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1. INTRODUCTION

In 2022, there are 398 wild bird species listed to live in Estonia, including
migratory birds and some vagrants (Estonian Ornithological Society). These
birds inhabit very different environments, such as waterbodies, woods, and
bogs, but also towns and villages. How the bird fauna in Estonia has changed
through time, is difficult to evaluate, but zooarchaeology — the study of animal
remains from archaeological sites — can shed some light to this question. The
three main classes of animals we encounter in the studied archaeological
material are mammals (Mammalia), birds (4ves), and fish (Pisces). Mammals
are usually the most abundant, thus studied most extensively. Also, fish remains
are often numerous (yet, much affected by excavation methods) and have
gained some more interest. Birds, however, have received less attention. Al-
though papers on archaeological bird remains from Estonia have been published
before (e.g. Lougas 1981; Mannermaa & Lougas 2005; Jounuks et al. 2018;
Maldre et al. 2018), there is usually only a brief overview of their presence
among the rest of the osteological material (e.g. Saks & Valk 2002; Lougas et
al. 2012; Valk & Rannamie 2015). The situation in the other two eastern Baltic
countries — Latvia and Lithuania — is very similar (e.g. Bilskiené & Daugnora
2001; Daugnora et al. 2002; Blazevicius et al. 2012; Mannermaa 2013; Rum-
butis et al. 2018). Current state of research has its roots in the overall develop-
ment and history of zooarchaeology in the region. Namely, while mammals and
fish have received more interest, there have been no specialists on bird remains;
and in turn, no comprehensive reference collections. All of this started to
change in 2014 (Ldugas & Rannamie 2020, 138). The Institute of Systematics
and Evolution of Animals at the Polish Academy of Sciences (Krakéw, Poland)
has had a very important role in the development of avian zooarchaeology in
Estonia. There, under the guidance of Dr. Teresa Tomek, I was able to learn the
identification of bird bones and use their reference collection. The work
conducted in Krakow is also included in this thesis.

Bird remains can fill several gaps in our knowledge about history, because
birds have been important in several aspects of human lives. These include
people’s diet, usage of raw material, burial practices, rituals, trade, social status,
hunting strategies, pets and companions, history of domestication, etc. Archaeo-
logical bones can provide information not only about human culture, but also
about environment, climate, and faunal history, including extinct species.
Because of the wide variety of topics this information can shed light to, birds
are a valuable source of knowledge about the past.

1.1. Outline and aims of the dissertation

The current thesis is a continuation of previous bachelor and master theses
(Ehrlich 2016; 2018). Work with bird bones from the town of Viljandi, Estonia,
started for the bachelor thesis and concentrated on Late Iron Age material. For



the master thesis, birds from medieval and early modern Viljandi were studied,
whereas consumption between different social strata and different time periods
were compared. Those two theses later formed the basis for Paper I and gave
the impulse for the following doctoral research. The topic and aims of the thesis
were further framed by participation in the project Foreign vs local in Medieval
and Modern Age foodways in the eastern Baltic: tracing the changing food
consumption through provenance analyses (funded by the Estonian Research

Council grant no PRG29, 1.01.2018-31.12.2022, PI: Lembi Lougas).

In the four papers included in this thesis, the main research questions
are the following:

e Which bird species were present in Estonia from the Late Iron Age to the
Early Modern Period (800—1700)? (Paper I)

e How did people use different bird species? Why were they important?
(Papers I and II)

e When did the most common domesticated birds — chicken (Gallus gallus
domesticus) and goose (Anser anser domesticus) — arrive to present-day
Estonia? (Papers III and IV)

e Which methods should be used for finding the earliest domestic birds
(especially the domestic goose)? (Paper IV)

The first part of the study is mainly based on the material from two castles of

the Teutonic Order — Viljandi, Estonia (Paper I), and Klaipéda, Lithuania (Paper

II). The first article, Bird exploitation in Viljandi (Estonia) from the Late Iron

Age to the early modern period (c. 950-1700) in Quaternary Internatio-

nal, concentrates mainly on birds as food, raw material, and marker of social

status, and compares their usage during different time periods and social strata

(open data for this paper are visible in ARHEST database and in DataDOI

(Ehrlich et al. 2020)). The second article, The meaning of eagles in the Baltic

region. A case study from the castle of the Teutonic Order in Klaipéda,

Lithuania (13th—14th century) in Archaeologia Lituana, studies the importance

and possible ways to use eagles in the Baltic region, concentrating mainly on

Lithuania and Estonia (open data for this paper are visible in DataDOI (Ehrlich

2020)).

The second part of the thesis investigates the arrival of domesticated birds
until present-day Estonia. This part of the study concentrates mainly on two
domestic bird species — chicken and goose — whose remains are found more
frequently in archaeological sites. Compared to other species, these two are
more thoroughly studied in the world (e.g. Albarella 2005; Peters et al. 2016;
Fothergill ef al. 2017; Honka et al. 2018; Poland 2018; Walker & Meijer 2020).
In the third paper, In search of the earliest chicken in Estonia in Estonian
Journal of Archaeology, the main question is when the chicken appeared in the
area of present-day Estonia (open data for this paper are visible in ARHEST
database). Regarding the risk that the earliest chicken bones may turn out to be
younger than expected by their archaeological context, radiocarbon dating was a
valuable tool. For the domestic goose, the question of the earliest evidence is
complex, and before finding the earliest domestic goose in present-day Estonia,



the question of how to distinguish wild goose from domesticated goose needed
to be solved. This topic is discussed in the fourth paper, Application of morpho-
metric and stable isotope analyses for distinguishing domestic and wild geese
in International Journal of Osteoarchaeology (open data for this paper are
visible in appendix of the paper and in ARHEST database). Although the do-
mestic goose is usually larger than its wild relatives and they can be distin-
guished morphometrically (e.g. Poland 2018), the method can be problematic in
case of early domestic individuals. Therefore, the analysis of stable isotopes as
a supportive method was applied.

The introductory part of the thesis integrates the four above-mentioned
papers into a discussion on why bird bones should be studied and what infor-
mation has been gathered during this study. The paper starts with an intro-
duction to the research history on bird bones in Estonia and neighbouring
regions (all sites in the eastern Baltic region mentioned in the introductory part
of the thesis are marked in Fig. 1). This is followed by theories about different
areas of avian archaeology, that is, the human-bird relationship, exploiting birds
for food, status, and companionship, but also questions about domestication.
Next follows an introduction to the archaeological and modern material, and
principles for their selection. The paper will then continue to describe the used
methods, which are based on the skeletal anatomy (Fig. 2), biology, ageing,
sexing, pathologies, taphonomies, and quantification. The problems of preserva-
tion, collection, and interpretation of the osteological material are also con-
sidered. The results are discussed with a focus on the use and domestication of
birds that are found in Estonia, specifically the chicken, goose, duck, turkey,
peafowl, and pigeon. Attention is also given to the diversity and meaning of
birds from the Stone Age to the Early Modern Period in Estonia. In the
appendix, all bird species mentioned in the introductory part of the thesis are
listed with their English, Latin, and Estonian names.
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Figure 1. Archaeological sites in the eastern Baltic region mentioned in the introductory
part of the thesis. For sites marked with blue circles, I identified the bird bones myself;
for red triangles, the identifications are based on published data by other researchers;
and for green squares, I identified the material partially, whereas the remaining part was
identified by other researchers. Sites in Estonia: 1 — Kdpu; 2 — Loona; 3 — Naakamie;
4 — Salme; 5 — Kdnnu; 6 — Ridala; 7 — Kaali; 8 — Asva; 9 — Haapsalu; 10 — Lihula;
11 — Padise; 12 — Ilmandu; 13 — Tallinn; 14 — Iru; 15 — Rebala; 16 — Maidla;
17 — Linnaaluste; 18 — Pulli; 19 — Ldhavere; 20 — Viljandi; 21 — Karksi; 22 — Rakvere;
23 — Kunda; 24 — Pada; 25 — Kukruse; 26 — Kudrukiila; 27 — Riigikiila; 28 — Tartu;
29 — Kastre; 30 — Kdivukiila; 31 — Otepéd; 32 — Vaabina; 33 — Tamula; 34 — Vastseliina;
35 — Siksild; sites in Latvia: 36 — Ventspils; 37 — Araisi; 38 — Asote; sites in Lithuania:
39 — Klaipéda; 40 — Jurgionys; 41 — Vilnius. More detailed information can be found in
Papers I-1V. Map data: Snazzy Maps and QGIS, made by Freydis Ehrlich.
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Carpometacarpus

Phalanges

Figure 2. Bird’s skeletal elements mentioned in the text. Element names after Ernits &
Nahkur (2013), Ernits (2015). Figure data: ArcheoZoo.org (2018), made by Freydis
Ehrlich.

To conclude, I thank my two supervisors, Eve Rannamie for supervising and
teaching me how to be a researcher since 2014, and Valter Lang for all the use-
ful advice during doctoral studies. The help I received from Teresa Tomek
(Institute of Systematics and Evolution of Animals at the Polish Academy of
Sciences) was also remarkable as over the visits to Krakow she taught me how
to identify bird bones. Eha Jarv (Estonian University of Life Sciences) was
great help in improving the reference collection by providing a place to prepare
the skeletons, and by occasionally helping to find new specimens for the
collection, whereas Ulo Vili (Estonian University of Life Sciences) helped me
in identifying birds before preparation; I also thank him for allowing me to use
his personal reference collection. I would also like to thank Lembi Ldugas
(Tallinn University) and Liina Maldre (Tallinn University) for their kind help in
choosing the bones to study, finding literature, and discussing zooarchaeology
with me. Giedré Pili¢iauskiené (Vilnius University) and Eduards Plankajs
(University of Latvia) always gave quick and thorough answers regarding both
local bones and literature in their local language, respectively Lithuanian and
Latvian. I also thank Arvi Haak (Tartu City Museum) for helping with the
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contexts of Viljandi, Ragnar Saage (University of Tartu) for teaching me how to
visualise my data, Andres Vindi (University of Tartu) for making X-rays,
Martin Malve (University of Tartu) for the help in identifying pathologies and
clarifying the context of Tartu bones, Andres Tvauri (University of Tartu) for
additional information about some contexts of Viljandi, and Heiki Valk (Uni-
versity of Tartu) for all the support over the years. Katarina Dam¢evi¢ (Uni-
versity of Tartu) and the Communicating Science group were also inspiring and
supportive with several writing retreats over the years. I am also thankful to all
the co-authors and reviewers who taught me a lot during the process, and all the
collection managers at museums and research institutions for providing access
to the used material. Finally, I must thank my family, especially Mirt Keevend,
for being my main support throughout the process. The reasearch was supported
by the Estonian Research Council grant no. PRG29 and no. TT14 for the core
facility NATARC, and the European Regional Development Fund (Graduate
School of Culture Studies and Arts, funded by University of Tartu ASTRA
Project PER ASPERA).
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2. RESEARCH HISTORY

To understand Estonian research history on bird bones, the overview of the
research in the world and in the neighbouring regions of Estonia is presented.
This chapter is divided into four parts: 1) the world, 2) the eastern Baltic region,
3) Fennoscandia, and 4) north-western Russia. History of research differs
between those four areas considerably.

2.1. The World

Avian anatomy has been studied by naturalists from the 18" century onwards,
but scientists turned to the whole skeleton only from the mid-19" century, as
before mainly beaks, claws, and skins were studied (Serjeantson 2009, 5). At
that time, archaeological and natural fossil bird bones were researched by avian
palaeontologists whose primary interests were the evolution, distribution, and
extinction of birds (ibid.). Only from the 20" century onwards bird bones were
used to answer archaeological questions (ibid.). One important study was con-
ducted by Hildegarde Howard (1929) who created illustrations for identifying
bird skeletal elements (Reitz & Wing 2008, 18). Graham Clark (1948) sum-
marised the information about prehistoric human-bird relationships in Europe
based on many classic 19" century ethnographic and historic accounts (Manner-
maa 2008, 17; Serjeantson 2009, 5—6). Another important work is by Elliot W.
Dawson (1963) who summarised knowledge of birds in archacology, providing
an extensive geographical summary (Mannermaa 2008, 17).

By 1969, only about 200 publications on bird remains from archaeological
sites had been published; by now, this number has increased tremendously (Ser-
jeantson 2009, 6). Since then, one of the most important developments was the
creation of skeletal reference collections in institutions other than natural
history museums, leading to the study of bird remains by Joachim Boessneck
and Angela von den Driesch in Munich, Germany (ibid.). Many dissertations
written in the Palacoanatomical Institute of Ludwig-Maximilians-Universitét
Miinich are still relevant (Bacher 1967; Woelfle 1967; Erbersdobler 1968; Kraft
1972; Fick 1974; Langer 1980; Otto 1981; Schmidt-Burger 1982; Kellner
1986). Most of these handbooks were used when identifying bones for this
thesis.

Research on bird bones has become an important part of (zoo)archaeology.
The Bird Working Group (BWG) of International Council for Archacozoology
(ICAZ) was founded in Madrid in 1991, and since then it has had a strong
influence in this study field (Serjeantson 2009, 6-7). Particularly all conference
proceedings are a very important outcome of the BWG meetings (Morales
1993; Serjeantson 1997; Bochenski 2002; Grupe & Peters 2005; Prummel et al.
2010; Bejenaru & Serjeantson 2014; Albarella e al. 2020; Dirrigl Jr. & Brush
2020). Most of these were used while writing this doctoral thesis. It is important
to note that the 9™ BWG meeting in 2018 was dedicated to Dale Serjeantson
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who has contributed greatly towards the development of avian archaeology, co-
authored an identification key (Cohen & Serjeantsion 1996), and published
several articles on bird remains. The most important and influential publication
by Serjeantson is her book Birds (2009).

2.2. The eastern Baltic region

Despite birds having found their place in general (zoo)archaeology, it has not
been the case in the eastern Baltic region. In Estonian zooarchaeology, bird
bones have been identified as part of animal bone assemblages from the second
half of the 20™ century. One of the first researchers who identified and wrote
about birds among other material was palaeozoologist Johannes Lepiksaar (e.g.
Lepiksaar 1942). Due to the second world war, he was forced to emigrate to
Sweden in the 1940s (Kriiska & Ldugas 2006, 275), where he started working
with local faunal remains, including bird bones (e.g. Lepiksaar 1955; 1967,
1977; 1983). In the 1950s, bird and mammal bones and pendants made of these
that were found from the settlement site of Tamula, Estonia, were studied by
Loreida Poder (Kriiska & Ldugas 2006, 275). For a long time afterwards, bird
bones in Estonia were practically left unexamined or were identified only super-
ficially. In his monography, Kalju Paaver (1965) mentions the number of bird
bones found from Estonian, Latvian and Lithuanian Stone and Metal Age sites,
but has not given the list of species. However, for Asote hill fort in Latvia,
species of birds were published (Paaver 1961). Paaver also published a sum-
mary of the development of avian fauna in eastern Baltics (Paaver 1959). In
both Latvia and Lithuania, Valentina Danilchenko' worked with bird bones
from 1965 to the 1990s, but similarly to Paaver, only the number of birds was
given (e.g. Danilchenko 1990). In Latvia, during the second half of the 20"
century mammal and bird bones found from archaeological excavations of va-
rious periods were studied by Arnis Mugurévics and Ilze Renga (Vasks & Za-
rina 2021, 78). Antra Strazdina has discussed birds from the Stone Age (Straz-
dina 1986). An exception for this period of research, when a bird species —
chicken — was more discussed, was an article by Vello Ldugas (1981), where he
discussed problems about chicken and eggs in the ritual context, and the relation
of these to burials in Estonia and neighbouring countries.

From the 1990s, bird bones have been identified by several Estonian re-
searchers: Paul Saks and Eha Jarv (Estonian University of Life Sciences) (e.g.
Saks & Jarv 2001; Saks & Valk 2002; Jarv 2005), Lembi Ldougas (Tallinn Uni-
versity) (e.g. Lougas 1996a; 1996b; 2017), Liina Maldre (Tallinn University)
(e.g. Maldre 2000), and since 2010s by Eve Rannaméde (Univesity of Tartu)
(e.g. Rannamée 2010). Bird bones have been more thoroughly discussed only in

' For Latvia, the information is based on a personal communication with Eduards Plankajs

16.08.2021, because identifications by Danilchenko are unpublished.
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recent decades, getting more attention since 2014 (Lougas & Rannamée 2020,
138). Until then, bird bones were often identified by a local zooarchaeologist
only as ‘chicken’ or ‘birds’ and only mentioned or briefly discussed in publica-
tions. In Lithuania, Rasa Bilskiené started to work with bird bones in 1990s, and
although she left the field after a short period, she still published a few papers
(e.g. Bilskiené & Daugnora 2001). Lately, ornithologist Saulius Rumbutis has
identified and discussed bird bones from Lithuania (e.g. Blazevicius et al. 2012;
Rumbutis et al. 2018).

In general, the most thorough studies on bird bones in the Baltic region have
been conducted by external researchers. For example, Kristiina Mannermaa has
worked with Estonian and Latvian material that is mostly prehistoric (e.g.
Mannermaa & Lougas 2005; Mannermaa 2013); material from both countries
has also been discussed by Maltby et al. (2019). Teresa Tomek has worked with
Estonian material from different time periods (e.g. Ldugas et al. 2012; Lougas
& Tomek 2013; Maldre et al. 2018) and Anne Karin Hufthammer has examined
Lithuanian material (e.g. Daugnora et al. 2002; Stancikaite et al. 2009). It is im-
portant to recognise that compared to a non-specialist, a specialist on bird bones
can provide more information about the bird species, but also provide wider
interpretations about the environment, human-bird relationship, utilisation, etc.
and come to relevant conclusions. The profound works in the eastern Baltic
region conducted by external researchers only confirm this.

Other resources besides bones also provide valuable information. Of such
studies, one is about archaeological eggshells from Kukruse cemetery, Estonia
(Jonuks et al. 2018). Information can be found from the works of historians: for
example, Jiri Kiviméde (1996) has written about the, possibly, first turkey in
Estonia, whereas Inna Poltsam-Jiirjo and Anu Mind have written about food,
including birds, in medieval Livonia (e.g. Ménd 2004; Pdltsam-Jiirjo 2013).

2.3. Fennoscandia

Compared to the eastern Baltic region, the history of studying bird bones in
Fennoscandia is longer — the first works of bird osteology go back to the 1980s
and 1990s (Mannermaa 2008, 18, and references therein). In Finland, Kristiina
Mannermaa has worked with bird bones. Her dissertation considers birds and
people in the Baltic Sea region, including area of present-day Estonia, during
the Stone Age (Mannermaa 2008). Goose bones from Finland have been studied
by Johanna Honka using ancient DNA (aDNA) (e.g. Honka et al. 2017). For
Sweden, works by Per Ericson and Tommy Tyrberg are important (e.g. Tyrberg
2002; Ericson & Tyrberg 2004). In Norway, Anne Karin Hufthammer should be
mentioned (e.g. Montevecchi & Hufthammer 1990). Additionally, recent papers
by Samuel Walker on reconstructing past avian communities in Norway are also
worth mentioning (e.g. Walker et al. 2019; Walker & Meijer 2020). Important
papers on Danish bird bones have been written by Anne Birgitte Gotfredsen
(e.g. Gotfredsen 2013; 2014).
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2.4. North-western Russia

In north-western Russia, birds have been studied by both foreign and local scho-
lars. Important studies have been conducted by Sheila Hamilton-Dyer, Ellen
Hambleton, and Mark Maltby (e.g. Hamilton-Dyer 2002; Maltby 2012;
Hamilton-Dyer ef al. 2017; 2020). In recent years, few papers on the aDNA of
goose and chicken remains from Russia have been published, including sites
from the north-western part (e.g. Honka et al. 2018; Lebrasseur et al. 2021).
Lately, bird bones from Russia have been thoroughly studied by Dilyara Shay-
muratova (Galimova) (e.g. Galimova et al. 2014; Shaymuratova et al. 2019).

17



3. THEORY

Zooarchaeological material can provide firm evidence of bird usage in the past,
indicated by the identified species, age, sex, taphonomies, and pathologies, and
give information about how the birds have been used or raised. However, these
marks are not always present or identifiable and therefore interpreting the
human-bird relationship and the variety of roles that birds have had might be
more challenging. Comparing the data obtained during identifications with the
information from written sources, and sometimes even with modern practises,
can help. In this chapter, the human-bird relationship and different meanings of
birds are addressed, while in the methods section, the more direct information
that bones themselves can provide is described.

In many Western societies, animals are primarily treated as objects — like
sources of food and raw materials — and resources to be regulated, managed,
and marketed (Hill 2013, 117). Literature on animal studies reveals how diverse
human-animal interactions actually have been, making it apparent that animals
played subjective, agential roles in many ancient societies (ibid.). During pre-
historic times, birds were a part of people’s everyday life and might have
affected their daily activities (Mannermaa 2008, 10). In Estonia too, people in
the past were much more interested in birds, and not only for material reasons.
This is shown by many cases in folklore, where a wide variety of birds are seen
as messengers, bringing information about the weather, fire, birth, death, and so
on (Hiiemide 2016). Not to mention the myth known on several continents that
the universe originated from a bird’s egg (Lougas 1981, 96; Jonuks ef al. 2018,
10). Moreover, birds have been kept for their beauty, voice, and companionship
(Serjeantson 2009, 316), and they played a part in entertainment, status,
environment, and religion, even though zooarchaeological evidence for these
roles might be hard to find. Although the biggest role birds have had, is for
food, and most of the archaeological material studied is food waste, I have not
elaborated this topic thoroughly in this chapter. Instead, I have found necessary
to shed light on other possible uses of birds in history to draw more complex
picture of people’s habits in the past. The topics are chosen based on the papers
making up this thesis.

3.1. Human-bird relationship

The human-bird relationship has several layers, but sometimes it is hard to
interpret or even notice these in archaeological material. Some birds, like
chicken, might have had several different meanings through their lifetime. For
example, people can develop a close relationship with a chicken, but still eat the
bird afterwards (Sykes 2012, 159; Doherty 2013, 84). Even when the animals
are raised only for a short period, the majority of their meaningful associations
with humans are played out while alive; the act of being killed, processed, and
eaten represents only a small fraction of the relationship (Sykes 2012, 159).
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However, in zooarchaeological material, it is sometimes impossible to tell if
before its death the bird had an objective, subjective, or both values to people.
In most cases, we can only interpret the value after its death.

In the context of Estonian archaeological material, we can associate human-
animal relationship with total control over animals from at least the Late Bronze
Age (850-500 BCE) onwards. At that time, people did not rely on hunting any-
more, because animal domestication and husbandry gave them more freedom,
but also more control. This meant more and longer contact with the animals,
which developed a human-animal relationship (Armstrong Oma 2010, 177).
Based on zooarchaeological material, the interpretation of human-bird relations
is often difficult to make. For example, in medieval (1225-1560 CE) and early
modern (1560-1700 CE) Estonia, people in towns relied on hinterlands and
suburbs around the town, but also raised their own animals (Pdltsam-Jiirjo 2013,
41 ff.). Therefore, it is hard to say, which birds were raised in towns and which
were brought in. This complicates the understanding of the human-animal
relationship within one specific site. Moreover, it is sometimes even impossible
to say if the bird was hunted or kept in captivity (in case of geese and ducks, for
example).

3.2. Birds as markers of social status

The exploitation of birds does not show only the relationship between humans
and birds. It can also give information on relationships between people, for
example, because eating is not only a basic need, but also a social act, this may
display someone’s wealth and prestige (Mannermaa 2008, 10). Eating or not
eating certain animals might also have been regulated by ideological beliefs in
the society (ibid.). The concept of what is edible differs between societies (ibid.,
10-11). Therefore, studying bird bones does not only show what people ate, but
also helps to understand the mentality of the people in that time. Most of the
material analysed in this study is from the Middle Ages and the Early Modern
Period, whereas some comparison can also be drawn with the works of
historians (e.g. Mind 2004; Pdltsam-Jiijo 2013). This helps to interpret and
understand how wild birds were used in showing social status or wealth (also
discussed in Paper I). During the Middle Ages, wild animals were a tool for
showing status and position, because hunting was a privilege for the people with
higher status (Pdltsam-Jurjo 2013, 53, 55). However, by the Late Medieval
Period, richer merchants and councillors were allowed to consume game as well
(Mind 2004, 344, 349). By the mid-16™ century, the eating of wild birds and
smaller game animals was more a comment on wealth rather than status, and
therefore it was common in guilds, fraternities, and other events of wealthier
artisans (ibid.). For example, in 16™ century historical documents, the Eurasian
crane (Grus grus), swan (Cygnus sp.), and western capercaillie (Tetrao urogal-
lus) are mentioned as food served at guild feasts (ibid., 298, 345). At feasts
organized for guests of a higher status, partridge (Perdix perdix) and even
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peafowl were served (ibid.). Besides the symbolic meaning, size might be
another factor making the bird desirable for food, as it is suggested to be the
case for swan (Sykes 2004, 91). Additionally, merely the fact that a wider range
of birds are represented in the archaeological material can be a sign of higher
status consumption (ibid., 97).

