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Exploring Byzantine and Ottoman economic history 
with the use of palynological data: a quantitative approach*
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Abstract: This paper discusses the results of a numerical analysis of the existing palynological evidence from medieval and early 
modern Balkans and Anatolia; as such, it hopes to provide new quantitative data for the study of Byzantine and Ottoman eco-
nomic history. After presenting the palynological database prepared for this project – as well as the numerical methods developed 
�:�!��!���`����$����Q���������#��������������!�����������:�:������$�*���$�����������!��������:��������=�"�������������!�����Q��$����Q����
the late antique and early medieval periods, demonstrating that signs of both late antique agrarian prosperity and early medieval 
economic collapse may be observed across Greece, Macedonia and Anatolia. The following section focuses on evidence for the 
development of a pastoral economy in the central Balkan mountain ranges, between the early Middle Ages and the Ottoman era. 
The third section discusses environmental aspects of the middle Byzantine economic revival. Finally, the paper focuses on how 
different regions of the Balkans and Anatolia fared during the late Byzantine and Ottoman periods; in particular, we demonstrate 
how the Byzantine economic system came to an end, and how a new economic geography emerged during the Ottoman era.

"'���%¤^�"�'

The lack of quantitative data – data which might allow for reliable comparisons of economic perfor-
mance on a national or regional level – is one of the greatest challenges faced by economic historians 
of pre-modern societies. The written record rarely provides numbers that are reliable and in long-
���&��� ������� ���#����~&�����!������� ��$��&#���!��� ����`����:����
��=1 Given the bad preserva-
tion of much Byzantine archival material (with the notable exception of the Athos documents), this 
limitation is felt very strongly by historians of Late Antiquity and Byzantium. Moreover, whereas 
������������!������������#:�������::�`�~&��������*������`������!�&$����L"��������!������!��������!���
research,2 they are generally restricted to sites or areas studied within the scheme of a particular pro-
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�����������#����$�������������!��������!����&���!���&�*�`����$����������!���
contexts, long-term cross-regional comparisons using numerical tools have not yet been attempted 
on the archaeological data for Byzantium; and if such comparisons were attempted, they would 
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been proven by the analyses of A. E. LAIOU��+���������!���`��������������`	�������\#:���=�Y���!������$�%�#����:��!���
��&$ =̀�+���!�����{¬||²��=�LEFORT��Y���`����&��#���~&��$���$�!&#�������!�&´�
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certainly involve considerable methodological challenges. The same numbers can have a different 
meaning depending on a site or region; consequently, the only possible approach is often to compare 
and synthesise, in a qualitative way, results that have already been interpreted in the context of in-
$�*�$&���:��V�!��=��������������#��$��Q����:�$�����*��!�#��������:��
��#��
`��::�`�����&#���!���
:��!�$&���� ���$����$��Q�� ���#� �������$���� ��*����#������ �!���!��=������:�:���:��������
�����&��
approach� and the results we obtained, as well as new insights into Byzantine and Ottoman economic 
history that arose from our analysis.

The problem of incompatibility, especially with regard to datasets from different textual sources 
�����!��������!���:��V�!����$���������::�`����:��`������!����*�$��!�=�+��`�����������´���!����$�:��-
cess data following a rigorous methodology; the procedures used by researchers – who take sediment 
cores from lakes and marshes which contain pollen grains deposited during the previous millennia 
������*���&���`� �$����!��� ���#������ �������=� "����!����#:��� ���������#���!����� ����:�����������������
�$������$����
��������������:����!&����:�������´������:�!������������&:�����:�!������������!�&�������
����$��$���$���
������`�����`���=�"�������Q� �̀��*��`���#:���:��*�$��������#�������������:�������������
:��$&!�$�
`��������$�!�:��������´����$����&�$����:�!��!���������������#��Q������:����!&������`������
��$�#����Q����!!&#&������=�^����~&���� �̀�����!��������:��!�������*��&������*����&����´���
�����$�
by dividing a taxon’s pollen count by the sample’s pollen sum within a particular sample}) serve as a 
basis for reconstructing local vegetation histories.5��&!��$��������&�&���`��:���#&!�����������#��:���-
ods than anything we could obtain from texts or archaeological material (they cover at least two-three 
millennia, often much more). As a result, palynology is able to provide continuous records of vege-
�������!��������������*�����!������$&�����
���������`	���������$�����#���:����$�=�X������������*��
already started to integrate these local vegetation reconstructions into a larger vision of late antique 
and Byzantine socio-economic history.ª�X�Q�*�����������#:������`���
����#�$������´:�����������!��
that palynological data constitutes a huge amount of quantitative information on substantial parts of 
�����`	�������Q���$=�^����~&���� �̀�������#�����&��:��V�!��Q�������
�����~&��������*����!�����&!������
of landscape and vegetation transformations at a regional level that would integrate palynological 
information from several individual sites and that would allow reliable cross-regional comparisons. 
���!�����
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 – M. TYCNER���������¤���
���+��`������!���%�������\!���#�!�X�����`;�'�Q�?����$����$����Y::��!���������Y���!&��&�����&�:&�� ���^�������\&��:���
�q�Y%=�¹�����~�}���}��¹|����}|�³}����Í�¨¬�q{ª��{|��¬=

 } The pollen sum is never constant even within the same core, i.e. the same pollen site dataset; usually it ranges from two 
hundred to more than one thousand grains, depending on a counting strategy of an analyst and the quality of material in each 
sample.

 5� "�������!�����È��!��I�#�����$����������������$�:��$�������Q��!��:������:��$&!����:�����Q����������;��=�=��*����:������$��������
���#���`����*����������������q��#��Q��������*��:������!������*���#���������{��#=�"����#:������#�����!����!���
��!����$���$�
to represent the radius of 2–5 km, depending on local topography, and at the same time to contain some regional signal for 
��������������*�����:���=�¢���&���&�������$&!���������:��`����� �̀������=��=�EASTWOOD��+������!����`���$���������?�$��������-
an landscapes: Theoretical and practical approaches, in: General issues in the study of medieval logistics: sources, problems, 
��$�#����$����������$=��=�¢=�X��$���³}����Í��`�Â~�`~�� 36�=����$���qª��{{¬�{¨«����$����������$&!���`�!��:��������?=�
VERMOERE��X���!����[����������%`��#�!�����������������`�����������������&��Q�����&���`�=�Y�+��`������!���Y::���!�=�
�&����&��q}���$�Y=�IZDEBSKI, A rural economy in transition. Asia Minor from Late Antiquity into the Early Middle Ages 
(Ï�_��~���`�Ï_�}��}|��~�Í�����Í,�Ë_���������Ë��}���{«�=������Q�q{�=

 ª J. HALDON��È^�::�$�!���Q����
����*����*�������&�����$�
�!�#����$�����I=�\�*����#�������*�$��!�������������!���`��������$�
�*������������|���{���!���&��������;��`	�������?�$������������$=��=����������~�}}=������q|��q{¨�q�²�¢=��=�CHEYETTE, The 
disappearance of the ancient landscape and the climatic anomaly of the early Middle Ages: a question to be pursued. ¹~��Í�
���}��~��¹_�����{ª�q«<q��{q|�{ª¨²�?=�WHITTOW������?�$$����`	�������\!���#`�ª�{q}�����;�����̂ �#
��$��������-
�`���������`	�������\#:����!=�̈ �{}¬q���$=��=����:��$=�̂ �#
��$���q«��}ª¨�}¬q²�Y=�IZDEBSKI����`�$�$�����!&��&���³�&�����
����������������~&��\���8�������������!��#����³&!�&��������������$�*���:#������$�!�����!������������!&��&������Y����?�������$�
����?�$$���\�������#�����}������������|���!=�Y%=��}���«�q{{��q¬{��{q²�IZDEBSKI��Y��&�����!���#`���������������{|�q{¨=
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����������&������*����#����
`����������#�������&#��^�|, from this point onward the history of vege-
�������!���
�������:����$�#�����������������$���!����³�!����������!����!���#�!�!�����=����������������
reconstructions presented in this paper offer new insights into the regional economic histories, as our 
results provide quantitative representations of a society’s impact on its regional landscape.

