What is described has much in common with any research project,
but there are also specific aspects that must be considered in a Historical Ecology project, which may draw
from several analytical methods, theoretical frameworks, and multi-disciplinary collaborative research. The
topic is approached in the framework of creating and implementing a research design. We will use this structure
to address the different aspects of quantitative and qualitative data, inductive and deductive reasoning and
approaches, the processing and analysis of data and data variables, structuring your analysis, managing and
tracking your work, and presenting your results. Then, some practical suggestions and best practices relating to
how to functionally integrate the various data types and formats that cross traditional disciplinary boundaries
and that advance the practice of Historical Ecology will be presented. All with a goal to operationalize your
research and to be able to work efficiently and productively in a collaboration with researchers from varied
backgrounds using different methods and data. The following chapter will consider the closely related topic of

collaboration in such a project with researchers from other disciplines and academic cultures.

Introduction

Historical Ecology research addresses fundamental questions about the relationships between humans and
human societies and the environments in which they live, across both space and time. Our interests span the
theoretical, methodological, and practical aspects of this work, but somehow, we have to put these all together
in a manageable way, as people working together in the real world. This chapter will consider these practical
aspects of integrating the several subjects presented in the previous chapters into a workable and manageable
program of work that delivers usable results. Very few of us had the luxury of having formal instruction in this,

and we all learned how to do this on our own, through trial and error in our own projects, including lengthy
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discussions with colleagues from other disciplinary backgrounds. We hope that this volume will be a step
forward in this important topic.

Research design

All groups considering conducting Historical Ecology research should give thought to their research design
before they begin their work together. A research design is just a plan, as detailed as possible, but still just a
plan. It should lay out the broad goals, methods, timelines, and desired results of the work to be conducted.
These can be, and should be, living documents shared online, and evolving as the work is done. Often, the
framework can be extracted from a successful grant or dissertation proposal, but we must note that Historical
Ecology work is inherently interdisciplinary, and no single dissertation within a single discipline is up to the
task. There is no single right way to do this, and different disciplines have very different approaches, but it is
better to start somewhere than to skip this step in the research process. It will be something to come back to,
and refine along the way. In a collaborative project, it is important that the research design is developed in
interactive discussions between all participants in the group. A research design document can be broken down
into some of the following components (yours may be different):

¢ General research problem or issue, mission statement, and goals/outputs.

e  Opverarching theoretical approaches and theoretical context.

e Basic questions to be addressed, hypotheses to be tested, and how results will illuminate the research
problem or issue.

e  Methods and techniques to be used to address the research questions.

e Data to be used in your analysis: including historical population and land use data, property ownership,
births and deaths, species data, field work, ethnographic interviews, library research, archaeological
excavation, field ecology work, GIS, remote sensing, GPS, etc. This includes primary data you will
collect as well as secondary data located in archives or libraries or in online archives.

e Data analysis design: the specific process of how the data will be collected, processed, and analyzed,
shared, and integrated.

e Data management plan, naming conventions, security, backups, physical and digital data archiving, etc.

e Desired final products, reports, publications, presentations, websites, social media, etc.

e Project management tools and approach: Gantt charts, timelines, budgets and financials, contact info,
websites, participation agreements, human subjects, etc.

e Participants, roles and responsibilities

We will consider each of these in turn, but it should be noted that there is no firm or required format or
structure for your research design. It will vary significantly between a single summer field project, an individual’s
thesis proposal, and a large funded, multi-institution, multi-year field research program. The overall goal is to
think through all the issues before you commit to begin the work, and to identify potential problems, single
point failures, and other issues as early as possible and to keep them in mind. You then use the plan to track
your progress and expenses as the work unfolds. As stated, this should be a living document which is shared,
revisited, and updated, and which evolves as your work progresses. There is a link below in the references to a
very good example and general guide for how to do this that includes many useful definitions and additional
information, all presented at a basic level (Scribbr 2021a).
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General research problem/issue and a mission statement

What are your overall research goals and how do you intend to achieve them? This should be the first item that
you address. What is your purpose? What do you want to achieve? Specifically, how will this research contribute
to understanding an issue, solving a problem or filling a knowledge gap related to Historical Ecology? And
what are the means through which the research will be carried out? For example, is it a one field season summer
project with a few participants producing a single paper, or a longer-term, major research program? How will
the results be disseminated and what is the expected impact of the research results?

Mission Statement

A mission statement is a succinct statement of overall objectives. It can be helpful to try to write a simple and
direct mission statement of what you intend to do, and the shorter the better. In President John F. Kennedy’s
speech before Congress on May 25, 1961, he stated that the United States "should commit itself to achieving
the goal, before this decade is out, of landing a man on the Moon and returning him safely to the Earth." (John
F. Kennedy Center 2019) This is an excellent mission statement. It is a very brief and direct statement with
clear goals and a fixed completion date. The Apollo project that this simple statement launched ended up
including over 500,000 workers and spent some US$26 billion over 13 years (equal to some $257 billion today),
but this initial mission statement was simple, clear and direct. A simple mission statement of what you intend
to achieve can help you to agree on what you will do before you start, and it can help you decide, down the
road, what is on the critical path and what is not, when priorities must be reconsidered as funding, staff, and
other circumstances change.

What might a mission statement for a Historical Ecology project look like? It is complicated, as there may be
many people involved with different perspectives and approaches. But it is worth trying to consider as a group.
What are we trying to do herer It is common that people come in with different ideas of what is important or
needs to be done. Perhaps there could be one overall mission statement and then there could be several
subcomponents that are linked together.

Study Area

Another key component of your research design is the study area location, dimensions, spatial scale and
granularity of analysis. Will you do a very detailed analysis of one or more small defined study areas, or cover
a larger area at a moderate granularity? We often employ nested focused study sites for more detailed analysis
that are used to inform the larger project area, but all this should be considered before you begin. Equally
importantly, what are the temporal dimensions of the project? How far back do you intend to look in time, and
at what frequency? The differing types of data sets available will most likely span overlapping but differing time
periods and spatial ranges and will have differing degrees of temporal and spatial resolution. Choosing the
temporal and spatial dimensions that will facilitate integration of the various data sets, while still adequately
providing information that speaks to the overarching research questions will be a key factor in determining the
spatial dimensions and times scales of the project. Similar boundaries can be placed around the timeframe of
your work and an assumed completion date. “We intend to conduct X work in Y area over Z timeframe”.

Theoretical approaches and theoretical context and goals
What are the disciplinary and interdisciplinary theoretical frameworks, including Historical Ecology but not
limited to it, that will guide and inform the work? Do you intend to test and advance theoretical approaches, or

rely upon one or more methodological perspectives to guide your work? Is there a specific focus on advancing
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theory, or will you rely upon established theoretical foundations as a base from which to work? One of several
theoretical approaches, as described in Chapter one, can be used. For example, Marxist theory of farm labor,
markets, and production. There are others as well, associated with all the different disciplines that are within
the larger Historical Ecology umbrella.

Basic questions to be addressed, hypotheses to be tested, and desired research goals

Having stated your overall, higher-level goals, next you might consider what are the issues that you intend to
directly study and how you plan to go about implementing the higher level goals stated previously. This takes
your project design to the next level of detail and should present your several specific research questions,
hypotheses, and desired results.

This is where you begin to weave the complex fabric of the disciplinary, interdisciplinary, and transdisciplinary
work that you will undertake. You should state what the research questions are that you intend to address, and
what analysis you will do, and what knowledge you will generate. Here you will begin to conceptualize the
various parts of your project, and, importantly, how they will all fit together into a single entity with integrated
results. Historical Ecology work is different from most disciplinary and even interdisciplinary activities, in that
in many other projects, researchers take either a generally quantitative or qualitative approach. But we inherently
do both (and more), which is rewarding but also complicates the planning and work. The physical and natural
sciences tend to work in and think in terms of quantitative data and research designs, as described in several of
the chapters above. They measure environmental or chemical or other discrete variables and use these data to
test specific hypotheses or to conduct experiments that can be replicated by others. The social sciences and the
humanities tend to work in a much more qualitative sense, dealing with humans and their writings, ideas and
social fabric. Ethnographic, historical studies, and similar scholars work in words and not so much in numbers,
and they approach their work in a different way, also described in the chapters above. One of our goals is to
bring these together in meaningful ways that further our research goals and plan. How are you actually going
to do this?

One way is to specifically lay out the methodological approaches to be used for each aspect of your project.
Quantitative and qualitative scholars approach their work differently, but we can aim to integrate these. Much
has been written about the differences between inductive and deductive research paradigms and approaches,
data, and results, and we will not cover all of that here, but it should be noted that physical science and
environmental science work is usually done using quantitative data and deductive approaches, with specific
variables and data processing approaches. You can set up experiments, describe what you observe, including
patterns and relationships, and create and test hypotheses that can be replicated by others using the same
methods. Historians and those in the social sciences tend to use more inductive approaches, which are less
rigorous in one sense, but which follow their own rules of evidence and validation, as described above. They
seek to discern patterns and relationships, some aspects of which are expressed in non-quantitative terms, such
as the phenomenological, the emotive attachments and sociocultural meanings of lived experience. These
aspects are of great importance in understanding human’s relationships with their environment. Of course,
historians and social scientists also deal with many kinds of quantitative data and can offer good models of
integrating the quantitative with the qualitative. Will you be conducting archival research, ethnography, or case
studies? How will the data be collected, analyzed, and managed in a way that allows integration or linking with
the deductive approach and quantitative data of the earth sciences? Part of the goal of Historical Ecology is to

merge and cross-pollinate between these, and you should consider this up front.
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Literature Review

Reviewing existing projects and their approaches and results can help guide you, so conduct a literature review,
including the most recent results, and see what others are doing and what makes sense for what you want to
do and how to go about it. Nothing works well in a vacuum, so make sure that you are aware of the work of
others, how it was done, what the state of the practice is, and how you can use this to inform your work and
advance the state of knowledge.

Methods and approaches to be used to address the research questions

In this section, lay out the several disciplinary methods and approaches that you will use, both individually and,
later, in an integrated manner. If you have an anthropologist, ecologist, geologist, historian, and GIS-fluent
geographer, what can their skills and toolboxes bring to the project, and how will they fit into the larger, overall
research design? Once you have described the data and methods to be used for each individual researcher (or
team), it is then easier to figure out ways in which all the research can fit together. The results produced by the
various data sets and analyses can be used for independent cross-checks on each other, that can call
interpretations into question when they differ, or validate each other when they agree. Almost always these
independent lines of investigation when brought together enhance our understanding of both the individual

aspects of human-environment relationship as well the functioning of the complex whole.