One marker which indicates social status is the presence of hawk and falcon
bones, since these birds were used for hawking or falconry. While hawking and
falconry are used as synonyms, the former is sometimes used to refer speci-
fically for the use of hawks and the latter for falcons (Serjeantson 2009, 316). In
this thesis, hawking is used because even though falcons have been found from
Estonia as well (e.g. Maldre et al. 2018, 1235), it is the hawks who are more in
focus. Hawking refers to the capturing of wild birds and smaller wild mammals
by using birds of prey (Serjeantson 2009, 316). Hawking is also practiced today,
being most common in the East, especially in the Arab countries (ibid.). It
seems that hawking has always been primarily a sport or symbol of status,
because there are more effective ways to catch birds and mammals for food
(ibid.). As hawking was a privilege of the upper ranks of society, most finds of
raptors come from high status locations like castles, palaces, and hunting lodges
(ibid., 325, and references therein). In the past, it was an enormously popular
activity in Europe and Asia among the high ranks (ibid.). Not much is known
about hawking in Estonia. More information can be found in Lithuania. For
example, bones of hawks, leather hoods and belts for falcons have been found
from Vilnius Castle (Blazevi¢ius et al. 2012; Rumbutis et al. 2018, 119;
Makowiecki et al. 2019, 357). In addition, written sources describe capturing
falcons that are more suitable for hunting in open terrain (Bezzenberger 1889,
30). Some medieval written evidence about hunting hawks is also related to
Latvia (Maltby et al. 2019, 163). Archaeological evidence has also been found
from north-western Russia, where besides the bones of hawks and falcons,
leather belts and possible falconers’ bells have been present (Hamilton-Dyer
2002, 104). According to archaeological material, it seems that northern
goshawk (Accipiter gentilis) was used for hawking in medieval Belarus and
Ukraine as well (Gorobets & Kovalchuk 2017, 154). Hawking is discussed in
Papers I and II.

3.3. Birds in symbolic meaning and rituals

In archaeological records, symbolism is more difficult to detect than the mate-
rial aspects of human behaviour. One possibility to see the symbolism is the
presence of birds in graves. Animals, including birds, have accompanied inhu-
mations and cremations in many cultures, both as funeral feast or as being part
of other activities unrelated to food (Serjeantson 2009, 340). Additionally, birds
might have been intended as food for the deceased on their journey to the
afterlife, or these were offerings to the gods to ensure safe arrival in the afterlife
(ibid., 343). It is also possible that the birds were deposited mainly because they
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were luxury food (ibid., 343—344). In Kukruse cemetery, Estonia (dated to the
end of the 12" — beginning of the 13™ century CE), an egg painted red had been
placed in a grave probably for ritual purposes related to Christianity, while
another egg found in a grave might have been related to food consumption in
afterlife or as a symbol thereof (Jonuks et al. 2018, 10-11). Whether the
chicken bones could be similar symbols or refer to other funeral activities re-
mains debatable. In Estonian sites, chicken bones are sometimes present in
graves as well. In sites of mainly Bronze and Early Iron Age, like Rebala and
Ilmandu III stone graves, chicken bones were present, but the relation with
burials is often questionable because of the disturbance of the layers (Paper III).
Additionally, birds have been buried with people as companions. For example,
in Late Iron Age Scandinavia, individuals of high status were buried with their
companion animals, including falcons kept for hawking (Serjeantson 2009,
345). Similarly in the Pre-Viking Age ship burial found in Salme, Estonia,
bones of hawks and falcons were present (Maldre et al. 2018).

Symbolic meaning can also be expressed in pendants. For example, from
Late Iron Age (9"-13™ century CE) Estonia, four pendants made of chicken
bones have been found. Three of these come from Ldhavere hill fort and are
chicken carpometacarpals hung on a bronze chain (Jonuks & Rannamie 2018,
174). The fourth find from Otepéé hill fort is a pendant made of chicken tarso-
metatarsus with a spur (ibid.). Additionally, pendants made of claws of the
white-tailed sea-eagle (Haliaeetus albicilla) have been found from Linnaaluste
IIT settlement site and Pada cemetery; whereas a pendant made of a claw of the
white-tailed sea-eagle or the golden eagle (4quila chrysaetos) comes from Rak-
vere settlement site (Konsa et al. 2003, fig. 4; Luik & Maldre 2005, 269; Malve
et al. 2020, 192-193). One pendant made of a bone of some bird of prey has
also been found from a burial in Kukruse (Jonuks & Rannamie 2018, table
12.1). Pendants of the white-tailed sea-eagle and the meaning thereof are
discussed in more depth in Paper II.

3.4. Domestication

Domestication of animals has been thought to be so important that it has been
compared to the discovery of fire and tools (Davis 2002, 126). Namely, it gave
remarkably more control over food resources, which allowed protection from
climate and environmental uncertainty affecting human population size and
human evolution (Davis 2002, 126; Brown et al. 2009; Larson & Fuller 2014,
116). Domestication has been stated to be an evolutionary process that involves
long-term and continuous change that has a beginning but no end (Larson &
Burger 2013). It could have taken centuries or even millennia before an animal
could have been labelled as ‘domestic’ and it is still unclear, at what point the
animal becomes ‘domestic’ after all (Zeder 2006, 107; Larson & Burger 2013).
Questions like when, where, and why different species were domesticated
has been considered one of the exciting challenges in zooarchaeology (Davis
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2002, 126), that with modern possibilities, like aDNA, is being addressed more
and more. Of domestic birds, chicken is the most researched in this regard (e.g.
Girdland Flink et al. 2014; Wang et al. 2020; Eda 2021), but also studies of
turkey (e.g. Speller & Yang 2016; Manin ef al. 2018) and goose are conducted
(e.g. Barnes et al. 2000; Heikkinen 2017; Honka 2020). Domestic species are
those whose breeding is largely controlled by humans, creating an artificial
selection more suitable for humans rather than a natural one (Davis 2002, 126).
For example, birds used for hawking are often collected from nests and raised
by people (Prummel 1997, 333), but they are never domestic. There are several
reasons why some species were preferred to be domesticated whereas others
were not. One of these reasons is the domestication pathway. Several of these
pathways have been defined. For chicken, goose, duck, and pigeon, it was the
commensal pathway that was used (Larson & Burger 2013; Larson & Fuller
2014, 123, fig. 1). The commensal pathway means that the animal itself played
a bigger role in its domestication; for example, less aggressive individuals being
attracted to human food waste (Larson & Burger 2013; Larson & Fuller 2014,
117).

It is easier to domesticate species with well-defined dominance hierarchies
(especially among the males), who are more like herd animals and therefore
more social, because humans can imprint the role of the leader or, in case of
young individuals, the mother (Davis 2002, 127). For example, chicken was
easily domesticated, because similarly to free-ranging domestic chicken, social
groups of the jungle fowl (Gallus gallus) usually consist of one dominant male
and one dominant female to whom others subordinate (Marino 2017). The
dominance hierarchy is set up from the first meeting by the dominant hen, who
pecks, claws or jumps on the subordinates (ibid.). By behaviour and cognitively,
most of the animals domesticated for food, like chickens, are very similar to
their ancestors, because they are mainly selected on physical characteristics like
the growth rate, fecundity, percentage of body fat, etc. (ibid.).

For several bird species, it seems that they were domesticated because the
bird or its feathers had an importance in religious or ritual activities (Serjeant-
son 2009, 2). For example, chicken has had many roles in the past. At first, its
symbolic meaning was more important than its role in the menu and chickens
were kept for sacrifices and cockfighting, but also for their sound, and perhaps
also for eggs and feathers (Serjeantson 2009, 268; Sykes 2012, 160). Only later
did people start to eat chicken meat and eggs regularly (Serjeantson 2009, 399).
In general, domestication tends to make animals less aggressive toward poten-
tial predators, but some breeds of domestic chickens are more aggressive than
their ancestor (Marino 2017). This can be related to the fact that one of the
reasons for keeping chickens was cockfighting. Regarding turkeys, there have
been two possible hypotheses on why they were domesticated. One of these is
that turkeys were attracted by cultivated gardens and crops, which purported
their domestication; the other hypothesis suggests that the birds were captured
because of their feathers and feathered skins (Serjeantson 2009, 288).
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There are several ways to distinguish domestic birds from their wild ances-
tor, but the differentiation is not always easy. One sure sign of domestication is
the sudden arrival of a new species (Davis 2002, 133), like the chicken and
turkey in Estonia, whose ancestors are not present in the area. For geese and
ducks, the differentiation is more difficult, because the ancestors for both
species are native to the area as well. Changes in morphology have been used as
markers in the differentiation of the domestic from the wild (Poland 2018).
Other factors can also influence those criteria and one must remain cautious
with interpretations (Davis 2002, 133). At first, domestic populations were
small and therefore hybridisation with wild animals was needed (Larson &
Burger 2013). This makes the finding of the earliest domestic specimens even
more difficult. Nevertheless, through time this led to the domestic population

becoming genetically more divergent than the original domesticated population
(ibid.).
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4. MATERIAL

Archaeological bird remains can be bones, feathers, and eggshells. All three
categories need a certain set of skills and preparation to study. In Estonia,
mostly bones, which is also the most abundant find category, have been studied.
Eggshells have received less attention. A study of chicken eggs has been pub-
lished by Jonuks et al. (2018) while Rannamie & Ldugas (2019, 69) mention
possible chicken eggs; additionally, eggshells with no species identification are
mentiond by Haak et al. (2022, 44). Some data of eggshells from Latvia have
also been published (Jonuks et al. 2018, 8, and references therein). The feathers
found from Estonia have not been given attention so far. In the current study,
only bones were involved, while eggshells and feathers will hopefully be stu-
died in the future.

Bird bones analysed for this study are stored in the archaeological collec-
tions of the Archaeological Research Collection at Tallinn University (Papers
IIT and IV), the Department of Archacology at the University of Tartu (Papers I,
III, and 1V), and in the zooarchaeological collections of Vilnius University
(Paper II). Few assemblages reassessed for Paper III are stored in the Estonian
History Museum. For Paper IV, additional comparative data of modern geese
were studied in the Natural History Museum at the University of Tartu, zoo-
medicum at the Estonian University of Life Sciences, and zoological collection
of the Estonian Museum of Natural History.

Only a fraction of the zooarchaeological material in Estonia has been iden-
tified over decades of research. While available identification reports and publi-
cations are much valued, these can be problematic (more on this topic in Paper
I, ITI, and chapter 5.2.). Therefore, for the reliability of the raw data that formed
the basis of this study, all bones that had previously been identified by other
scholars were re-assessed.

The material was selected according to the aims and topic of each of the four
papers. The thesis covers a long time period from the Prehistory to the Early
Modern Period. Papers I and IV cover this time span completely. The aim of
Paper I is to give an overview of bird species and their exploitation in Viljandi
from the later part of the Viking Age to the Early Modern Period (10™-18"
century CE). Material from Viljandi was chosen for two reasons: firstly, it was
easily accessible as it was stored by the Department of Archaeology at the Uni-
versity of Tartu; and secondly, mammal bones from the same sites had been
thoroughly studied before (more about this in Paper I). Paper IV discusses
whether it is possible to separate wild and domestic goose bones by morpho-
metrics and stable isotope analysis. To that aim, goose bones from various time
periods from the Prehistoric (for some of the sites the more specific time period
was unknown) to the Modern Period (19" century) and different sites in Estonia
were included. Papers II and III concentrate on a shorter time span. In Paper II,
bone remains from the early medieval (13"-14™ century CE) castle of the
Teutonic Order in Klaipéda, Lithuania, are presented. The study was conducted
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in collaboration with colleagues from Lithuania, who initiated the study and co-
authored the paper. Moreover, the Klaipéda Castle made a useful comparison to
the material from Viljandi Castle, published in Paper I, giving new insight into
the usage of birds. Paper III is mainly concentrated on prehistoric time, co-
vering chicken bones from several sites in Estonia that had layers already from
the Mesolithic (9000—3900 BCE) or Neolithic Period (39001750 BCE). Never-
theless, results were mostly discussed in the context of the Bronze (1750-500
BCE), Pre-Roman (500 BCE — 50 CE), and Roman Iron Age (50450 CE)
(more data in Paper III). For this reason, bird bones from Stone Age sites are
shortly discussed in chapter 6.1.
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5. METHODS

5.1. Factors influencing the presence of bird bones in
zooarchaeological material

In northern Europe, absence or scarcity of birds in archaeological material is
often related to the minor role of birds in the economy and religion, or con-
nected to taphonomical features (Mannermaa 2008, 9). The absence and scarcity
of some bird species can be caused by the recovery method used at excavations,
for example whether the material was sieved or hand-collected, because smaller
species can be easily missed if a sieve is not used (Ldugas 2018, 17). Sieving
trials have shown that when sieving, bird bones constitute around 40% of the
total mammal and bird bones, while for hand collected material, bird bones
form rarely more than 10% (Hamilton-Dyer 2002, 101). Excavation by hand
will recover the larger bones of chickens and bones of birds larger than chicken,
giving emphasis to larger species (Serjeantson 2009, 103). Immature bones of
larger species can also be lost or underrepresented when the sieve is not used
(ibid.). But the presence of immature bones also depends of the soil, as juvenile
bones do not preserve that well (Reitz & Wing 2008, 265). Still, without
sieving, small elements like wing digits and phalanges will be lost and not
added to the list of present species, although those would be important for infor-
mation about butchery, consumption, feather use, and so on (Serjeantson 2009,
103). Additionally, it could be that small birds are absent in the material be-
cause of economic reasons, for example when hunters preferred large birds
(ibid., 393). The disposal is another important factor — bones can be carried
away or added by different agents like dogs, cats, pigs, rodents, humans or such
(ibid., 397). Adult dogs, cats, and pigs might also eat small and fragile bones
completely, leaving no trace of the eaten birds (Gal 2007, 79). All above-
mentioned factors need to be considered when analysing and interpreting a bone
assemblage.

5.2. Taxonomical identification

Anatomical elements, completeness, side, taxonomic group of bone and bone
fragments were recorded. Open access data are available online in the ARHEST
database (following the guidelines by Ldugas (2018)) or DataDOI repository.
Whether the data were uploaded to ARHEST or DataDOI or both, was chosen
based on the nature of the data. Data of Paper I are represented in both data-
bases (DataDOI: Ehrlich et al. 2020). Data of Paper II are visible only in
DataDOI (Ehrlich 2020). Data of Papers III and IV are visible in ARHEST
database. Additionally, all data of Paper IV are added as supplementary infor-
mation to Paper IV. The bones and bone fragments were identified to the smal-
lest possible taxon by morphological features using the modern reference
collections available at the Department of Archaeology (Papers I, II, II1, IV) and
the Natural History Museum at the University of Tartu (Estonia; Papers I, II),
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Archaeological Research Collection at Tallinn University (Estonia; Papers I,
I11), the personal reference collection of Ulo Vili (Paper II), and the Institute of
Systematics and Evolution of Animals at the Polish Academy of Sciences
(Krakéw, Poland; Papers I, III). The latter collection is very extensive and use-
ful for identifying bird bones. The collections in Estonia contain the most com-
mon bird species found in Estonian zooarchaeological material, but many
species are still missing. The collection at the Department of Archaeology at the
University of Tartu was started in 2011 and has been actively added to and
improved since 2014 by the holder of the zooarchaeological collections, Eve
Rannamie (Ldugas & Rannamie 2020, 138), with some of my own assistance.
Eha Jarv (Zoomedicum at the Estonian University of Life Sciences) has had an
important part in developing the collection by providing facilities for the pre-
paration of skeletons and helping to find new specimens for the collection.
Since the reference collection is relatively young, it is still small, containing 305
individuals from 85 species. Of these, some individuals are represented only by
one bone, while others by complete skeletons. Several bone atlases were used
for the identification as well (Bacher 1967; Woelfle 1967; Erbersdobler 1968;
Kraft 1972; Otto 1981; Schmidt-Burger 1982; Tomek & Bochenski 2000; 2009;
Bochenski & Tomek 2009).

Often it is impossible to identify a bone find’s exact species, because bird
bones present very slight differences among the members of the same family,
and also morphological characteristics between individuals of the same species
may vary extensively (Mannermaa 2008, 41; Serjeantson 2009, 63). Therefore,
specific identifications should be taken with some reserve as even the best
scholars cannot identify every fragment of bone to species due to similarities
(Ericson & Tyrberg 2004, 18). It is important to consider when an accurate
identification is possible, as the most common problem is over-interpretation
and identifying bones to species level even when it is actually impossible
(ibid.). Correct identifications depend on several factors, like which kind of
bones and taxa are present, how much research has been done on the osteology
of the taxonomic group in question, comparative collection (ibid.), but also, the
experience of the scholar. Considering these factors, it is important to note that
errors might sometimes be present among published identifications.

Some taxonomic groups of birds are more difficult to study than others. For
example, in the current study, more attention was given to anseriforms. Identi-
fying their exact species is very hard. For ducks sometimes a size category of
large (mallard-sized), small (teal-sized), and medium (including wigeon) are
used (Hamilton-Dyer et al. 2020, 255). While identifying the exact taxa can be
hard, separating between the domestic and wild forms of some birds based on
their morphology can be even harder. In many cases, the criterion is bone size,
but this is often relative and the comparision is difficult in case of fragmented
material, but also in case of whole specimens, since the measurements of
different species and forms might overlap. This is a problem addressed in Paper
IV, where possible ways to separate wild and domestic goose are tested by
morphometry. Measurements of archaeological Anser sp. and Branta sp. sized
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anseriforms were compared with the measurements of modern individuals using
RStudio. Results of morphometrics were compared with those of stable isotope
analysis. Even with the combination of methods, the earliest domestic goose
bones form Estonia might be difficult to separate. Namely, domestic goose
became larger and more robust only later (Honka 2020, 40).

5.3. Identifying sex and age

Similarly to mammals and fish, recognising signs in the skeleton which charac-
terise age and differences between the sexes are among the basic data for
interpreting bird bones (Serjeantson 2009, 35). For galliforms, one method to
separate the male and female is the presence of spurs. The problem, however, is
that not all cocks have spurs, and therefore, they might be identified in the
zooarchaeological material as females (Doherty 2013, 83-85). In case of a
chicken ancestor, the red junglefowl, it has been noted that the spurs occur quite
late; even two-year-old birds might have only small spurs attached (ibid., 87).
This means that spurs should be expected only in older individuals of domestic
chicken, and cockerels (c. 4—6 months) slaughtered primarily for meat would
show no hint of spurs or even spur scars (ibid.). On the other hand, some female
turkeys and modern chicken breeds have spurs (Sadler 1991, 43; Serjeantson
2009, 48). Presence of spurs or spur scars is presented in Papers I and II.
Another way to identify sex is medullary bone, which is located in the
medullar cavity of the bone. It is an endosteal layer of bone that appears only in
females and serves as a calcium reservoir for one or two weeks before and after
the egg laying period (Eda et al. 2010, 255). However, the absence of medullary
bone does not mean that the specimen is male, because hens did not lay eggs
continuously. Nowadays one of the aims for raising domestic fowls is egg
production, meaning that chickens are almost continuously laying eggs and with
that the medullary bone is also continuously present (Gal 2006, 53). The medul-
lary bone is visible in the fragmented bones, but hard to see in whole bones,
meaning that proportions of female birds might actually be different. In case of
whole bones, sometimes a hole is drilled to the bone to see the medullary lesion
(e.g. de Groene et al. 2020, 83). Histological analysis has been used on
archaeological bones as well, but this is also a destructive method; it is used to
contrast medullary bones to compact and spongy bone (Eda et al. 2010).
Candeling by passing the bones directly above a vertically seated flashlight can
be used as well, but this method has not yet been tested on archaeological bones
(Werning 2018). X-ray is another method that can be used, but with this method
the medullary bone is visible when the cavity is filled and hard to distinguish
when only lining in the bone wall is present (Serjeantson 2009, 53; Fothergill et
al. 2017). The medullary bone has been used for identifying sex in Papers I and
I, for both papers, medullary lesion was registred only for fragmented bones.
X-ray method was tested for the introductory part of this thesis (chapter 6.2.1.).
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Third method for identifying sex is the size of the bird, but this can be used
only for some species. For example, for the western capercaillie and black
grouse (Lyrurus tetrix), males are larger than females, while for accipitriforms,
females are larger than males. The method was used in Paper I.

Identification of bird age at death is based on bone growth, porosity, fusion,
and for galliforms by size of the spur (Latimer 1927; Habermehl 1975; Sadler
1991; Serjeantson 2009, 36; Doherty et al. 2021). Not much is known about the
timing of skeletal development of wild birds as studies have mainly been based
on domestic birds (Serjeantson 2009, 36). The avian skeleton reaches maturity
earlier than mammalian, as the skeleton of birds mature before the bird develops
breeding plumage and reaches sexual maturity (ibid., 35). Such early maturing
and absence of teeth means that it is more difficult to study immature bird bones
than immature mammal ones; however, it provides important information about
poultry husbandry and hunting (e.g. Serjeantson 2002; 2009, 35). Bones of
immature as well as mature domestic chickens are often found at archaeological
sites, but it is rare to find large quantities of wild birds’ immature bones (Ser-
jeantson 2009, 35). For example, the partial skeleton of juvenile Eurasian
sparrowhawk (Accipiter nisus) from Viljandi was interpreted as an evidence for
the use of hawking (Paper I). Some pathologies, like enthesophytes and dege-
nerative joint disorder, might indicate the old age of the bird, but such patho-
logies might be caused by other factors, like nutrition, dysplasia, or pathogens
as well (Serjeantson & Morris 2011; Fothergill et al. 2017; Doherty et al. 2021).
For Papers I and IV, bones with joint disorders were recorded, but not included
in the discussion about the age of the bird. In Papers I and II, bones were
divided as juvenile, subadult, or adult without any further ageing. In Papers III
and IV only bones of adults were included.

5.4. Taphonomical features

The term taphonomy is used by zooarchaeologists to mark all changes which
take place between the death of an organism and its appearance in a laboratory
(Lyman 2001, 4; Serjeantson 2009, 99). Taphonomical features like cut, gnaw,
and burn marks were recorded for Papers I and II to see if the researched birds
had been used for food or raw material (e.g. for extracting certain bones and
feathers). However, cut marks are rarely found on bird bones because the bones
are fragile and can easily break (Mannermaa 2008, 40). Besides, only the largest
birds have to be butchered before cooking them in a pot, while the smaller ones
fit whole (Serjeantson 2009, 138). Therefore, absence of such marks does not
mean that birds were not used for food. Of cut marks, those from dismembering
and filleting for meat or from tool-making are the most common, while skinning
marks are rarely seen, because birds are not skinned as often as mammals (ibid.,
132, 138).

Cut marks can also indicate that bones were made into tools or other objects.
In Paper II, cut marks on eagle bones were attributed to pendant making.
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Similar assumptions were made with an accipitrid bone discussed in Paper .
Cut marks can also be a sign of entertainment, because chicken tarsometatarsi
with cut off spurs can be associated with cockfighting (Paper I; chapter 6.3.2.).

Similarily to cut marks, burn marks are rarely found on bird bones. These are
associated with cooking and eating, but also with waste disposal and rituals
(Mannermaa 2008, 41). Usually, bones are not affected by fire when cooked
and might rather show how bones were disposed after consuming (Mannermaa
2003, 6; Serjeantson 2009, 153). Bones might have ended up near a fireplace or
got burning marks during a house fire (Gal 2007, 78).

Gnaw marks were recorded, but the percentage of gnawed bones in the mate-
rial is problematic. Adult dogs, cats and pigs can chew up small and fragile bird
bones completely, while kittens are able to consume long bones of juvenile
chicken (ibid., 79). Identifying taxonomic groups who left gnawing marks on
bird bones is usually a more complicated than in case of mammal bones (ibid.,
79), and was not done for this study.