%Y�Y�Y�\

The main challenge we faced while creating our database was assuring as high a chronolog-
ical resolution as possible while, at the same time, achieving reasonable certainty regarding the 
chronology of socio-economic change. This meant that we had to pay special attention to certain 
chronological issues even prior to conducting our analyses when we were building our database of 
Byzantine-Ottoman palynological data.

Apart from very rare situations, where annually-deposited layers of sediment are recognisable 
and can simply be counted,« sediment cores containing pollen require radiocarbon dating and math-
�#���!���#�$�����������������������
��Q����!����$�:�����$�!����$���`���������$�:���#�$�������=�"��
most cases, dozens of samples are taken from a single core, making it practically impossible to have 
{}^�$�������������������#=�X�Q�*�����������������������`�:��
��#=�\*������Q����$��!��
���$���$��*��`�
��#:������#���!�������!����$��!��
���$������������������!���$��!�������*�����������������#���������&�-
!�������`���*��*�$�����������������:�!��!�`���������������`��$���#:������������!�#������������$�����
relationship between the radiocarbon and calendar age is not linear. This is why radiocarbon dates 
need mathematical processing and calibration in order to provide an estimated calendar age for each 
sample that has been taken from a core.

^����~&���� �̀����#���������:��`������!����������������\�������?�$�������������!�&$�����������-
�������*����
����������\&��:����+������%���
����������{«�Y:����q{}�����:&
�����$�����!������!�V�&�-
nals,¬ we could use only those which have at least one radiocarbon date for the last three and a half 
#���������:������
�`�#��������Q���������������*��`�!�������$�������������!�����&���!�=�����������$����
make sure that, for each site, the age-depth model we included in our database was the most reliable 
#�$����*����
��=����!����*���������&��������Q������&$��$���*�����$�!�$�����������$��::���!�������
age-depth modelling have improved considerably in recent years – we decided to construct our own 
models for around two-thirds of the sites (we also produced new models for recently published sites 
that have not been provided with estimated ages for every sample). For this purpose, we employed 
the latest version of the modelling software called |�~��(designed by M. Blaauw) which, in turn, uses 
the most recent radiocarbon calibration curve.{

 |� ¢�������*��*��Q�������=�%=�HUGHES��+����� ���*���;���*����#������:��
��#����� ������!�����L��������$���#���=������#����
{¬¬�=�Y��Y����������´�#:������$��!&���$�����=��=�EASTWOOD���'=�ROBERTS���X=�¢=�LAMB��+������!�����!�����$�Y�!��������!���
\*�$��!������X&#����!!&:��!�������&��Q�����&���`;�������`J������!!&:������+����=�®�~���}~��Ë�_�}���}«�{¬¬«��ª¬�«ª=�
¢����� �̀��=����������$�����������������������������$��!&���������������:�����!���$�È:����������:�����!I�:���������*����������
������`������&�����������Y�������;�J. BEKKER ���~�}}, ?����*������������$�!��#����$&���������X���!�������������������`����
����������������������&�&��#�&������������&��� =̀�Ð����~�}���³}����Í�~���®�|�~�����~�Í�q{�q{q��q}¬�qªª=

 «� �������������`��Q��������Q����������`:�����$����������������������������$�Y���������������'������^�::�$�!�����$�������&������
in Albania, see A. ENGLAND ���~�}}��X������!������$�!�:��!���������^�::�$�!���!��������&���`�;���:������!�����!�����*��-
���������������&���`���#�����$���$�#��������#�'�������=�Ê���³���|����{«�q«��{qq¬�{q}¨²�%=�ARIZTEGUI ���~�}}��'��&����
��$��&#�����$&!�$���*����#������!�����������&������Y�
��������������������`�������^��������������#�����������&������
sedimentary record. ²���~��~�����~���~�Í���~����|{�q{��{«��{¬q=

 ¬� ��������Q�$����Q����#�$���*����
������&��
`������������*����������������Q��!��Q������*��`�������&�=�+�����������!���Q��$��-
#���������#���� �����#�����=��������\&��:����+������%���
����������=�FYFE ���~�}}������\&��:����+������%���
���;�:����
efforts and current activities. Ð����~�}���³}����Í�~���®�|�~�����~�Í�{«�q¬��}{|�}q}²��!!���;����:;<<QQQ=�&��:���:�����-
$���
���=����{«=}=q{}�=

 { M. BLAAUW��?����$����$�!�$������È!�����!��I�����#�$������������$��!��
�����~&��!��=�Ñ_~����~�Í�²��|��������Í�̈ �q{��
¨{q�¨{«²�+=��=�REIMER ���~�}}��"��^��¬���$�?�����¬���$��!��
�������!���
�������!&�*�����¨��̀ �����!����+=�~�}�|~���� 
¨{�q¬��{{{{�{{¨=
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Table 1 gives essential information on each core together with a reference to the original publica-
tion and the age-depth model included in our database. The new age-depth models for Anatolian sites 
have already been published elsewhere, whereas the new models for the Balkan sites are presented 
�����
���q=���
���{������:��*�$��� �����#�������������!���������!���~&����`������!������=����!�� ����
number of radiocarbon dates differs considerably from one core to another, we decided to include 
this information in our database and take account of it in our analyses. Our sites are thus divided into 
three categories:

(1) sites with at least two radiocarbon dates for the entire core, of which at least one falls into the last 
�Q��#���������������{�Y%�ó�{¬¨�!����+11); the second date is not��&
���������`�#�´=�q�`������
��$��������{��^�ó��¨�!����+

q��������Q�������������������$��!��
���$�������������������!�����������$��������¨��^�ó�q}¨�!����+²�
dates older than this date are��&
���������`���$��������{��^�ó��¨�!����+�#���������q�`�����

���������Q�������������������$��!��
���$�������#������������������$��������#��������=

Apart from providing information on the type of the age-depth model selected for each site, Table 2 
contains information on the surface dates used in computations, as well as additional remarks on the 
��$��!��
���$�����&��$������#�$����Q����*�����!����� =̀�"������!��������������������$��!��
���$�����
��*��
�������������#����������:&
��!����������������!�����!��!��Q��������\&��:����+������%���
����
��$�+����������������������$���
���������*����#������$����=

��
���{=�+��`������!������������#�Y����������$������������=�¢����&����������!�������Y::��$�´�{=

Site name Latitude Longitude Chron. 
quality Original publication Age-depth model

Anatolia
1 Ova �ª=qªª q¬=� 2 �����#��*����$�����{¬«} "	$�
����q{�
2 �Â`!�K�	 �ª=«|¨ q«=ª}q 1 *���]����������=�{¬|¨ "	$�
����q{�
3 �ÂK8� �|=¨ q¬=««� � *���]����������=�{¬|¨ "	$�
����q{�
4 LÂ������ �|={�� q¬=ª 1 \���Q��$������=�{¬¬¬ \���Q��$������=�q|
5 +����
�JL �|=}ªª �=¨ 2 �����#��*����$�����{¬«} "	$�
����q{�
6 Bereket 1 �|=¨}¨ �=q¬¨ 2 �����Q���������=�q| �����Q���������=�q|
7 Bereket 2 �|=¨}¨ �=q¬¨ 1 ������������=�q{q ������������=�q{q
8 Gravgaz �|=¨«} �=}} 1 ������������=�q{q ������������=�q{q
9 ��`J�����LÂ�8�" �|=¨}q �{=¨ � *���]����������=�{¬|¨ "	$�
����q{�
10 X�`��� �«=q|¨ �=«|¨ 1 *���]����������=�{¬|¨ "	$�
����q{�
11 �8M8��Y��Â� }=«ªª �=}�� 1 �����#�������=�{¬¬�<{¬¬} "	$�
����q{�
12 Melen }=|ªª �{=¨ � �����#�������=�{¬¬�<{¬¬} "	$�
����q{q
13 Abant }=ª �{=q«� 1 �����#�������=�{¬¬�<{¬¬} "	$�
����q{q
14 Ladik }=¬{ª �ª={ª � �����#�������=�{¬¬�<{¬¬} "	$�
����q{q
15 ��	 }=q«� �ª={¨ 2 �����#�������=�{¬¬�<{¬¬} "	$�
����q{q
16 %�#��`&�� �¬=|�� �|=�«� 2 �����#�������=�{¬¬�<{¬¬} "	$�
����q{q