Data to be used

Once you have defined what your research goals and methods are, what disciplinary perspectives will be used,
what theories or hypotheses you want to test, and what the spatial and temporal extent of your study area will
be, you should define what data you will need to be able to address your various research questions. Each
qualitative research question or quantitative hypothesis to be tested will require its own combination of data
and data analysis, including a combination of new data generated by field work and existing or archival data.
Which data to use can and should evolve over the course of your work. Sometimes new data can be found that
will allow you to address additional questions not originally defined, while conversely, sometimes you are not
able to find the data required to address some of the initial questions that you wanted to consider. In this case,
you have to reassess your research questions so that they match your available data and data processing
capabilities. This is an iterative process (Madry, 2021), but you should define up front what data you intend to
acquire or create that will allow you to address each individual research question or hypothesis, as well as your
overall research design goals. Match your research questions with the data needed, and address how you will
go about both acquiring the data and analyzing it to do the work that you plan.

Data can be thought about in several ways, as qualitative vs. quantitative data, primary vs. secondary data,
descriptive vs. experimental data, among many others. Primary data are what you collect yourself, where
secondary data are previously collected data sets such as governmental records or existing modern GIS data
downloaded from a commercial or government server. You can design your own primary data to get exactly
what you want, but it is costly and time consuming. Secondary data are more often quickly available, and often
available for free or limited cost, but you have no control over the structure or format. A consideration up front
of all of these types of data can provide some new insight into the work ahead. A quick statement of which
types of data are already on hand, what will be acquired from libraries or commercial sources, and what will
need to be collected in the field should be described. Known sources of data should be identified, along with
the costs of the data or travel and fieldwork required.
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Data biases, errors, and limitations

You might also give some thought to the likely or potential biases or other limitations in your data, as these are
inevitable and an up-front assessment of these is useful. Data errors and the likelihood of error propagation
could also be addressed.

Documenting and tracking your data

There are several ways to categorize your data, including data currently available or on hand, data still to be
found, archival data sources, data sets from previous studies related to your own research questions, newly
created data from field work, excavation, ethnographic interviews, GIS analyses, remote sensing, and GPS, data
from available sources, such as paying commercial firms or governmental agencies for specific data, etc. A
simple Excel chart with all your data by project user or use type (GIS vs. ecological field data) may be a useful
way to lay this out, and this will allow you to track the acquisition and later analysis of your data. This will also
be helpful in your digital archiving process. These research projects can generate a great deal of data and
managing it all, what it is called, its metadata, where it is, and what were the original sources, where it is stored,
backup strategies, etc. can be a large job, even overwhelming in large projects. Make a data outline up front and
match your data to your research questions as early as possible.

Field Data collection

Field data You should define the field work to be conducted, methods to be used, and data to be collected.
This should include a description of the field work, field forms and field data descriptions, etc. Will you use
paper field forms, electronic data records, or a combination of both? Approximately how many field workdays
and how many people will be involved? What will the approximate costs be and where do these funds come
from?

Archival data Your plan for archival research should be put here, which libraries or archives will you visit,
how many people for how long, travel costs, online access, copyright issues, etc.

Data analysis design

Once you define the data you will have or need, you should consider the analysis to be conducted. In this
section, you should present how you plan to process the various raw data that you have identified and acquired
into usable intermediate products for analysis. This includes initial quality control (often referred to as QA/QC
or Quality Assurance and Quality Control) of all data. Both the digital data that you generate yourself and data
that you acquire from archives or other sources should be checked before being cleared for use on your project.
Remember the old saying of “Garbage In - Garbage Out”. Proper metadata (data about the data) should be
created and regularly updated as work is conducted. Flow charts are a very useful tool to help visualize and
define this process (Figure 17.1).

Next, if you are using computer software to manipulate and analyze data such as GIS for spatial data or
ATLAS.ti for qualitative data, you should consider what processes will be required for the initial
recategorization and reclassification of individual data sets into useful categories and what manipulation will be
required for importing the data into the software. This is essential preparation of the data for any final analysis
that incorporates multiple sources such as aerial photos and remote sensing, GNSS, field work, historical maps,
and other sources in a GIS.
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Figure 17.1. A flow chart of the data analysis process. Image courtesy Cal Poly Humboldt University.
http://gsp.humboldt.edu/olm/Iessons/GIS/06%20Vector%20Analysis%20Attributes /00 Spatial Analysis.html

This involves an understanding of the differing data types and variables, and the biases inherent within them.
For quantitative data you may wish to develop testable hypotheses that require specific independent and
dependent variables. You should consider the issue of data biases and what inferences or conclusions you can
reach with what data and with what confidence. What statistical analyses will you be conducting and on what
data? Will you be conducting simple descriptive statistics of the land use and land cover of the research area
over time, or will you use more complex statistical analysis approaches or GIS predictive models or hydrological
models? Will you need to develop inferential statistics where data are lacking?

You can use the same flow chart concept to describe in more detail the specific intermediate and final data
analysis processes for your data (Figure 17.2). This is often done for GIS and remote sensing data analysis. This
example was done by a Cal Poly Humboldt University GIS student project, as a part of a larger water resources
project along the Klamath river in northern California.
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Figure 17.2. A more detailed flow chart of the data analysis process for a specific GIS task. Image courtesy Cal Poly
Humboldt University.
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Even if these data analysis processes change as you go along, and they may, laying out a plan of what data

you need and how you will do the analysis helps you in many ways to begin to organize, track, and complete
the data analysis aspects of your project. It is also the first step in your digital archiving process.

Data management

You will need to have a plan to manage and archive your data both physical and digital, and this section presents
the data management aspects of your project. Several funding agencies require detailed, specific data
management, curation, and archiving plans in your proposal, and reporting on a specific schedule. You should
include items such as standardized data naming conventions, data security, backup schedules and off-site
backups, data versioning, long-term data archiving (Chapter 15), and related frameworks for your project data
of all types. How do you intend to implement this aspect of the work? Will each participant be responsible for
their own data? Having a data management guide online and available to all provides a quick reference guide
for all project participants. In many projects, the shared GIS database serves an important role in all this, as a
repository, place for analysis, and archiving of data long-term, but this may not be the case for you.

Data archiving

Both during and after your project, how will the data be stored and archived. What happens to the data when
people graduate or leave the project, or when the project is completed? This includes both digital and physical
data, including papers, documents, field samples, archaeological artifacts, pollen data, ecological and geological
samples, etc. How will you manage the long-term curation, storage, and preservation of all of these? Who owns
all of this, who will have access, and where will it all live? This includes the basic question of who owns which
data, and also the important question of human subjects data. Will any of your data and results be considered
sensitive or restricted data? Will you use data that you have permission to use but not share?

Reporting and Dissemination of Research Results

You should have a general plan for the final results and products. This includes desired final results and final
products, reports, publications, presentations, websites, social media, etc. What are the final goals of all this
work and how will you present your results? You should develop some shared understanding of what your final
results should be, so that all the intermediate work described above all has a goal and purpose. Are the overall
goals to write a multi-author book, submit peer-review journal articles to specific journals, create and manage
a project website, maintain social media sites, complete a Ph.D., etc. What is the timeframe of each of these,
and how do they interrelate? For each, what are your final data deliverables? What types of images, charts, maps,

tables, and visualizations will need to be produced and in what timeframe?

Participants, roles and responsibilities

In this section, you should outline who will play what roles in your project, with the understanding that these
roles can and do change. Who will take the initial leads as Principal Investigator (P.I.), who will be co
investigators (co-I’s), data managers, field work managers, etc. For your final results, who will be the lead on
the various papers or conference presentations? We also discuss this in the following chapter. A realistic view
of how much time each person can work on the project and how that will change is vital for everyone to
understand before you begin. This topic is also covered in more detail in the following chapter, but you should
include information about the people and their roles in your work plan. Having participants clearly understand
their role regarding analysis, field work, library research, etc. helps to avoid problems later on, and we address
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some of these human issues in the following chapter. Often, people wear several hats that change over time,
and that is fine. We like to rotate who is the corresponding author for publications, so everyone gets to wear
that hat in turn, particularly when the topic is close to their expertise. As stated in chapter 18, different
participants will have different needs, timelines, publication goals and availability, and these should be
considered up front and incorporated into your planning process.

Ethics and ethical issues are important aspects of all modern, collaborative research. An understanding
beforehand of what are the requirements to be listed as a co-author, or be acknowledged, and the order of
authors should be clearly laid out. You may want to have all project participants read and sign ethics forms,
stating clearly the ethical requirements regarding issues including plagiarism, ownership and mismanagement
of data, falsification of results, conflicts of interest, and improper academic, personal, and financial conduct.
Sadly, these are becoming a common requirement of modern research projects.

Also to be addressed are human subjects and Institutional Research Board (IRB) permissions, and other
permits required for your work. These can include permits for field work, archaeological excavation and survey
permits, permitted for getting field samples out of/into different countries, access to recent census and
demographic and other data. These all need to be coordinated well in advance and vary greatly county by

country.

Project management tools and approaches: Gantt charts, imelines, budgets and financials, contact
Info, websites, etc.

You should develop and place your project management plan here. How will you track the project work
progress and budget? Will you use Google Docs, MS Teams, or other shared collaborative environments, or
have one person keep it all in Excel spreadsheets? State how you will track the work, data processing and
analysis, funds expended, and timelines and project milestones. Who will be responsible for updating and
reporting these milestones and on what schedule? It could be that each participant does their own, or it could
be a dedicated individual or team. Who will be responsible for these administrative aspects of the project work,
including updating Gantt charts, budgets, and work deadlines and submitting required reporting to funding
agencies? Include here how and how often you will hold in-person or virtual project meetings and how you will
manage meeting notes, to-do items, reimbursements, etc.

Will you have a project computing approach, and will you use each individual’s own computers and software,
dedicated data servers, use the cloud, or a hybrid? You should also consider what tools you will use. For example,
will you do all your GIS using a common platform like QGIS or ArcGIS, or will each researcher be free to use
tools of their choice? If so, how will you share and store the data and deal with data format issues and versioning?
Will dedicated computer hard drives be purchased or will each person be responsible for their own data during
the project and for archiving after?

Limitations

There are certainly limitations as well as benefits of working in this way. Creating a research design plan before
you begin working may seem to be a major project in itself and not worth the time or effort required, but
creating even a skeletal framework of a research design makes a big difference in defining your project, schedule,
data needed, data processing, and in setting expectations, requirements, and goals for all the participants in a
new project. Even doing a first order overview of these issues will be helpful. Of course, it all can change as
the project progresses, but creating such a research design will help you define, track and manage the complexity
of the work and budget, and let you see when particular aspects of the work are behind schedule or over budget.
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All of this takes time, time not spent on the actual project work, and it is therefore easy not to properly consider
project design and management. We want to just start doing the work! But it is time well spent, and the larger
the project and budget, and the longer the project time frame, the more project design and project management
will be required. Once you prepare one research design it is easier to adapt or refine it and it can be the basis
for future grant proposals as well. Including aspects of a well thought-out research design can enhance your
funding proposal and impress funding agencies that you have thought through these issues and have a plan for
moving forward.