5.5. Pathologies

Pathologically modified bird bones are usually rare in archaeological assembla-
ges (Gal 2013, 217). This might be influenced both by sample size and tapho-
nomy, but also by the age of birds, because younger individuals are less affected
by pathological conditions, like those related to longevity (Bartosiewicz 2021,
16). While birds are susceptible to fractures and other injuries because their
bones are light, their bones do tend to heal more rapidly than those of mammals
(Gal 2013, 236; Bartosiewicz 2021, 16). Pathological changes in the bone are
more often seen on domestic birds kept for egg production or as breeding stock
(Serjeantson 2009, 55). Husbandry of domestic birds has allowed injured and
diseased birds to survive in the past; whereas the presence of healed fractures or
other changes is potential evidence of human care (ibid., 36). On the other hand,
domestic birds kept in large flocks suffer more often from traumas and diseases,
such as fractures, rickets, and viral illnesses (Gal 2007, 91-92). On wild birds,
pathologies are rarer (ibid., 92) since it is difficult for a seriously injured or
diseased bird to survive in the wild (Serjeantson 2009, 36). In this study, patho-
logies were mostly related to chicken and goose (Papers I, IV), but eagles with
pathologies were also found (e.g. Paper II). Among these cases were some
diseases that had not been found in the eastern Baltic region before. It is diffi-
cult to evaluate, if the occurrence of found diseases are common or rare as
compared to, for example, human paleopathology that is more advanced (Barto-
siewicz 2021, 14). One reason why animal paleopathology is less advanced
compared to human paleopathology, lies in taxonomic diversity: as each animal
possesses a specific skeletal anatomy, they are prone to species-specific disea-
ses (ibid.). Also, animal bones are often food-waste, meaning that the bones are
commingled, and it is impossible to analyse pathological lesions of the whole
skeleton based on isolated bone fragments (ibid.).
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5.6. Quantifying the data

In Papers I and II, the number of identified specimens (NISP) was shown
including both whole and fragmented bones. Fragments that were obviously
from a single bone were counted as one. NISP is relative as some taxa have
more identifiable bones per individual than others (O’Connor, 2000, 56). Some-
times NISP counts include vertebrae and ribs, sometimes not; sometimes all
fragments are counted, sometimes only a selection (Maltby et al. 2018, 1004).
For this thesis, all skeletal elements and fragments of skeletal elements were
counted. Each fragment does not represent a separate individual, because
several fragments might belong to the same bird (O’Connor 2000, 56) and
therefore the minimum number of individuals (MNI) was used where possible.
Using the MNI for assemblages with complex sedimentary units might be
complicated (ibid., 60—61), but since bones from one context were incorporated
to Paper II, MNI was added to that paper. MNI is counted by the most abundant
skeletal element, for long bones only those of left or right side are considered,
depending on which is represented more. As an exception, left and right side
bones might be counted together if, for example, bones from the left side belong
to an adult and from the right side to a juvenile as those cannot belong to the
same individual. It is important to note, that MNI is only an estimate, as the real
number of individuals in the assemblage cannot be recovered and the MNI
might be in correlation with sample size (ibid., 60). Moreover, rare taxa are
over-represented as one bone of a rare taxon will have the MNI of one, while
ten bones of a more abundant taxon could also have the MNI of one if all the
bones represent different skeletal elements (ibid.). Another problem regarding
NISP, MNI, and bird bones is that even though these values are calculated in a
similar way as for mammals and fish, it should be noted that it is complicated to
estimate the relative contribution of different animals in the human diet (Ser-
jeantson 2009, 92). There are several reasons for that, for example: 1) mammals
are bigger and contribute more to the diet; 2) mammals also have more elements
in the skeleton (especially with teeth counted); 3) bird bones do not fragment
into as many identifiable fragments as mammal bones (ibid., 92, 95). Therefore
NISP would show relatively low value of birds compared to mammals (ibid.,
92,97).

Standardised measures were taken after von den Driesch (1976) for Papers I,
II, and III. Measures were essential for Paper III and IV, as the destructive
method (see chapter 5.7.) was used. For Paper I, the measurements are visible in
DataDOI repository (Ehrlich et al. 2020); for Paper II, these are included in the
article and in DataDOI (Ehrlich 2020); and for Paper III, the measurements are
visible in sampling protocols referred to therein. For the morphometric study in
Paper IV, standard after Poland (2018) was used. Due to large amount of data in
Paper IV, the morphometric data were quantified and visualised with R pro-
gramming language in RStudio. All measurements and R code is included as
supplementary information in Paper IV. For all papers, the measurements were
recorded to the nearest 0.1 millimetre.
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5.7. Destructive methods and sampling ethics

For Papers III and 1V, destructive methods were used. For Paper III, chicken
bones were radiocarbon dated by AMS (accelerator mass spectrometer), where-
as for Paper IV, goose bones were sampled for stable isotope analysis. In addi-
tion, three bones were radiocarbon dated for the introductory part of this thesis.
The methods of radiocarbon dating and stable isotope analysis are elaborated on
in more depth in Papers III and IV, respectively. The problems regarding the
extensive use of destructive methods in (zoo)archaeology have been discussed
before (Palsdottir et al. 2019; Evin et al. 2020). In summary, zooarchaeological
material might seem as an endless resource because of the seemingly large
number of animal bones found from excavations, but animal bones are actually
a limited resource that is unevenly divided between time periods, regions, etc.
(Palsdottir et al. 2019). For example, finding the desired species might often be
difficult and these finds might be rare (e.g. the earliest chicken specimen for
Paper I1I). Additionally, taking a sample from the bone might have an impact to
future studies, as some measurements can no longer be taken or some tapho-
nomical features, like cut marks, are no longer preserved, not to mention that
for smaller bones, like those of birds, sampling might use up all of the bone
(ibid.). On the other hand, bird bones are prone to stratigraphic movement (due
to bioturbation, building, agricultural activities, etc.) (Best et al. in press), and
therefore, radiocarbon dating was necessary when searching for the earliest
evidence of the species.

All specimens sampled for destructive analyses were chosen and docu-
mented with great care. The selected specimens were measured before, whereas
photos were taken before and after the sampling. In some laboratories, the
sampled bones are documented with 3D scanning (Sykes ef al. 2019, 509), and
hopefully similar, more precise methods for documenting the bones will be
available (in both equipment and needed skills) in the future in the eastern
Baltic area as well. Especially for the bird bone material, where identifying the
species might be difficult, it could give an opportunity to re-evaluate the identi-
fications with new criteria in the future.

All samples were taken with the permissions given by the holding institu-
tions. The sampling protocols were handed in to the Department of Archaeo-
logy at the University of Tartu (TU PP Nos. 100, 102, 104) and Archaeological
Research Collection at Tallinn University (Al PP Nos. 436, 438, 488, 489, 506,
541). The remains of the sampled bones were returned to the collections. In
addition to the samples published in Paper III, three more bird bones were dated
for this introductory part of the thesis®: around 1 g of sample was removed from
the bones and submitted to AMS radiocarbon dating at the Poznan Radiocarbon
Laboratory and the CHRONO Centre at Queen’s University Belfast. The results

> The sampling for three additional samples was funded by the Estonian Research Council

grant No PRG29.
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were calibrated with the OxCal v4.4.4 (Bronk Ramsey 2009), using the
IntCal20 atmospheric calibration curve (Reimer et al. 2020), and were rounded
by five.
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6. RESULTS AND DISCUSSION

6.1. Diversity of birds in Estonia form the Stone Age
to the Early Modern Period

Of the rich bird fauna in Estonia, only some species have found their way to
human settlements. Nevertheless, osteological material from the settlement sites
can be diverse. Water birds, especially different ducks, dominate the Mesolithic.
This was expected, as in other contemporary sites in Finland, Sweden, and Lat-
via, ducks are the most common birds (Mannermaa 2008, 51). In Estonia, birds
from Kunda Lammasmigi have been well studied, among them the mallard,
tufted duck (Aythya fuligula), common eider (Somateria mollissima), velvet
scoter (Melanitta fusca), long-tailed duck (Clangula hyemalis), goosander
(Mergus merganser), greylag goose (Anser anser), whooper swan (Cygnus
cygnus), arctic loon (Gavia arctica), red-throated loon (Gavia stellata), great
crested grebe (Podiceps cristatus), great cormorant (Phalacrocorax carbo), and
white-tailed sea-eagle (Lougas 1996a, table 1, and references therein). Riigikiila
IV settlement has revealed the presence of common teal (4dnas crecca) or gar-
ganey (Spatula querquedula), whereas material from Pulli settlement site in-
cluded black grouse (Lougas 1997, appendix V; 2008, table 1). Similar species
are represented on the island of Hiiumaa, where the faunal remains from Kopu I
settlement site have included common eider, goosander, great cormorant, and
white-tailed sea-eagle; and also on the island of Saaremaa, where in Kdnnu
settlement site additionally to aforementioned species, also long-tailed duck and
red-breasted merganser (Mergus serrator) are represented (Moora & Ldugas
1995, 478; Ldugas 1997, appendix II.A). While most of the species are evi-
dence of hunting waterfowl for its meat or eggs, white-tailed sea-eagle might
have also been used for some ritual ceremony (Moora & Lougas 1995, 478).
However, it is possible that those eagles were used for meat as well, as assumed
based on the bones found from Neolithic Loona settlement site (Mannermaa
2008, 58).

From the Neolithic, most of the bird bones are from sites with Combed-
Marked Pottery (Kriiska et al. 2020, 119). In the settlement site in Tallinn
Vabaduse Square (3200-2900 calBCE), at least nineteen different species were
found (Lougas & Tomek 2013). Similarly to Mesolithic, ducks were the most
common species here: common teal, mallard (4nas platyrhyncos), cf. common
eider, tufted duck, greater scaup (Aythya marila), long-tailed duck, goosander,
velvet scoter, black scoter (Melanitta nigra), common goldeneye (Bucephala
clangula), and smew (Mergus albellus) (Lougas & Tomek 2013, 471, table 2).
Additionally, other water birds were present, including greylag goose or bean
goose (Anser fabalis), black guillemot (Cepphus grille), gull (Larus sp.), arctic
loon, and great crested grebe (ibid.). Of other species cf. white-tailed sea-eagle,
black grouse, and western capercaillie were found (ibid.). Birds have also been
identified from Kudrukiila, where the grey heron (4rdea cinerea) was found
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(Lougas 1996b); from Naakamide, where the great cormorant and northern
goshawk were found; and from Loona, where swan, red-breasted merganser,
Eurasian woodcock (Scolopax rusticola), razorbill (Alca torda), pigeons,
carrion crow (Corvus corone) or rook (Corvus frugilegus), Eurasian skylark
(Alauda arvensis), and thrush (Turdus sp.) were found (Mannermaa & Ldugas
2005, appendix 1a). The list of identified species complies well with Stone Age
sites in Finland, Sweden, and Latvia (Mannermaa 2008, 51-55). Even though
the list is long, bird meat was probably not a very important part of human diet
at that time (Lougas & Tomek 2013, 477). In some extent, bird bones and
feathers were used for making tools (Mannermaa 2008, 59—61). People hunted
mostly near the seashore and many of the species hunted were in the region
only seasonally, indicating that the birds were hunted during migration in
March or April to October or November (Lougas & Tomek 2013, 477-478).
This claim is supported by the fact that there is a small number of immature
birds, and the absence of the medullary bone (ibid., 479). From sites with
Corded Ware, not much is known about bird hunting, but some burnt bird bones
have been reported (Kriiska et al. 2020, 119).

Not much is known of animal husbandry during the Early and Middle Bron-
ze Age. By the Late Bronze Age, domestic animal husbandry was established in
the area of present-day Estonia (e.g. Maldre 2008), but domestic birds were not
represented yet. For the Late Bronze Age, bird bones from Asva, Ridala, and
Kaali in Saaremaa have been studied. Similarly to Stone Age sites, long list of
anserifroms, mainly different ducks, were present (Tomek et al. 2010). Addi-
tionally, a number of species not recorded for previous periods emerged: rough-
legged buzzard (Buteo lagopus), northern goshawk, golden eagle, western water
rail (Rallus aquaticus), common coot (Fulica atra), Eurasian crane, grey plover
(Pluvialis squatarola), Eurasian woodcock, common snipe (Gallinago media),
great snipe (Gallinago gallinago), rock dove (Columba livia), common cuckoo
(Cuculus canorus), tawny owl (Strix aluco), ural owl (Strix uralensis), Euro-
pean nightjar (Caprimulgus europaeus), black redstart (Phoenicurus ocherous),
and corvids like Eurasian jackdaw (Coloeus monedula), carrion crow or hooded
crow (Corvus cornix), and common raven (Corvus corax) (ibid.). In Asva,
chicken bones were present among the recovered faunal remains, but those
turned out to be from the Middle Iron Age (Paper III).

In the Pre-Roman Iron Age and the Roman Iron Age, zooarchaecological
material comes mainly from graves (Lang 2007, 111), whereas in terms of
quantities it is not directly comparable with the earlier period of Late Bronze
Age. From this time period, [lmandu III tarand grave has revealed the bones of
black grouse, other unidentified galliforms, ducks, small corvids, and other
unidentified passeriforms (Ehrlich 2021a).

The zooarchaeological material of the following periods of the Migration
Period (450-550 CE), the Pre-Viking (550-800 CE), and the Viking Age (800—
1050 CE) has been less identified (Tvauri 2012, 105). From this time period,
bird bones have been noted in Lihula stone grave (5"-7" century) and on
Maidla II stone grave-field (10™-13"™ century) (Maldre 2003, 271, table 1). In

35



Lihula, two possible chicken bones have previously been reported (ibid., 266),
but these were not reassessed for this thesis.

From the later part of the Viking Age onwards, again, more bird bones have
been identified. Compared to other species, usually domestic chicken, goose,
and duck dominate (e.g. Ldugas et al. 2012, table 1; 2019, table 1; Paper I, II).
These species are discussed in more depth in chapter 6.2. Only a few new
species are present from this period onwards. Among these are the common
quail (Coturnix coturnix), hazel grouse (Tetrastes bonasia), grey partridge, gad-
wall (Mareca strepera), Eurasian wigeon (Mareca penelope), northern shoveler
(Spatula clypeata), boreal owl (Aegolius funereus), barnacle goose (Branta
leucopsis), Eurasian sparrowhawk, common buzzard (Buteo buteo vulpinus),
black kite (Milvus migrans), black woodpecker (Dryocopus martius), common
starling (Sturnus vulgaris), Eurasian magpie (Pica pica), and house sparrow
(Passer domesticus) (e.g. Lougas et al. 2012; 2019; Paper I). However, since
not many sites from the Stone and the Bronze Age have been studied, it is
possible, that these species were present before as well.

As most of the species found can be related to the human diet, some species
could have lived close to towns, taking advantage of the food available among
urban refuse (Maltby 2020, 338), and have been incorporated to the deposit
incidentally, not as a food waste. Those species are for example gulls, kites,
buzzards, ravens, smaller corvids, owls, pigeons, and smaller passerines
(Hamilton-Dyer 2002, 104; Maltby 2020, 338), all of which are represented by
a few bones also in Viljandi from different time periods and sites (Paper I).
Besides being scavengers, some of these birds were a threat to young poultry
(Hamilton-Dyer 2002, 104). It is possible that some of the species were caught
during hawking (Maltby 2020, 338). For example, in Nerevsky site in Nov-
gorod, north-western Russia, a tarsometatarsus of buzzard associated with
leather belts could indicate that the bird might have been captive and possibly
used as a decoy (Hamilton-Dyer 2002, 104). Also a tarsometatarsus of an im-
mature Eurasian crane with leather belts was found that might also be related to
hawking training (Hamilton-Dyer et a/. 2020, 277). Namely, Eurasian crane has
been suggested to be a valuable hawking prey (Sykes 2004, 99). Gulls and
cormorants might have also been an occasional addition to the diet (Hamilton-
Dyer et al. 2020, 277). Cormorant has been found, for example, in medieval
Klaipéda Castle (Paper II). It is also possible that corvids were eaten (Gal 2007,
87; Gorobets & Kovalchuk 2017, 157; Wiejacka et al. 2020).

6.2. Domestic birds in Estonia
6.2.1. Chicken

Chicken was domesticated from the red junglefowl subspecies Gallus gallus
spadiceus that has later interbred with other local jungle fowl species (Girdland
Flink et al. 2014; Wang et al. 2020). The bird is currently indigenous to south-
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eastern China, Thailand, and Myanmar (Wang et al. 2020). Red junglefowl was
attracted to kitchen scraps, animal dung, and crop-processing waste leading to
domestication (Larson & Fuller 2014, 123). The bird was domesticated at least
by 4000 BCE as suggested by archaeological finds in the Indus Valley, India
(ibid.). The bird first arrived to Europe by 11"-9" century BCE as evidence of
chicken has been found from that period from different areas in Europe, in-
cluding Italy, Ukraine, and the Czech Republic (Kysely 2010, 17, 20; Trenta-
coste 2020; Corbino et al. 2021). Even though chicken was already introduced
in Europe, the Roman expansion encouraged the more intensive spread of
chicken to western and central Europe (Maltby et al. 2018). More about the
domestication time and place of the red junglefowl and dispersal of chicken to
northern part of Europe can be found in Paper III.

One of the main questions in this thesis — when did chicken first appeare to
the area of present-day Estonia? — is discussed in Paper IIl. To answer this
question, nine chicken bones were radiocarbon dated by AMS. Only four of
these roughly coincided with the time period suggested by their archaeological
context. This is not exceptional, as in an example by Best ef al. (in press) only
five of the 23 dated chicken bones coincided with the context, and similarly to
Paper 111, the rest were younger than their archaeological context. Even though
not all bones coincide with the archacological context by radiocarbon dates,
these filled some gaps in the knowledge of early evidence of chicken. As
researched in Paper III, the earliest chicken find as of today is from the Pre-
Roman Iron Age (200 calBCE — 5 calCE) and is found from Rebala stone-cist
grave. This is followed by a longer hiatus, as the next bones are from the Pre-
Viking and the Viking Age, according to the radiocarbon dating results: 600—
775 calCE for Asva hilltop site, 665—775 calCE for llmandu III tarand grave,
and of 675-950 calCE for Iru hilltop site (more information in Paper III). This
timeline will possibly be supplemented in the future. For example, information
about two possible chicken bones from Lihula stone grave (5"—7" century CE)
(Maldre 2003, 266) were found later, and therefore the bones were not verified
and radiocarbon dated for the thesis. Another possible chicken find with an
early date is from Kdivukiila hill fort supposedly from the Migration Period
(Valk et al. 2012, 31), but the specimen seems to be missing from the collec-
tion, and therefore it was not possible to verify the previous identification.
Additionally, as new material is identified, new evidence of early chicken might
be revealed. However, current knowledge of Estonian material is coherent with
the hypothesis for the European part of Russia to where chicken expanded at the
beginning of the first millennium CE, but stayed rare until the 9"—12" century
CE (Lebrasseur et al. 2021, 228). Similar frequencies of chicken remains are
also seen in other countries around the Baltic Sea. For example, in Sweden,
during the Migration Period (ca 400-550 CE), chicken was fairly uncommon,
but became more widespread from the Late Iron Age onwards (Tyrberg 2002,
219).

By the later Viking Age, chicken became the most common bird species in
the Estonian zooarchaeological material (Papers I, III). At least from the Middle
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Ages onwards chicken also dominates among bird bones in Latvia, Lithuania,
and several sites in north-western Russia (e.g. BlazeviCius et al. 2012, 316;
Rumbutis et al. 2018, 115, table 7; Maltby et al. 2019, table 6.17; Lebrasseur et
al. 2021, 223; Paper II). Few exceptions have occurred in north-western Russia.
One of the exceptions is medieval (9"—10" century CE) Staraya Ladoga, where
the number of domestic birds was 3.5 times smaller than the number of wild
species, whereas in medieval Gorodishche and Novgorod settlement sites duck
bones formed over 60% of all bird ones (Maltby 2019, 220; Shaymuratova et al.
2019, 110). However, for other sites in north-western Russia, chicken becomes
the dominant bird species at least by the 10™-12" century CE, depending on the
site (Hamilton-Dyer et al. 2020, 283; Lebrasseur et al. 2021, 223). In Belarus,
duck dominates in a small Struga-2 settlement site from the 10"-13™ century
CE (Gorobets & Kovalchuk 2017, table 5). In Polish towns, goose became more
important than chicken from the 16™-18" century CE onwards (Makowiecki &
Gotfredsen 2002, 74). Since goose bones are considerably bigger than the ones
of chicken, the excavation method might have some effect on the proportions of
the recovered bird species. In medieval Lithuania and Poland it seems that
chicken is frequent and abundant in different assemblages and chicken were
available for different social groups (Rumbutis et al. 2018, 115; Makowiecki et
al. 2019, 347, 350).

One important aspect in discussing the importance of chicken is the sex and
age of identified specimens. For Paper I and II it was possible to identify the sex
of chicken bones, where the medullary bone was identified only visually from
fragmented bones. For Viljandi (Paper I), the proportion of bones that could be
associated with hens by medullary bone or cocks by spurs were low in every
area (prehistoric settlement site, castle, town, suburb), not exceeding 2%. For
Klaipéda (Paper 11), the proportion was 21%, but since the sample size was only
75 specimens in total, the percentage might be biased. The fact that the pro-
portion of bones with medullary bone was low is not exceptional. This could
show that people did not slaughter laying hens but rather old and not laying
hens or roosters (Eda et al. 2010, 255). However, for the introductory part of the
thesis, a small portion of bones from Vastseliina Castle were chosen for X-ray
testing to see if the percentage would raise significantly when whole bones are
included (Fig. 3). Forty whole skeletal elements were chosen, and for a com-
parison, ten fragmented bones were added, where the presence or absence of
medullary bone was noted during visual identification — six medullary and four
without medullary leisure. Of forty elements, only three, all of those femurs,
seemed to have medullary leisure (TU-1435/AZ-2:27, TU-1435/AZ-3:22, TU-
1435/AZ-10:05; Ehrlich 2019). There are a few additional possible medullary
bones present, but it would be difficult to identify these only by thin layer. The
low number of medullary bone was expected, as for Estonian sites usually only
a small percent of the fragmented bones yield medullary bone (e.g. Paper I).
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Figure 3. Examples of archaeological chicken bones X-rayed for the presence of
medullary bone. Whole specimens with medullary bone (Al — TU-1435/AZ-2:27;
A2 — TU-1435/AZ-3:22; A3 — TU-1435/AZ-10:05), fragmented specimens with
medullary bone that was visible before X-ray (Bl - TU-1435/AZ-2:30;
B2 — TU-1435/AZ-11:11), and bone not medullary (C — TU-1435/AZ-1:44). X-ray
pictures were made in the Department of Archaeology at the University of Tartu by
Andres Vindi.
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Often a considerable number of juvenile bones of galliforms have been found
from Estonian sites; these probably belong to chicken as the percentage of this
species is usually larger than that of the others, and therefore, juvenile birds are
often related to consumption of meat (e.g. Papers I, II). By the presence of the
juveniles, chicken have also been suggested to be bred in castles, for example in
Karksi (Maltby et al. 2019, 156). Also in other regions, like Britain, it has been
suggested that many chickens were raised in towns (Maltby et al. 2018). This
often suggests that young chickens were consumed for meat, but since it is
almost impossible to identify the exact age of the bird as age is usually given
only as ‘juvenile’ or ‘adult’ (Thomas et al. 2016), the details of meat consump-
tion can not be confirmed on the individual level. Not many bird bones, in-
cluding juveniles, yield cut or gnaw marks that would be direct evidence of
butchering, and therefore, natural fatalities caused by inadequate management
and diseases cannot be ruled out either (Gal 2007, 79; Mannermaa 2008, 40;
Thomas et al. 2016).

Pathologies give information about the management of birds. Healed bone
fractures and joint disorders were the most common finds for chicken, as
showed in Paper 1. In medieval Viljandi, one case of avian osteopetrosis (some-
times referred to as osteopetrosis gallinarum) was also present (Paper I). The
disease is caused by avian leucosis viruses (ALV) and influences the skeletal
system, affecting diaphysis of long bones, but leaving epiphyses unaffected
(Gal 2006, 57; Fothergill 2017, 854). The ALVs are transmitted from hen to
offspring by egg albumen (Prukova et al. 2007). Birds with avian osteopetrosis
become anaemic and start limping (Gal 2006, 57). So far, not many cases of this
disease have been found from the eastern Baltic region. The case presented in
Paper I is the only known case in Estonia, but two others have recently been
found from Vilnius, Lithuania (Ehrlich et al. in prep.). Other geographically
closest cases are from Hungary, Austria, and Germany (Gal 2008; Gal & Kunst
2014; Fothergill 2017). Therefore, it is probable that the more zooarchaeo-
logical material is identified, the more cases will emerge in the Baltic area as
well. Avian osteopetrosis is not only a disease from the past, it has been ob-
served also in modern broilers and egg-laying chicken (Gao et al. 2010).