Balkans
17 Lerna �|=¨ qq=¨«� 2 ������{¬¬� '�Q�#�$�����������
���q
18 [��*��� �|=¬q q}= 1 ��&���q{q ��&���q{q
19 [�&������ �«=«ªª q=«�� 1 ������q¨ '�Q�#�$�����������
���q
20 X���� �¬={ªª qq=«�� 1 �����#��{¬|} '�Q�#�$�����������
���q

 11 ^����+�#�����!���
����$�ó�!����$����`�����
������:�������ó�{¬¨�Y%�������::���$����^{}��+��Q��!�����&��$�����:��#�� �̀�
uncalibrated results of radiocarbon age measurement.
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Site name Latitude Longitude Chron. 
quality Original publication Age-depth model

21 Litochoro }={�« qq=¨}ª � Y��������$���{¬|¨ \+%�!����+�#�$���
`�
�=�+���V����$��

22 Flambouro }=q¨¬ qq={|{ 1 Gerasimidis & Athanasiadis 
{¬¬¨

L�����#�$���*�+���V����-
$���q{

23 Orestias }=¨ q{=q¨ 2 ��&���*�%��#��	�����q{ ��&���*�%��#��	�����
q{

24 ���#�$�����"
 }=ª{ª q{=¨«� 2 �����#��{¬|} '�Q�#�$�����������
���q

25 ?�&���[���� }{=q q{=¬{ 2 Gerasimidis & Athanasiadis 
{¬¬¨ L�����#�$��������=�q¬

26 ?�&���+���� }{=¨q qq=q|¨ 1 Gerasimidis & Athanasiadis 
{¬¬¨ L�����#�$��������=�q«

27 Lailias }{=qªª q�=ª 1 Gerasimidis & Athanasiadis 
{¬¬¨

Gerasimidis & Athanasia-
$���{¬¬¨

28 +�:�*��\	��� }{=|{ª q�=ªªª 1 �������*��*���	���*��{¬¬¨ '�Q�#�$�����������
���q

29 \���������$�:�� }{=}|¬ q}=�qª 1 Gerasimidis & Athanasiadis 
{¬¬¨

\+%�!����+�#�$���
`�
�=�+���V����$��

30 Besbog }{=|¨ q�=ªªª 2 �������*��*���	���*��{¬¬¨ '�Q�#�$�����������
���q
31 ����`�������� }{=|�� q}={�� 1 ��	���*�������=�q{{ ��	���*�������=�q{{
32 Begbunar }q={¨ qq=¨¨ 1 ��	���*�������=�q¬ ��	���*�������=�q¬

33 ���$���L��� 
?�&�������+������� }q=«�� q}=«�� 1 +����*�*�¢���:�*��!��{¬«| '�Q�#�$�����������
���q

34 �����$	��#��� }q=ª�� qª=|«� 1 �����*������=�q¬ �����*������=�q¬
35 Arkutino Lake 2 }q=�ªª q|=|�� 1 ��	���*��*���&��{¬¬q '�Q�#�$�����������
���q
36 ��������
���\	����	 }�=¨«� q«=¨¨ 1 ¢���:�*��?�����*��{¬¬¨ '�Q�#�$�����������
���q
37 %&���&�����q }�=ªªª q«=¨¨ 2 ��	���*��*������*�{¬«¨ '�Q�#�$�����������
���q
38 Mire Garvan }}={{ª qª=¬¨ 2 ��	���*��{¬¬¨ '�Q�#�$�����������
���q

��
���q=�'�Q�����$�:���#�$���=

Site name Type of the 
model Surface date Additional remarks

Arkutino 
Lake 2

cubic spline '���&��$����#�$�������
(no information)

^&
�!��:���������!��$������$�������*��$�:��
��#��Q���������&���!��
date; based on the two youngest {}^�$����=

Besbog polynomial 
�������������

�!#����&#�$�����!����+ X����`�!��$�
�������&�����!!&#&����������������������!&
�!��:�����
model); the third {}^�$����[�"�¬ª«������&��$����#�$������=

%&���&�����q linear inter-
polation

�!#����&#�$�����!����+ Linear regression is the only solution due to age reversals occur-
ring in other models; outliers suggested in the original publication 
were removed from modelling.

X���� polynomial 
�������������

�!#����&#�$�����!����+ The oldest {}^�$����Q�������&��$��������!�#:&��������
�!�&����������
age.

���#�$�����"
 linear inter-
polation

�!#����&#�$�����!����+ [��`���������!!��������������!!&#&�������������������������Q��#��-
lennia; no obvious outliers.

��������
��� 
Ezeretz

linear inter-
polation

�!#����&#�$�����!����+ X����`�!��$�
�������&�����!!&#&�����������=

Lerna smoothing 
�:�����=�|�

�!#����&#�$�������
!����+

The investigator warns against putting too much certainty in the {}^�
$������:��
�
����`���������*��������!����������=������������~&�����$�
as the 2nd category in terms of chronological quality.

Mire Garvan linear inter-
polation

�!#����&#�$�����!����+

+�:�*��\	��� cubic spline �!#����&#�$�����!����+ X����`�!��$�
�������&�����!!&#&�����������=
���$���L����
Mountains 
+�������

cubic spline �!#����&#�$�����!����+ The assumption for surface date is an informed guess; the two 
contradictory dates for 155 cm were excluded from modelling.

[�&������ cubic spline '���&��$����#�$������ %������$������$�����������&�����:��
��#���!�
`�������*����������
were excluded from modelling.



|q� Y$�#�"	$�
������L�	����	�����!�����`#����¦�!	`§���

"���*��`�:��`������!�����&$ �̀���������������:������:��$&!����:����������!�&���$=�����:��!�������!�&��-
ing and identifying grains in a sample continues until it reaches a certain level, most often a certain 
�������&#����:�����������������������!����������`���!�����#������*���������*������:�������&#����{�
grains). As a result, all elements of local vegetation that produce pollen are represented in the site 
$�����
���������������������³&��!�$�
`��&#����!��*��`���$��������������#����&�����!��$=����!��������-
!&������&��:��V�!����������!���#�!��!��*��`���³�!��$�������$�!�:����������#��������Q��$�$�������!�&$��
����:����� ��´�� ����&��$���
������$�����`���=� "�����$��Q�� ��#���$��&������������ ���!&���*���$�:�������
secondary anthropogenic indicators (uncultivated plants related to human activity, such as common 
Q��$�����!���������$���:��������*�&��$�
`�:���������#����!=������::�!�*�������������$���`�������������=�
X�Q�*����:�������&#��Q��&��$�Q����
���$��������������´���$������$��������*�����#:�������������
���
��$����&
��=�"����#��!�������������&#��Q�����$V&���$������Q�`������Q����&������$�
`��������������*��-
tigator in the original publication (for instance, in some cases we excluded true grasses from the sum, 
as they represented only the local marsh vegetation).