Examples from other projects

There have been many books and papers on scientific research design, usually from either a quantitative or
qualitative perspective (Abbot and Martin 2019, Creswell 2009). There are also multiple papers discussing
research design from the various individual disciplines that participate in Historical Ecology such as archaeology
(Halpern 1998) GIS (Steinberg and Steinberg 2015), and ecology (Michener 2008). But there are fewer
references addressing research design specifically in Historical Ecology, and its specific characteristics of
incorporating various quantitative and qualitative data. There have been some articles on this subject that
specifically relate to these types of projects (Eriksson et al. 2021, Lindholm & Ekblom 2019, Lindholm et al.
2015). There are examples of other Historical Ecology research projects addressing these issues. For example,
Santana-Cordero and Szabd address these issues with a review of data analysis and methods in Historical
Ecology working with qualitative and graphics data (Santana-Cordero and Szabé 2019). But there is certainly
room for additional work in this regard, so share what you do and what you learn with the larger community.
Research questions should be openly developed and iterated, with a goal to find aspects that are relevant to
as many participants as possible. Some work will be inherently stovepiped, but finding these cross-cutting
questions will fuel the discovery process. Finding ways for different researchers to address similar questions
with their own methods and data builds a strong crosscurrent of collaboration. Describe the questions that can
be addressed by individuals with their particular data sets, using the methods and standards of their own
particular discipline, before turning to the more integrative aspects of your work. One aspect of this is that this
requires that all of the participants need to learn something about each othet’s approaches, data, analysis, and
results. What can each person or group generate, how reliable is it, and how does it relate to my work and our
overall goals? In this context, the Burgundy Landscapes Working Group develops guiding overall questions at
multi-day, face-to-face meetings that begin with everyone presenting their own data, analysis, and perspective,
all followed by general questions and discussion. After everyone has presented, we have general discussions
and brainstorming to consider commonalities, sharing data, and possible new research questions. ‘Show and

tell” brainstorming events are very useful.

Conclusions

The complex spatial and temporal phenomena that are the subjects of landscape studies and Historical Ecology
research require many data types and data analysis techniques. The development and use of a comprehensive
research design plays many useful roles in this context. Our recommendation is to spend the time to create a
research framework for your project and to use it to track your work and financial progress as your project
progresses. It can start as a simple skeletal framework and be filled in as you proceed, but try to do this, make
it a part of your daily work process, and do please share your lessons learned, best methods, and suggestions

for others to advance the state of the practice, as we have tried to do here. Help others to follow you.
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The next chapter will deal with the closely related but even more complex topic of how we can collaborate
effectively in these sorts of projects. Managing people and teams across disciplinary barriers is a vital and
difficult part of this work, and we will consider how to do this next.
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CHAPTER 18

THE FINE ART OF COLLABORATION
ACROSS DISCIPLINES AND CULTURES

SCOTT MADRY

This chapter will consider the difficult issues regarding people collaborating and working across disciplinary,
national, and cultural boundaries. Here we will consider what collaboration is, and also how these complex
differences are fundamental in both fostering and inhibiting successful collaborations that cross all of these
traditional boundaries. We will present practical suggestions regarding how to create and sustain a complex
project consisting of many researchers from different regions, disciplines, and backgrounds.

Introduction

In the previous chapter we considered the use of a research design to structure the planning and management
of your project in terms of timelines, deliverables, data, and budgets. We now turn to the much more complex
subject of people. Data can be structured and managed, but people must be collaborated with, and people are
so much more complex than numbers, maps, and spreadsheets. We all know that working together is difficult,
even within our own national cultures and disciplines, but working successfully beyond our local contexts can
be much more difficult, if also much more rewarding, and the inherent nature of Historical Ecology work
requires us to do exactly this. But how can we learn how to do this? Where do you start? What can we do in a
practical manner to learn how to succeed in this?

We have previously considered this very issue in this context (Jones et al. 2017) as have several others
(Marzano et al. 2006, Baldwin and Chang 2007), and yet, this is often the most difficult and problematic aspect
of collaborative work. So how can you approach this topic? We propose a consideration of this from a cultural
and anthropological perspective.

Cultures and subcultures

First of all, we must be aware that human cultures and subcultures are vastly different and that we each come
equipped with our own, invisible cultural bubble, formed and elaborated since birth. The study of culture is a
fundamental aspect of the discipline of anthropology, and much has been written and studied about human
culture and its powerful yet invisible role in our lives (Madry 2024).

Not only are we all born into the invisible web of our national/regional/religious culture, but as we mature
we choose to be members of various subcultures, based on our personalities and preferred mix of structure,

organization, and meaning. We all are born and raised in a culture and then choose to become lawyers or
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scientists or bankers or even anthropologists. We all seek to become a member of a group or groups within
which we are comfortable and feel reinforced. Most all Japanese share common cultural traits, but there are
vast differences between Japanese military pilots, business executives, farmers, and fishing workers. We find
our place in the modern world where we feel most comfortable, living and working with others who share our
worldviews: bikers with bikers, airline pilots with other pilots, etc. When we cross these boundaries, people
begin to appear to act ‘strange’, and we often do not correctly read the subtle clues and nonverbal
communications that are constantly being sent, and miscommunications and misunderstanding easily occut.

We see this every day in our work. Archaeologists generally all share a common interest and a collaborative
work approach and enjoy alternately working in the lab and digging in the field, camping out during summer
field season, the thrill of discovery, and the party at the end of the day. We self-select for this professional and
personal lifestyle, while within other disciplines, such as history or organic chemistry, their specific ‘lifestyle’
attracts different personalities who equally value aspects of their work culture, the quiet of a library while
searching a collection of fragile documents, or the structure and order of the white coated chemistry lab. Each
community has their own internally understood set of norms and accepted (or tolerated) behaviors, and shared
concepts of roles, responsibilities, and boundaries. These cultural webs envelop us and are quite invisible to us
from within our own cultural bubble, while the ‘strangeness’ of others is readily apparent to us.

The role of national cultural differences cannot be understated. When American archaeologists work in the
tield with our European colleagues, we find that we all share a common love for archaeology and our craft, but
we find significant differences in not only techniques and methods, but a deep cultural divide between how we
approach and conceptualize what we do and how we do it. This sets up a perfect environment for culture clash,
cultural misunderstandings, and unsuccessful collaborations. We all have seen this in our careers, and each
author of this volume could write their own version of this from their own national and disciplinary
perspective.

Ethnocentrism, the viewing of people from other cultures as ‘less’ or ‘strange’ in their behavior is another
commonly shared human trait that is of interest to anthropologists. We all see how we do things as ‘normal’
and when we come into contact with people who do things differently, it is human nature to see them not
simply as another equally valid variation on a theme, but as ‘less’ or ‘wrong’. We all do this without thinking,
but we can learn to see it for what it is and to repress that urge to make fun or demean a colleague or student
or local informant for acting completely normally from their viewpoint but inappropriately from ours. But first
we have to understand the powerful and yet invisible role that culture plays in our lives. Conducting successful
international, transdisciplinary collaborative work is itself truly an exercise in cultural anthropology, and it is
helpful to, at a minimum, become aware of this.

Beyond the complex cultural aspects of collaboration, there are many other factors to consider. We are each
in a different phase of our professional careers, and we are looking for different things in our work. Peer review
publications are vital for aspiring tenure track professors, while graduate students may be seeking hands-on
skills or data for their dissertations. Those near retirement may simply want to keep their hands in the game
and do only what most interests them. We all have our own needs, desires, and timeframes, and it is important
to try to understand these when putting together a team for a collaborative project. We are all at different points
in our careers and have different professional and personal goals. Some have young families; some have eldetly
parents to care for. We also have different amounts of time that we can devote to a particular project. Balancing
these can be difficult, but it can be done, and the first step is to honestly evaluate and consider what your
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limitations, goals, timeframe, and intentions are, and then share this with your colleagues. Is this a short-term,
funded project for one publication and then done, or are you looking for a longer-term work project spanning
several years? Some cultures see working on weekends and evenings as normal, even required, where others see
this as an inappropriate intrusion. We all come from our own perspectives and they can be very different.

In long duration Historical Ecology studies, the work takes time, and one of the problems of these long
projects is that people come and go and different roles and responsibilities may need to be shared or reassigned
over the life of a single program. How long will your team members be able to work on the project? Often this
is driven by funding, but things change, and people change jobs or simply lose interest. There is a common
problem of loss of institutional memory when people leave, and digital archiving, as discussed above, is an
important emerging answer to maintaining access to data and resources as things change. But it is vital that the
questions of who owns and has the rights to use data, records, and field notes are clearly understood from the
start.

Communication

Communication is the key to all of this. Open and respectful communication about what you are doing, what
you think is important, and what you need creates a fertile and productive working environment. George
Bernard Shaw is reported to have said “the single biggest problem in communication is the illusion that it has
taken place”, and so being clear and explicit not only in what you say but being sure that you are being
understood by others from different disciplines and cultures is vital.

Teamwork

Working in teams together can be difficult and we need to be aware of our own levels of expertise and
experience. Some of us are better at, and are more experienced, in working in team environments, and some
project activities are more team oriented as well. Some are more personally team-oriented, while others prefer
to work alone. Some Historical Ecology disciplines such as archaeology are inherently team efforts, while many
others are individual researchers, and we have to learn how to work together.