6.2.2. Goose

There are two lineages of domestic goose: the Chinese and the European do-
mestic goose. The Chinese domestic goose was domesticated from swan goose
(Anser cygnoid) (Ren et al. 2016), while the ancestor of the European domestic
goose is greylag goose (Sun et al. 2014), which is seasonally found from the
wide area of most of Eurasia and north Africa (MacDonald & Blench 2000,
529). Because of its pink beak and paler plumage, the European domestic goose
is thought to have been derived from the eastern (Anser anser rubitostris)
subspecies which breeds in south-eastern Europe and Asia (Albarella 2005, 252;
Honka 2020, 39). It is not known when and where the European goose was first
domesticated. It might have happened in Old Dynastic Egypt, because from the
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5™ dynasty (2723-2300 BCE) there are bas-relief and illustrations that suggest
the presence of domestic goose (Albarella 2005, 252). However, the more
reliable evidence is from the 18" dynasty (1450—1341 BCE) and by that time
goose is thought to have been fully domesticated (MacDonald & Blench 2000,
530). The earliest evidence of domestic goose in Europe is thought to be from
the 8" century BCE according to written sources (MacDonald & Blench 2000,
530; Albarella 2005, 252-253). It seems that the domestication of the European
goose is most likely to have happened in the vicinity of the eastern Mediter-
ranean (Heikkinen 2017, 25). Since geese are easily domesticated, this process
occurred probably numerous times (MacDonald & Blench 2000, 529).

The earliest evidence of the domestic goose in northern Europe comes from
high status graves in Denmark, where it was probably present during the Roman
Iron Age (around 200-250 CE) (Gotfredsen 2013, 366). There, it became abun-
dant probably during the 5"-12" centuries CE as the bird occurs in numerous
sites and becomes the second most common species after chicken (Gotfredsen
2014, table 2). In Sweden, the earliest evidence of the bird occurs at approxi-
mately the same time, during the 6"—11" centuries CE, when large and clearly
domesticated goose bones are frequently present in graves (Tyrberg 2002, 216—
219). The massively increased number of goose bones from this period onwards
also supports this hypothesis (ibid., 216). In Norway, it is most likely that
domestic geese were present by 1100 CE, and became more abundant 1300 CE
onwards (Walker et al. 2019, 26; Walker 2021, 28, 40).

In the eastern Baltic region, the earliest evidence of domestic goose is from a
much later period. It was most probably present in medieval Latvia (Maltby et
al. 2019, 157). In Estonia, domestic goose is thought to be present during the
Iron Age or the Middle Ages, based on the presence of pathological bones
(Papers I, IV), while in written sources more evidence is from the 16™ century
(Poltsam-Jiirjo 2013, 24). In Lithuania, domestic goose is suggested to be
present in archacological material since the 16™ century (BlaZevitius et al.
2012, 316). More reliable information from the eastern Baltic area is from 1645
CE, when in Riga, Latvia, Salomon Gubert published a handbook of duck and
goose breeding, containing information also regarding Estonian birds (Piirsalu
1997, 12-13). The earliest evidence from Russia is from the Middle Volga
Region indicated by the presence of immature or subadult birds found from 5"
10™ centuries CE (Galimova et al. 2014, 350, table 1; Honka et al. 2018), while
by aDNA analyses domestic goose is present at least from the 11" century CE
onward (Honka et al. 2018).

One of the aims for this thesis was to discuss when domestic goose arrived
in the area of present-day Estonia. This, however, turned out to be a task beyond
the scope of this thesis, as domestic and wild individuals are very difficult to
distinguish between in zooarchaeological material. Namely, there are nine
goose species in Estonia — five in genus Anser and four in genus Branta
(Estonian Ornithological Society) — and all of these have very similar bone
morphology. The main difference seems to be in size. Morphometrics has been
used successfully before (Poland 2018), but modern domestic goose might not
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be entirely comparable to, for example, medieval domestic individuals, who
presumably were smaller in size. Therefore, in Paper IV, additionally to
morphometric analysis, stable isotope analysis was used. As a result, morpho-
metrics did help to separate wild and domestic birds to some extent, and in
some cases also gave an opportunity to separate the wild species. However,
exact species for many specimens remained unclear. In Paper IV, wild speci-
mens seemingly dominated among archaeological material. This could support
information in written sources, whereby domestic geese have been mentioned at
least from the 16™ century (P&ltsam-Jiirjo 2013, 24). On the other hand, based
on morphology, all time periods from the Iron Age to the Early Modern Period
yielded both groups, presumably domestic and presumably wild specimens.
Although none of the bone finds have been radiocarbon dated, it shows a pos-
sibility that domestic goose was present in the area even earlier than suggested
by written sources. As seen from the results with dating chicken (Paper III),
same would be needed for geese to appoint a clear timeline.

The results of Paper I show that in different parts of Viljandi, goose was the
second most common bird after chicken from the Late Iron Age onwards. For
medieval Klaipéda Castle, Lithuania (Paper II), bones of chicken and eagle
were more abundant, but small sample size might have influenced the results. In
medieval and early modern Vilnius Castle, goose was the second most abundant
species after chicken (Rumbutis ef al. 2018, 112). Also in medieval and post-
medieval Norway, domestic goose never dominated in the assemblages the
same way as chicken, but was nevertheless abundant (Walker et al. 2019, 26;
Walker 2021, 28, 40). Polish towns from the 16M-18™" century onwards, where
goose was more important than chicken, seem to be exception in the wider
region (Makowiecki & Gotfredsen 2002, 74). In medieval north-western Russia,
goose was consistently present in Troitsky site, but formed only 5% of all bird
bones (Maltby 2019, 220). Even though there are some differences, goose still
seems to be one of the most common bird species found in the material, and the
abundance of this species might suggest the presence of domestic specimens to
some extent. Similar conclusions have been drawn about Poland’s zoo-
archaeological material, as goose was the second most common bird during the
rule of the Teutonic Order (Makowiecki et al. 2019, 354).

Geese have been exploited for meat, liver, fat, feathers, and eggs in various
regions in Europe, including Estonia, Fennoscandia, and Russia (Albarella
2005, 253; Tikk et al. 2008, 105; Bardone et al. 2016, 56; Poland 2018, 4-6;
Honka 2020, 39). This species was kept more for secondary products and pro-
bably slaughtered only on special occasions or at settlements where wealthy
people lived, resulting in a small number of excavated juvenile bones (Gal
2006, 54). Juvenile goose bones are present in Estonian material relatively
rarely; for example, in Viljandi (Paper I), where out of the 155 goose bones
from different sites none belonged to juveniles. Goslings were also absent in
Klaipéda Castle (Paper II) and in medieval Gorodishche and Troitsky IX—XI
settlements (Hamilton-Dyer et al. 2020, 260-261, 275). In Latvia, only few
juvenile goose bones have been found in two medieval sites of Araisi Castle and
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Ventspils town (Maltby er al. 2019, 157). In medieval and post-medieval
assemblages in Norway, also only little evidence of juvenile goose bones have
been found (Walker 2021, 40). Because of the small number of juvenile bones
in the area, a femur of immature goose from the Late Bronze Age Kaali
settlement (AI-4915/1977/AZ-149; Tomek 2019) was radiocarbon dated by
AMS’ during the writing of this thesis. The result of radiocarbon date of 761—
418 calBCE (Fig. 4) coincides with previous dates from the site (Lang 2007,
77). In Late Bronze Age Saaremaa, domesticated duck has been suggested to be
present (Tomek et al. 2010). The presence of a young goose in Kaali might
suggest that additionally to ducks, domesticated goose was also present, but it is
difficult to draw any conclusions on only one specimen.

OxCal v4.4.4 Bronk Ramsey (2021): 1:5 heric data from Reimer et al (2020)
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Figure 4. Calibrated radiocarbon date of a goose femur found from Kaali settlement.

Several goose bones included in this study had pathologies. For example, in the
medieval town of Viljandi, a humerus with a healed fracture and a carpometa-
carpus with a joint disorder were found (Paper I). Another two carpometacarpi
with joint disorders were found from Iron Age Otepdd hilltop site and early
modern Viljandi Castle (Paper IV). Even though the percent of bones with
pathologies is smaller for geese, those pathologies are similar to the ones that
are found on chicken bones from different sites of Viljandi (Paper I). These
comparisons suggest that the pathologigal goose bones might belong to
domestic birds, because domestic birds are thought to be more prone to trauma
than wild specimens (Serjeantson 2009, 55). As the earliest such find is from
the Iron Age, it could be one of the earliest evidences of domestic goose in
Estonia (Paper IV). However, more analyses are needed to clarify if it is wild or
domestic, and if it is truly from the Iron Age as suggested by the archaeological
context.

6.2.3. Duck

The wild ancestor of the European domestic duck (4nras domestica) is a
mallard, who is common throughout the northern hemisphere (Albarella 2005,

Sampling protocol (Al PP 489) was handed to the Archaeological Research Collection at
Tallinn University. Results of radiocarbon date: cal BCE/CE date (68.3%) — 752-517
calBCE, cal BCE/CE date (95.4%) — 761-418 calBCE, %C — 11.2%, %N — 3.3%, Coll. yield
(%) — 8.7%.
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254). Its wide habitat makes detecting the domestication time and place diffi-
cult. The earliest records in northern Europe come from the 12™ century CE, but
it is possible that domestic duck was present in Sweden already in the Late Iron
Age (550-1060 CE) (Tyrberg 2002, 219). Fairly firm archaeological evidence
of domestic ducks are found from Eketorp on Oland in Sweden, as an increased
number of juvenile birds and size variation between the first (ca 400-700 CE)
and second phase (ca 1000-1300 CE) of occupation has been noted (Albarella
2005, 255).

Domestic duck does not seem to be as important in medieval assemblages as
chicken and goose. In medieval north-western Russia and in the lake Ilmen
region, it is unlikely that domestic ducks were commonly kept, because the
wildfowl was abundantly available in that region (Hamilton-Dyer et al. 2020,
274). Moreover, duck hunt remains a common sport there (Maltby 2019, 220).
Similarly, it is possible that duck bones from the castles of the Teutonic Order
in Poland derive from mallards hunted at nearby lakes (Wiejacka et al. 2020).
Lack of ducks characterises also the assemblages in Norway, and according to
written sources, woodland birds were preferred to waterfowl because of their
taste (Walker et al. 2019, 27). Regarding Estonia, not much is known about
domestic ducks so far. Some evidence of possibly domestic individuals is
present already in the Late Bronze Age Asva, Ridala, and Kaali, as suggested
by body size and pathologies (Tomek et al. 2010). In written sources, domestic
duck is mentioned only in the 17" century (Pdltsam-Jiirjo 2013, 26). In other
regions, for example Poland, information of breeding domestic ducks in royal
farms comes from 15" century written sources (Makowiecki & Gotfredsen
2002, 75). In Sweden, the word for domesticated duck “anka” is first mentioned
in 1587 (Tyrberg 2002, 219).

Similarly to the goose, it is very difficult to attribute duck bones found in
archaeological sites to their domestic or wild forms only by morphology (Alba-
rella 2005, 249), or differentiate wild species from each other. This is possible
with the help of rich comparative collection, but the collections held in Estonia
currently hold only few specimens of ducks, and many of those are from
mallard. Therefore, in many cases, exact species cannot be identified and it has
been suggested it is best to classify them by size category (Hamilton-Dyer et al.
2020, 255). Duck bones can also be studied by morphometrics (Poland 2018),
but so far this has not been used for Estonian material.

Ducks have been valued for their meat, as at least the wild forms were
considered as important source of protein and fat in the past (Poland 2018, 2).
Nevertheless, there have been some regional differences in consuming this
species. For example, in medieval England, duck meat was considered as poor
food because of the birds’ unhealthy eating habits (Albarella 2005, 255). In
medieval Novgorod and Gorodishche in north-western Russia, duck bones
formed over 60% of all bird bones (Maltby 2019, 220). In medieval Troitsky XI
site, north-western Russia, the importance of ducks in people’s diet decreased
from the middle of the 12" century CE onwards as chicken became more
important (Hamilton-Dyer et al. 2020, 268). For different sites in Viljandi, on
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the other hand, it seems that the percentage of ducks has not decreased notably,
being in most cases smaller than for chicken and goose (Paper I). Usually, the
high percentage of juvenile birds suggests that the birds are being bred in
captivity (Hamilton-Dyer et al. 2020, 270) and consumed mainly for meat (e.g.
Paper I and II). However, the percentage of juvenile duck bones from all sites in
Viljandi combined is only 2.8%, most of those from the medieval castle (Paper
I). For north-western Russia, the percentage of juvenile ducks was only 0.8—
1.6% (Hamilton-Dyer et al. 2020, 270, 272). Additionally to consuming for
meat, ducks have been valued for eggs, as they naturally produce more eggs per
day than chicken (Poland 2018, 4). Similarly to goose, the liver and feathers of
ducks could also have been important (ibid., 5-6).

6.2.4. Turkey

There were at least two separate domestications of turkey subspecies Meleagris
gallopavo gallopavo: one event was in northern or central Mexico and second
in south-western United States; however, the latter does not contribute to the
genetical stock of modern domestic turkey (Speller et al. 2010). It is difficult to
say when turkey was domesticated, because as evidenced by archaeological
finds, wild birds were also hunted; however, it is thought that the domestication
occurred around 2000 years ago (Thornton et al. 2012). Turkey had an impor-
tance as a source of food, but turkey feathers and bones were also used to pro-
duce variety of things, like musical instruments, medicine, and tools (ibid.). In
the early period turkey also had a mainly sacrificial meaning in ritual offerings
(Thornton & Emery 2017).

Turkey was known to the Spanish, French, and English colonists from the
beginning of the 16™ century (Reitz ef al. 2016, and references therein). The
earliest evidence in Europe so far are from 1511 and 1512, when the bird was
imported to Spain (Crawford 1992, 310-311). Turkey spread quickly after its
first introduction through the Hapsburg Empire and distributed throughout
Europe remarkably soon after being brought to Spain (Reitz et al. 2016).
Turkey is first mentioned in Italy in 1520, in Germany in 1530, in France in
1534, in England in 1541, and in Norway in 1550 (Crawford 1992, 311;
Serjeantson 2009, 290). In Sweden and Denmark, the bird was first mentioned
in 1550, and later again in 1611 (Tyrberg 2002, 227). The earliest archaeo-
logical evidence in Sweden is from the 16™ or early 17" century from Ny Var-
berg, Norrkoping (ibid.). The earliest evidence in Norway is somewhat younger
and comes from 1708-1783 from Erkebispegarden site (Walker et al. 2019, 28).
In Lithuania, turkey bones have been found from the Vilnius Castle, where the
carliest specimen is radiocarbon dated to 15"-17" century (Rumbutis et al.
2018, 118). Turkey bones are present in several Polish sites from 16"—17"
century onwards (Makowiecki & Gotfredsen 2002, 69; Makowiecki et al. 2019,
359, table 12.6). Turkey breeding became more widespread in Poland from the
second half of the 18" century (Wiejacka et al. 2020). The earliest firm
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evidence from the Czech Republic is from 1578 (Kysely & Meduna 2019,
6432).

Similarly, as to the rest of the Europe, turkey appears very quickly to the
area of present-day Estonia. According to written sources, the Bishop of Tartu,
Johannes V Bey, received a camel as a gift from Russian Duke Mikhail Glinski
in March 1534, and in return, among other things, the Bishop sent him a turkey
with a Moor who took care of the bird (Kivimde 1996; Ménd 2016, 10-11). As
he sent the bird to the Russian Duke within a week, Johannes V Bey must have
had the bird already in his possession, and as the Bishop had received the bird
from Germany, it was possibly brought to Tartu already in summer 1533
(Kivimde 1996; Ménd 2016, 11). Soon after, turkeys were raised by Jesuits, as
known from written sources from the 16™ century (Pdltsam-Jiirjo 2013, 26).
Turkeys have been related to Jesuits also elsewhere (Kysely & Meduna 2019,
6435, and references therein). For the eastern Baltic region, guidance for raising
turkeys was included in the Salomon Gubert handbook from 1645; and in the
same period of 17"-18" century, turkeys were sometimes bred in manors (Kahk
et al. 1992, 45; Piirsalu 1997, 12-13).

In Estonia, only nine turkey bones from four archaeological sites have been
found so far: Haapsalu Castle (coracoid, scapula, humerus), Tartu (coracoid,
two humeri, tarsometatarsus), Vaabina manor (coracoid), and Tallinn (sternum)
(Lougas et al. 2020; Maldre 2020; Rannamie & Ehrlich 2020; Ehrlich 2021b;
Haak et al. 2022). Most of these come from the sites excavated during recent
years. Therefore, it is possible that more will be found as new sites are ex-
cavated or as previously excavated zooarcheological material is studied further.
Archaeological contexts suggest a wide timeframe for the bone finds, as some
are from the 16™-17" century and some from the 19™ century (Ldugas et al.
2020; Maldre 2020; Rannamie & Ehrlich 2020)4. Those from older contexts
coincide well with the information found in written sources. Even though none
of the turkey bones come from the material identified and published for this
thesis, dating the arrival of turkey to the area of present-day Estonia was impor-
tant for this research as one of the aims was to discuss the arrival of domes-
ticated birds. To this purpose, two turkey bones were radiocarbon dated by
AMS to clarify the dating of possibly oldest specimens from Estonia. One
turkey humerus selected for radiocarbon dating is from Haapsalu’ (AI-HM-
9206/AZ-134), dated to a short time period of 1580-1650 CE by archaeological
context (Lougas et al. 2020). The second radiocarbon dated bone is a humerus

Information about archaeological context of bones from Tartu is based on a personal
communication with Martin Malve 15.02.2022

Sampling protocol (Al PP 541) was handed to the Archaeological Research Collection at
Tallinn University. Results of radiocarbon date: cal BCE/CE date (68.3%) — 1661-1800
calCE, cal BCE/CE date (95.4%) — 1667— ... calCE, 8"°C — -21.2, §”’N — 7.5, C:N — 3.14,
Coll. yield (%) — 10.
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from the mid-16™ century to 1704 Tartu® (TM-A-283/AZ-2:1). Both samples
had the potential to be one of the earliest evidences from Estonia. However,
both bones turned out to be over a hundred years younger than suggested by
written sources (Fig. 5). The bone from Haapsalu Castle is younger than ex-
pected by the archaeological context as the results fell between 1667 and the
20™ century. The bone from Tartu seems to originate from within the wide time
frame suggested by archaeological context as the result was between 1655 and
the 20™ century. Considering the results of radiocarbon dates, the possibility
that the bones are of modern origin instead cannot be excluded.

OxCal v4.4.4 Bronk Ramsey (2021); :5 Atmospheric data from Reimer et al (2020)
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Figure 5. Calibrated radiocarbon dates of turkey bones found from Tartu and Haapsalu.

Turkey was a luxury in Europe during the Early Modern Period. It was related
to power and status, and was probably traded for a significant price (Walker
2021, 41). This is also indicated by the fact that turkeys are often found from
sites related to higher class; whereas compared to goose and chicken, they
usually make up a marginal part of assemblages (Kysely & Meduna 2019, 6432,
6444). However, an example of an exception is Vilnius Castle, where 16 turkey
bones were present in a 16™-18" century layer, making it the third most
common bird after chicken and goose in this layer (Rumbutis et al. 2018, table
7). Since in Estonia only few turkey bones have been found and most of those
come from high status sites like a castle or a manor, we can indeed regard it as a
luxury bird in the region during the Early Modern Period.

6.2.5. Peafowl

Two wild peafowl species have been domesticated: the Indian peafowl (Pavo
cristatus) and the green peafowl (Pavo muticus); the former is usually preferred,
because it is easier to keep in captivity (Serjeantson 2009, 310). Peafowl was
domesticated in south-eastern Asia (ibid., table 12.1). Compared to turkey, pea-
fowl arrived to Europe considerably earlier — they were known in Europe

The information about archaeological context of the bone is based on a personal com-
munication with Martin Malve 15.02.2022. Sampling protocol (TU PP 104) was handed to
the Department of Archaeology at the University of Tartu. Results of radiocarbon date: cal
BCE/CE date (68.3%) — 1674-1943 calCE, cal BCE/CE date (95.4%) — 1655— ... calCE,
8C —-21.4,8°N -8.9, C:N —3.16, Coll. yield (%) — 4.
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already in the 6" century CE (Kysely & Meduna 2019, 6435 and refrerences
therein). The earliest bones of peafowl in Poland originate from the 11" century
CE, but according to zooarchaeological material, the bird remained a rare
species in the following centuries (Makowiecki & Gotfredsen 2002, 76; Mako-
wiecki et al. 2019, 359; Wiejacka et al. 2020). In the Czech Republic, the
carliest evidence is from the written sources of the 12" century (Kysely &
Meduna 2019, 6435). In Norway, the earliest appearance of peafowl is from the
Viking Age (895-905 CE) burial ship at Gokstad (Walker 2021, table 2). In
Sweden, peafowl were regularly kept in manors during the 16™ century (Ericson
& Tyrberg 2004, 44). For the eastern Baltic region, peafowl is represented in
Lithuania, Vilnius Castle, were five specimens have been found from the 14—
16" century layers (Rumbutis ez al. 2018, table 7). So far, there are no peafowl
bones found from Estonia, but since the bird is mentioned in written sources
(Ménd 2016, 12; Pdltsam-Jiirjo 2013, 106), it could be a matter of time until it
is identified in zooarchaeological material.

Similarly to turkey, peafowl never became widespread in this area, and it
was a luxury food or pet kept for its beautiful appearance, either way it relates
to status and higher class (Serjeantson 2009, 332). In Poland, the species was
kept by rich nobility in the 18" century and was rarely eaten in cities (Mako-
wiecki & Gotfredsen 2002, 76). The feathers of peafowl were sometimes used
to surround the meal when the bird was served (ibid.). It could have been used
in a similar manner with a surprise dish for Master Wolter von Plettenberg
when he visited Tallinn in 1513 (Miand 2016, 12; P&ltsam-Jiitjo 2013, 106).
Peafowl were also important, for example, on festive tables in the Czech
Republic (Kysely & Meduna 2019, 6435).

6.2.6. Pigeon

The ancestor of domestic pigeon is rock dove that was possibly domesticated in
the Near East; however, because of the wide distribution of wild rock dove,
other regions cannot be ruled out entirely (Serjeantson 2009, 304-305). It is
unclear when pigeon was domesticated, but it is possible that it had happened
by the 1* millennium BCE and, based on finds from Greece, was present in
Europe by the mid-1* millennium BCE (ibid., 306). More evidence from central
Europe and Scandinavia seems to be from the first century CE onwards (ibid.,
table 12.4).

Even though some pigeon bones have been identified in Estonian material
(Paper I), in most cases it is difficult to say if those are domestic or not. Name-
ly, rock dove and domestic pigeon are morphologically identical, and the size of
the domestic ones can vary widely: some might be smaller than rock dove,
while others might be larger than common woodpigeon (Columba palumbus),
which is the largest of columbiforms in Europe (Fick 1974; Tomek & Boc-
henski 2009, 86). Domestic pigeons were kept throughout Europe during the
Middle Ages, but wild pigeons were also present in towns, since these are
commensal species (Hamilton-Dyer et al. 2020, 290).

48



In Norway, rock dove is present from the Bronze and the Early Iron Age
onwards, even though prior to the Post-Medieval Period (from 1500 CE on-
wards) there is little evidence of this bird (Walker 2021, 36, table 2). It is, how-
ever, unclear if those specimens belong to feral or natural populations (ibid.,
36). According to written sources, in Sweden domestic pigeons were rather rare
during the Middle Ages, but presumably became more common from the mid-
19" century onwards (Tyrberg 2002, 227). In some Polish sites like medieval
Kaldus settlement site and Starogrod Castle of the Teutonic Order, domestic
pigeon has been identified (Makowiecki et al. 2019, 343; Wiejacka et al. 2020).
In Estonia, eating domestic pigeon is mentioned in written sources from the 18"
century (Bardone et al. 2016, 56).

Domestic pigeons have been kept for variety of reasons like sacrifices, meat,
dung, and even for carrying messages (Serjeantson 2009, 308). There are also a
few juvenile pigeons represented in medieval and early modern Viljandi Castle,
where a tibiotarsus and carpometacarpus with cut marks suggest that at least
some of the pigeons found from Estonian material were eaten (Ehrlich 2018,
appendix 3; Paper I). From Estonia, there is so far no evidence that pigeons
were used for other purposes. It is unclear, if all pigeon bones ended up in the
archaeological context by human activity, because it is possible that some of
those specimens got there incidentally (Maltby 2020, 338).

6.3. Changing meaning of birds through time

6.3.1. From grave to table

It has been suggested that chicken was brought to western Asia and Europe for
ritual purposes (Serjeantson 2009, 362). Chicken was considered to be a sacred
bird in the regions where the earliest finds are from burial sites, for example in
Slovakia and Germany, where the earliest evidence is from the 1* century BCE
(ibid.). The earliest finds from Thailand, China, and Italy are also from burial
sites (Best et al. in press, and references therein). As in many areas in Europe,
chicken are also buried individually, showing the importance of that bird (Do-
herty et al. 2021; Best et al. in press). Birds buried in this way do not have any
evidence of human consumption and are often older individuals (Doherty et al.
2021; Best et al. in press). Early chicken, whose population size was limited,
were probably not considered to be food, but rather exotic birds or rare pets;
therefore related to social status (Sykes 2012; Trentacoste 2020; Best et al. in
press). When chicken became more abundant and grew in importance as a food
source, it did not lose its ritual value, as chicken were buried with humans as a
food offering or might have had important symbolic meaning of leading human
souls to the afterlife (Trentacoste 2020; Best et al. in press).