"�����&�$�
������$����������������:��!���!�*����������&��$���
���������#���$�
`������*����
����`����
:������$���=�%&�������*�����`�������&������$��������!���!��!&#����!��������������!�&���������$���������
in the Eastern Mediterranean that are much better studied in terms of palynology, while there are also 
areas from which we have almost no data, or at least no data for the last three millennia. Thus, from 
the entire Balkan region, useful data is available only for Bulgaria and Greece and, consequently, 
���`� ������ �Q�� !�&������� ���� ��:�������$� ��� �&�� $���
���=� %&�� ��� �`$������!��� ��!������ ������ ��$�
marshes with proper sediment deposits do not exist everywhere in the Levant; as a result, we have 
data only from isolated sites which do not necessarily cluster into coherent historical regions (a po-
���������´!�:��������#�$����"������=���!��Q��#�*���������^�&!��&�������������:����`����:��`������!���
sites from Georgia, but hardly any are useful for the study of historical eras; sites from other coun-
tries are unfortunately very few. Finally, Turkey is relatively well covered by palynological research, 
���&���������!��!�������$�����Q���������;�����'�������$�������&�������=�\���Q������������������#��
isolated sites, but – again – they are too few and too dispersed to form a coherent region. This applies 
��������´!��������������������'���12 the only site in entire south-eastern Anatolia whose chronology 
is reliable enough for historical analyses. Location of the sites, as well as the boundaries of regions 
chosen for the purpose of our analyses, are presented on Map 1, while the regions themselves are 
:�������$������
����=

Region A !�������� ��� ��&�� ������ ���#� $��������� !������� ������ ��� ^������� L���!�� ��� ������ ����� 
��:�������!��������������!������������
���*�$�����$��!������
�����&#�$������³�!��$���!��`�!��$�������
�������+���:����������#������$�L���!��=

Region B represents the highland hinterlands of the Macedonian plain, with the majority of sites 
located to the west of the plain; it is important to bear in mind that the region contains no site from 
within the plain itself.

The sites that comprise Region C ������!���$��������#�&�������������������&��������:��#����`����
�������$�:��²�������������#:����������������������������������������!���$����������*��`�����������&$������$�
#�`�������³�!��$���!��`�����*����������!��������������:��!���������*����`�=

"������!�&��������&������`�����Q�������!����$���$������������������������:�������������������������
+�����?�&�������������q|��{����
&������*����������������`�:��*�$�*��`���#��������������!�����&!������Q��
�
�����$���������Q�����������������&�����������!&�������������^�²�������&��������������������#�$��*���
��$�����`�#�$����:����$��������������$������������$�:�����!�&$��������+�����?�&����������$�����Q���-
����:�����������������+���������$���!�##������������������`�������#�����������*����#������$��!���# =̀

 12 ENGLAND ���~�}}��X������!������$�!�:��!���������^�::�$�!��=���������������!���������!��!����������$���������HALDON��^�::�-
docia will be given over to ruin and become a desert.
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Region D consists of sites in Eastern Bulgaria, but unfortunately is not entirely coherent from an 
�������!���:��������*��Q=�����:��������:�������$�`��&���������!���$����������������$���&����������������
+�������!������&��$�$��������������������
����Y���~&��`���$�����?�$$���Y���=

As we move to Anatolia, Regions E and F represent eastern Bithynia (different to that part of 
����`���������������������?��#����!��������$����������$�:�������������#���:��*��!�����+���&����$�
��������+����!�!���������������!������=

¢����� �̀������������&�����������Y��������Region G������!�&�����$����&�$�+���$�����$���:�������
:��#����`�������������!���������=���#����������������L����������Q�*����������!���$��&���$���������������
������`!����������������$��&����!�����&!������#�`���&��
��!����$���$���:���������*�������������������
�����$�:���������`!�����$��������������=

��
����=��������=

Region Pollen sites included in computations  
(numbers and names)

Number of 
samples*

Central 
point

A ^�������L���!� {|�q;��������[��*�����[�&��������X���� ¬« �«=¨�|¨�
qq=ªq|¨

B Macedonia q{�q|;�����!������¢��#
�&�����������������#�$�����"
��?�&���
[������?�&���+�������������

151 }{=}|¨�
qq=¬¬|¨

^ ���������&������ q«���;�+�:�*��\	�����\���������$�:�������
��������`����������
���
&��������$���L����?�&�������+�������

|ª }q=}¬¨�
q�=}q|¨

% Eastern Bulgaria �}��«;������$	��#�����Y��&����������q����������
���\	����	��
%&���&�����q��?����L��*���

ªq }�={�¨�
q|={¨¨

E Eastern Bithynia {{�{�;��8M8��Y��Â���?������Y
��� |¨ }=¬«|¨�
�=|�¨

F "����$�+���&� {}�{ª;���$������	��%�#��`&�� ª« }=}}¨�
�ª=}¬

G ��&�����������
Anatolia

{�{;��*����Â`!�K�	���ÂK8���LÂ��������+����
�JL����������{������-
����q��L��*��	����`J�����LÂ�8�"��X�`���

�ª« �|=¨ª¨�
�=ªq¨

O�'&#
��������#:�����::������������:����$����¨{��^�Y%�q=

?�:�{=���������$��������=



|}� Y$�#�"	$�
������L�	����	�����!�����`#����¦�!	`§���

?\�X�%�Y'%��\�¤���

Our method – presented in detail in a separate methodological paper{� – consists of three steps: inter-
:����������#�����������$������������=�"��������������:��Q��!����!����:��
��#���!�����&�������&����������
data sets, the fact that there are time periods (years) for which no pollen samples were taken. More-
over, the time periods of these initial observations do not need to overlap across pollen sites, and they 
indeed rarely do. Therefore, we use a linear spline function to provide interpolated measurements 
for those time periods for which no actual samples were taken. This method of interpolation is most 
accurate given the fragmentary nature of our data, as individual linear interpolations are made sepa-
�����`�
��Q������!��:��������
���*��������=�=��!������#:����Q����:������$����=������&�������:��������
the missing observations for each calendar year, no further numerical analysis would be possible.

"��������!��$����:��Q���!���Q��$���������&��$��������������!���������*����&��:�������`:�������&
-
ject to error. This error might be either purely random in nature (e.g., environmental catastrophes, 
��!���������:�����!��*�������Q����������������������!��!���������#�`������
��������$�������!!&��!����
�����
������`�#���&��#���=���������������#������&��$����&���������X�$��!��+���!����������Q��!�����
$������$������#�*����������~&��!`�³&!�&����������#���#��������=�"����`����!������
�!�#��������*��
�������&!�����#���������Q����:��!�����#�Q����	���=�"�������Q�`��&��$����
�!�#����&���
����������������
aggregation.

"����������$����:��Q�������������&��$����������������������$�=�¢�����!����������Q��$�������!�������
:����²�������:�����������&����$������&���������������������������������`���=�������������#:�������!�*���
counterfactual trends in fractions of various pollen types at the locations that have been chosen to 
represent central points of each region. These trends are computed as weighted averages of site-spe-
!��!�����$��Q���������������������!��$������������!���$�����������*������������$�Q�����������$����#���$�
endogenously by the structure of our data.

�:�!��!��� �̀�Q��$������Q���`:������$�����!��
��Q��������*����������$��&��������:��!�����!������
of interest (for instance, the central point of a selected region): spatial distance and time distance. 
The former is simply the Euclidean distance between these two locations. The latter, on the other 
hand, is the number of years between a given time period and the closest time period for which a 
measurement is available at a given site in the original data set. The spatial distance between two 
locations is therefore constant over time, while the time distance is not. For both types of distance, 
we assign greater weight to pollen sites which are closer to a given location, but we allow the degree 
���ò:&����#���������������$�����!������*��`���$�����&�� =̀�?�����:�!��!��� �̀�Q��&���!�����*���$������
in which we remove, one by one, pollen sites from our data set, and use our model to predict various 
:���������!��������������������&������������������#������Q��!������*����
������#������������=���������
compute the root-mean-square error of prediction which measures average differences between pre-
$�!��$����!��������$��!�&������!�����=����!�����������&!�&������:��������������:������$�����!����$���#��
distance that minimizes this error of prediction.