Solutions

There are many things that we can do to address these complex issues, both in the practical and short term and
also in the longer view.
In the short term, you might consider the following:

e Learn from the literature and know what others have done. Study other projects and their goals,
methods, data, and results. Learn from the success and problems of others in terms of collaboration.

e  Hold virtual meetings on a regular basis and keep good minutes online.

e  Set realistic but real short-term, incremental deadlines to keep the project moving. Make progress in
small steps. Focus on making progress, including acknowledging making small steps such as finding a new
map, a new document, or other incremental steps.

e Have participants present their work and demonstrate their disciplinary toolkits periodically, so that
the team understands who is doing what and how it fits together. Leave plenty of time for questions and
discussion so that people can explore the connections between the pieces and brainstorm.

e Teach each other the basics of what each participant and their work and data can and cannot do. What

do you and your data and analysis bring to the project? How does it fit with the work of others? What can you
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do well and what can you not do? We tried to explicitly consider these issues in each chapter of this volume.
Understanding the roles and capabilities of all the participants creates an integrated project approach, but this
requires that everyone learn something about what and how the others do their work.

e Hold in-person meetings whenever possible. With Covid, we all became recluses, linked only by Zoom
and similar tools, and they kept the world going, but we should not become too reliant on the ease and speed
of virtual meetings. We often try to schedule meeting times at international conferences which we all attend,
so that we can have that valuable face-to-face interaction. Nothing replaces face-to-face meetings and personal
interaction.

e Start a journal club, where one person selects and reads an article of interest in turn and summarizes it
for the group at each meeting, to keep abreast of new developments and better understand each othet’s
literature, methods, and results. This is a very efficient way to keep up with new developments and to see what
others are doing and how that might be of value to your work.

o Consider your funding situation up front. How much can you do with the funding on hand, and how
likely is additional funding and on what schedule? You can do a lot with little to no funding (we have learned
this lesson well), but it slows the project down. Money makes things happen quickly because people can fund
their working time. The backside is that you can spend a tremendous amount of time and energy writing
proposals that don’t get funded.

e Track your progress using the tools presented in the previous chapter. Manage your project and know
when things are moving and when they are not, where funds are being spent or not, and where things are
getting bogged down. Use shared environments like Google Docs so everyone has access to all the information.
Make sure that people update things.

e Set deadlines and stick to them, and do not fall into the trap of ever-receding rolling deadlines.
Constantly slipping deadlines are actually no deadlines at all, and people become used to being able to put
things off again and again. Develop a culture of meeting deadlines, so set realistic ones that can be met and
reward your colleagues when they make progress.

e Be productivel Try to create an ethos of productivity and reward people when they produce. There is
no substitute for producing.

e Ultimately, Be kind, supportive and curious towards each other’s work. Academia is deeply founded
on skeptical criticism. For research to be trustworthy, its liability must be tested and scrutinized, which may
lead to destructive negative criticism. We must not forget that we are humans and that we need to feel safe
and supported in order to be creative. Positive feedback and open curiosity will both allow for more open
sharing of ideas, and also be more fun for everyone.

e Never assume what you don’t really know, and never assume negative intent when a misunderstanding

or miscommunication would explain the problem.

In the long term

Collaboration, like so many human things, is a learned skill, but it is rarely taught or addressed in a professional
or academic context. Like teaching, it is just assumed that we learn how to do it, and people have to figure it
out on their own, usually by making mistakes. This is a major structural failure of our current educational
paradigms. For the longer perspective, we should all promote the issues of cultural education and practical team

building in our educational activities, especially at the undergraduate and graduate school levels. Teaching our
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students about these issues, what they are, and how to deal with them should be an explicit part of our
educational activities. Please consider incorporating these into your teaching and work environments.

We can do this through a mixture of team exercises, conflict resolution exercises, and team building activities.
Each of these are important. We need to create and require structured team activities and allow students to
work through problems and have them learn ways to resolve these conflicts in an academic setting where failure
can be a positive learning experience and not a career-ending disaster. We can consider each ‘failure’ as a
learning experience. In the end, we need to provide our students with the skills of how to work in diverse teams,
and this is rarely explicitly offered. Also, we all know that increasing international travel and academic exchanges
and field programs will help create a more capable next generation of globally minded scholars. Each student
should be encouraged to study abroad, learn a foreign language, do summer field work in a foreign country,
and engage in other cultural broadening activities as a part of their standard academic training.

For our more established and experienced colleagues, we all should also be honest about the hard lessons
that we have learned and how we have addressed these issues, both successes and failures. Often, these are
considered ‘dirty laundry’, not to be professionally discussed except in private, but we all have lessons and
techniques that we have learned regarding international and interdisciplinary team skills that we should be more
willing to share more openly to improve the state of the practice and to better prepate our students and younger
colleagues for what they will face. We all want to point out our successes and naturally tend to hide our failures,
but we can all learn from failure as much or more than we can learn from success. Be honest and open about
sharing what did not work in the past, in order to help others avoid the same pitfalls.

Conclusions

Working together in research projects that cross cultural and disciplinary boundaries can be difficult. It can
certainly complicate the work, and it also inherently slows things down, but it is a vital aspect of conducting
Historical Ecology research, and it can be done. We can also take comfort in the fact that this is not a new
problem. In Richard Maye’s translator’s introduction to Fernand Braudel’s A History of Civilizations, he points
out that, in the introduction to the very first issue of the seminal Annales d'histoire économique et sociale journal in
1929, the editors Lucien Febvre and Marc Bloch (the founders of the Annales school which has significantly
influenced Historical Ecology) wrote:

“Nothing could be better than for each person, concentrating on a legitimate specialization,
laboriously cultivating his own backyard, nevertheless to force himself to follow his neighbor’s
work. But the walls are so high that they hide the view... It is against these deep schisms that
we raise our standards” (Maye, 1993).

So let us again knock down those walls and enhance those views and raise our standards anew.
Happy gardening.
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CHAPTER 19

FINAL CONCLUSIONS AND RECOMMENDATIONS

ANNA WESTIN, ELIZABETH JONES, SCOTT MADRY

This chapter addresses what we have covered, what we have learned, and where we might go from here. We
make specific recommendations for those considering beginning an Historical Ecology project, or any similar
landscape-oriented project that crosses traditional disciplinary and cultural boundaries, each of us three editors
from our own individual experiences and from our work with this book.

What have we presented here?

This volume was designed to be a practical and understandable guide to the underlying techniques and methods
of Historical Ecology research. Our goal was to provide a single volume that would enable and foster additional
research in these related fields, and to, hopetully, allow you, the reader, to avoid some of the many mistakes
that we have made along the way. In the 18 chapters above, we have tried to provide an understandable look
at many, but by no means all, of the various pieces that can be included in this exciting domain of research. We
recognize that there are important aspects of Historical Ecology that we did not cover, but we hope that we
have included most of the basics. We sought to provide a series of coherent and understandable looks at the
types of evidence, where they came from and how they work, including case studies of each disciplinary domain.
We have also considered how to work with the various data sets and their analysis and integration, as well as
project management, and how to collaborate and work together across disciplinary and cultural boundaries. We
hope that we have, at least partly, succeeded, and have provided you with a useful toolkit for starting and
successfully conducting such research projects, including finding collaborators with appropriate skills. We also
intended this to be used as a textbook for courses at both undergraduate and graduate levels and in several
fields of study, and we hope that this will help instructors to offer more courses in Historical Ecology and
related fields and to get more students engaged in this fascinating domain of research.

What have we learned along the way?

For each of us, the three editors of this volume, our own academic journeys have been a complex mixture of
success and frustration, planning and happenstance, good fortune and dead ends. We have each taken our own
unique path, but we have found common purpose in working together across the great chasms of disciplinary
borders, and have, we hope, advanced the state of play in the process. Ultimately, we all feel that our individual
journeys have been worth the effort, and we would do it all again, if hopefully better. We have learned that it
takes time to conduct long-term diachronic research, but that it is well worth the effort. One of our primary
intents for this volume was to improve and make such work more efficient.
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Here are some recommendations that the editors would like to make to students or colleagues who are
considering conducting similar research projects. The recommendations are based on our experiences coming
from different academic disciplines and experiences and we have chosen to clarify this by each presenting our
individual recommendations.

Recommendations from Anna Westin - agrarian historian and ecologist

Historical ecology can challenge established “truths” in history and ecology. Ecosystems are, and have always

been, the basis of our material world, economy, and inspiration as well as causes of conflict. Historical research
made with no, or little, thought on the role of ecosystems, therefore risks drawing the wrong conclusions about
past communities and conditions. Including deep ecological knowledge within historical analyses will add new
perspectives, pose new questions, question old interpretations, and can therefore rewrite history. Similatly,
ecosystems have, by tradition, been described with no or very little historical knowledge. The fact that most
ecosystems have been under the influence of humans must be taken into account in order to understand how
ecosystems have been shaped. Historical Ecology has a key role in conservation biology, since the management
of biodiversity rich, human-influenced ecosystems must be based on knowledge about the historical processes,
natural and anthropogenic, that shaped them. Historical Ecology research takes place in the intersection
between history and ecology and has the potential to challenge established “truths” in both these academic
tields. The following recommendations have guided my work and that of my Historical Ecology colleages, in
order to come further in bringing new knowledge to both history and ecology.

Weaving multiple sources of knowledge, from the archives and the field. The different sources of knowledge
can be seen as warp and weft in a woven fabric, which together generates a fuller picture than the different
threads would reveal side by side. The integrated picture is created from dialectic methods weaving together
information from sources (for example archival documents, cadastral maps, biological cultural heritage and
interviews) where information derived from one source is used to formulate questions to use when addressing
another knowledge source. The findings in the second source will typically generate new questions, used to
address other sources and then the process continues until satisfaction. This also means that the sources,
including the field, need to be revisited several times before the work is done. This interplay between the
knowledge sources is key to understanding the complexity of past landscapes.

Take your time in the field. In all kinds of fieldwork, it is important to take the time to ponder and reflect

several times on what you see. We all have our individual mental “glasses” or biases that condition us to see
what we expected. In order to let the unexpected also appear before our eyes, we need to take the time and
allow ourselves to look with fresh eyes and an open mind. Then we will be able to observe new details, look at
things from different angles and perspectives, allowing a fuller picture for our interpretation.

Include research members with other kinds of knowledge and know your own “glasses”. Interdisciplinary

research relies on knowledge from different disciplines. Although it is important that each person has at least a
basic understanding of the disciplines involved, we cannot be an expert on everything. We need to collaborate
with persons that have other kinds of knowledge and experiences than ourselves. Even if it is possible for one
person to be good in many things, having several people will always bring other knowledge and perspectives to
the process. In addition to the academic background, it is important to acknowledge our own history. A person
with a farming background will have a better understanding of agriculture in practice than a city-person that
never set foot on a farm. Farming experience will, for example, be useful for interpretations regarding farming
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methods in a wide sense. Similarly, a person with craft skills will have an advantage when it comes to
understanding how tools were made, or the time required to produce textiles.

Including intuition in data interpretation. The interpretation of data is not always straightforward. As

mentioned in earlier chapters, it is crucial to estimate the quality of the data in the process of interpretation in
order to neither over- nor underestimate their usefulness. On the other hand, my experience is that intuition is
a useful tool in getting ideas for interpretations. Intuition is the subtle feeling of “knowing” without knowing
how we know. We use intuition all the time in our everyday life, and it is also an important part of all research
for getting new ideas and findings which may be tested against the data.