Earliest evidence in the northern part of Europe show similar patterns in the
role of chicken. In Sweden and Denmark, chicken was seen as a high-status
commodity before it became dominant (Walker ez al. 2019, 25). For example, in
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Denmark, three inhumation graves with chicken bones are known in Vraby,
Munkehgjgard, and Keerup Nord, all from the Roman Iron Age (c. 1-375 CE),
while usually domestic mammals have been preferred (Gotfredsen 2013, 357—
358). The birds were offered as food for the deceased as evidenced by the
arrangements of the birds in pottery vessels or their location in relation to other
food offers (ibid., 367). Chicken was not an everyday commodity for Roman
Iron Age people in Scandinavia and the presence of an entire chicken in a grave
further added luxury (ibid., 368). The main purpose of placing animal parts in
Roman Iron Age inhumation graves in Scandinavia was to provide the deceased
with provisions, but it had additional symbolic or status-related connotations
(ibid., 368).

Interpretations whreby chicken has both economic and symbolic value have
also been attributed to Iron Age finds in Estonia, which originate from different
contexts, like settlements and burials (Jonuks ef al. 2018, 7-8). In Estonia, the
earliest chicken is also from a grave, even though only one bone has been found
and the connection with human burials remains unclear (Paper III). This is not
something exceptional for Estonia, as the earliest evidence of cattle and sheep
are also from graves, whereas those are also represented only by a single bone
or bone tool (Ldugas et al. 2007, 25-26). Even when chicken becomes more
abundant in the area of present-day Estonia from the 10" century CE onwards
(Paper I), chicken eggs have been found from Kukruse burial (end of the 12" —
beginning of the 13™ century CE) and chicken bones from Siksild cemetery
(13™-15" century CE) (Valk & Laul 2014, 90; Jonuks er al. 2018). Also,
in Jurgionys cemetery, Lithuania, chicken bones have been found in a 14™-16"
century CE grave (Vitktinas 2015, 186, 191). By that time, chicken was already
a common bird species also in Lithuania (e.g. Rumbutis ef al. 2018, table 7).

In Late Iron Age (c. 950-1225 CE) Viljandi, bird bones form 2—-8% of all
zooarchaeological material (Rammo & Veldi 2005, 102; Valk & Rannamie
2015, 128). Among the bird remains, chicken dominates, indicating that it pro-
vided meat and possibly eggs (Paper I). This might seem a small percentage,
and in some of the previous studies it has been thought that the number of
chickens in the Late Iron Age was small and that their number increased only in
the Middle Ages (Jonuks et al. 2018, 7). But it is rather usual that bird remains
form less than 10% of the whole zooarchaeological material even in the Middle
Ages (e.g. Benecke 1993, 28; Hamilton-Dyer 2002, 101; Maldre et al. 2018,
1229; Walker 2021, 38). By the Middle Ages, chicken became important meat
supply as seen in the number of bones and also in the percentage of juvenile
birds (Paper I).

Goose have had a sacred meaning in Roman Egypt and Roman Italy, and in
Greece (Albarella 2005, 253). Whereas it is possible that goose had an im-
portant role also in northern Europe, as the earliest evidence of domestic goose
in Denmark has also been found from high status graves during the Roman Iron
Age (around 200-250 CE) (Gotfredsen 2013, 366). Similarly, during the Late
Iron Age (550-1060 CE), domesticated goose bones are frequently present in
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graves in Sweden (Tyrberg 2002, 216-219). Not much is known about goose or
other domestic birds besides chicken in the graves in Estonia.

6.3.2. Cockfighting

It has been suggested that cockfighting is one of the main reasons for domes-
ticating chicken (Serjeantson 2009, 268; Sykes 2012, 160). Supposedly, cock-
fighting could have been the reason for the spread of chicken also in central
Europe, because in some of the early sites, the ratio of cockerels to hens was
3:1; on the other hand, this proportion might also indicate predominant use in
meat production (Benecke 1993, 24; Sykes 2012). Nevertheless, particularly for
the early evidence, cockfighting or ritual meaning seems more plausible (Sykes
2012). Traces of cockfighting can be indicated by cut off spurs. One reason for
cutting off the spurs might be aggression control, because the birds can be very
violent while defending their territory or fighting with other males during the
mating period (Gal 2008, 43). Such fights might end even with death (Barber et
al. 2012, 108). Another reason is the use of artificial spurs made of metal or
bone (Serjeantson 2009, 327). From Estonia, no artificial spurs are known, but
five tarsometatarsi with cut off spurs have been found: one from Late Iron
Age Viljandi settlement site, one from 14™-16" century Padise monastery, one
from the end of the 16™-17" century Vastseliina Castle (TU-1435/AZ-06:04,
Fig. 6), one from early modern Viljandi Castle, and from medieval or early
modern Vabaduse Square settlement site in Tallinn (AI-6917/558:213, Fig. 6)
(Valk 2006, 2; Tomek 2010; Lougas et al. 2012, 89; Ehrlich 2019; Paper I).
Similar cases have been found from several sites around Europe, for example,
two chicken spurs with cut marks from medieval Portugal (Moreno-Garcia &
Pimenta 2010, 270, fig. 4). Chicken bones interpreted as evidence of cock-
fighting have also been found from medieval and early modern Norway (Ber-
gen, Oslo, Trondheim) (Walker & Meijer 2020). There is another example of
cut off spur from 16™ century Brussels, Belgium (Thys & Van Neer 2010, 81).
In case of aggression control, it is more common to remove only half of the
natural spur (Walker & Meijer 2020, 130), which is not the case for most of the
Estonian examples. The examples, where the spur is removed closer to the shaft
can be related to cockfighting instead, because it is necessary to remove the
spur in order to attach an artificial spur (ibid., 132). Therefore, a spur with cut
marks from Tallinn Vabaduse Square might be related to aggression control,
even though cockfighting cannot be excluded.
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Figure 6. Two chicken tarsometatarsi: A — tarsometatarsus with its spur cut off from
Vastseliina (TU-1435/AZ-06:04), B1 — tarsometatrsus with cut marks on its spur from
Tallinn Vabaduse Square (AI-6917/558:213) from plantar view and B2 — from dorsal
view. Cut marks are shown with arrows. Photo: Eve Rannamée, Freydis Ehrlich.

6.3.3. Feathers and bone items

Several species of birds, like sparrowhawks, Eurasian crane, swan, ravens, and
possibly Eurasian jackdaws might have been valued for their plumage (Serje-
antson & Morris 2011, 88; Hamilton-Dyer et al. 2020, 262 ff.), even though
none of the specimens found had any cut marks. However, eagle bones have
sometimes cut marks. The meaning of eagles can be difficult to understand,
because these can be birds living and dying in the area, or killed as pests
(Hamilton-Dyer 2002, 104), and therefore the usage of the bird is not always
clear (discussed in more depth in Paper II). However, as only parts of the
skeleton are usually found, it is more likely that those birds were killed else-
where and parts of the carcasses were brought to the settlement for some reason
(Hamilton-Dyer et al. 2020, 262). Cut marks on eagle wing bones suggest that
at least in some cases, the reason was the use of feathers (ibid.). This is also
possible for medieval Viljandi Castle, as carpometacarpus and radius of white-
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tailed sea-eagle with cut marks were present (Fig. 7) (Ehrlich 2018). Similar
finds come also, for example, from north-western Russia, as a white-tailed sea-
eagle humerus and carpometacarpus with cut marks were present at the 12"
century CE Novgorod Troitsky site (Hamilton-Dyer 2002, 104). Furthermore, in
Viljandi Castle, out of twenty medieval white-tailed sea-eagle bones, fifteen
were wing bones and the rest leg bones (Fig. 8) (Ehrlich 2018; Paper I). In Klai-
péda Castle, on the other hand, out of eighteen eagle bones only five were from
wings (Paper II). Additionally, among the remaining thirteen eagle bones, four
had cut marks suggesting that in the case of Klaipéda, extracting claws for
pendants was the main purpose, not feathers (Paper II). Using eagles for
feathers or pendants has been discussed in more detail in Paper I1.

N

1cm

Figure 7. Carpometacarpus (VM-10922/AZ-94:6) of the
white-tailed sea-eagle from medieval Viljandi Castle. Cut
mark is shown with an arrow. Photo: Eve Rannamie,
Freydis Ehrlich.
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Figure 8. Tarsometatarsus and phalanges (VM-11041/AZ-276:1-5) of white-tailed sea-
eagle from medieval Viljandi Castle. All specimens probably belong to the same indi-
vidual. Photo: Eve Rannamie, Freydis Ehrlich.

Worked bird bones are usually rare in archacological assemblages, because bird
bones are smaller and thinner than those of mammals and their shape and struc-
ture sets limits for their use (Gal 2005, 325). Some evidence is from medieval
Viljandi Castle, where a whistle made of chicken-sized galliform ulna has been
found (Paper I). Whistles made of bird bones have also been found from much
earlier sites of Neolithic settlement site in Tallinn Vabaduse Square and from
Tamula Neolithic settlement site (Lougas & Tomek 2013, 477-478). Even pre-
sent day hunters sometimes use whistles made of avian bones to lure different
animals like foxes, martens, polecats, and hazel grouse (ibid., 478). While the
whistle from medieval Viljandi is made of an ulna of chicken-sized galliform, it
seems that at least during the Middle Ages flutes were usually made of the long
bones, preferably ulna, of larger birds like goose, swan, heron, or eagle
(Kiichelmann 2010, 172). It makes a good raw material because of its length
and resistance (Gal 2015, 363). The bones of mammals have also been used for
making flutes, but bird bones were possibly preferred for the thin walls and
hollow ducts (Gal 2005, 334). For example, two flutes made of golden eagle
ulnae come from a 16™ century high status site of Visegrad-Alsovar, Hungary
(Gal 2005, 328; Gal 2015, 363). A bone flute made of a domestic goose hume-
rus was present in 2"-3" century CE Carnuntum—Miihlicker, Austria (Gal &
Kunst 2014, 341).
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7. CONCLUSION

Bird bones are an important source of information about the past, helping to fill
the gaps about what people ate, what tools they used, how they displayed their
social status, practised rituals, etc. However, until lately, bird bones in the
eastern Baltic region have received only little attention compared to the bones
of mammals and fish. The main aim of this thesis was to fill this gap by pro-
viding a more detailed overview of the bird species present in zooarchaeological
material, and to determine what roles birds had in the past. These questions
were tightly linked to another aim — to discuss when domestic species reached
the area of present-day Estonia.

The diversity and meaning of birds in the past were mainly based on material
from the Late Iron Age to the Early Modern Period Viljandi area, Estonia, and
Klaipéda Castle, Lithuania (Papers I and II). Bird bones from the Stone Age and
the Bronze Age are partially previously studied by other scholars, and in this
introductory part of the thesis only a brief overview has been provided. During
the Stone Age, water birds, especially ducks, were the most important. As most
of the birds were used for food, there were some species like eagles that might
have had a ritual value instead. From the later part of the Viking Age, chicken
becomes the dominant bird species in zooarcheological material, followed by
goose and duck. However, variety of other species is usually also present. The
diversity of species used can give information about relationships between
people. Based both on written sources and archaeological evidence, consuming
certain species such as Eurasian crane, swan, or western capercaillie as food can
be related to status. Similarly, hawking was something related to higher class.
Birds did also have a symbolic or ritual meaning. For example, chicken skele-
tons and eggs have been found in graves, and bones of different species have
been used for pendants. Additionally, feathers of some species, like eagles, were
used, whereas artefacts, like whistles, were made of bird bones. In case of some
species, like corvids and pigeons, it is difficult to say if their presence in
deposits is caused by human activity or by natural processes.

Domestication is an important topic that is studied with the help of archaeo-
logical bones. It was possible to find the most probable earliest evidence of
chicken as a bone was radiocarbon dated to Pre-Roman Iron Age, while other
examples were dated not earlier than the Pre-Viking Age (Paper III). It was
difficult to find the earliest evidence of domestic goose, as methods for
differentiating between wild and domestic forms were needed. Other species
like ducks, turkeys, peafowl and pigeons were discussed as well. Of those, the
early evidence of turkey was found, while other species are needed to be studied
in the future.

There are still many questions about birds in the past that remain un-
answered and deserve further studying. For example, from where and by whom
were domestic chicken and goose brought to present-day Estonia, and was
chicken introduced to the area more than once. Also for goose and duck,

55



making a difference between wild and domestic specimens needs further atten-
tion in order to determine the earliest domestic forms in the area. aDNA ana-
lysis would be one of the methods with a potential to solve several questions
regarding chicken and goose. As research develops and more faunal remains are
studied, there is also hope that new species can be added to the list of occurring
material — for example, peafowl. And, of course, as more material from diffe-
rent sites and time periods is being studied, deeper discussion on the value and
meaning of different species becomes possible. Only then we can start drawing
comparisons in the diversity, importance, and arrival of birds in the whole
eastern Baltic region.

56



REFERENCES

Internet sources

Michel Coutureau (Inrap) — (© ArchéoZoo.org).
https://www.archeozoo.org/archeozootheque/ (Last access 08.02.2022).

ARHEST. Eesti arheoloogia andmekogud.
https://andmekogud.arheoloogia.ee/#/leiud/arheozooloogia (Last access 11.11.2021).

DataDOIL. http://datadoi.ee/ (Last access 08.02.2022).

Estonian Ornithological Society. https://www.eoy.ee (Last access 06.01.2022).

Manuscripts

Danilchenko, V. 1990. Gyvuliy kauly analizés rezultatai. — A. Luchtanas. Tyrinéjimai
Kernavéje Pajautos slényje, Sirvinty raj. 1989 m. Ataskaita. (Unpublished excava-
tion report.) Manuscript in the Archive of Lithuanian Institute of History.

Ehrlich, F. 2016. Kana ja teised linnud muinasaegse Viljandi Lossimdgedes Zooarheo-
loogiline uurimus. (Unpublished BA thesis.) Manuscript in the Archaeological
Archive of the University of Tartu.

Ehrlich, F. 2018. Linnud Viljandi keskaegses ja varauusaegses zooarheoloogilises
materjalis. (Unpublished MA thesis.) Manuscript in the Archaeological Archive of
the University of Tartu.

Jarv, E. 2005. Viljandi ordulinnuse varemetes 2003. aasta arheoloogilistel kaevamistel
leitud loomaluude osteoloogiline ekspertiis. (Unpublished identification report.)
Manuscript in the Archaeological Archive of the University of Tartu.

Maldre, L. 2020. Lai 13/Suur-Kloostri 1 loomaluud. Luude miiramisprotokoll. — A.
Kraut. Kaevetodde arheoloogilise jirelevalve aruanne 2016—2020 Tallinnas Lai tn
13/Suur-Kloostri 1. Tallinna vanalinna muinsuskaitseala (registri nr 2589). (Un-
published excavation report.) Manuscript in the City Archives of Tallinn.

Rannamée, E. 2010. 4 Zooarchaeological Study of Animal Consumption in Medieval
Viljandi. (Unpublished MA thesis.) Manuscript in the Archaeological Archive of the
University of Tartu.

Rannamée, E. & Ehrlich, F. 2020. Vaabina méis 2020. Loomaluude aruanne. (Un-
published identification report.) Manuscript in the Archaeological Archive of the
University of Tartu.

Saks, P. & Jarv, E. 2001. Viljandi Kivimdgi, Suusahiippemdgi ja Ordulinnus. 2000.
aasta arheoloogilistel kaevamistel leitud loomaluude osteoloogiline ekspertiis. (Un-
published identification report.) Manuscript in the Archaeological Archive of the
University of Tartu.

Valk, H. 2006. Aruanne arheoloogilistest proovikaevamistest Vastseliina linnuses 2005.
a. (Unpublished excavation report.) Manuscript in the Archaeological Archive of the
University of Tartu.

57



Publications

Albarella, U. 2005. Alternate fortunes? The role of domestic ducks and geese from
Roman to Medieval times in Britain. — Feathers, Grit and Symbolism; Birds and
Humans in the Ancient Old and New Worlds. Eds J. Peters & G. Grupe.
(Documenta Archaeobiologiae, 3.) Verlag Marie Leidorf, Rahden, 249-258.

Albarella, U., Baker, P., Browaeys, E., Corbino, C. A., Mulville, J., Poland, G. &
Worley, F. (eds). 2020. The Archaeology of Human-Bird Interactions: Essays in
Honour of Dale Serjeantson. Volume 1. (Quaternary International, 543.)

Armstrong Oma, K. 2010. Between trust and domination: social contracts between
humans and animals. — World Archaeology, 42 (2), 175-187. DOI: 10.1080/
00438241003672724

Bacher, A. 1967. Vergleichend morphologische Untersuchungen an Eizelknochen des
postkranialen Skeletts in Mitteleuropa vorkommender Schwine und Génse. Institut
fir Paldoanatomie Domestikations forschung und Geschichte der Tiermedizin,
Miinchen.

Barber, J., Daly, J., Rutland, C., Hauber, M. & Gawthray, A. 2012. The Chicken. A
Natural History. Race Point Publishing, New York.

Bardone, E., Kannike, A., Potlsam-Jiirjo, I. & Plath, U. 2016. 101 Eesti toitu ja toidu-
ainet. Varrak, Tallinn.

Barnes, 1., Young, J. P. W. & Dobney, K. M. 2000. DNA-based identification of goose
species from two archaeological sites in Lincolnshire. — Journal of Archaeological
Science, 27 (2), 91-100. DOI: 10.1006/jasc.1999.0440

Bartosiewicz, L. 2021. What is a rare disease in animal paleopathology? — International
Journal of Paleopathology, 33, 13—24. DOI: 10.1016/J.1JPP.2021.02.001

Bejenaru, L. & Serjeantson, D. (eds). 2014. Birds and Arcaheology: New Research.
Proceedings of the 7th Meeting of the ICAZ Bird Working Group in Lasi, Romania
27.08-01.09.2012. (International Journal of Osteoarchaeology, 24 (3).)

Benecke, N. 1993. On the utilization of the domestic fowl in central Europe from the
Iron Age up to the Middle Ages. — Archaeofauna, 2, 21-31.

Best, J., Doherty, S., Buster, L. S., Armit, 1., Boev, Z., Cunliffe, B., Foster, A., Frimet,
B., Hamilton-Dyer, S., Higham, T., Lebrasseur, O., Mepham, L., Miller, H., Peters,
J., Seigle, M., Skelton, C., Symmons, R., Thomas, R., Trentacoste, A., Maltby, M.,
Larson, G. & Sykes, N. In press. Radiocarbon dating redefines the timing and
circumstances of the chicken’s introduction to Europe and northwest Africa. —
Antiquity.

Bezzenberger, A. 1889. Die Kurische Nehrung und ihre Bewohner. (Forschungen zur
deutschen Landes- und Volkskunde, 3.) Stuttgart.

Bilskiené, R. & Daugnora, L. 2001. Osteometriné visty skeleto analizé. — Veterinarija Ir
Zootechnika, 16 (38), 15-30.

Blazevi¢ius, P., Rumbutis, S. & Zarankaité, T. 2012. Medziokliniai, medziojamieji ir
naminiai pauks$ciai Vilniaus pilyje XIV-XVI a. naujausiy tyrimy duomenimis. —
Chronicon Palatii magnorum Ducum Lithuaniae, II. Lietuvos nacionalinis muziejus,
Vilnius, 299-319.

Bochenski, Z. M. (ed.) 2002. Proceedings of the 4th meeting of the ICAZ Bird Working
Group. (Acta Zoologica Cracoviensia, 45.)

Bochenski, Z. M. & Tomek, T. 2009. An Identification Key for the Remains of Do-
mestic Birds in Europe. Preliminary Determination. Institute of Systematics and
Evolution of Animals, Polish Academy of Siences, Krakdw.

58



Bronk Ramsey, C. 2009. Bayesian analysis of radiocarbon dates. — Radiocarbon, 51 (1),
337-360. DOI: 10.1017/S0033822200033865

Brown, T. A., Jones, M. K., Powell, W. & Allaby, R. G. 2009. The complex origins of
domesticated crops in the Fertile Crescent. — Trends in Ecology and Evolution, 24
(2), 103-109. DOI: 10.1016/j.tree.2008.09.008

Clark, G. 1948. Fowling in prehistoric Europe. — Antiquity, 22 (87), 116—130.

Cohen, A. & Serjeantsion, D. 1996. A Manual for the Identification of Bird Bones from
Archaeological Sites. Archetype Publications Ltd, London.

Corbino, C. A., De Grossi Mazzorin, J., Minniti, C., & Albarella, U. 2021. The earliest
evidence of chicken in Italy. — Quaternary International. DOI: 10.1016/J.QUAINT.
2021.04.006

Crawford, R. D. 1992. Introduction to Europe and diffusion of domesticated turkeys
from the America. — Archivos de Zootecnia, 41 (154), 307-314.

Daugnora, L., Bilskiené, R. & Hufthammer, A. K. 2002. Bird remains from Neolithic
and Bronze Age settlements in Lithuania. — Acta Zoologica Cracoviensia, 45, 233—
238.

Davis, S. J. M. 2002. The Archaeology of Animal. Routledge, London.

Dawson, E. W. 1963. Bird remains in archaeology. — Science in Archaeology. Eds D.
Brothwell, E. Higgs, & G. Clark. Thames and Hudson, London, 279-293.

Dirrigl Jr., F. J. & Brush, T. (eds) 2020. Avian Zooarchaeology: Prehistoric and Histo-
rical Insights. (Archaeological and Anthropological Sciences, 12.).

Doherty, S. 2013. New perspectives on urban cockfighting in Roman Britain. —
Archaeological Review from Cambridge, 28 (29), 82-95.

Dobherty, S. P., Foster, A., Best, J., Hamilton Dyer, S., Morris, J., Sadler, P., Skelton, C.,
Smallman, R., Woldekiros, H., Thomas, R. & Sykes, N. 2021. Estimating the age of
domestic fowl (Gallus gallus domesticus L. 1758) cockerels through spur develop-
ment. — International Journal of Osteoarchaeology, 31, 770-781. DOI: 10.1002/
0a.2988

Driesch, A. von den 1976. Das Vermessen von Tierknochen aus vor- und frithgeschicht-
lichen Siedlungen. Institut fiir Paldoanatomie, Domestikations Forschung und
Geschichte der Tiermedizin, Miinchen.

Eda, M. 2021. Origin of the domestic chicken from modern biological and zooarchaeo-
logical approaches. — Animal Frontiers, 11 (3), 52—-61. DOI: 10.1093/af/vfab016
Eda, M., Yashima, S., Kusuhara, S. & Inoué, T. 2010. Histological analysis of medul-
lary bone from archaeological sites in Japan. — Birds in Archaeology: Proceedings of
the 6th Meeting of the ICAZ Bird Working Group in Groningen (23 Aug to 27 Aug
2008). Eds W. Prummel, J. T. Zeiler, & D. C. Brinkhuizen. Barkhuis, Groningen,

255-259.

Ehrlich, F. 2019. Identifications of the bird remains from Vastseliina.
https://andmekogud.arheoloogia.ee/#/leiud/arheozooloogia.

Ehrlich, F. 2020. Bird bones from the archacological excavations in the castle of the
Teutonic Order in Klaipéda. — UT DataDOI Online Repository. DOI: 10.23673/re-
289

Ehrlich, F. 2021a. Identifications of the bird remains from Ilmandu.
https://andmekogud.arheoloogia.ee/#/leiud/arheozooloogia.

Ehrlich, F. 2021b. Identifications of the bird remains from Tartu, Oa St.
https://andmekogud.arheoloogia.ee/#/leiud/arheozooloogia.

59



Ehrlich, F., Rannaméie, E. & Tomek, T. 2020. Bird bones from the archacological exca-
vations in Viljandi, Estonia. — UT DataDOI Online Repository. DOI: 10.23673/re-
317

Ehrlich, F., Pili¢iauskiené, G. & Blazevicius. P. In prep. Bird remains from Vilnius
Lower Castle, Lithuania (13"-19™ centuries).

Erbersdobler, K. 1968. Vergleichend morphologische Untersuchungen an Einzelkno-
chen des postcranialen Skeletts in Mitteleuropa vorkommender mittelgroBer Hiiner-
vogel. Institut fir Paldoanatomie, Domestikations Forschung und Geschichte der
Tiermedizin, Miinchen.

Ericson, P. G. E. & Tyrberg, T. 2004. The Early History of the Swedish Avifauna. A
Review of the Subfossil Records and Early Written Sources. Kungl. Vitterhets
Historie och Antikvitets Akademien, Stockholm.