Finally, in order to check the spatial coherence of our regions, we have also conducted similar 
!�#:&��������������&����!����������#������$�����������*���������=�"������!��������������$����������$����
did not differ substantially from the trends reconstructed for the central point. This means that a com-
mon (regional) trend may be found in the pollen data from all sites within a given region, and that our 
#����$����!�:�
��������!�*���������������$=�"��������Q��$����&������������������!�##���*����������
������`���$�������
�&�$��������������V&�����
�����`���$������!����!��������=

 {� IZDEBSKI – KOLOCH – ��������	
 – TYCNER���������¤������+��`������!���%�������\!���#�!�X����� =̀
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"��������$��Q��Q�����
�������
�������!�����&!�������������$���������:��:�������������Q�$��*�����`�
of plant taxa within the total pollen signal from a given region. Figures presenting these results from 
Y%���&���������#�$������������:�������$����Y::��$�´�q��#�����$�����������������:��������;�¢��&����
:�������#�*�����*����������������������&����=���������&����$��������!�&$����`������#�������
�&������
�!�����������*����!����´��=�"�������Q� �̀�Q��Q��������*��$�!���&���������!���&��$����!������
�������:���-
�$�����
���&������#�=�����!������`�!����$�����!����&�����$�*�$&���`���������������*��!�������
��Q����
�&
��~&������#��:����$�=�\�!��������������:�������$�
`���&������*����&���������:�����������!&���*���$�
taxa that are best represented in a given region as well as the structure of secondary anthropogenic 
indicators (common weeds), steppic vegetation, and forests.

X"����"^Y��"'�\�+�\�Y�"�'

��������������������������!��������:�������������&�����&������������������!�����`����$��!&�����������#���-
tions. As it turned out in the course of our project, the availability of palynological data for the Bal-
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is much higher, and the interpretation of results is far more straightforward.{}
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due to the unsatisfactory quality of the Balkan-Anatolian database, it is not possible to interpret some 
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of any instances where such an issue has bearing on the interpretation. This phenomenon can also 

���::���$���������&:����������Q��������������²���&�����������Y�������������������!������$�#�����$�
`�
��������!���$����+���$����Q��!��:��*�$���{|���������������ª¨���#:���������
&��$�&:���������������$������=�
'�*�������������������������#���������#���������
�������&��$���
���²�����������
���&����´!�:�����
�������
the number and distribution of its sites, as well as in the total number of sediment samples with the 
pollen data (technically, observations) available from the sites in this region.

The two other regions that provide relatively reliable information, on the grounds of the total 
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complements the picture that can be obtained from a qualitative analysis of the same palynological 
evidence, at least in the case of Anatolia. Moreover, it became clear that, even when regional data 
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tion by looking at each site individually and interpreting the local vegetation-agrarian histories, thus 
postponing any regional or even general observations until the end of the qualitative analysis.15 The 
advantage of applying numerical procedures lies in the possibility of diachronic comparisons of dif-
ferent agrarian and economic developments that took place in particular regions. This in turn makes 
it possible to grasp regional trajectories of key phenomena and processes in the economic history of 
Byzantium.
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tures. Apart from cereals, another cultivar whose values grew in this period was olive (Figure 5). 
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continue to decline (Figure 12), while grasses and sedges gained in importance (Figure 11). Only after 
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This scenario of agrarian change complements our knowledge of the settlement transformations 
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 15 As conducted in IZDEBSKI, A rural economy in transition.
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Antiquity, there is abundant evidence for settlement expansion from all parts of Greece.{ª����������
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ber of sites during roughly the same period (fourth to seventh centuries), an increase comparable to 
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as massive as the raw data suggests.{¬ On the Greek mainland, the countryside of Boeotia saw in-
creased levels of settlement and exploitation in Late Antiquity, especially in the area around Thespiai 
(where rural settlement probably achieved its historical climax during this period)q or the valley of 
the Muses.21 To the north, in Macedonia, rural settlement expanded not only on the easily accessible 
areas of the plain, but also in locations that were, from an environmental perspective, more marginal. 
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and Macedonia in the early Middle Ages. The process of transition from the late antique into the 
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notable drop in economic activities and partial reforestation while, in the mountainous hinterland of 
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that should have occurred once the intensive cultivation characteristic of Late Antiquity had declined 
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donia – or rather, between these two clusters of pollen sites – is due not only to the variations in his-
torical and geographical factors between these two parts of the Balkan peninsula; the four sites that 
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B (the Macedonian uplands), however, are located in the mountains that surround the large coastal 
plain. The situation of these two areas – Greek coasts and Macedonian highlands – was completely 
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different, particularly with regard to the degree of Byzantine military or political control, and the 
ways in which these regions participated in the early medieval exchange networks.q�
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the more mountainous parts of Greece and Macedonia, the old agrarian economy started to decline 
������Y%�}¨=�?����*����Q�����������$��!���#`�Q���!����:����������Q�����Q������Q�`�
������������
�#����=����������`�$�!�����������Y%�}¨�����!���������$��������$&����:����������������$����$�!�:���
����������Q�$������������`�?�$$���Y������������*���
����������#�&�������������������&�������¢��-
&����{����$�{ª�=�X��������*��&���������::�!�*����������
�����������Q�������Y%�ª�¢��&���{¨����!-
!�#:����$�
`�������!��������:�����!�������
Q����:��������¢��&���{}�=�̂ ��!&������`�Q������������Q����
the presence of forest trees began a decline that would continue until the early modern period. This 
emerging rural economy is characterised by a considerably greater pressure on pastoral activities 
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other agricultural strategy that may have resulted in such a vegetation pattern might have been to 
keep large tracts of landscape open, without using all of it in every season; this would be similar to 
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and Macedonia,25 linking landscape types or vegetation patterns with particular ethnicities requires a 
different type of analysis (more qualitative in character), an analysis which, given the palynological 
and archaeological evidence currently available, may not even be possible.

As we move into Eastern Bulgaria, we encounter a region with a markedly different history of 
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decreased, while forest trees – especially oak and pine, typical for post-anthropogenic landscapes – 
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���������
– roughly comparable to Eastern Bulgaria – experienced a major transformation of its settlement pat-
tern; the area, once dominated by cities and villae, became more militarised, with settlements focused 
on forts.qª As a result of these changes, it appears that the economy contracted substantially. The fact 
��������¨�ª��&������������
�����$���#������`��$#������������!����$��_~���_�~�����|}�_� whose aim was 
��� �����:����:��*������� ���� ����%��&
����#`� ���#� ����Y��������$�^`:�&��Q�&�$� �&������!����#�
this interpretation;q| Justinian’s administrative measure suggests that, in the early sixth century, the 
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 25 As summarised by CURTA��������Q���������������
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����*���#����!�#:��!���$������������:����$�����������Q�$��##�$����� =̀�������������������*�����!���&-
ry, most of the Balkans – including some parts of Eastern Bulgaria – suffered demographic collapse,q« 
in the eighth century one observes an increase in the number of burials (suggesting demographic 
���Q��������&���&���������������Q���%��&
��������=q¬