Our current rationality cannot be applied to historical conditions. The overall aim of Historical Ecology is

to understand the past. Through the work with different kinds of historical data, we literally try to travel through
time and see what was going on with people and ecosystems. Since data does not reveal everything, much of
this understanding relies on our interpretation of that data. In the interpretation lies a “time-bias”, meaning that
we have difficulties imagining the important aspects that are no longer present. For example, people in pre-
industrial societies traveled a lot, and most people traveled by foot. Rare sources like diaries may reveal people’s
daily walks to the fields, herding the livestock, the employer, markets, social visits, and church. But in general
we can hardly imagine the implications of travels for people’s daily lives, their social networks and what was
going on when people met on paths and roads. The importance of religion, social networks, informal economies,
health problems and common beliefs of human-nature relationships are difficult to imagine given that norms,
values and perceptions may have been very different from ours. The solution to this is to apply an open mind,
test interpretations that may be “out of the box”, and to be ready to re-imagine our understanding of the past.
Ecosystems have changed through history. Our understanding of ecosystems and how they work comes from
the current landscape, which sadly consists of ecosystems that are biologically eroded and very different from
the historical ones. The cutrrent dense and planted forests are very different from forests in the past, which
often were grazed and used for multiple purposes, and consequently were much more open. Pre-industrial
agriculture depended on vast areas and a large variation of semi-natural pastures to feed the livestock. The
current areas of semi-natural pastures are limited to a few percent compared to what we had around 1850. The
remaining pastures do not exhibit the entire vatiation in soil types, nutrient content, openness, and grazing
regimes that have been present in historical landscapes. Being aware that ecosystems have changed allows for
a more open mind in interpreting past landscapes. Research should also adopt a holistic approach that includes
as many aspects as possible of a past landscape (e.g. plant and animal communities, water distribution, soil
conditions, climatic regimes and prevailing weather patterns, land-use practices, settlement patterns, etc.).
Have fun together, be curious and prestige-less. No one is an expert in everything but if we allow ourselves

to ask “stupid” questions, we will break out of our boxes and create new findings.

Recommendations from Elizabeth Jones historical anthropologist/ archaeologist/
genealogist:

Spend time learning about the general context of the historical period(s) you are investigating. Read general

histories of the period—social, political, technological, economic and cultural histories, as well as ecological,
climatic, and geological studies. Misinterpretation is always a danger in dealing with the past, with the tendency

to attribute our modern understandings of how things work and our current environmental contexts to the
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people inhabiting those past eras. Learning as much as you can about the practices and mindsets of historical
times can help mitigate our biases in working with all kinds of historical data.

Spend time reading outside vour own specialty, and read carefully and thoughtfully the contributions from

other specialists on vour interdisciplinary team. Many “aha” moments come from the cross-fertilization of
your own ideas/interpretations with those coming from other disciplinary perspectives and data sources. Ask
the other specialists on your team questions about their work so that you understand, at least at some level,
how their facts and conclusions are derived. Hopefully some of this will be done with sharing in team meetings,
but go beyond the more superficial sharing to ask detailed questions and have many in-depth discussions about
how your own data relates to the datasets of others.

Be imaginative about possible sources of data relating to human-environment interactions. Don’t just fall
back on the obvious or usual sources. Explore all sorts of historical data for useful information. An example
would be the 17th century French parish records on baptisms, marriages and burials. Today (and since the
standardization of the 19th century) these types of vital statistic records are not very informative of people’s
interactions with their environments (except when looking at broad statistical trends), but in past centuries,
parish priests would oftentimes add notes to the entries on weather conditions, diseases running through the
community, crop failures, detailed information on occupations and farming practices, and how people were
related to each other, all of which can inform about the human/environmental interface. Even in the Middle
Ages, bored scribes would sometimes make comments in the margins of the manuscripts they were copying
about current conditions and practices. The art, photos, literature, newspapers, advertisements, personal
correspondence/diaries, tax records, etc. of historical periods can contain valuable information, either in the
form of raw data, or clues to interpret the data you have.

Pick a research project/research questions that are useful to the people in the area under study. Itis a tenet
of Historical Ecology that learning the history of how people have interacted with their environments over the
course of human history is of benefit in generating ideas and a range of tried and true models for creating a
sustainable planet going forward. However, we can always choose among dozens or hundreds or even
thousands of research questions to answer that fall within this scope of the broad goals of Historical
Ecology. So, in choosing particular research questions, we might as well choose ones that are useful and that
have meaning for the local inhabitants of the area under study. One can choose questions that have direct
impacts on future land use, or that touch on cultural heritage and have historical significance to the people
whose land is being studied without sacrificing any academic rigor or objectivity. To do this, local
representatives should be included in the process of exploring possible research avenues, and also, the results
of the project should be disseminated beyond scholarly books and journals in venues and media that are
accessible to the local populace.

Include local inhabitants on your research team. Including local representatives as integral and respected
members of the research team (even if they don’t participate as often or as intensely as the professional
researchers), not only ensures that the project remains relevant to local interests, it also will directly benefit the
quality of the research. I cannot count the number of times that a conundrum in the interpretation of the data
has been instantly cleared up by a local inhabitant. These residents not only have a more intimate knowledge
of their environment, they also often have knowledge of land-use practices and understandings going back
generations handed down from their forebears. Additionally, they may have historical documents, maps (often
of their family’s property), or items of material culture (like historical farm implements) that they would be
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willing to share with the project. The value of this Traditional Ecological Knowledge (TEK) is discussed in
Chapter 10, as well as ways to effectively and respectfully engage locals in the research.
Be creative with funding and keep going. Conducting long-term diachronic research often requires

substantial funding to pay for salaries, travel, equipment, special analyses, data storage and archiving,
etc. Projects that have steady and secure funding for decades at a time are relatively rare. I have witnessed
many projects falling apart and stopping mid-stream when a major funding source has dried up. Don’t give
up. There are very many ways to fund projects, from large all-encompassing grants to small piecemeal pots of
money for a specific analysis or financing a trip or paying for a student researcher’s time. This is where having
a project that is useful to local entities can be of value as it can open up sources of public funding outside that
of normal academic channels. Over the many decades that our project has been going in Burgundy we have
found ways to parcel out the work so that in times of little to no funding we can work on the aspects of the
project that don’t require funds (e.g., working on data already collected, doing quality control, writing up results),
saving things like travel and equipment purchases for when funding becomes available. The important thing is
to keep the momentum going and focus on the things that can be done with the funds currently available.

Recommendations from Scott Madry, Archaeologist/GIS and remote sensing
specialist/historical cartographer:

Understand the relationship between your data and your research questions. There is an important issue

regarding the relationship between the questions that you want to ask and the data that you have to work with.
In GIS courses, I have often used the analogy of a restaurant to this type of academic research. In this kitchen
analogy, you, the Historical Ecology researcher, are the chef or cook, trained in various types of cooking skills
and techniques. Some are French trained master chefs, some are hamburger stand cooks, each has a different
mixture of skills and experiences. You work in a kitchen that is filled with various tools; pots, pans, knives, and
blenders. These could be the GIS, ethnobotany, paleolimnology, remote sensing, documentary history
interpretation, genealogy, and other data processing and analysis software and capabilities that you have: GPS
receivers, GIS and remote sensing software, qualitative data analytic programs, and more. Finally, you need the
food to cook, and this is our shared data, presented in detail in the various chapters of this volume. You can
have a customer come in and want baked salmon with rice, but you have to have the raw food to make the
recipe to serve the customer or they have to choose something else or go elsewhere for dinner. Our Principal
Investigators and colleagues are the customers at the table. “I want this! Fix me that right now!” The data
analyst is in exactly the position of the cook in the kitchen. You have a certain level of skills, you have some
tools but not others, and you have only the data that you have. You cannot cook food you do not have, and
you cannot process data you do not possess. There must be a reasonable relationship between the ultimate
questions we want to answer and the data that we can access and process. We simply cannot ask certain research
questions unless we have the data at the right scale and right tools to process it with. We have to carefully match
the data that we have, our tools for processing that data, and the questions we want to address. Sometimes we
simply cannot answer a given question with what we have, and sometimes, when new data unexpectedly
becomes available, new questions can be considered and new avenues of inquiry are opened to us. Learn how
to cook in the Historical Ecology kitchen.

Work backwards in time. It is important, if at all possible, to work progressively back in time, from the present

back through the data increasingly remote back in time wherever possible. This is especially true in the
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processing of historical maps, GIS data, aerial photos, and satellite imagery. The scale and spatial accuracy of
such spatial data generally get less and less detailed the farther back you go, so start at the present and then
work back in a stepwise and consistent pattern backwards through time. The lens gets progressively darker the
farther back you look. We did not have this luxury when we started our work in Burgundy long ago, and we
went right from our current maps to our 1759 Cassini map, which was the first historical map we acquired years
ago, and then worked forward as we got new data. This did not ultimately work well, as we started with the
least accurate historical map (ultimately), which had the most spatial error, and much data had to be re-registered
again a second time later. So, if you can, always work from the newest and best data back through time. Tasks
such as georegistration and the extraction of land use and land cover data will be more accurately done in this
way, producing better results. The same holds true for understanding all types of historical data.

Quality control. It is vital that you thoroughly vet all data that you acquire from other sources or develop
yourself. Using students and volunteers to work with data is always an aspect of academic projects, and it is a
good thing. It allows students to learn vital skills and gain useful hands-on knowledge and generates useful data.
But the old adage “Garbage in, Garbage out” is true in this type of project, and so it is vital that you establish
a process of Quality Assurance and Quality Control (QA/QC) for all of your data from all sources. The concept
of ‘error propagation’ is important in all projects using GIS, and small errors in one category in one data layer
can easily spread to other, derived layers, quite unseen. Our practice is to have a second set of eyes always do
this QA/QC check before new data are ‘cleared’ to be shared and used for analysis. People should never be
relied upon to have to check their own digital work, just as it is very difficult to copy edit your own writing. We
often see what we know should be there, rather than what is actually present. We frequently find small errors
that must be fixed before the data are made available for use, both in data we generate and also in data acquired
from government agencies. This is another good reason for accurate documentation of work and metadata and
paradata. You want to be able to determine, after the fact, which work was done by which person so that each
dataset has a documented record. Even data created under contract by professional companies contain errors,
we have found.

Establish standardized processes for working with your data. And then stick with these, or alter them when

needed, but document this process. Each person should do their data documentation as they go, and keeping
work notes and field journals is also important. Your data and project will often last longer than short-term
student workers, so having a clear record of what was done by whom will let the next person understand what
needs to be done. It also allows the project managers to work backwards and determine where and how mistakes
were made. I always suggest to students (and colleagues) that they should open an MS Word or Google Doc
and track, day by day, the project work they do, which files they worked on, where are they stored, what did
they do, where did you put the newly created files, what did not seem right, questions that were raised, etc. I
have such files dating back to the mid 1990’s. One approach is to have ‘Cleanup Fridays’, where project
participants take a part of a day per week to, rather than make progress and do new work, look back at the
work of the week, review documentation, ensure that metadata are completed, backups are completed, and that
all the documentation is complete so that you can begin anew the following week. Such a standard schedule
ensures that, periodically, all the data are reviewed, documented, and are under control. Take the time to
document what you are doing. Although it is unusual, we have worked in the Burgundy region for over 45 years
now, and there is no way anyone can remember what was done when and by whom unless it is documented.