Ernits, E. 2015. Lingua Latina in Anatomia. Ladinakeelsed anatoomiaterminid.
Haildus, struktuur ja sdnavara. Eesti Maaiilikool, Tartu.

Ernits, E. & Nahkur, E. 2013. Koduloomade anatoomia, X. Linnu kehaehitus. Eesti
Maaiilikool, Tartu.

Evin, A., Lebrun, R., Durocher, M., Ameen, C., Larson, G. & Sykes, N. 2020. Building
three-dimensional models before destructive sampling of bioarchaeological remains:
a comment to Palsdottir et al. (2019). — Royal Society Open Science, 7 (3), 192034.
DOI: 10.1098/rs0s.192034

Fick, O. K. W. 1974. Vergleichend morphologische Untersuchungen an Eizelknochen
europdischer Taubenarten. Institut fiir Paldoanatomie, Domestikations Forschung
und Geschichte der Tiermedizin, Miinchen.

Fothergill, B. T. 2017. Human-Aided Movement of Viral Disease and the Archaeology
of Avian Osteopetrosis. — International Journal of Osteoarchaeology, 27 (5), 853—
866. DOI: 10.1002/0A.2599

Fothergill, B. T., Best, J., Foster, A. & Demarchi, B. 2017. Hens, health and husbandry:
integrated approaches to past poultry-keeping in England. — Open Quaternary, 3 (1),
5. DOI: 10.5334/0q.34

Gal, E. 2005. New data on bird bone artefacts from Hungary and Romania. — From
Hooves to Horns, from Mollusc to Mammoth. Manufacture and Use of Bone Arte-
facts from Prehistoric Times to the Present. Eds H. Luik, A. M. Choyke, C. E. Batey
& L. Lougas. (Muinasaja teadus, 15.) Teaduste Akadeemia Kirjastus, Tallinn, 325—
338.

Gal, E. 2006. The Role of Archaeo-Ornithology in Environmental and Animal History
Studies. — Archaeological and Cultural Heritage Preservation within the Light of
New Technologies. Eds E. Jerem, Z. Mester, & R. Benczes. Archaeolingua, Buda-
pest, 49—-62.

Gal, E. 2007. Fowling in Lowlands. Neolithic and Chalcolithic Bird Exploitation in
South-East Romania and the Great Hungarian Plain. Archaeolingua, Budapest.

Gal, E. 2008. Bone evidence of pathological lesion in domestic hen (Gallus domesticus
Linnaeus, 1758). — Veterinarija ir Zootechnika, 41 (63), 42-48.

Gal, E. 2013. Pathological changes in bird bones. — Shuffling Nags, Lame Ducks. The
Archaeology of Animal Disease. Ed. L. Bartosiewicz. Oxbow Books, Oxford, Oak-
ville, 217-238.

Gal, E. 2015. “Fine feathers make fine birds”: the exploitation of wild birds in medieval
Hungary. — Antaeus, 33, 345-368.

60



Gal, E. & Kunst, G. K. 2014. Offered to gods, eaten by people: bird bones from the
Sanctuary of Jupiter Heliopolitanus in Carnuntum-Mihldcker (Austria). — Inter-
national Journal of Osteoarchaeology, 24 (3), 336-346. DOI: 10.1002/0a.2371

Galimova, D. N., Askeyev, . V. & Askeyev, O. V. 2014. Bird remains from S5th—17th
century AD archaeological sites in the Middle Volga region of Russia. — Inter-
national Journal of Osteoarchaeology, 24 (3), 347-357. DOI: 10.1002/0a.2385

Gao, Y. L., Qin, L. T., Pan, W., Wang, Y. Q., Le Qi, X., Gao, H. L. & Wang, X. M.
2010. Avian leukosis virus subgroup J in layer chickens, China. — Emerging Infec-
tious Diseases, 16: 10, 1637-1638. DOI: 10.3201/EID1610.100780

Girdland Flink, L., Allen, R., Barnett, R., Malmstrém, H., Peters, J. & Eriksson, J. 2014.
Establishing the validity of domestication genes using DNA from ancient chickens. —
Proceedings of the National Academy of Sciences of the United States of America,
111 (17), 6184-6189. DOI: 10.1073/pnas.1308939110

Gorobets, L. & Kovalchuk, O. 2017. Birds in the medieval culture and economy of the
East Slavs in the 10—13th centuries AD. — Environmental Archaeology, 22 (2), 147—
165. DOI: 10.1080/14614103.2016.1141088

Gotfredsen, A. B. 2013. The role of birds as grave gifts in richly furnished Roman Iron
Age inhumation graves c. 1-375 AD, eastern Denmark. — Anthropozoologica, 48
(2), 355-370. DOI: 10.5252/az2013n2a12

Gotfredsen, A. B. 2014. Birds in Subsistence and Culture at Viking Age Sites in Den-
mark. — International Journal of Osteoarchaeology, 24 (3), 365-377. DOI: 10.1002/
0a.2367

Groene, D. de, Poland, G., Browaeys, E. & Rizzetto, M. 2020. Bird exploitation in an
Early Anglo-Saxon community: taxonomic and biometrical investigations at West
Stow. — Quaternary International, 543, 81-92. DOI: 10.1016/j.quaint.2020.03.051

Grupe, G. & Peters, J. (eds) 2005. Feather, Grit and Symbolism: Birds and Humans in
the Ancient, Old and New Worlds. (Documenta Archaeobiologiae, 3.) Verlag Marie
Leidorf, Rahden.

Gubert, S. 1645. Stratagema oeconomicum oder Ackerstudent, denen jungen ungeiibten
Ackerleuten in Lieffland zum nothigem Unterricht, vermittelst vieljahrigen Obser-
vationibus, auch fiirnehmer Philosophorum Placitis dargestellt von Salomone Gu-
berto. G. Schroder, Riga.

Haak, A., Rannamie, E. & Ehrlich, F. 2022. Korn, kooska ja kulu. Tartu keskaegsetest
linnaloomadest — Tallinna Linnamuuseumi Toimetised, 2, 23-53.

Habermehl, K.-H. 1975. Die Altersbestimmung bei Haus- und Labortieren. Paul Parey,
Berlin, Hamburg.

Hamilton-Dyer, S. 2002. The bird resources of medieval Novgorod, Russia. — Acta Zoo-
logica Cracoviensia, 45, 99-107.

Hamilton-Dyer, S., Brisbane, M. & Maltby, M. 2017. Fish, feather, fur and forest: Ex-
ploitation of wild animals in medieval Novgorod and its territory. — Quaternary
International, 460, 97-107. DOI: 10.1016/j.quaint.2016.04.024

Hamilton-Dyer, S., Maltby, M., Sablin, M. & Zinoviev, A. V. 2020. Bird bones from
Novgorod and sites in its immediate hinterland. — Animals and Archaeology in
Northern Medieval Russia. Zooarchaeological Studies in Novgorod and its Region.
Eds M. Brisbane & M. Maltby. Oxbow books, Oxford; Philadelphia, 255-362.

Heikkinen, M. 2017. The Domestication History of the European Goose: A Genomic
Perspective. (Acta Universitatis Ouluensis. A Scientia Rerum Naturalium, 692.)
University of Oulu, Oulu.

61



Hiieméde, M. 2016. Viike linnuraamat rahvapirimusest. Eesti Kirjandusmuuseumi
Teaduskirjastus, Tartu.

Hill, E. 2013. Archaeology and Animal Persons: Toward a Prehistory of Human-Ani-
mal Relations. — Environment and Society: Advances in Research, 4 (1), 117-136.
DOI: 10.3167/ares.2013.040108

Honka J. 2020. Evolutionary and Conservation Genetics of European Domestic and
Wild Geese. (Acta Universitatis Ouluensis. A Scientia Rerum Naturalium, 743.)
University of Oulu, Oulu.

Honka, J., Kvist, L., Heikkinen, M. E., Helle, P., Searle, J. B. & Aspi, J. 2017. Deter-
mining the subspecies composition of bean goose harvests in Finland using genetic
methods. — European Journal of Wildlife Research, 63, 19. DOI: 10.1007/s10344-
017-1077-6

Honka, J., Heino, M. T., Kvist, L., Askeyev, 1. V, Shaymuratova, D. N., Askeyev, O. V,
Askeyev, A. O., Heikkinen, M. E., Searle, J. B. & Aspi, J. 2018. Over a thousand
years of evolutionary history of domestic geese from Russian archaeological sites,
analysed using ancient DNA. — Genes, 9 (7), 367. DOI: 10.3390/genes9070367

Howard, H. 1929. The avifauna of Emeryville Shellmound. — University of California
Publications in Zoology, 32 (2), 301-394.

Jonuks, T. & Rannamée, E. 2018. Animals and worldviews: a diachronic approach to
tooth and bone pendants from the Mesolithic to the Medieval period in Estonia. —
The Bioarchaeology of Ritual and Religion. Ed. A. Livarda. Oxbow Books, Oxford,
Philadelphia 162—178. DOI: 10.2307/j.ctvh1dpkx.18

Jonuks, T., Oras, E., Best, J., Demarchi, B., Ménd, R., Presslee, S. & Vahur, S. 2018.
Multi-method analysis of avian eggs as grave goods: revealing symbolism in Con-
version Period burials at Kukruse, NE Estonia. — Environmental Archaeology, 23
(2), 109-122. DOI: 10.1080/14614103.2016.1263374

Kahk, J., Tarvel, E., Ligi, H., Tonisson, E., Vassar, A. & Viires, A. (eds). 1992. Eesti
talurahva ajalugu. Olion, Tallinn.

Kellner, M. 1986. Vergleichend morphologische Untersuchungen an Einzelknochen des
postkranialen Skeletts in Europa vorkommender Ardeidae. Institut fiir Paldoana-
tomie, Domestikations Forschung und Geschichte der Tiermedizin, Miinchen.

Kivimée, J. 1996. Ein Kamel fiir Dorpat und ein Truthahn fiir Moskau: Geschenksen-
dungen zwischen Livland und Russland in Jahr 1534. — Zwischen Liibeck und
Novgorod: Wirtschaft, Politik und Kultur im Ostseeraum vom frithen Mittelalter bis
ins 20. Jahrhundert. Eds O. Pele & G. Pickhan. Institut Nordostdeutsches Kultur-
werk, Liineburg, 233-248.

Konsa, M., Loolaid, L. & Lang, V. 2003. Settlement site Il of Linnaaluste from
archaeological complex of Keava. — Archaeological Fieldwork in Estonia, 2002, 51—
55.

Kraft, E. 1972. Vergleichend morphologische Untersuchungen an Einzelknochen Nord-
und Mitteleuropéischer kleinerer Hithnervogel. Institut fiir Paldoanatomie, Domes-
tikations Forschung und Geschichte der Tiermedizin, Miinchen.

Kriiska, A. & Ldugas, L. 2006. Scientific methods in Estonian archaeology. — Archaeo-
logical Research in Estonia 1865-2005. Eds V. Lang & M. Laneman. (Estonian
Archaeology, 1.) Tartu University Press, Tartu, 269-293.

Kriiska, A., Lang, V., Miesalu, A., Tvauri, A. & Valk, H. 2020. Eesti esiaeg. (Eesti aja-
lugu, 1.) Ed. V. Lang. Tartu Ulikooli ajaloo ja arheoloogia instituut, Tartu.

Kiichelmann, H. C. 2010. Highland tunes in the Lowlands: a medieval vulture bone
flute from northern Germany. — Ancient and Modern Bone Artefacts from America

62



to Russia. Cultural, Technological and Functional Signature. Eds A. Legrand-
Pineau, I. Sidera, N. Buc, E. David, & V. Scheinsohn. (BAR International Series,
2136.) Archaeopress, Oxford, 171-182.

Kysely, R. 2010. Review of the oldest evidence of domestic fowl Gallus gallus f.
domestica from the Czech Republic in its European context. — Acta Zoologica
Cracoviensia, 53A (1-2), 9—34. DOI: 10.3409/azc.53a 1-2.09-34

Kysely, R. & Meduna, P. 2019. The early history of the turkey (Meleagris gallopavo) in
the Czech Republic. — Archaeological and Anthropological Sciences, 11, 6431—
6449. DOI: 10.1007/s12520-019-00891-8

Lang, V. 2007. The Bronze and Early Iron Ages in Estonia. (Estonian Archaeology, 3.)
Tartu University Press, Tartu.

Langer, G. 1980. Vergleichend morphologische Untersuchungen an Einzelknochen in
Mitteleuropa vorkommender mittelgrosser Eulenarten. Institut fiir Paldoanatomie,
Domestikations Forschung und Geschichte der Tiermedizin, Miinchen.

Larson, G. & Burger, J. 2013. A population genetics view of animal domestication. —
Trends in Genetics, 29 (4), 197-205. DOI: 10.1016/j.tig.2013.01.003

Larson, G. & Fuller, D. Q. 2014. The evolution of animal domestication. — Annual
Review of Ecology, Evolution, and Systematics, 45 (1), 115-136. DOI: 10.1146/
annurev-ecolsys-110512-135813

Latimer, H. B. 1927. Postnatal growth of the chicken skeleton. — The American Journal
of Anatomy, 40 (1), 1-57. DOI: 10.1002/aja.1000400102

Lebrasseur, O., Shaymuratova, D. N., Askeyev, A. O., Asylgaraeva, G. S., Frantz, L.,
Larson, G., Askeyev, O. V. & Askeyev, 1. V. 2021. A zooarchaeological and mole-
cular assessment of ancient chicken remains from Russia. — The Volga River Region
Archaeology, 1 (35),216-231. DOI: 10.24852/pa2021.1.35.216.231

Lepiksaar, J. 1942. Muinas-Eesti jahiloomad. — Eesti Sona, 291, 17. detsember 1942, 6.

Lepiksaar, J. 1955. The bird remains from Vallhagar. — Vallhagar: A Migration Period
Settlement on Gotland, Sweden. Ed. M. Stenberger. Munksgaard, Copenhagen,
Stockholm, 814-831.

Lepiksaar, J. 1967. The bones of birds, amphibia and fishes found at Skedemosse. — The
Archaeology of Skedemosse, 1. Eds U. E. Hagberg & M. Beskow. Almqvist &
Wiksell International, Stockholm, 109—128.

Lepiksaar, J. 1977. Ménniskan och husdjuren. — Fauna Och Flora, 72, 79-101.

Lepiksaar, J. 1983. Die Vogel und die Fische. — Rislisberghshle. Archiologie und Oko-
logie einer Fundstelle aus dem Spéatmagdalenien bei Oensingen im Solothurner Jura,
1. Eds J. Barr & H.-R. Stamphli. (Academica Helvetica, 4.) Haupt, Bern, 83—125.

Ldugas, V. 1981. Kana ja muna Baltimaade arheoloogilises materjalis. — Eesti ajaloo
probleeme. Ed. E. Tarvel. Eesti NSV Teaduste Akadeemia Ajaloo Instituut, Tallinn,
96-103.

Lougas, L. 1996a. Analyses of animal remains from the excavations at the Lammasmaégi
site, Kunda, north-east Estonia. — Coastal Estonia: Recent Advances in Environ-
mental and Cultural History. Eds T. Hackens, S. Hicks, V. Lang, U. Miller & L.
Saarse. (PACT, 51.) Council of Europe, PACT Belgium, Strasbourg, Rixensart,
273-291.

Lougas, L. 1996b. Subfossil fauna complex from Narva region. — Coastal Estonia:
Recent Advances in Environmental and Cultural History. Eds T. Hackens, S. Hicks,
V. Lang, U. Miller & L. Saarse. (PACT, 51.) Council of Europe, PACT Belgium,
Strasbourg, Rixensart, 369—372.

63



Lougas, L. 1997. Post-glacial Development of Vertebrate Fauna in Estonian Water
Bodies: A Palacozoological Research. (Dissertationes Biologicae Universitatis Tar-
tuensis, 32.) Tartu University Press, Tartu.

Ldugas, L. 2008. Mdnedest mesoliitilistest faunakompleksidest Léd4nemere idakaldalt. —
Loodus, inimene ja tehnoloogia 2: interdistsiplinaarseid uurimusi arheoloogias /
Nature, Man and Technology 2: Interdisciplinary Studies in Archaeology. Eds J.
Peets & V. Lang. (Muinasaja teadus, 17.) Tartu Ulikool, Tallinn, Tartu, 253-260.

Ldugas, L. 2017. Mesolithic hunting and fishing in the coastal and terrestrial environ-
ments of the eastern Baltic. — The Oxford Handbook of Zooarchaeology. Eds U.
Albarella, M. Rizzetto, H. Russ, K. Vickers & S. Viner-Daniels. Oxford University
Press, Oxford, 52—68. DOI: 10.1093/0xfordhb/9780199686476.013.3

Ldugas, L. 2018. Praktiline juhend arheoloogiliste loomsete jadnuste kogumiseks ja
silitamiseks. MTU Arheoloogiakeskus, Tallinn.

Ldugas, L. & Tomek, T. 2013. Marginal effect at the coastal area of Tallinn Bay: the
marine, terrestrial and avian fauna as a source of subsistence during the Late Neo-
lithic. — Man, his Time, Artefacts, and Places: Collection of Articles Dedicated to
Richard Indreko / Inimene, tema aeg, esemed ja paigad: Richard Indrekole piihen-
datud artiklite kogumik. Eds K. Johanson & M. Tdrv. (Muinasaja teadus, 19.) Tartu
Ulikooli ajaloo ja arheoloogia instituut, Tartu, 463—485.

Ldugas, L. & Rannamdée, E. 2020. Investigating Animal Remains in Estonia. — Archaeo-
logia Lituana, 21, 132-141. DOI: 10.15388/ArchLit.2019.21.8

Lodugas, L., Kriiska, A. & Maldre, L. 2007. New dates for the Late Neolithic Corded
Ware Culture burials and early husbandry in the East Baltic region. — Archaeofauna,
16,21-31.

Ldugas, L., Maldre, L., Tomek, T. & Kadakas, V. 2012. Archaezoological evidence
from the Padise Monastery. — Archeological Fieldwork in Estonia, 2011, 83-92.

Ldugas, L., Rannamée, E., Ehrlich, F. & Tvauri, A. 2019. Duty on fish: zooarchaeo-
logical evidence from Kastre Castle and customs station site between Russia and
Estonia. — International Journal of Osteoarchaeology, 29 (3), 432— 442. DOI:
10.1002/0a.2764

Lougas, L., Ehrlich, F., Maldre, L. & Hiie, S. 2020. Dataset of the archacozoological
(AZ) and -botanical (AB) records obtained from the Haapsalu Castle excavations in
2017. — UT DataDOI Online Repository. DOI: 10.23673/re-154

Luik, H. & Maldre, L. 2005. Bone and antler artefacts from Pada settlement site and
cemetery in north Estonia. — From Hooves to Horns, from Mollusc to Mammoth.
Manufacture and Use of Bone Artefacts from Prehistoric Times to the Present. Eds
H. Luik, A. M. Choyke, C. E. Batey & L. Lougas. (Muinasaja teadus, 15.) Teaduste
Akadeemia Kirjastus, Tallinn, 263-276.

Lyman, R. L. 2001. Vertebrate Taphonomy. Cambridge University Press, Cambridge.

MacDonald, K. & Blench, R. 2000. Geese. — The Cambridge World History of Food.
Eds K. F. Kiple & K. C. Ornelas. Cambridge Univeristy Press, Cambridge, 529—531.
DOI: 10.1017/CHOL9780521402149.056

Makowiecki, D. & Gotfredsen, A. B. 2002. Bird remains of Medieval and Post-Me-
dieval coastal sites at the southern Baltic Sea, Poland. — Acta Zoologica Craco-
viensia, 45, 65-84.

Makowiecki, D., Zabilska-Kunek, M., Seetah, K., Jarzebowski, M. & Pluskowski, A.
2019. Farming, hunting and fishing in medieval Prussia: the zooarchaeological data. —
Environment, Colonisation and the Crusader States in Medieval Livonia and Prussia.
Ed. A. Pluskowski. (Terra Sacra, 1.) Brepols Publishers, Turnhout, 333-376.

64



Maldre, L. 2000. Tougu II kalme arheozooloogiline materjal. — Lang, V. Keskusest
ddremaaks: viljelusmajandusliku asustuse kujunemine ja areng Vihasoo — Palmse
piirkonnas Virumaal. Lisa 4. (Muinasaja teadus, 7.) Tallinn, 409-422.

Maldre, L. 2003. Ladnemaa kivikalmete arheozooloogiline aines. — Mandel, M. Liine-
maa 5.—13. sajandi kalmed. Lisa 2. (T6id ajaloo alalt, 5.) Eesti Ajaloomuuseum,
Tallinn, 263-286.

Maldre, L. 2008. Karjakasvatusest Ridala pronksiaja asulas. — Loodus, inimene ja
tehnoloogia 2: interdistsiplinaarseid uurimusi arheoloogias / Nature, Man and
Technology 2: Interdisciplinary Studies in Archaeology. Eds J. Peets & V. Lang.
(Muinasaja teadus, 17.) Tartu Ulikool, Tallinn, Tartu, 263-276.

Maldre, L., Tomek, T. & Peets, J. 2018. Birds of prey from Vendel Age ship burials of
Salme (c. 750 AD) and in Estonian archaeological material. — Raptor and Human —
Falconry and Bird Symbolism throughout the Millennia on a Global Scale. Eds K.-
H. Gersmann & O. Grimm. Wachholtz Murmann Publishers, Kiel, 1229-1250.

Maltby, M. 2012. From alces to zander: a summary of the zooarchaeological evidence
from Novgorod, Gorodishche and Minino. — The Archaeology of Medieval Nov-
gorod in Context. Studies in Centre/Periphery Relations. Eds M. A. Brisbane, N. A.
Makarov, & E. N. Nosov. Oxbow books, Oxford, 351-380.

Maltby, M. 2019. Exploiting animals in the medieval north-western Russian frontier. —
Ecologies of Crusading, Colonization, and Religious Conversion in the Medieval
Baltic. Ed. A. Pluskowski. (Terra Sacra, 11.) Brepols Publishers, Turnhout, 211-222.

Maltby, M. 2020. Humans and animals in northern medieval Russia. — Animals and
Archaeology in Northern Medieval Russia. Zooarchaeological Studies in Novgorod
and its Region. Eds M. Brisbane & M. Maltby. Oxbow Books, Oxford, 309-362.

Maltby, M., Pluskowski, A., Rannamie, E. & Seetah, K. 2019. Farming, hunting and
fishing in medieval Livonia: zooarchaeological data. — Environment, Colonisation
and the Crusader States in Medieval Livonia and Prussia. Ed. A. Pluskowski. (Terra
Sacra, 1.) Brepols Publishers, Turnhout, 136-174.

Maltby, M., Allen, M., Best, J., Fothergill, B. T. & Demarchi, B. 2018. Counting
Roman chickens: multidisciplinary approaches to human-chicken interactions in
Roman Britain. — Journal of Archaeological Science: Reports, 19, 1003—1015. DOI:
10.1016/J.JASREP.2017.09.013

Malve, M., Viljat, J., Rannamie, E., Vilumets, L. & Ehrlich, F. 2020. Archaeological
fieldwork at the Rakvere St Michael’s churchyard and at Pikk Street. — Archaeo-
logical Fieldwork in Estonia, 2019, 189-212.

Mind, A. 2004. Pidustused keskaegse Liivimaa linnades 1350-1550. Eesti Keele Siht-
asutus, Tallinn.

Mind, A. 2016. Horses, stags and beavers: animals as presents in Late-Medieval Livo-
nia. — Acta Historica Tallinnensia, 22, 3—17. DOI: 10.3176/hist.2016.1.01

Manin, A., Corona-M., E., Alexander, M., Craig, A., Thornton, E. K., Yang, D. Y.,
Richards, M. & Speller, C. F. 2018. Diversity of management strategies in meso-
american Turkeys: Archaeological, isotopic and genetic evidence. — Royal Society
Open Science, 5 (1), 171613. DOI: 10.1098/rs0s.171613

Mannermaa, K. 2003. Birds in Finnish prehistory. — Fennoscandia archaeologica, XX,
3-39.

Mannermaa, K. 2008. The Archaeology of Wings. Birds and People in the Baltic Sea
Region during the Stone Age. Helsingin yliopisto, Helsinki.

Mannermaa, K. 2013. Powerful birds. The Eurasian jay (Garrulus glandarius) and the
osprey (Pandion haliaetus) in hunter-gatherer burials at Zvejnieki, northern Latvia

65



and Yuzhniy Oleniy Ostrov, northwestern Russia. — Anthropozoologica, 48 (2),
189-205. DOI: 10.5252/az2013n2al

Mannermaa, K. & Ldugas, L. 2005. Birds in the subsistence and cultures in four major
Baltic Sea islands during the Neolithic. — Feathers, Grit and Symbolism. Birds and
Humans in the Ancient Old and New Worlds. Eds G. Grupe & J. Peters. (Docu-
menta Archaeobiologiae, 3.) Verlag Marie Leidorf, Rahden, 179-199.