"������!����´������&!��$��#���!���������#��������:��`������!����*�$��!��������������`�?�$$���Y����
in Eastern Bulgaria – as well as any regional reconstructions based on this data – is of very limited 
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transition from very low population levels in the sixth century to genuine demographic growth in the 
eighth century – which in this case should not be interpreted as a steady growth.
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+���&�����$���&�����������Y��������Q���������!�#:���$����������:����$�����������#�����������`�� 
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������������`����Y%�}������������������L���!��¢��&����q{��q¨���$�q¬�=�Y��
the same time, however, the north of Anatolia witnessed a growth in other cultivars: vine and olive 
�������`����¢��&���q{���Q���&����$�*���� ���+���&��¢��&���q¨���!&�#�������� ���
����!��������&�$�
Y%�̈ ¨�ª¨��Q�������������������������$�������!������!�������� =̀�Y��&�$�Y%�ª����Q�*��������������
of early medieval decline become clear. Forest trees started to expand rapidly: pine (on a massive 
�!��������"����$�+���&��¢��&���q«����$���&�����������Y��������¢��&����q�����$�����$���*�����������
���������\�����������`����¢��&���q}�=�^��!&������ �̀�������Q�����$�!���������������:�����������$�!�-
tors of human activity: cereals, olive, vine, walnut, as well as secondary anthropogenic indicators 
¢��&����qq��qª���$������$����::�!�*����������¢��&����q���q|���$��{�=�����$&���������������:����$����
$�!�����$������$�
��Q������������������������:�������$�����&��$���
���=�"�����������!�����`��´:�����$�
in the results obtained for Eastern Bithynia, where some revival of the agrarian economy – espe-
!����`�!���������$����*�������*���
����������������:������������Y���~&�� �̀�Y%�¨�ª¨²��������������Q�$�
by a slow and prolonged decline in cereal cultivation, which eventually reached its lowest values 
���&�$�Y%�{{=�"��"����$�+���&�����������`�#�$��*���$�!�����!�����&�$�&�����Y%�«�¬��Q��������
��&�����������Y������������::��������������$�Q�Q��$�����$������������������!���#`���$�$���#������
�&�$��$�`����������������&�$�Y%�«�=

This scenario of agrarian change is corroborated to some extent by the archaeological evidence. 
¤�����&����� �̀�#&!����������*����
����*�$��!�������#���$����������&���Q����������������Y�������=�"�-
���������� �̀�������!��������!����*�$��!���&������������������$���´���!���&�����Q������:����$����:���-
perity for the countryside, at least judging from the intensive church construction and other building 
activity.���Q����!��������!����&�*�`�����#�+���$�������:����!&������������*�$��!�����������´:�������
����&����������#������������Y���~&�� �̀��������Q��!�����
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����Q����!���$��
Late Antiquity saw a gradual transformation in the rural settlement pattern (smaller settlements were 
clustering into villages�q), but no apparent expansion in terms of the total settled area.���X�Q�*����
Q������������������$����������������������������*�$��!�������#�����!����������#����!�����&��`�
��Q����
the late antique and early medieval periods,�} in the Balboura plain all traces of settlement had dis-
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`�$�#���������*��-
ues of agricultural indicators (and in this part of Anatolia, there are no visible signs of revival after 
Y%� ¨Q�=������ ���$�� ��� ���� �`:�������� ����� ���� ������#���� :���:����`� ��!��$�$� 
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 � A general survey: A. IZDEBSKI, The economic expansion of the Anatolian countryside in Late Antiquity: the coast versus 
inland regions. Ì~���®��}�_��®�|�~�����Í�{�q{����}���|ª=

 �{ J. J. COULTON���������#�����$��`	����������
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other words, the countryside would have become increasingly important compared to urban settle-
#������Q����&��������!����!����������������������`����!&���*�����=�¨

����������$���������Q����������������������������������&�*�`���$�������Q��������������!���$��������
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������#�����������:������������$��Q��!���!!��$��Q��������:������$�������#��������������Y��������������
:���:��������������R�$L��XÂ`8��������&����������$�������*��`�Q������������:����$��$�����������#�������Q�
signs of notable expansion.

�����Q��!�#:�����������&�������#������Q��:�������������`	�������Q���$�����������������$�Y����-
lia – it becomes clear that, to a large degree, their rural economies followed the same general patterns 
���!�����=���������L���!���?�!�$�������$����������&�����������Q����������Y��������������Y���~&��`�
is characterised by higher values of anthropogenic plants, although there seem to be two different 
!�����������;�^�������L���!����$���������������´���������������Y���������´:�����!�$�:�������$������-
�����´:������������
�!�#���*���
�����������������Y���~&��`�������Y%�}����$�������
�`��$�Y%�ª=�
�������!������ �̀������&�����������Y����������$�?�!�$�������$������#���´��������������&��������
���Q����������������Y���~&��`�Y%���}���������Q�����!&�#�������������#����&�������Q���Q�����
�����������Y���~&��`�������Y%�}��Q�����:����$�������$&���$�!����=������$�#����������������Q������
the same general pattern of relatively prosperous Late Antiquity, economic trajectories of growth 
��$�$�!�����!�&�$�$������!����$���
�`�
`�������=�"������#:��������������������������$�������!���!������
be explained solely in terms of political-military security, which becomes obvious when we contrast 
the reasonably safe Anatolia with the permanently endangered Balkans. These differences call for a 
more complex explanation, such as the one recently proposed by John Bintliff, who suggested that 
����������������!�#:��´��`���������������#���Q���$��$��:�����::������$�!����������#���������Q���
capable of sustaining or even encouraging substantial growth in other areas, a growth that would not 
necessarily express itself everywhere through exactly the same aspects of socio-economic life.�«

On both sides of the Aegean, the end of Antiquity – either the late sixth or the mid-seventh century 
– marks the beginning of a substantial decline in the rural economy that lasts for at least two centu-
ries. Thus, the amount of resources available for the state and its army after the middle of the seventh 
!���&�`������$�����!��� �̀���$�������*�������$��������!���&��������#����
������#����$���!&���:����$����
Byzantium’s medieval history, at least in terms of its agrarian output.�¬�"�����Q�����#�������������������
lands which would eventually form the basis of the Bulgarian state had a separate history, known to 
us only partially. On one hand, we have a relatively reliable reconstruction of the vegetation history 
 
 
 �¨ The gradual decline of at least some of the Anatolian cities in the later part of Late Antiquity is a yet another argument in 

favour of this hypothesis. ����+=�NIEWÖHNER��Y�!�£�������&�$�$���È%&�����������&�$����I� �#�
`	�������!����Y����������
��;�+������#�����Q�������$����$�������#�������\&��:����$��`	����&#���$=��=�X������=��������q|��{{¬�{¨«²��=�BRUBAKER 
– J. F. HALDON���`	����&#��������"!���!���������!��ª«�«¨�;��������� =̀�^�#
��$���q{{��¨}}�¨}¬²��������$�*�����!�����
archaeological and palynological data, see also a comparison of the Balboura survey results and the near-by pollen core of 
LÂ�����������=�HALDON ���~�}}, The climate and environment of Byzantine Anatolia: integrating science, history and archae-
ology. Ï�_��~���`�°�����}�|}��}�~�Í�³}����Í�}¨�q{}��{{��{ª{²���������Q������������$���������:���������!&���*���$�:��������$�
rural settlement density have different trajectories in Late Antiquity.
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for most of the central mountain ranges of the Balkans, where the early medieval period witnessed a 
���Q�`�:�!�$���������!����������!���#�!��!��*�� �̀�#����`���!&��$����:���&����=�����������������$��
the data from eastern Bulgaria shows a completely different pattern, which can only be loosely linked 
to the turbulent political and settlement history of this area.