Document what you do as you go.
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Versioning. Specifically regarding the GIS and remote sensing data, but for all data sets, you should give
consideration to how you will manage multiple users of the database, and how you provide frequent updates
of your ‘standard’ GIS database so that everyone on the project is working with the correct and most up to
date data. If you have more than one person working with your digital data, keeping all the people working
with the same data version is important but difficult. As individuals make changes and create new, derived
layers, these must be shared appropriately on a regular schedule, and all project participants should be aware
that new or revised dataset is available and should be used. There has to be a recreating of the ‘master’ project
dataset on a regular basis, perhaps quarterly or semi-annually or whenever important new data are made
available. Ensure that multiple, periodic, offsite backups are routinely created. We rotate 3 Tb hard drives at
project member’s homes, offices, and even a bank safety deposit box, because stuff happens. As an aside, we
jokingly refer to our working French GIS database version as “GISFinal”, knowing that, at least for this project,
there will never be such a thing. It is a reminder that, with our GIS data, there will never be a final version, it is
constantly a work in progress. But you do need to periodically update your ‘master’ or working version, and
make sure that, as individuals create new files or revise data, that these are documented and shared, with the
appropriate metadata, after they are properly vetted so that everyone is working from the most recent and
correct data. Errors propagate through a GIS, and data with errors that are used to create new data propagate
these errors. Garbage in, garbage out.

Continue to search for data. Do frequent searches for new data, both at known sources and in new ones.

With this in mind, you should frequently re-search the archives, libraries and web sources that may have new
and relevant data. In the United States and France, for example, libraries are continually updating their digital
content of maps, documents, and other files. Unlike in eatlier times, you cannot look once and move on. You
must re-search your relevant data repositories on a regular basis, and you will be rewarded, as more and more
archives digitize their vast holdings and new content is continually being added.

Work on working together. The difficulty of different personal goals, speed of work, priorities, ways of

working together, cultural differences, and different personalities all complicate each project in unique and ever-
changing ways. Working together over time is just difficult on so many levels, especially across cultural,
international, institutional, and disciplinary boundaties. It is just hard. You need to be open and tolerant, and
air grievances in a positive and constructive manner. Communication is the most important thing. As the saying
goes, ‘gang up on the research problems and not on each other’. Make a commitment to learn how to work
together. It is harder than it seems that it should be, but we can all do it much more successfully if we make the
effort and openly address the issue.

Keep up. In an interdisciplinary endeavor like Historical Ecology, it is extremely difficult to keep up with new
developments, techniques, and ideas across the various disciplines that are involved. As stated above, it is a
good idea to establish some approach to this problem. For example, you could start a §ournals club’, as
mentioned before, where for each monthly meeting you could rotate through your group and have one team
member read one new journal article and present a brief synopsis of it as it relates to your project. Not in depth,
just a brief overview of the paper, methods, key results, and implications for your group. This can help keep
your team up to date while sharing the work efficiently, and also having interesting interactions as a group. Try
it.

Support Open Source. Try to work using Open Source tools and data. This is helpful in many practical ways,

particularly as we can include people from around the world in our work without the barriers of cost, language,
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and commercial licenses. These seem insignificant to most of us in North America and Western Europe,
particularly in the academic realm where commercial software products are generally provided without cost,
but these barriers are significant to many others, including local participants, and we should make every effort
to have our work be open and inclusive. Allowing students to keep the tools and data they learned to use at
university when they graduate enables them to be immediately productive in their next position, and this
approach also fosters collaborations internationally with partners who cannot afford the cost of commercial
tools. This goes for publishing as well. Try, whenever possible, to publish in Open Source journals and
publications so that you can reach the broadest audience around the world. Open Science is an important new
direction, and NASA has declared 2023 to be the year of Open Science. Support Open Source.

Make Progress. Above all, make progress. Do not allow ever retreating deadlines to become the norm. We
are all busy, and we all have other commitments. Be productive by first learning Aow to be productive. It is
possible. If you can just focus for one hour each day on your project work, just one hour, you can make very
real progress in what you do. Do not settle for excuses. Don’t wait for funding, or permission, or for the stars
to align. Just begin and make progress in small ways every day. Set short term goals and meet frequently, even
if by Zoom or other remote means if you must, but also do face-to-face meetings on a regular basis when you
can, and just keep moving forward. If others cannot get things done next week, carry the load.

You can be much more productive than you are, or think you can ever be, if you will just focus your efforts
and do a bit of work on your project each day. Learn how to be more productive by seriously considering how
you conduct your work. Stay a half an hour later at work, write just a single paragraph every day, search for
missing maps or documents online one afternoon each week, spend Friday afternoons cleaning up your data,
do some analysis... do something. Being productive is a learned skill, so spend some time studying and learning
how, and you will be very richly rewarded. Make an effort to learn how to be productive and encourage others
who you work with to do the same. We can all be more efficient, and we can all make more progress than we
do. Learn how to be more productive and do not settle for all the usual excuses. Make progress.

Help to Create Historical Ecology 2.0 A good friend and colleague of mine once said “You cannot predict

the future, but you can help create it”, and this is true. Help to explore all of the fascinating new technologies
that we have presented here, especially in chapter 16 on emerging technologies and find ways to integrate them
into your research. Stretch out, reach out, and examine how these extraordinary new capabilities can enhance
what we do. Be among the innovators who find new directions and help to create Historical Ecology 2.0.

Final Conclusions

You will notice that each of the three editors had quite different recommendations to present. An important
part of this type of collaboration is maintaining diversity in unity. In collaborative, interdisciplinary reseatch,
areas of agreement do not have to obliterate differences of opinion or perspective. The three editors, themselves,
have different professional backgrounds and nationalities. The working conditions for research for an
American academic versus an American independent scholar versus a member of a Swedish research institute
are very different. Funding and time constraints differ and the varying disciplinary expertise lends itself to
different perspectives on the same research questions. These differences make collaboration seem difficult and
laborious at times, but it is these very differences that enrich the results and create understandings that are truly

greater than the sum of the parts.
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The entire group of authors of this volume come from different disciplines, national cultures, and are at
different points in our careers. Somehow, we have found a way to work together and have already articles
together in different constellations before doing this book. Writing this book has been challenging in many
ways, but we worked it out along the way. None of the authors had specific funding for this work, which slowed
down the process considerably. The book did not end up exactly as we had planned. Some of the original
chapters were not written, parts of their contents merged with other chapters, and some new ones appeared
along the way. We planted a seed some years ago when we planned the book. We gave water and nourishment
to the seedling, watched it grow, and in the end the book became exactly as it should be. Now the fruits are
ready to pick. We have learned much from the work and we sincerely hope that this book will be useful for
you.

Historical Ecology is a research framework that is not fixed and done. On the contrary, it is constantly
developing and anyone can contribute. It is very difficult to give practical advice on starting and successfully
conducting Historical Ecology projects, but we hope that we have given you some helpful ideas, useful
information, practical techniques, sources of data, and most importantly, the inspiration to start your own
journey. You can do this. Our best advice is just to begin where you are, work with the questions that inspires
you, be curious, and search for other likeminded people who wants to explore some fascinating aspects of
Historical Ecology together. We hope that this book, and our efforts that went into creating it, will be helpful
to you. Good luck! And now:

Der Worte sind genug gewechselt, Lal3t mich auch endlich Taten sehn!
“Enough words have been exchanged, now at last let me see some action!”

(Goethe, Faust I)
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flexibility and continuity in hay meadows management.

401


http://www.martor.muzeultaranuluiroman.ro/

Methods for the Collection, Analysis, and Integration of Interdisciplinary Historical Data

DR. COSMIN MARIUS IVASCU

Dr. Cosmin Marius Ivascu is Assistant Professor at the Department of Biology-Chemistry, Faculty of
Chemistry, Biology, Geography at the West University of Timisoara. His main teaching disciplines
are Nature Conservation at the bachelor degree and Biological Anthropology and Human Ecology at the
master degree. Since 2011, he has been engaged in the study of traditional ecological knowledge,
biodiversity rich cultural landscapes and ethnobiology mostly in Romania. He has also been visiting
researcher at the Department of Landscape and Vegetation Ecology of Kassel University from Germany
in 2019. Main research interests are related to the role of traditional ecological knowledge in managing
species rich semi-natural ecosystems, cultural landscapes and historical agro-silvo-pastoral practices,
historical ecology, biocultural heritage, pastoralism, ethnobiology (both ethnozoology and ethnobotany)
and the cultural perception of the environment.
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GREGORY JANSEN

Greg is a research software architect specializing in digital repositories and computational
treatments for digital archives. He is part of the professional faculty at the School of Information
Studies at the University of Maryland at College Park. He has led diverse projects for the U.S. National
Parks Service, the University of North Carolina at Chapel Hill, and the Institute for Museum and
Library Services. His research interests include high scale digital platforms, computer vision,
machine learning, and digital preservation. Greg has an undergraduate degree in cultural
anthropology, reads in related subjects, and relished this opportunity to engage with the study of
historical landscapes and people.
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ASS. PROF. PER LAGERAS

Prof. Per Lagerds has a PhD in Quaternary geology at Lund University and is Associate Professor in
agrarian history at the Swedish University of Agricultural Sciences. He holds a position as
palaeoecologist at The Archaeologists, National Historical Museums, Sweden, where he is doing
pollen and macrofossil analysis within rescue-archaeology projects. Among his publications are the
books The ecology of expansion and abandonment - medieval and post-medieval land-use and
settlement dynamics in a landscape perspective (Riksantikvarieimbetet, 2007), Environment,
society and the Black Death - an interdisciplinary approach to the late-medieval crisis in Sweden
(Oxbow Books, 2016), and Archaeobotanical studies of past plant cultivation in northern Europe
(Barkhuis, 2020, co-edited with Santeri Vanhanen).