Marino, L. 2017. Thinking chickens: a review of cognition, emotion, and behavior in
the domestic chicken. — Animal Cognition, 20, (2), 127-147. DOI: 10.1007/s10071-
016-1064-4

Montevecchi, W. A. & Hufthammer, A. K. 1990. Zooarchaeological implications for
prehistoric distributions of seabirds along the Norwegian coast. — Arctic, 43 (2),
110-114. DOI: 10.14430/arctic1599

Moora, H. & Ldugas, L. 1995. Natural conditions at the time of primary habitation of
the Hiiumaa Island. — Proceedings of the Estonian Academy of Sciences. Huma-
nities and Social Sciences, 44 (4), 472—481.

Morales, A. (ed.) 1993. Archaeornithology: Birds and the Archaeological Record.
(Archaeofauna, 2.).

Moreno-Garcia, M. & Pimenta, C. 2010. Beyond chicken: avian biodiversity in a
Portuguese late medieval urban site. — Birds in Archaeology. Eds W. Prummel, J. T.
Zeiler & D. C. Brinkhuizen. (Groningen Archaeological Studies, 12.) Barkhuis Pub-
lishing, Groningen University Library, Groningen, 261-274.

O’Connor, T. 2000. The Archaeology of Animal Bones. Sutton Publishing, Stroud.

Otto, C. 1981. Vergleichend morphologische Untersuchungen an Einzelknochen in
Zentraleuropa vorkommender mittelgrosser Accipitridae, 1. Schédel, Brustbein,
Schultergiirtel und Vorderextremitdt. Institut fiir Paldoanatomie, Domestikations
Forschung und Geschichte der Tiermedizin, Miinchen.

Paaver, K. 1959 = ITaaBep, K. [lanHbIe O MOC/CICAHUKOBOM I'eHE3MCE OPHUTO(DAYHBI
Octronnn. — Tpyasl Tperweit Ilpubantuiickoii opHUTONOrHYECKOH KOH(EPEHIHH,
cocrosiBueiicss B T. BuibHioce 22-28 aBrycra 1957 r. Eds T. MBanayckac, A. II.
BaiitkeBuuroc, M. U. Bamoc & B. K. Ckyonuc. Axagemust Hayk Jlutosckoit CCP,
Bunsntoc, 209-213.

Paaver, K. 1961 = IlaaBep, K. KocTHble OCcTaTku NTHI U3 aCOTCKOr0 TOpPOJUINA. —
Acotckoe ropoammie. (MaTtepuanbl W UCCIeAOBaHHUA MO apxeojorun JlaTBuiickon
CCP.) Ed. O. [1. llInope. Axanemust Hayk JlarBun CCP, Pura, 223-235.

Paaver, K. 1965 = [Taasep, K. ®opmupoBanne TepuodayHbl 1 I3MEHIHBOCTD MIIEKOITH-
tatoutux [Ipubantuku B ronouene. Akagemus Hayk DcroHckoit CCP, Tapry.

Palsdottir, A. H., Bliuer, A., Rannamie, E., Boessenkool, S. & Hallsson, J. H. 2019.
Not a limitless resource: ethics and guidelines for destructive sampling of archaeo-
faunal remains. — Royal Society Open Science, 6 (10), 191059. DOI: 10.1098/
RS0S.191059

Peters, J., Lebrasseur, O., Deng, H. & Larson, G. 2016. Holocene cultural history of
Red jungle fowl (Gallus gallus) and its domestic descendant in East Asia. — Qua-
ternary Science Reviews, 142, 102—-119. DOI: 10.1016/j.quascirev.2016.04.004

Piirsalu, M. 1997. Eesti linnukasvatus 1dbi aegade. Infotriikk, Tallinn.

Poland, J. G. 2018. A Methodological Approach to the Identification of Duck and
Goose Remains from Archaeological Sites with an Application to Roman Britain.
University of Sheffield, Sheffield.

Poltsam-Jirjo, 1. 2013. Pidusdogist nédljahddani. S66mine-joomine keskaja Tallinnas.
OU Hea Lugu, Tallinn.

66



Prukova, D., Vernerova, Z., Pilcik, T., Stepanets, V., Indrova, M., Geryk, J., Plachy, J.,
Hejnar, J. & Svoboda, J. 2007. Differences in pathogenicity among strains of the
same or different avian leukosis virus subgroups. — Avian Pathology, 36 (1), 15-27.
DOI: 10.1080/03079450601102921

Prummel, W. 1997. Evidence of hawking (falconry) from bird and mammal bones. —
International Journal of Osteoarchacology, 7 (4), 333-338. DOI: 10.1002/
(SIC1)1099-1212(199707/08)7:4<333::AID-OA374>3.0.C0O;2-7

Prummel, W., Zeiler, J. T. & Brinkhuizen, D. C. (eds) 2010. Birds in Archaeology.
(Groningen Archaeological Studies, 12.) Barkhuis Publishing, Groningen University
Library, Groningen.

Rammo, R. & Veldi, M. 2005. 2004. aasta kaecvamised Viljandi Musumiel. — Viljandi
muuseumi aastaraamat. Eds A. Vislapuu & A. Haak. Viljandi museum, Viljandi,
97-111.

Rannamde, E. & Ldugas, L. 2019. Animal exploitation in Karksi and Viljandi (Estonia)
in the Late Iron Age and Medieval Period. — Ecologies of Crusading, Colonization,
and Religious Conversion in the Medieval Baltic. Ed. A. Pluskowski. (Terra Sacra,
I1.) Brepols Publishers, Turnhout, 61-76.

Reimer, P. J., Austin, W. E. N., Bard, E., Bayliss, A., Blackwell, P. G., Bronk Ramsey,
C., Butzin, M., Cheng, H., Edwards, R. L., Friedrich, M., Grootes, P. M.,
Guilderson, T. P., Hajdas, 1., Heaton, T. J., Hogg, A. G., Hughen, K. A., Kromer, B.,
Manning, S. W., Muscheler, R., Palmer, J. G., Pearson, C., van der Plicht, J.,
Reimer, R. W., Richards, D. A., Scott, E. M., Southon, J. R., Turney, C. S. M.,
Wacker, L., Adolphi, F., Biintgen, U., Capano, M., Fahrni, S. M., FogtmannSchulz,
A., Friedrich, R., Kohler, P., Kudsk, S., Miyake, F., Olsen, J., Reinig, F., Sakamoto,
M., Sookdeo, A. & Talamo, S. 2020. The Intcal20 Northern Hemisphere radio-
carbon age calibration curve (0-55 Cal kBP). — Radiocarbon, 62 (4), 725-757. DOI:
10.1017/RDC.2020.41

Reitz, E. & Wing, E. 2008. Zooarchaeology. Second Edition. Cambridge University
Press, Cambridge.

Reitz, E. J., Speller, C., McGrath, K. & Alexander, M. 2016. A sixteenth-century turkey
(Meleagris gallopavo) from Puerto Real, Hispaniola. — Journal of Archaeological
Science: Reports, 10, 640—-646. DOI: 10.1016/j.jasrep.2016.05.050

Ren, T., Liang, S., Zhao, A. & He, K. 2016. Analysis of the complete mitochondrial
genome of the Zhedong White goose and characterization of NUMTs: Reveal
domestication history of goose in China and Euro. — Gene, 577 (1), 75-81. DOI:
10.1016/J.GENE.2015.11.018

Rumbutis, S., Blazevicius, P. & Pili¢iauskiené, G. 2018. Pauksciai Vilniaus pilyse. —
Vilniaus piliy fauna: nuo kepsnio iki draugo. Eds P. Blazevicius, N. Dambrauskaité,
H. Luik, G. Pili¢iauskiené, S. Rumbutis & T. Zarankaité-Margiené. Vilniaus uni-
versiteto leidykla, Vilnius, 104-130.

Sadler, P. 1991. The use of tarsometatarsi in sexing and ageing domestic fowl (Gallus
gallus L.) and recognising five toed breeds in archaeological material. — Circaea, 8
(1), 41-48.

Saks, P. & Valk, H. 2002. Loomaluude leiud Viljandi Pahklimielt. — Viljandi Muu-
seumi aastaraamat 2001. Ed. A. Vislapuu. Viljandi museum, Viljandi, 52-58.

Schmidt-Burger, P. 1982. Vergleichend morphologische Untersuchungen an Einzelk-
nochen in Zentraleuropa vorkommender Mittelgrosser Accipitridae, II. Becken und
Hinterextremitit. Institut fiir Paldoanatomie, Domestikations Forschung und
Geschichte der Tiermedizin, Miinchen.

67



Serjeantson, D. (ed.) 1997. Subsistence and Symbol. (International Journal of Osteo-
archaeology, 7 (4).).

Serjeantson, D. 2002. Goose husbandry in medieval England, and the problem of ageing
goose bones. — Acta Zoologica Cracoviensia, 45, 39-54.

Serjeantson, D. 2009. Birds. Cambridge Univeristy Press, Cambridge, New York, Mel-
bourne, Madrid, Cape Town, Singapore, Sdo Paulo, Delhi.

Serjeantson, D. & Morris, J. 2011. Ravens and crows in Iron Age and Roman Britain. —
Oxford Journal of Archaeology, 30 (1), 85-107. DOI: 10.1111/5.1468-0092.2010.
00360.x

Shaymuratova, D., Askeyev, . & Askeyev, O. 2019. The studies of archaeological bird
remains from medieval Staraya Ladoga. New results and interpretations. — Mono-
graphs of the Archaeological Society of Finland. Helsinki Harvest. Eds K. Manner-
maa, M. A. Manninen, P. A. P. Pesonen & L. Seppinen. Suomen Arkeologinen
Seura, Helsinki, 93—114.

Speller, C. F. & Yang, D. Y. 2016. Identifying the sex of archaeological turkey remains
using ancient DNA techniques. — Journal of Archaeological Science: Reports, 10,
520-525. DOI: 10.1016/j.jasrep.2016.05.049

Speller, C. F., Kemp, B. M., Wyatt, S. D., Monroe, C., Lipe, W. D., Arndt, U. M. &
Yang, D. Y. 2010. Ancient mitochondrial DNA analysis reveals complexity of indi-
genous North American turkey domestication. — Proceedings of the National Aca-
demy of Sciences of the United States of America, 107 (7), 2807-2812. DOI:
10.1073/PNAS.0909724107

Stancikaite, M., Daugnora, L., Hjelle, K. & Hufthammer, A. K. 2009. The environment
of the Neolithic archaeological sites in Sventoji, western Lithuania. — Quaternary
International, 207 (1-2), 117-129. DOI: 10.1016/j.quaint.2009.01.012

Strazdina, A. 1986 = Crpazauns, A. OCTaTKi NTHUI[ B KyJbTYPHBIX CJIOSIX ME30JIUTH-
YEeCKHX M HEOIUTHYECKUX CTOsSHOK Jlybanckoil uHu3uHbl JlatBuiickoit CCP. — U3-
yuenne ntury CCCP, ux oxpaHa W panuoHajbHOE Hcronb3oBanue, 2. Ed P. JI.
[Totanos. 3oonornyeckuit uH-T AH CCCP, Jlenunrpan, 262-263.

Sun, J., Zhang, S., He, D.-Q., Chen, S.-Y., Duan, Z.-Y., Yao, Y.-G. & Liu, Y.-P. 2014.
Matrilineal genetic structure of domestic geese. — Journal of Poultry Science, 51 (2),
30-37. DOI: 10.2141/jpsa.0120152

Sykes, N. 2004. The dynamics of status symbols: wildfowl exploitation in England ad
410-1550. — Archaeological Journal, 161 (1), 82-105. DOI: 10.1080/00665983.
2004.11020572

Sykes, N. 2012. A social perspective on the introduction of exotic animals: the case of
the chicken. — World Archaeology, 44 (1), 158-169. DOI: 10.1080/00438243.
2012.646104

Sykes, N., Spriggs, M. & Evin, A. 2019. Beyond curse or blessing: the opportunities
and challenges of aDNA analysis. — World Archeaology, 51 (4), 503-516. DOI:
10.1080/00438243.2019.1741970

Thomas, R., Sadler, P. & Cooper, J. 2016. Developmental osteology of cross-bred Red
Junglefowl] (Gallus gallus L. 1758) and the implications for ageing chickens from
archaeological sites. — International Journal of Osteoarchaeology, 26 (1), 176—188.
DOI: 10.1002/0a.2417

Thornton, E. K. & Emery, K. F. 2017. The uncertain origins of Mesoamerican turkey
domestication. — Journal of Archaeological Method and Theory, 24, 328-351. DOI:
10.1007/S10816-015-9269-4

68



Thornton, E. K., Emery, K. F., Steadman, D. W., Speller, C., Matheny, R. & Yang, D.
2012. Earliest Mexican turkeys (Meleagris gallopavo) in the Maya region: implica-
tions for pre-Hispanic animal trade and the timing of turkey domestication. — PLOS
ONE, 7 (8), €42630. https://doi.org/10.1371/JOURNAL.PONE.0042630

Thys, S. & Van Neer, W. 2010. Bird remains from late medieval and postmedieval sites
in Brussels, Belgium. — Birds in Archaeology. Eds W. Prummel, J. T. Zeiler & D. C.
Brinkhuizen. (Groningen Archaeological Studies, 12.) Barkhuis Publishing, Gro-
ningen University Library, Groningen, 71-86.

Tikk, H., Tikk, V. & Piirsalu, M. 2008. Linnukasvatus II. Eestis vidhelevinud pdllu-
majanduslinnud. Tartu Pdllumeeste Liit, Eesti Maatilikool, Tartu.

Tomek, T. 2010. Identifications of the faunal remains from Tallinn, Vabaduse véljak.
https://andmekogud.arheoloogia.ee/#/leiud/arheozooloogia

Tomek, T. 2019. Identifications of the faunal remains from Kaali. https://andmekogud.
arheoloogia.ee/#/leiud/arheozooloogia

Tomek, T. & Bochenski, Z. M. 2000. The Comparative Osteology of European Corvids
(Aves: Corvidae), with a Key to Identifications of Their Skeletal Elements. Polska
Akademia Nauk Instytut Systematyki i Ewolucji Zwierzat, Krakow.

Tomek, T. & Bochenski, Z. M. 2009. A Key for the Identification of Domestic Birds in
Europe: Galliformes and Columbiformes. Institute of Systematics and Evolution of
Animals, Polish Academy of Siences, Krakow.

Tomek, T., Bochenski, Z. M. & Ldugas, L. 2010. The utilization of birds during the
Late Bronze Age on the Baltic Sea island of Saaremaa, Estonia. — Poster presenta-
tion: 11th ICAZ International Conference. Paris, 23-28 August 2010. Abstracts,
234.

Trentacoste, A. 2020. Fodder for change: animals, urbanisation, and socio-economic
transformation in protohistoric Italy. — Theoretical Roman Archaeology Journal, 3
(1), 1-17. DOI: 10.16995/traj.414

Tvauri, A. 2012. The Migration Period, Pre-Viking Age, and Viking Age in Estonia.
(Estonian Archaeology, 4.) Tartu University Press, Tartu.

Tyrberg, T. 2002. The archaeological record of domesticated and tamed birds in
Sweden. — Acta Zoologica Cracoviensia, 45, 215-231.

Valk, H. & Laul, S. 2014. Siksild kalme, I. Muistis ja ajalugu. Tartu Ulikooli Ajaloo ja
arheoloogia instituut, Tartu.

Valk, H. & Rannamée, E. 2015. Investigation of Late Iron Age occupation layers in
Viljandi Castle park. — Archeological Fieldwork in Estonia, 2014, 123—-132.

Valk, H., Kama, P., Olli, M. & Rannamée, E. 2012. Excavations on the hill forts of
south-eastern Estonia: Kdivukiila, Miardi, Truuta and Aakre. — Archeological Field-
work in Estonia, 2011, 27-46.

Vasks, A. & Zarina, G. (eds). 2021. Latvijas arheologijas rokasgramata. Zinatne, Riga.

Vitktinas, M. 2015. Jurgioniy kapinynas. — Archeologiniai Tyrin¢jimai Lietuvoje 2014
metais, 186—196.

Walker, S. J. 2021. Archaeological Bird Remains from Norway as a Means to Identify
Long-term Patterns in a Northern European Avifauna. University of Bergen, Bergen.

Walker, S. J. & Meijer, H. J. M. 2020. More than food; evidence for different breeds
and cockfighting in Gallus gallus bones from medieval and post-medieval Norway. —
Quaternary International, 543, 125-134. DOI: 10.1016/j.quaint.2020.03.008

Walker, S. J, Hufthammer, A. K. & Meijer, H. J. M. 2019. Birds in medieval Norway. —
Open Quaternary, 5 (1), 1-33. DOI: 10.5334/0q.58

69



Wang, M. S., Thakur, M., Peng, M. S,, Jiang, Y., Frantz, L. A. F., Li, M., Zhang, J. J.,
Wang, S., Peters, J., Otieno Otecko, N., Suwannapoom, C., Guo, X., Zheng, Z.Q.,
Esmailizadeh, A., Hirimuthugoda, N. Y., Ashari, H., Suladari, S., Zein, M. S. A.,
Kusza, S., KharratiKoopaee, H., Shen, Q. K., Zeng, L., Yang, M. M., Wu, Y. J.,
Yang, X. Y., Lu, X. M., Jia, X. Z., Nie, Q. H., Lamont, S. J., Lasagna, E., Cecco-
belli, S., Gunwardana, H. G. T. N., Senasige, T. M., Feng, S. H., Si, J. F., Zhang, H.,
Jin, J. Q., Li, M. L., Liu, Y. H., Chen, H. M., Ma, C,, Dai, S. S., Bhuiyan, A. K. F.
H., Khan, M. S., Silva, G. L. L. P, Le, T. T., Mwai, O. A., Ibrahim, M. N. M.,
Supple, M., Shapiro, B., Hanotte, O., Zhang, G., Larson, G., Han, J. L., Wu, D. D. &
Zhang, Y. P. 2020. 863 genomes reveal the origin and domestication of chicken. —
Cell Research, 30, 693-701. DOI: 10.1038/s41422-020-0349-y

Werning, S. 2018. Medullary bone is phylogenetically widespread and its skeletal distri-
bution varies by taxon. — Journal of Ornithology, 159, 527-543. DOI: 10.1007/
s10336-017-1514-z

Wiegjacka, M., Makowiecki, D., Opelkova, M., Wiewiora, M. & Pluskowski, A. 2020.
Birds at the Teutonic Order’s castles in Prussia (Poland). — Quaternary International.
DOI: 10.1016/j.quaint.2020.11.023

Woelfle, E. 1967. Vergleichend morphologische Untersuchungen an Einzelknochen des
postcranialen Skelettes in Mitteleuropa vorkommender Enten, Halbgénse und Séger.
Institut fiir Paldoanatomie, Domestikations Forschung und Geschichte der Tierme-
dizin, Miinchen.

Zeder, M. A. 2006. Central questions in the domestication of plants and animals. — Evo-
lutionary Anthropology, 15, 105-117.

70



SUMMARY IN ESTONIAN

Linnud Eesti zooarheoloogilises materjalis:
mitmekesisus, tahtsus ja varaseimad téendid
kodustatud liikidest

Sissejuhatus

Eestis on Eesti Ornitoloogia Uhingu andmetel 2022. aasta seisuga 398 metsikut
linnuliiki, kellele lisanduvad kodulinnud. Mitmed neist liikidest on 1dbi acgade
olnud inimeste elus viga tihtsal kohal nii toidulaual, esemete valmistamisel, kui
ka niiteks sotsiaalse staatuse ja uskumuste viljendamisel. Selleks, et uurida
lindude téhtsust minevikus, ldhtusin zooarheoloogiast, tipsemalt arheoloogiliste
linnuluude uurimisest. Selline ldhenemine oli vajalik, kuna seni on linnuluud
imetaja- ja kalaluude korval Baltikumis véhe tdhelepanu saanud. Viitekirjas
uurisin linde mitmest aspektist: 1) milliseid linnuliike voib leida Eesti zooarheo-
loogilisest materjalist, eelkdige viikingiajast varauusajani (950-1700 m.a.j.; I
artikkel); 2) kuidas inimesed erinevaid liike kasutasid ja kuidas need liigid olu-
lised olid (I ja II artikkel); 3) millal joudsid koige levinumad kodulinnud —
kodukana ja koduhani — tédnapdeva Eesti alale (III ja IV artikkel); 4) milliseid
meetodeid tuleks kasutada kodustatud lindude eristamisel metsikutest, kesken-
dudes eelkdige hanedele (IV artikkel).

Uurimislugu

Eestis on linnuluid varasemalt méddranud enne Teist maailmasdda néiteks Johan-
nes Lepiksaar ja 1950ndatel Loreida Pdder. Alates 1990ndatest on arheoloogi-
liste loomaluude uurimisega tegelenud mitmed uurijad nagu Paul Saks, Eha
Jarv, Lembi Ldugas, Liina Maldre ja alates 2010ndatest Eve Rannamie, kes on
koik rohkemal v&i vihemal médral linnuluid mééranud ja nende kohta tulemusi
avaldanud. Lisaks on Eesti materjali méadranud ka vélismaised linnuluude uuri-
jad Kristiina Mannermaa ja Teresa Tomek. Kui Léti ja Leedu uurimisseis on sar-
nane Eestiga, siis néditeks Fennoskandias on linnuluid mérksa rohkem uuritud.

Teooria

Tihti on linde peetud pelgalt toiduallikaks, kuid minevikus oli neil kindlasti suu-
rem tdhendus. Niiteks on folklooriski linde ndhtud sdnumitoojatena, kes toovad
teavet ilma, tulekahju, siinni, surma jne kohta. Lisaks on nad olnud osa meele-
lahtusest, staatuse niitamisest, keskkonnast ja religioonist. Nende tidhenduste
uurimine linnuluude pdhjal on aga keeruline iilesanne, mille uurimisele mééra-
mise kdigus saadud tulemuste, kirjalike allikate ja ka tdnapdevaste praktikate
vordlemine vdib kaasa aidata.

71



Inimeste ja lindude vahelist suhet on zooarheoloogilise materjali pdhjal
keeruline tdlgendada, kuna enamasti jddb suurem osa tdhenduslikust suhtest just
linnu eluaega. Uurimise teeb keerulisemaks seegi, et nditeks kanal vdib olla
mitu erinevat tihendust — eluajal vodis lind olla omanikule lemmikloom, kuid
vois sellest hoolimata hiljem toidulauale jouda. Lindude ja inimeste vaheline
suhe on luuleidudele tuginedes raskesti jilgitav, sest vihemalt keskaja ja vara-
uusaja materjali pohjal on raske hinnata, milliseid linde kasvatati linnas ja milli-
sed toodi sinna eeslinnast vdi tagamaalt. Zooarheoloogias ongi seega tihti jalgi-
tav vaid linnu surma jérgne tdhendus.

Linnud sotsiaalse staatuse n#itajana. Linnuluud on lisaks lindude ja ini-
meste vahelise suhte uurimisele ka oluliseks allikmaterjaliks inimeste omavahe-
lise suhte uurimisele. Osa toitude s66mine on tihiskonnas olnud rangelt regulee-
ritud — mis oli lubatud osale {ihiskonna kihtidest, polnud lubatud teisele. Selle
teema uurimisel on oluline roll ka linnuluude médramisel saadud tulemuste
vordlemisel ajaloolaste leitud infoga. Niiteks voib kirjalike allikate pdhjal tea-
tud litke nagu sookurge, luike, metsist ja nurmkana seostada vihemalt kuni 16.
sajandini kdrgema staatusega linnaelanike pidusdokidega. Kuid linde kasutati
staatuse nditamisel ka muudmoodi kui pidusookidel. Niiteks oli kullide kasuta-
mine jahil just korgklassi eelis ning kullide esinemine madratud materjali hulgas
vihjab, et sellega tegeleti ka Eestis.

Siimboolset tihendust ja rituaale saab uurida niiteks kalmetest leitud
linnuluude abil. Nimelt on loomi kalmetesse pandud mitmetes kultuurides. Lin-
nud vdisid olla mdeldud toiduks teel teispoolsusesse vdi ohverdusena jumala-
tele. Linde ja nende mune voib leida ka Eesti kalmetest, kuid enamikel juhtudel
on sdilinud vaid tiksikud luud ja nende puhul pole voimalik 6elda, kas need
sattusid leiukohta juhuslikult pinnase liikumise tdttu vdi olid need tdepoolest
mdeldud hauapanustena. Teine oluline viide lindude stimboolsele tdhendusele
on linnuluust ripatsid. Kui enamik Eestist leitud ripatsitest on kotkaste kiitinis-
test, siis moned parinevad ka erinevatest kanaluudest.