�X\�+Y����Y��\^�'�?Á��¢��X\��¤�LY�"Y'�?�¤'�Y"'�

Y������������������������$`��::������������Q������&�����������������������$�����?�!�$�������$���������
Bulgaria – follow a different trajectory of environmental change than the other regions. As we have 
����������Q�����������!���#`�������$�����#������������#�&������&�������������!��������#�+��$&�����
����������+����������&�$�Y%�ª²������$�*���:#�������*���
������������������������!������������::�!�
indicators (Figures 11 and 15) and, among the secondary anthropogenic indicators, ribwort plantain 
¢��&����{���$�{}�=���������`�?�$$���Y����Q������&���������������:�����������������$�*���:#�������
���������!����:���������!���#`������:�������$�&���������#�$�������=�"������������:�����������������#�
Y%�ª�&�����Y%�{������#������#����
���:����#���������������Q������*��&���������::�!�*���-
tation: these are primarily sedges, accompanied to a certain degree by ®����}�}~ and chenopods. At 
������#����#�����
Q����:����������!������������������������:������������=�����`����Y%�ª�������������
beginning of a downward trend in the values of forest trees; initially, this decline is relatively slow. 
Most importantly, we may also note in this early period an increase in the values of cereals (clearly 
*���
������#�Y%�|���Q��$�������Q�������*������$�Q���&��������Y%�ª�=�������&����������������:��
pulations inhabiting these mountainous lands may have started to apply a wider range of agricultural 
strategies to exploit their demanding environments.}

Y�!�������!!&���$����&�$�Y%�{=�Y�������:�����!�������������$����$�!��������$�������$�!�����
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�*���������������&�$�Y%�¬��Q��!���&���������������������!&��&����!�����������:��!����$����������#��
were no longer consumed in the same quantities, or that the items had started to be imported from 
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started during this period can be interpreted as the beginning of specialisation in the pastoral econo-
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Greece and later in Macedonia and Eastern Bulgaria (see the next section). Thus, it seems that once 
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inhabiting the central Balkan mountain ranges found it more advantageous to favour one type of 
agrarian activity – pasturing – above others.}{
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the wider economic system, it is not surprising that people involved in this activity started to appear 
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to note that Byzantine authors are already aware of the system of transhumant pastoralism whose 
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 }{ For a discussion of how large-scale pastoral economies depended on well-developed exchange networks and presence of 
!��:�����!&��&������������:��´�#�� �̀�����+=�HORDEN���'=�PURCELL, The corrupting sea: a study of Mediterranean history. Oxford 
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����������:������$�������#����������&����-
ia.}q Thus the pollen data makes it possible to see how, by the end of the twelfth century, the commu-
nities involved in this pastoral economy grew strong enough to support a victorious rebellion against 
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The expansion of this specialised pastoral economy accelerated in the later Middle Ages, af-
�����Q��!���&����������������������$�!����������Q����Y%�{q=�%&����������:����$�Y%�{q�{}��
the growth of steppic indicators slowed down, while forest values remained stable, contrary to the 
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This suggests that the process of specialisation visible in the Middle Byzantine period slowed down 
considerably meaning that, following the creation of the second Bulgarian Empire and the collapse 
��������`	�����������������������¢�&����^�&��$�����$������´:�������������
������������!���������������
in the later Middle Ages, the local populations of these mountain ranges had to modify their agri-
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type of agriculture was preferred in response to the less secure political situation, which may have 
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during this period (from the thirteenth century onwards) that a larger amount of written evidence 
on transhumant pastoralism becomes available (which, of course, is due to the preservation of more 
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Once the entire region became dominated by a single power – the Ottomans – in the two centu-
�����
��Q����Y%�{}���$�Y%�{ª������*��&�������������������$�!����$�#������������`���$��������
previous six to seven centuries. The growth of grasses continued without interruption, and the same 
can be said for ®����}�}~=��&��������#����:���������������$�!����������������������Q���������
����!!��-
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as well as a reduced reliance on cereals purchased from lowland farmers. Thus, the late Byzantine 
pastoral economy persisted into the Ottoman period, and even seems to have developed further, as 
all anthropogenic indicators achieved their highest values in the eighteenth and nineteenth centuries. 
Moreover, it must have spread to other mountain ranges of the Balkans, as is apparent from the rise 
of secondary anthropogenic indicators on the sites surrounding the Macedonian plain, including the 
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notable change in agrarian practices (cereals increasing together with indicators of pasturing), may 
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humant pastoralism, their presence would have certainly contributed to the stronger anthropogenic 
:����&������������#�&��������*����#����=�"���$$��������������´:�����!�������#�$���������Y����������
as well as an increasing ethnic and cultural complexity within the region that may have encouraged 
self-reliance among transhumant groups – at least partially explains the return of cereal cultivation, 
whose role had diminished considerably during the preceding centuries, that is the middle and late 
Byzantine periods.}¨
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dred years that followed, values of woodland indicators (mainly pine and oak) fell substantially, 
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in forest and steppic vegetation, vine and chestnut began their increase some one hundred years earli-
������$��!���*�$���������������*��&������&�$�Y%�{=�Y���������!������������:��!����&���`�
��Q����
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its mature form by the eleventh century, the growth in agrarian output must have continued, given the 
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Byzantine economic expansion do not become visible in the Macedonian highlands until as late as 
Y%�{{=�"�������������#�#�������������!������!&�*��������������������Q��������������::�!���$�!��������
while a few decades earlier the expanding trend in woodland indicators had reversed after three cen-
turies of growth.
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the economic expansion that was taking place in Byzantine Greece from the tenth century onwards. 
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number had already started to grow at least two centuries earlier.}ª�"��^���������������������&#
���
of glazed wares – more costly than ordinary everyday ceramics used in the countryside – are dated 
to the same century.}|�"����������:�����������+���:�����&���������Q�������Y�������������
������#����
survey recorded the largest number of sites for the 12th�{}th c.}«�"��^�������L���!��������������������
(Boeotia), the settlement climax is dated to the 12th�{�th c.}¬�"��?�!�$�������&�����Q��$������#�$$�� 
Byzantine agrarian developments is based on a vast body of written evidence preserved in the Athos 
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archives, which have been analysed by French and Greek historians over the past decades. Thus, it 
is possible to reconstruct the processes that led to the transformation of Macedonia – in particular 
the plain and the coast – into the densely populated agricultural region we see in the thirteenth and 
fourteenth centuries. This change seems to have started already during the tenth century, after the 
Byzantine reconquest of this territory.¨�"���$$���������������������������&�*�`���������`	��������!��-
�#`��������#�$$����`	�������:����$�����Y%�¬�{q��Q��!�����
���$�:��#����`����Q��������*�$��!��
���#�L���!��Q��!�����#�����
&�$�������������Y���������Q���������!��$�����������#��:����$�=�"����&$-
ies different economic phenomena, including the territorial expansion of agriculture, and leaves no 
doubt that this period witnessed impressive economic growth within the Byzantine Empire.51
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(especially oak, the tree that expanded most noticeably during the two preceding centuries of eco-
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These same events may also have been the reason for the belated beginning of economic expansion 
in the Macedonian highlands. As for Eastern Bulgaria, conditions were still rather unfavourable in 
the mid-eleventh century (the region suffered major invasions whose results are visible in the ar-
chaeological record¨�), whereas there is much archaeological material (numerous hoards) and written 
�*�$��!��#����`�������$��������^�&��$�����$���!&��$����������������&�$�+����::�:�������&���������
that, by the twelfth century, Thrace was rather wealthy and its agrarian output was relatively high.¨}
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period of early medieval decline; around the same time the values of both chestnut and walnut be-
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indicators of economic activity – the two common weeds, ribwort plantain and burnet – both of them 
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out the next hundred years. At the same time, there was a massive increase in the presence of grasses, 
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is a visible drop in forest trees, mostly pine, which expanded during the preceding period of agrarian 
decline.
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richesses dans l’Empire byzantine (Ó~�}�Ó��ÒÍ¸~��}��� 1). +�����{¬¬{��{{�qª²��=�LEFORT���&����\!���#`���$���!��������������
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for a recent overview of all the evidence for the Middle Byzantine economic prosperity, see WHITTOW, The Middle Byzantine 
Economy.
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not accompanied by parallel changes in other anthropogenic indicators or forest vegetation, yet there 
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watershed, marking the end of the middle Byzantine economic expansion (although not necessarily 
����!���#�!�$�*���:#���²��������������Q������!�����=�"����&�����������Y����������$�"����$�+���&���
where the middle Byzantine revival is visible in the palynological data, this period of increasing 
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can be considered the end of the long process of decline in the agrarian economy that began in Late 
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ian growth in the ninth or tenth centuries. Given the possible estimation errors of the chronologies 
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the parallel migration of Turkic nomads into Anatolia brought about an end to the medieval economic 
revival in this part of the Byzantine world.55
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change that must have accompanied the agrarian growth in Anatolia which, in turn, was probably 
part of a more general economic expansion.¨ª The tenth and eleventh centuries saw the emergence 
of a new powerful aristocracy within Byzantine society, whose position was based not only on its 
involvement in the power structures of the state, but also on its own landed wealth.¨| On the basis 
of the written sources from throughout the Byzantine world, it is possible to reconstruct the eco-
nomic function of these aristocratic estates which gradually transformed the social landscape of 
the Byzantine countryside.¨«�"���$$��������������������������������������Y����������&�����&����� �̀�����
represented in our palynological database – from which we have archaeological material dated to 
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– must have been centres of agricultural production rather than just peasant villages.¨¬ Although 
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demonstrates that, around this lake, there occurred substantial expansion of cereal cultivation and 
pasturing in the tenth and eleventh centuries.ª�"�������&��:����
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expansion and the rise of aristocracy in Anatolia.