Contact info:

The Archaeologists, National Historical Museums, Odlarevagen 5, SE-226 60 Lund, Sweden, phone
+46-10-480 82 51, e-mail per.lageras’at’ arkeologerna ‘dot’ com
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PROF. PAUL LANE

Prof. Paul Lane is the Jennifer Ward Oppenheimer Professor of the Deep History and Archaeology of Africa
at the University of Cambridge. He specialises in the landscape historical ecology and archaeology of
eastern Africa over the last c¢. 5000 years, with emphasis on the transitions to food production, landscape
domestication, the trade in elephant ivory, settlement dynamics, maritime heritage, and the archaeology
of enslavement and emancipation. His research focuses on demonstrating the applied relevance of
knowledge about the past to meeting contemporary needs with special emphasis on capacity building
and knowledge co-production with local communities.
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ASS. PROF. TOMMY LENNARTSSON

Dr. Tommy Lennartsson is Associate professor in conservation Biology at the Swedish Biodiversity Centre,
belonging to the Swedish University of Agricultural Sciences in Uppsala. Starting as a plant population
biologist, the research soon broadened to biodiversity in landscapes that are shaped or influenced by
human land-use, both current land-use such as transport infrastructure, and historical historical use of
landscapes, e.g., by farmers and reindeer herdsmen. Lennartsson is particularly interested in how specific
historical land-use activities have shaped biotopes and provided habitats for species of plants and animals,
and how the knowledge about such relationships can be used to design governance of nature and
biodiversity today. And, conversely, how knowledge about such relationships can be used to trace human
history in the landscape by interpreting habitats and species as a biological cultural heritage.
Lennartsson’s research has mainly been conducted in agricultural, forest, mire, alpine, semi-arid and
coastal landscapes. Most of the research is interdisciplinary and performed in close collaboration with
historians, ethnologists and anthropologists. The research includes practical management experiments,
and Lennartsson works part-time at a County conservation organisation, Upplandsstiftelsen.
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DR. NILS STANIK

Dr. Nils Stanik is currently a Postdoc at the Department of Landscape and Vegetation Ecology,
University of Kassel, Germany. After he studied Landscape Architecture, Landscape Planning and
Landscape Ecology at the University of Kassel, he focused early on applied topics of conservation-
related ecology in cultural landscapes. His research interests focus on the connection between the
vegetation and human-implied shaping forces at different scales (landscape, habitat and species
scale). His current research includes semi-natural mountain grasslands and heathlands in Central
Europe with respect to past landscape and land-use change and future climate change. His work is
based on experiments, field surveys as well as spatial analysis to investigate cause and effect
relationships between elements of landscapes as holistic entities and their implication on ecosystem
services.
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DR. HAKAN TUNON

Dr. Hakan Tunoén is director of the Swedish Biodiversity Centre, Swedish University of Agricultural
Scences, Uppsala, Sweden. He has a background as natural product chemist, pharmacognocist, and
ethnopharmacologist, but has for the passed thirty years been working more broadly with
ethnobiology, traditional ecological knowledge, and indigenous peoples and local communities. Much
of his activities have departed from the UN Convention on Biological Diversity and Swedish
implementation of article 8(j) and 10(c), i.e. traditional knowledge and customary use of biological
diversity, in close collaboration with the Swedish Saami Parliament and other organizations related
to indigenous peoples and local communities. He has also together with knowledge holders been
involved in the Swedish-Norwegian nomination of Scandinavian pastoralism, e.g. summer farming,
as a representative cultural heritage within the UNESCO Convention for the Safeguarding of the
Intangible Cultural Heritage. Dr. Tunén has authored and edited numerous scientific papers and
books related to ethnobiology and rural history, mostly in Swedish.
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APPENDIX 1

GLOSSARY OF TERMS AND LIST OF ACRONYMS

A

Active remote sensing- remote sensing sensors that emit their own electromagnetic radiation towards the target,
which is then reflected back to the target and analyzed. Systems such as RADAR and LIDAR are active systems.
As opposed to passive RS systems.

Aerial photography- Aerial mapping photographs used to create maps and land use/land cover information.
Agrarian history- The historical study of agriculture and the role of agriculture in human history and activities.
Al- Artificial Intelligence. Computer technologies that can mimic human intelligence to do useful work.

Anthropogenic- Originating in actions by humans.

Anthropology-the study of humans and human culture. Often subdivided into cultural anthropology,
archaeology, linguistics, and physical anthropology

Archaeology- the study of human culture through the analysis of human remains and artifacts

Archives- Permanent repositories for documents and other items. As a discipline, the practice of preserving
and providing access to data, both digital and physical.

Atlas- a combination of maps and textual data about a specific location or the entire globe. Atlases often include
statistical, environmental, economic, and political data about a region, state, or nation.

Atlas.ti- A software package that is used for recording and analyzing ethnographic interviews.

B

Biocultural heritage-The biological features of culture, but also with a wider meaning to denote entire
knowledge systems where indigenous people or local communities are seen as inseparable from nature, being

in an intimate ongoing relationship with nature through e.g. land use, rituals and beliefs

Biodiversity- Short for biological diversity, the combination of all living things and their interactions with their
own and other species and the world.

Biodiversity conservation- Biodiversity conservation is the protection and management of biodiversity in order
to derive sustainable benefits for both the present and future .
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Biocultural diversity- Refers to the diversity of life in all its complex forms from a human cultural perspective. It
focuses on the intersection between the biological and human cultural spheres.

Biodiversity conservation- processes or projects which seek to restore past, more beneficial conditions for
biodiversity.

Biological cultural heritage (BCH)- ecosystems, habitats and species which have originated from, or been
shaped or favored by human utilization of the landscape and whose long-term persistence and development is
dependent on, or favored by continued management. Human traces left in nature, intentionally or
unintentionally. Traces on the landscape of past human-modified ecological systems. BCH consists of living
organisms as carriers of historical information.

Biotopes- Individual habitats for both flora and fauna.

Bocage- a term used for regions, primarily in Europe, consisting of fields and meadows enclosed by hedges and
hedgerows, often including raised banks, ditches, and other aspects of the landscape.

C

Cadastre- a record of properties, land ownership, and, often, tax information of a property by property or house
by house basis. They often indicate detailed land use and land cover.

Cadastral map- a detailed map that often is made in association with a cadastre, indicating detailed land use
and land cover.

Carte de ’Académie- The Cassini maps of France, the first, national set of maps using triangulation and a
common set of map representations. It was a massive improvement over existing national maps. Produced by
four generations of the Cassini family at the Paris observatory over 60 years.

Cartography- the art and science of the study of maps and map making.

Chain of evidence- The documentation of continuity of a document or other artifact to ensure that it is
unaltered and authentic.

Citizen science- The conducting of scientific data collection and analysis by citizens and untrained individuals.
Can include field work and data collection, and in the processing of data by multiple private computers and
over the internet.

Coppicing- The repeated shoot harvest, similar to pollarding, but close to the ground . Also called low forestry.
Repeated coppicing creates elevated stools with multiple trunks visible long after coppicing ceases.

Coordinate Reference System (CRS)- A map projection that mathematically defines the relationship between
features on a flat map and what distortions were introduced relating to the true locations on the Earth’s surface.
All maps have a map projection or CRS.

Copernicus- a civil remote sensing satellite program operated by the European Space Agency, operating the
Sentinel remote sensing satellite series with freely available data.
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Cultural heritage- the physical manifestations of human culture in the past, in a wider sense, denoting our entire
cultural heritage, including art, literature and intangible heritage such as traditions, perceptions and place names.

Cultural heritage conservation- This refers to issues relating to and actions taken to explore, preserve, and
promote cultural heritage in all its complex aspects

D
Diary- A journal kept by an individual, often containing personal, local, family, and economic information. Not

a document generally meant to be read by others.

DEM- Digital Elevation Model. A digital data layer, usually a raster layer, representing a topographic surface.
Commonly used in GIS.

Dendrochronology- the science of dating environmental conditions, archaeological features, and more by the
process of using databases derived from patterns of annual growth rings in trees and timbers.

Digital archiving- The series of managed activities necessary to ensure continued access to digital materials for
as long as necessary. Also known as digital preservation.

Digital image processing- the process of manipulating two dimensional numerical arrays of data, such as data
acquired by satellites or aerial sensors, using computers to extract and enhance the information contained within.

Documentation- A key component in interpretation and contextualization. A thorough documentation of
observations, questions, theories, soutrces used, as well as how the information in those have strengthened,
weakened or developed new ideas.

Document Image Analysis and Recognition (DIAR)- An evolving field that uses multispectral digital scanning,
digital image analysis, Al, deep learning, and feature recognition to decipher and reconstruct damaged or faded
historical documents.

Digital image processing- the analysis of digital data, including analysis of airborne and satellite imagery
Digitizing- converting data from an analog to digital format

Durable storage- This is a storage device or service that is more reliable and stable than ordinary consumer
storage devices. Durable storage will include some guarantee and demonstrated past performance of file fixity
and availability throughout a period of service.

E

Economic history- The sub field of history which deals with economics, financial, and business issues.

Ecology- Ecology is a sub-branch of the science of biology. It deals with the complex relationships between
organisms and between organisms and their environment at all scales
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Ecosystem- An ecosystem is a complex, interacting system of living organisms and their environment that
interact at many scales and over time.

Ego documents- Documents written by common people, including dairies, letters, and private agreements.

ESRI- The Environmental Systems Research Institute of Redlands, California, USA, the commercial GIS firm
that produces the ArcGIS family of GIS tools. The most commonly used commercial GIS.

Essential conditions- Those that must be present for a species to establish and reproduce in a given area.

Ethnobotany- The study of the complex relationship between human communities and the plant world found
in their landscape.

Ethnocentrism- The human trait of seeing people from other cultures through our own cultural viewpoint and
perspective, often seeing others who are different as less or strange.

Ethnographic interview-

Ethnography- Ethnography is the subfield of anthropology which deals with the scientific study and description
of individual cultures around the world. It is characterized by studying cultures from the point of view of the
culture itself and not the perspective of the anthropologist. It is a type of social science research that focuses
on documenting and understanding cultural activities from the perspective of the people themselves.
Ethnology- A subfield of anthropology that studies the similarities and differences between human cultures.
External Analysis- External analysis is designed to determine the authenticity and the context of a document.

F

Field survey- in person surveying of an area by foot, often using GPS, data collection systems, cameras,
and other recording systems to acquire detailed information on the ground.

Fixity- Fixity is the property of a digital object remaining fixed or having a fixed, immutable character. In
technical terms the fixed quality in digital objects is an unaltered byte stream, which can be demonstrated over
time through comparison of a newly calculated file digest with a digest calculated earlier.

Folklore- Folklore are the shared traditions, transmitted orally across generations, that are shared by a
community of people or culture. Folklore can consist of tales, legends, poetry, myths, legends, and other
commonly shared oral traditions.

FOSS- Free and Open Source Software, including many types of tools, including GIS.

G

Gazetteer- A geographical dictionary, used with atlases and maps. Often a collection of place names.

Genealogy- The study of family lineages, descendants, and ancestors.
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Genealogy software- Computer software that is used to create family trees and family relationships.

Geographic Information System (GIS)- A computer system that stores and manipulates digital data. A
combination of spatial and tabular data.

Geomatics- a synonym of GIS. See GIS.

Georeferencing (also georegistration)- the process of warping a map, image, or other spatial data in order to
have it accurately lay over your other data in a GIS environment.

GNSS Global Navigation Satellite Systems- also called PNT, constellations of satellites that provide positioning,
timing, and navigation services worldwide.