Kodustamine on samuti oluline teema, mida zooarheoloogia meetodite abil
uuritakse. Kodulindudest on pohjalikumalt uuritud kanu, hanesid ja kalkuneid.
Kodustatud liigid on néiteks need, kelle aretust mdjutab paljuski inimese valik.
Nditeks on jahipidamiseks kasutatud kulle korjatud juba pesast ja neid on kasva-
tanud inimesed, kuid kodulinde neist pelgalt seetdttu ei saa. PShjuseid, miks just
teatud liigid kodustati, on mitmeid. Néiteks on lihtsam kodustada neid liike,
keda inimeste jadtmed ligi meelitavad v3i kelle karjas on selge hierarhia.
Kodustamise pdhjuseks pole alati olnud toidulaua tidiendamine, niiteks voisid
mitme linnuliigi kodustamisel rolli méngida hoopis suled v3i koht rituaalides.

Materjal

Kuigi zooarheoloogilise materjali hulgas leidub ka munakoori ja sulgi, kesken-
dusin siiski vaid linnuluude uurimisele (jn 2). Viitekirja materjal on seotud
artiklite teemaga ja seetdttu keskendub linnuluudele peamiselt nooremast raua-
ajast varauusajani, samas kui varaseimate kanaluude otsimine (II artikkel) viis

72



ka kivi- ja pronksiaja materjaliga tutvumiseni. Viitekirja sissejuhatavas peatiikis
on tutvustatud pdgusalt ka kivi- ja pronksiaja materjalis esinevaid linnuluid. Kui
I ja IT artikkel keskendusid vaid tihele muistisele voi piirkonnale (vastavalt téna-
pdevane Viljandi linn ja Klaipéda ordulinnus, Leedu), siis III ja IV artikkel
hélmasid erinevaid muistiseid, kuid kaasatud on nendest vastavalt vaid kana-
voi haneluud (jn 1 on mirgitud kdik sissejuhatavas peatiikis mainitud Baltikumi
muistised). Varem teiste uurijate poolt médratud materjali méiérasin selle véite-
kirja tarbeks tile.

Meetodid

Seda, kui suure osakaalu linnuluud zooarheoloogilisest materjalist moodus-
tavad, mdjutavad mitmed asjaolud. Tihti on linnuluude osakaalu seostatud
sellega, kas kaevamistel pinnast sdeluti v5i mitte, sest vidiksemad skeletielemen-
did, viiksemate lindude ja noorlindude luud vdivad ilma sdelumata tidhelepa-
nuta jadda. Samuti on vdimalik, et linnuluid oligi materjalis erinevatel pdhjustel
vihem. Nii nditeks voivad koerad ja sead lindude luud tervikuna é&ra siiia,
mistottu ei jad nende lindude tarbimisest arheoloogilises materjalis iihtegi jalge.

Teine oluline aspekt linnuluude uurimisel on nende taksonoomiline mésira-
mine. Tihti on keeruline luid mdnele konkreetsele liigile omistada, kuna samas-
se sugukonda kuuluvad liigid voivad omavahel viga sarnased olla. Seega tuleb
médrangutesse suhtuda ettevaatlikkusega, sest mddramise digsus sdltub mitmest
asjaolust, sh vordluskogu suurusest ja uurija kogemusest.

Voimalusel dokumenteerisin isendi soo ja vanuse. Soo miiramiseks kasu-
tasin kanaliste puhul kannuse olemasolu (isaste eristamiseks) ja metsikute kana-
liste ja haugaslaste puhul luu suurust. Samuti vaatasin tidiluu olemasolu, mis
esineb emastel lindudel munemisperioodil ning mdned néddalad enne ja pérast
seda. Seda sai dokumenteerida enamikel juhtudel vaid fragmenteeritud luude
puhul, kuid véitekirja sissejuhatava peatiiki tarbeks katsetasin Vastseliina linnu-
sest leitud tervete kanaluude puhul ka rontgenit (jn 3). Vanuse midramisel
lghtusin luu poorsusest ja diafiiliside ehk luu otste kinnitumisest.

Lisaks soole ja vanusele dokumenteerisin ka tafonoomilised niitajad. Eel-
kdige registreerisin 13ike-, ndrimis- ja pdlemisjilgede olemasolu. Kuigi neid
esineb harvemini kui nditeks imetajate luudel, annavad need lindude kasutamise
kohta palju teavet. Naiteks vOib 10ikejdlgede abil tdlgendada, kas leitud luud
olid toidu- voi tootlemisjaagid. Narimis- ja pdlemisjidlgede pohjal on tdlgendusi
juba keeruline teha. Nimelt on linnuluude puhul tihti keeruline vélja selgitada,
kas nérimisjdljed jéttis inimene voi moni muu imetaja. Samuti on v3dimalik, et
polemisjdljed tekkisid luudele niiteks lokkesse viskamise, aga mitte toidu-
tegemise kidigus.

Luudel esines ka patoloogiaid ehk haigustest ja traumadest pohjustatud
muutusi. Linnud on oma habraste luude tottu altid niditeks luumurdudele. Sa-
muti esineb kodulindudel rohkem haigusi seoses halbade pidamistingimutega.
Patoloogiaid on loomaluude puhul keeruline uurida, sest enamasti ei joua
uurijani mitte terve skelett, vaid {iksik luu. Seetdttu on raske hinnata ka pato-
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loogia levikut teistele sama isendi luudele. Paljud haigused aga ei mdjuta tildse
luustikku, vaid levivad ainult pehmetes kudedes.

Linnud zooarheoloogilises materjalis
kiviajast varauusajani

Arheoloogilises materjalis leiduvate lindude nimekiri vdib olla vdga mitme-
kesine. Kiviaegses (9000-1750 e.m.a) leivaineses voib eelkdige kohata erine-
vaid veelinde, peamiselt parte. Samas leidub vihesel mééral ka néiteks hanesid,
tetri, metsiseid ja kotkaid. Enamik nendest on seotud toidujditmetega, kuid
nditeks kotkaluud vdivad osutada ka rituaalidele. Kui hilisel pronksiajal (850—
500 e.m.a) oli koduloomakasvatus Eestis juba levinud, siis lindude puhul olid
endiselt olulisel kohal samad liigid nagu kiviajalgi. Eelrooma (500 e.m.a —
50 m.a.j) ja rooma rauaaja (50—450) zooarheoloogiline leiuaines on pirit pea-
miselt kalmetest ja pole nii mahukas kui eelneval perioodil. Seega on ka lindude
kohta sellest perioodist vihem teada. Rahvasterdnnuajast (450-550) ning eel-
viikingiajast (550-800) on loomaluid samuti vihe mairatud. Rohkem on teada
alates viikingiaja teisest poolest varauusajani, kus peamise osa leitud linnu-
litkidest moodustavad kodukanad, haned ja pardid. Mitmed lindude rithmad
nagu vareslased, kajakad ja tuvid ei pruugi sel perioodil olla seotud inimtege-
vusega ja vdivad olla sattunud zooarheoloogilisse materjali juhuslikult loodus-
like protsesside tulemusena, kuid siiski ei saa nende toiduks v6i muul eesmargil
tarbmist vélistada.

Kodulinnud zooarheoloogilises materjalis

Uheks viitekirja eesmirgiks oli vilja selgitada, millal esimesed kodulinnud
Eesti alale joudsid. Luid radiosiisinikumeetodi abil dateerides selgus, et seni
varaseim kodukana périneb Rebala Lastekangrute I kalmest eelrooma raua-
ajast. Viikingiaja teisest poolest alates leidub kanaluid juba rohkem ja vihemalt
keskajast alates on Baltikumis enim leiduvaks linnuliigiks just kodukana, olles
kéttesaadav erinevatele iihiskonna kihtidele. Kana téhtsuse kohta toidulaual
saab teavet ka vanuselise ja soolise osakaalu abil. Naiteks Viljandis on viga
vihe munevate kanade luid, viidates sellele, et munakanu vdhemalt munemis-
perioodil lihaks ei tarvitatud. Suur noorlindude osakaal viitab muuhulgas ka
linnustes kasvatatud kanadele. Kodukana kehvadele pidamistingimustele viita-
vad ka patoloogiad. Nimelt leidus nii liigesevigastuse kui ka luumurdudega
kanade luid. Haruldasem oli iiks osteopetroosise juhtum Viljandist. Eestist on
see ainus taoline leid, samas kui Vilniuse linnusest on teada kaks sarnast leidu.
Haned on enamasti arvukuselt teine linnuliik zooarheoloogilises materjalis.
Nende puhul on siiski keerulisem véilja selgitada, kas luude nidol on tegemist
metsiku vi kodustatud vormiga, sest kodustatud ja metsikud vormid on iiks-
teisega morfoloogiliselt viga sarnased. Kui kodukana puhul nende eellast —
puna-dzunglikana — Eesti alal ei kohta, siis koduhanede eellane hallhani on
Eesti alal iisna levinud liik, kelle Iuid leidub juba kiviaegsetel asulakohtadel.
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Uksikud patoloogiatega luud alates rauaajast vihjavad samuti, et hanesid voidi
juba sel ajal kodudes kasvatada. Noorte hanede luid leidub harva ja see niitab,
et hanesid peeti enamasti ilmselt muul eesmérgil ja kasutati liha saamiseks
pigem vaid erilistel juhtudel. Uks varaseimaid noorlinde on leitud aga niiteks
hilispronksiaegsest Kaali asulakohast (jn 4).

Parte esineb kdigil perioodidel ja pardid on tihti kana ning hane jérjel arvu-
kuselt kolmandaks linnuks. Siiski pole sarnaselt hanedega selge, millal kodupart
Eesti alale toodi. Voimalik, et metsikuid parte piiiiti veel ka keskajal. Vdhem on
zooarheoloogilises materjalis teisi kodulinde. Niiteks on kalkuni luid seni
leitud vaid neljalt muistiselt. Euroopasse joudis see lind alles 16. sajandi alguses
ja levis seejdrel kiirelt iile terve Euroopa. Kirjalike allikate pohjal voib jérel-
dada, et kalkun toodi sel ajal ka Eesti alale, samas kui arheoloogilised leiud on
mdnevdrra hilisemad (jn 5). Kuigi kirjalikes allikates on mainitud ka paabu-
lindu, siis selle linnu luid Eestist veel seni leitud pole. Nende avastamine on
tulevikus siiski tdendoline, kuna paabulinnu luid on teada niiteks Leedust.
Kodulindudest viimane, keda ka Eestis kohata vdib, on kodutuvi. Sarnaselt
hanede ja partidega on arheoloogilises materjalis kodutuvisid aga keeruline
teistest tuvilistest eristada ja seetottu jadb ka nende puhul selgusetuks, millal
kodutuvi Eesti alale joudis. Noorte tuvide luud keskaegsest ja varauusaegsest
Viljandi ordulinnusest viitavad, et kodutuvi vdis juba siis olla esindatud.

Lindude muutuv tahendus

Lindude tdhenduse muutumine on jilgitav nditeks kodukanade ja hanede puhul.
Nimelt on mujal Euroopas tdheldatud, et tihti on esimesed leiud haudadest ja
alles hiljem jouavad need liigid toidulauale. Seega v3ib nende esialgne levik
olla samuti seotud rituaalse tdhendusega, kuid nad voisid olla ka lemmikloomad
oma eksootilisuse tottu. Ka parast seda, kui viikingiaja teisel poolel muutusid
kodukanad toidulaual oluliseks, pandi neid endiselt hauapanustena kaasa niiteks
Eestis ja Leedus.

Kanade kodustamise juures on oluline koht olnud kukevéitlusel, mida pee-
takse iiheks kodukana laiema leviku pdhjuseks. Arheoloogiliste leidude pdhjal
on keeruline kukevditlust tuvastada, kuid sellele voivad viidata 10ikejdljed
kukekannustel. Kannuseid 1digatakse &ra ka agressiivsuse vdhendamiseks, kuid
selle tarbeks eemaldatakse tavaliselt vaid pool kannust. Mitmel Eestist leitud
nditel on aga eemaldatud enamik kannusest (jn 6). Voditluskukkedel asendati
loomulik kannus metallist v&i luust kannusega, kuid Eestist pole iihtegi sellist
veel seni leitud.

Labi aegade on kasutatud erinevate lindude sulgi. Mujalt Euroopast on teada
nditeks raudkullide, sookurgede, luikede ja ronkade sulgede kasutus. Kuigi need
liigid esinevad ka Eesti leiumaterjalis, pole seni sulgede kasutamisest zoo-
arheoloogiliste leidude hulgas kindlaid tdendeid. Kiill aga on kasutatud kotkaste
sulgi, mida tdendavad loikejdlgedega kotka tiivaluud, mis omakorda viitab
sulgede eemaldamisele (jn 7). Samuti on suurem osa Viljandi linnusest leitud
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kotkaluudest just tiivast, samas kui erinevaid jalaluid oli vaid viis ja need kdik
kuuluvad tdenidoliselt samale isendile (jn 8).

Linnuluid kasutati ka esemete valmistamiseks. Kuna linnuluud on imetajate
omadega vorreldes kerged, haprad ja véiksed, siis on neist valmistatavate ese-
mete valik {isna piiratud. Keskaegsest Viljandi ordulinnusest on leitud niiteks
iiks kanalise kiilinarluust valmistatud vile. Vilesid on ka neoliitilistest asula-
kohtadest. Vdhemalt keskajast alates aga eelistati vilede valmistamiseks suure-
mate lindude, nagu haned, luiged ja kotkad, luid.

Kokkuvote

Linnud olid mineviku inimese elus olulisel kohal, nii toidulaual kui ka usku-
mustes ja inimeste omavaheliste suhete nditamisel. Siiski on mitmeid teemasid,
mis sellest véitekirjast vilja jdid. Néiteks pole teada, millisest piirkonnast kodu-
kana Eesti alale toodi. Samuti pole selge, millal koduhaned ja -pardid Eesti alale
joudsid. Lisaks on selliseid liike, sh paabulind, kelle luid Eesti zooarheoloogi-
lisest materjalist veel leitud ei ole, kuid kes kirjalike allikate pdhjal voiksid leiu-
materjalis olla. Erinevate liikide tihenduse moistmiseks tuleb uurida linde
erinevatelt muistisetiitipidelt ja ajaperioodidest nii Eestist kui ka naaberaladelt.
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APPENDIX

The English, Latin, and Estonian names for the bird species mentioned in this
study. Wild species are after the Estonian Ornithological Society and domestic
ones after Ernits (2015) and Serjeantson (2009).

English Latin Estonian
Anseriforms Anseriformes Hanelised
Domestic goose Anser anser domesticus Koduhani
Domestic duck Anas domestica Kodupart

Barnacle goose

Branta leucopsis

Valgepdsk-lagle

Greylag goose Anser anser Hallhani (roohani)
Swan goose Anser cygnoid Stepihani

Bean goose Anser fabalis Rabahani
Whooper swan Cygnus cygnus Laululuik
Garganey Spatula querquedula Régapart
Northern shoveler Spatula clypeata Luitsnokk-part
Gadwall Mareca strepera Raakspart
Eurasian wigeon Mareca penelope Viupart

Mallard Anas platyrhynchos Sinikael-part
Common teal Anas crecca Piilpart

Tufted duck Aythya fuligula Tuttvart

Greater scaup Aythya marila Merivart
Common eider Somateria molissima Hahk

Velvet scoter Melanitta fusca Tommuvaeras
Black scoter Melanitta nigra Mustvaeras
Long-tailed duck Clangula hyemalis Aul

Common goldeneye Bucephala clangula Sotkas

Smew Mergus albellus Viikekoskel (pudukoskel)

Goosander

Mergus merganser

Jadkoskel

Red-breasted merganser Mergus serrator Rohukoskel
Galliforms Galliformes Kanalised
Domestic chicken Gallus gallus domesticus Kodukana

Red junglefowl Gallus gallus Puna-dzunglikana
Wild turkey Meleagris gallopavo Metskalkun

Indian peafowl

Pavo cristatus

Sini-paabulind

Green peafowl

Pavo muticus

Rohe-paabulind

Hazel grouse Tetrastes bonasia Laanepiiti

Western capercaillie Tetrao urogallus Metsis

Black grouse Lyrurus tetrix Teder

Grey partridge Perdix perdix Nurmkana (pdldpiiii)
Common quail Coturnix coturnix Poldvutt
Caprimulgiforms Caprimulgiformes Odsorrilised
European nightjar Caprimulgus europaeus Ossorr
Cuculiforms Cuculiformes Kiolised

Common cuckoo Cuculus canorus Kigu
Columbiforms Columbiformes Tuvilised

Rock dove Columba livia Kodutuvi

Common woodpigeon Columba palumbus Kaelustuvi (meigas)
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English Latin Estonian
Gruiforms Gruiformes Kurelised
Western water rail Rallus aquaticus Rooruik

Common coor Fulica atra Lauk

Eurasian crane Grus grus Sookurg
Podicipediforms Podicipediformes Piitilised

Great crested grebe Podiceps cristatus Tuttpiitt
Charadriiforms Charadriiformes Kurvitsalised
Grey plover Pluvialis squatarola Pl

Eurasian woodcock Scolopax rusticola Metskurvits

Great snipe Gallinago media Rohunepp
Common snipe Gallinago gallinago Tikutaja (taevasikk)
Razorbill Alca torda Alk

Black guillemot Cepphus grille Kriitisel
Gaviiforms Gaviiformes Kaurilised
Red-throated loon Gavia stellata Punakurk-kaur
Arctic loon Gavia arctica Jarvekaur
Suliforms Suliformes Suulalised

Great cormorant Phalacrocorax carbo Kormoran (karbas)
Pelecaniforms Pelecaniformes Pelikanilised
Grey heron Ardea cinerea Hallhaigur
Accipitriforms Accipitriformes Haukalised
Osprey Pandion haliaetus Kalakotkas
Golden eagle Aquila chrysaetos Kaljukotkas (maakotkas)
Eurasian sparrowhawk Accipiter nisus Raudkull

Northern goshawk Accipiter gentilis Kanakull

Black kite Milvus migrans Must-harksaba
White-tailed sea-eagle Haliaeetus albicilla Merikotkas

Rough-legged buzzard

Buteo lagopus

Karvasjalg-viu (taliviu)

Common buzzard

Buteo buteo vulpinus

Hiireviu

Strigiforms Strigiformes Kakulised
Boreal owl Aegolius funereus Karvasjalg-kakk (laanekakk)
Tawny owl Strix aluco Kodukakk
Ural owl Strix uralensis Hiandkakk
Piciforms Piciformes Rihnilised
Black woodpecker Dryocopus martius Mustrdhn
Passeriforms Passeriformes Virvulised
Eurasian magpie Pica pica Harakas
Eurasian jackdaw Coloeus monedula Hakk

Rook Corvus frugilegus Kiinnivares
Carrion crow Corvus corone Mustvares
Hooded crow Corvus cornix Hallvares
Common raven Corvus corax Ronk (kaaren)
Eurasian skylark Alauda arvensis Poldldoke
Common starling Sturnus vulgaris Kuldnokk
Black redstart Phoenicurus ochruros Must-lepalind
House sparrow Passer domesticus Koduvarblane

78




PUBLICATIONS



CURRICULUM VITAE

Name: Freydis Ehrlich
Date of birth: February 9, 1994
Contact: freydis.ehrlich@ut.ee

Jakobi 2, Tartu, 51014, Estonia

Education:

2018-2022 University of Tartu, doctoral studies (archaeology)

20162018 University of Tartu, master studies (archaeology), cum laude
2013-2016 University of Tartu, bachelor studies (archaeology), cum laude
2010-2013 Tartu Jaan Poska Gymnasium

2001-2010 Tartu Raatuse Gymnasium

Career:

2014—... Data system of Estonian archaeological and folkloric place-
related information (in connection with National registry of
cultural monuments) in University of Tartu, compiling

2021-2022 University of Tartu, Institute of History and Archaeology,
Junior Research Fellow

2015-2020 The Learned Estonian Society, Secretary

Field of Research: bird bones, zooarchacology

Other scientific publications:

Haak, A., Rannamie, E. & Ehrlich, F. 2022. Koérn, kooska ja kulu. Tartu kesk-
aegsetest linnaloomadest — Tallinna Linnamuuseumi Toimetised, 2, 23-53.

Malve, M., Viljat, J., Rannamée, E., Vilumets, L. & Ehrlich, F. 2020. Archaeo-
logical fieldwork at Pikk Street and St Michael’s churchyard, Rakvere. —
Archaeological Fieldwork in Estonia, 2019, 189-212.

Lougas, L., Rannamée, E., Ehrlich, F. & Tvauri, A. 2019. Duty on fish: zoo-
archaeological evidence from Kastre Castle and customs station site between
Russia and Estonia. — International Journal of Osteoarchaeology, 29 (3),
432—442. DOI: 10.1002/0a.2764

Valk, H., Ehrlich, F. & Malve, M. 2018. Iron Age and medieval cemetery at
former Soe inn in Vorumaa, south-eastern Estonia. — Archaeological Field-
work in Estonia, 2017, 85—96.

153



ELULOOKIRJELDUS

Nimi: Freydis Ehrlich
Siinniaeg: 9. veebruar 1994
Kontakt: freydis.ehrlich@ut.ee
Jakobi 2, Tartu, 51014, Estonia

Hariduskiik:

2018-2022  Tartu Ulikool, doktoridpe (arheoloogia)

2016-2018  Tartu Ulikool, magistridpe (arheoloogia), cum laude
2013-2016  Tartu Ulikool, bakalaureusedpe (arheoloogia), cum laude
2010-2013  Tartu Jaan Poska Gimnaasium

2001-2010  Tartu Raatuse Glimnaasium

Teenistuskiik:

2014—... Tartu Ulikoolis koostatava Eesti arheoloogilise ja parimusliku
kohainfo infosiisteemi (seotud kultuurimélestiste riikliku
registriga) koostamine

2021-2022  Tartu Ulikool, ajaloo ja arheoloogia instituut, nooremteadur

2015-2020 Opetatud Eesti Selts, sekretir-asjaajaja

Peamised uurimisvaldkonnad: linnuluud, zooarheoloogia

Muud teaduslikud publikatsioonid:

Haak, A., Rannamie, E. & Ehrlich, F. 2022. Korn, kooska ja kulu. Tartu kesk-
aegsetest linnaloomadest — Tallinna Linnamuuseumi Toimetised, 2, 23-53.

Malve, M., Viljat, J., Rannamée, E., Vilumets, L. & Ehrlich, F. 2020. Archaeo-
logical fieldwork at Pikk Street and St Michael’s churchyard, Rakvere. —
Archaeological Fieldwork in Estonia, 2019, 189-212.

Ldugas, L., Rannamée, E., Ehrlich, F. & Tvauri, A. 2019. Duty on fish: zoo-
archaeological evidence from Kastre Castle and customs station site between
Russia and Estonia. — International Journal of Osteoarchaeology, 29 (3),
432—442. DOI: 10.1002/0a.2764

Valk, H., Ehrlich, F. & Malve, M. 2018. Iron Age and medieval cemetery at
former Soe inn in Vorumaa, south-eastern Estonia. — Archaeological Field-
work in Estonia, 2017, 85-96.

154



10.

DISSERTATIONES ARCHAEOLOGIAE
UNIVERSITATIS TARTUENSIS

Heidi Luik. Luu- ja sarvesemed Eesti arheoloogilises leiumaterjalis
viikingiajast keskajani. Bone and antler artefacts among Estonian archaeo-
logical finds from the viking age until the middle ages. Tartu, 2005.

Tonno Jonuks. Eesti muinasusund. Tartu, 2009.

Gurly Vedru. Pohja-Eesti arheoloogilised maastikud. Archaeological land-
scapes of North-Estonia. Tartu, 2011.

Riina Rammo. Tekstiilileiud Tartu keskaegsetest jaatmekastidest: tehno-
loogia, kaubandus ja tarbimine. Textile finds from medieval cesspits in
Tartu: technology, trade and consumption. Tartu, 2015, 336 p.

Mari Torv. Persistent Practices. A multi-disciplinary study of hunter-
gatherer mortuary remains from c. 6500-2600 cal. BC, Estonia. Tartu,
2016, 416 p.

Eve Rannamie. Development of sheep populations in Estonia as indicated
by archaeofaunal evidence and ancient mitochondrial DNA lineages from
the Bronze Age to the Modern Period. Tartu, 2016, 269 p.

Pikne Kama. Arheoloogiliste ja folkloorsete allikate kooskasutusvdima-
lused: inimjddnused méargaladel. Tartu, 2017, 259 p.

Kristiina Johanson. Missing interpretations natural and residual finds in
Estonian archaeological collections. Tartu, 2018, 429 p.

Maarja OIlli. From individuality to regionality in the distribution area of
tarand cemeteries in the Roman Iron Age. Tartu, 2019, 251 p.

Ragnar Saage. Metallitoopaigad Eestis 7.—17. sajandil. Tartu, 2020,
240 p.