GPS- the U.S. Global Positioning System. A satellite-based system that provides positioning, navigation, and
timing services world-wide. It was the original such system, originating in the 1970’s and has now been joined
by several other national systems.

GRASS GIS- The Geographic Resources Analysis Support System, the original Open Source GIS software,
originally developed by the U.S. Army Corps of Engineers Construction Engineering Research Laboratory
(USA COE CERL) https://grass.osgeo.org

Grazing pressure- the environmental pressure or impacts on a field caused by different types of field usage. For
example, in pastures with high grazing pressure, nearly all vegetation is being consumed, so species that depend
on yearly flowering and maturing are disfavored.

H

Hay meadow- a field set aside for the production of hay to feed animals over the winter.

Hedge- A field border consisting of living vegetation used to define fields and contain large animals.

Hedgerow- A hedge that also includes trees

Hermeneutics- The study of the meaning of words. In historical criticism, it assumes that words have stable
meanings at a particular point in time.

HGIS- Historical Geographic Information System- a GIS dedicated to historical questions and data.

Historical Cartography- The use of old maps in research. The analysis and extraction of information from older
maps.

Historical Ecology- Read the book.
History- The study of past events, particularly focusing on people and societies.

I
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IFOV- the Instantaneous Field of View of a sensor, also referred to as the spatial resolution of an image.

IGN- The Institut national de l'information géographique et forestiere (National Institute of Geographic and
Forest Information) of France, the national agency founded in 1940, which produces and maintains geographics
information of France. (https://www.ign.fr).

Informant (ethnographic)- A person who undergoes an interview or series of interviews with an ethnographer.
This may include completing surveys, recorded interviews, etc.

Information Science- The scientific study of the storage, access, and retrieval of digital information.
Intangible cultural heritage- Aspects of our cultural heritage such as place name or other ephemeral aspects.
Interspecific competition- The competition between different species within an ecosystem.

Internal analysis.- Used to to determine the credibility of the information contained within a document used
in historical analysis

J
K
L

Landsat- a satellite remote sensing system operated by the U.S., providing free, moderate resolution satellite
imagery since 1972.

Landscape- All of the visible elements of a local environment, including both the natural and human-created
aspects of the environment.

Landscape archaecology- The subfield of archaeology dealing with the landscape and regional scale, as opposed
to individual archaeological sites.

Library science- The academic discipline of the study of libraries and library collections. Often now called
Information and Library science.

LiDAR- Light Detection and Ranging- a remote sensing technique that uses pulses of optical light energy to
accurately map detailed aspects of terrain and vegetation.

LOC- the U.S. Library of Congress

Local history- The sub field of history which deals with a small, local area and its inhabitants from a very
localized perspective.

M
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Material culture- the physical objects that are the product of human societies. All things created and modified
by humans for their use can be considered to be material culture, and these are all the subject of analysis by
anthropologists and other researchers.

Mentality history- The sub field of history which deals with how people at any given time thought about,
interacted with, and conceived their relationships with their local environment.

Metadata- data about data, often containing information about the source, processing, location, and other
information useful to better understand the information contained.

Museum- An organization dedicated to the preservation and analysis of material culture.

N

Non-documentary sources- Information collected not in documentary formats, including GPS field data,
imagery, photographs, etc.

NSDA- the National Digital Stewardship Alliance.

O

Open Science- scientific work conducted using Open Source data, tools and processes. It also includes Open
publishing and related topics.

Open Source- software where the original source code is available, and that can be redistributed and modified.

OpenStreetMap- An online wiki where people map their own local areas online and share the data. A global
Open Source wotld map which is freely available. *https://www.openstreetmap.otg/)

Oral history- The collection and analysis of historical information collected through interviews with people
giving their personal views about their lives and environments.

Original order-This refers to the organizing scheme, including folder structures, labels, and naming conventions,
within which digital objects were originally produced and used. Wherever possible the original order of materials
is maintained or preserved in practice of digital archiving.

P

Paleoecology-The study of the ecology of past times and environments, the scientific study of environmental
conditions and ecological relationships in the past.

Paleoethnobotany- the study of plant use, diets and lifeways of past human communities from certain areas,
ecosystems and historical eras

Pannage- The right or privilege of feeding pigs or other animals in a forest. This was carefully regulated due to
the potential damage to the forest.
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Parish- The most local Catholic church level of organization, used throughout Europe and now adopted by
several nations as the most local civil governmental structure.

Passive remote sensing- sensing systems that use reflected solar radiation to conduct their analysis. As oppsed
to active RS systems.

Pasture- a field set aside for the use and feeding of farm animals and not for agricultural production.

Paradata- Data about processes, and the processes used to analyze data. Used to track how data were
manipulated. See Metadata.

Pb210 dating- This dating technique uses alpha spectrometry to measure the decay of excess 210Pb lead activity,
which has a half-life of 22.3 years, to determine the rate of sediment accumulation. About 5 g of dried sample,
from various depths of the sediment core, is required. It is used for dating of samples too recent to use C14
dating.

Percentage pollen diagrams- The traditional method of representing species changes over time in pollen analysis.

Photogrammetry- the mathematical analysis of objects through the use of photographs. Generally used in aerial
photography for mapping purpose where detailed and spatially accurate topographic maps, for example, can be
created from vertical aerial photos.

Pixel- A contraction of ‘picture element’, in computers, it is the tiny individual area of illumination of a screen
or display device that creates an image. In remote sensing, it is the individual areas that make up an image.

Place names- Toponymy- the study of the historical meaning of place names on the landscape, of villages and
other features on the landscape.

Pollarding- The repeated cutting of tree branches at some height above ground, generally to keep new growth
out of the reach of forest animals. Repeated pollarding often creates peculiar shapes of trees, such as wide and
low trunk with a multitude of branches from about the same place

Pollen productivity estimates- Models of how much pollen different species produce, used in paleoecological
modeling and dating.

Political history- The sub field of history dealing with politics and the impact of political activities upon the
larger historical record.

PNT- Positioning, Navigation, and Timing Satellite systems like the U.S. GPS and others that provide global
position and timing services. Also called Global Navigation Satellite Systems (GNSS).

Probate inventory- A legal recording of all items owned by a person a the time of their death. Generally
created for tax purposes.

Projection (map)- a set of mathematical transformations used to accurately represent the curved surface on the
globe to a flat map. There are hundreds of map projections, and each has its benefits and limitations for a given
putrpose.
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Provenance- the preservation of the original context of an item, including its origin, chain of custody, and
ownership.

Q

QGIS- An Open Source GIS system (https://qgis.org).

Qualitative data- Data which are not quantitative or numerical, representing opinions, values, ideas, and other
information that cannot be quantitatively measured and analyzed.

Quantitative data- data representing numerical information, statistical data, and other data that present results
that can be measured and analyzed.

R

R- an Open Source statistical toolset, available in Windows, Mac, and Linux. Commonly used for spatial analysis.

RADAR- Radio detection and ranging- an active remote sensing method in the microwave portion of the
electromagnetic spectrum.

Raster- A digital data structure where data are represented as a two-dimensional array of numbers, often
referred to as pixels. Scanned maps and satellite imagery are composed of raster data.

Reference landscape- A landscape that typifies a type of environment, often one that is now rarely seen. These
are preferably studied by combining field observations, interviews, and historical sources, in collaboration with
national experts.

Remote sensing- the gathering of information using sensors not in contact with the target. Often digital sensors
which are mounted on airborne or satellite platforms. Used to create land use and land cover maps, terrain
maps, and other environmental information.

Replica- a copy of a digital object. Replication is the process of distributing or updating copies of data.
Rubber Sheeting- a type of georeferencing, where different portions of a map or image are warped and stretched
in different amounts in different portions of the image.

Ruderal- A plant that is associated with human dwellings or agriculture, or one that colonizes waste ground.
Ruderals are often weeds which have high demands for nutrients and/or are intolerant of competition.

S

Scale (map)- the representative fraction of a map or digital map dataset. Scale is often represented as a fraction
such as 1:50,000, where 1 unit of measurement on the map represents 50,000 on the ground. Large scale maps
are very detailed, things are larger on the map, where small scale maps have a larger representative fraction and
usually have less detail.
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Sentinel- An Earth remote sensing satellite series, operated under the larger Copernicus program by the
European Space Agency, providing freely available data.

Spectral reflectance- The unique manner in which objects on the Earth reflect light in different ways based on
their specific characteristics. This allows us to identify land use and land cover using remote sensing sensors.

Spectral signature- The unique identifying characteristics of features on the landscape that can be identified
using remote sensing systems.

Social history- The sub field of history which focuses on social structures and interactions rather than political
or economic events.

Social-ecological System (SES)- A framework that helps focus on how ecosystems and socio-economic factors
interact in detail in historical or current societies.

Source criticism- a critical examination of the used sources and an assessment of the credibility of statements
made in any source of information.

Source pluralism- cthe combination of different sources in order to achieve a more complete and valid result
than from using one single source.

Statistical science- the science of collecting, exploring, and utilizing large amounts of data to understand
underlying trends and patterns.

SPOT- The French Satellite pour I’Observation de la Terre civil remote sensing series of satellites.
Stocking density- the number of livestock per unit of land.
Supervised classification- the process of identifying specific land use and land cover areas on the ground and

telling the image processing software to locate areas of similar spectral reflectance in order to classify remote
sensing imagery into thematic classes such as land use and land cover.

T

Technical debt- Digital enterprises use the concept of technical debt to refer to the software investments they
must sustain in order to keep the entire project technically viable.

Temporal comparisons- The analysis of data from different dates Comparisons over time.

Thematic classification- in digital image processing of satellite imagery, the process of classifying imagery into
thematic classes such as land use and land cover.

Topography- The lay of the land, the changing nature of the landscape in terms of elevation, slope, and other
features.

Topographic map- a special type of map that is designed to accurately represent the topography of the area,
including land use and land cover.
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Toponymy- The scientific study of place names from a historical, etymological (linguistic) and geographical
petrspective.

Triangulation- In geometry, the process of finding a specific location by forming triangles from known points.
This is the technique used for creating maps, where known points on the landscape are measured in, and other
locations are tied to them using trigonometry.

Traditional Ecological Knowledge (TEK)- Practical, experience-based knowledge about plants, animals and
other parts of nature. The knowledge concerns the use, management, and customs of a local region. This
knowledge is transferred between generations and constantly changing.

U

Unsupervised classification- the process of allowing a computer program to classify remote sensing imagery
into thematic classes such as land use and land cover.

\Y

Vector- a digital data format where information are presented as points, lines, and polygons, often used in GIS
systems to represent features such as individual locations (points), rivers (lines), or soil maps (polygons).

W
X
Y
Z

Zebra- A type of wild horse, found in Africa (just to have something in Z).
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