To sum up, the middle Byzantine economic revival is visible in several different parts of the By-
zantine world, and can be understood as a general phenomenon characteristic of this period of By-
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Bulgaria, and Anatolia, in both the chronology and the scale of the economic expansion. Thus, the 
growth in agrarian output started earliest in Anatolia (ninth century), then in Greece (tenth century) 
and even later in Bulgaria (eleventh century) or the Macedonian highlands (eleventh-early twelfth 
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agrarian expansion start in Anatolia much earlier than in the Balkans, but it also ceased two centuries 
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the coming of the Turks. These differences in the trajectory of economic development between Ana-
tolia and Greece – as well as Eastern Bulgaria – are also visible in the material record. Even though 
our archaeological knowledge of middle Byzantine Greece is incomparable to the state of research 
on Anatolia in the same period, there are some grounds to claim that, while numerous impressive 
buildings were constructed in Greece and elsewhere in the Balkans during this period, there is much 
less architecture of a similar type that survives from Anatoliaª{��´!�:������!�&���������^�::�$�!��=�
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��!��!�&$�$������������������������#������!��������`��������#�$$����`	��������!���#�!�
expansion was strongly dependent on political events.

The scale of changes in agrarian output is also strikingly different from region to region, espe-
!����`�������*����������Q�������!������=������������&�����������Y������������:��:����������*��&������
!��������������#�$$����`	�������:����$�Q����!����$���
�`���Q����������������������Y���~&�� �̀�^�������
L���!�� :�������� �� $��������� :�!�&��=� X����� ���� #�$$��� �`	������� ��*���� Q���� !����$���
�`� �������
�������������������Y���~&�� =̀�"��Q��!�#:����^�������L���!��Q����
������&�����������Y����������$�
Eastern Bithynia, the same can be said of vine, olive and chestnut. Of course, due to the character of 
our data, these differences cannot be considered to be determined only by the increasing or declining 
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values, and since the pollen productivity of different plants is not identical, changes in one plant’s 
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ern Bulgaria) not only lasted longer, but was also more pronounced, resulting in the achievement of 
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differences in this relative scale of agrarian output can lead to any inferences about the demographic 
situation. Traditionally, it is believed that demographic growth in Byzantine lands started in the tenth 
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conviction that changes in agrarian output in Byzantium depended on the increase or decrease in 
population levels in the countryside.ª�
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The two preceding sections – on Late Antiquity and the middle Byzantine period – demonstrate that 
several environmental and economic phenomena were visible throughout the Byzantine world, as 
they were experienced by almost every region that was integrated (more or less) into its economic 
system. By contrast, the particular regions seem to have followed much more diverse trajectories 
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the fourteenth century. This is not surprising given that, in the course of the fourteenth century, both 
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obvious downward reversal of anthropogenic trends in the mid-sixth century, nor even during the 
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indicators provided by pollen data, have the most direct relationship with the demographic situation. 
This difference cannot simply be attributed to the difference in the quality of data between the two 
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isolate from the other factors that contributed to the collapse of the late antique world.

After this period of contraction in the fourteenth century, agrarian growth did not resume in the 
early modern period. Moreover, the decrease in cereals and other anthropogenic vegetation was par-
alleled by an increase in steppic indicators. This may be a signal of a secondary succession of steppic 
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walnut values visibly increased during these two centuries. The same happened to vine in Eastern 
����`����������Y%�{�¨����$���!���&�`�������������Y%�{}¨�����"����$�+���&���Q�����Q���&���´:��$�$�
���#�Y%�{�¨�&�����Y%�{ª=������#�`���³�!����!&��&����!��������������������������#���!��~&�����
��$������:���$����"���#�����������������=����������������`�:����#�����*���
������������!�����&!������
from both the Balkans and Anatolia in the late Byzantine period.
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region one may observe several signs of economic expansion during the later Middle Ages. This 
process seems to have started in the eleventh century, with pine giving way to steppic vegetation 
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all three secondary anthropogenic indicators, most notably in ribwort plantain. A parallel growth of 
���::�!���$�!��������������´:��������Q��$���$����������*���
������\�����������`�������#�Y%�{q�&�����
Y%�{¨��`�������������������!!�#:����$�
`���!�������!���������!�##���Q��$�=�Y��&�$�������#��
��#�����"����$�+���&����������Y%�{q���!���������$�*����������$���������������Q�$�
`�Q���&�����&�-
dred years later. This new agrarian structure was maintained without substantial interruption until at 
������Y%�{|�{«�������&���*��&������Q���&����$�*����$�!�����$������������`�#�$����:����$=�Y��
Q����*�������$`�����$��*�������:����!&�����::����������*��
������!&���*����:�!��!��������������?�$-
$���Y�������'��������Y�����������V�`������!�����$�:�:&�����`����#����������������&������������������
century. This phenomenon may also be observed in Eastern Bithynia; indeed, in this region, vine is 
�������`�������:�����!���$�!�����Q�����*��&��������$&���������������#�$��*���:����$�����#�Y%�{q�
&�����Y%�{}=����������������$���´�������!���&�����Y%�{}�{ª��#�`�
�������:����$������:����$�
�����#���!���#�!�!�����!��������"����$�+���&�����:�!����`�Q���������$����:���&����;�:�����´:��$�$�
at the expense of steppic vegetation. This suggests that the local political and economic context was 
an important factor contributing to this late medieval agrarian growth.

"�$��$����������!&��&�����´:����������"����$�+���&��
��������������#��Q�������������������������!��
����!��������Y��������:��`�$��������?�$�������������$�?�$$���\����������$�����Q�����������$������-
!�����������������V&��������$��!!��������������!������
`�!��~&����������:����Y%�{q{}���$������`	-
�������$`����`����������#���������
�����$��������#:��������´����������
	��$����Y%�{q}=�����&���&��
���������������!���&� �̀��������$��
��Q�����������!������!�������$�"��~��"�������^�������Y�����������
hand, and the key centres of the Mediterranean was continuously growing. The Empire of Trebizond 
became a major exchange centre,ª| while several caravanserais were being constructed in the inland 
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of north-eastern Anatolia.ª«���&�������!���������Y#��`�����������$���*���³�&�����$��Q��!��#&�����*��
��!�&����$�����!&��&����:��$&!������������������Q���������:���������������"����$�+���&��������!���$�����
���`����#�$������&�������������$���������������*����&�
���!������=�"����������� �̀������&��������������� 
presented in our database never belonged to the Empire of Trebizond, the type of agriculture visi-

�������&��$��������´�!��`�Q����Q����$������������������?��	�&��������#�&������&�����������$���� 
���
�	��$��$&�����������#��:����$=�'&���Q��������!����!��:����������!�������������!���# �̀�Q���� 
+����!�*����Q����::��!����$�����������!���������������$�
�`��$=ª¬

^�#:���$�����������������Y������������������$����������������&���Q�������:������#����$���
�!�-
water. This is plainly visible in the very low values of anthropogenic indicators in the period that 
�����Q�$� ���� ��$� ��� ���� #�$$��� �`	������� ��������� �!���#`� ���&�$�Y%� {{� ��� !�#:������� ���
previous periods in the same region). The only noteworthy phenomenon is the increase in ribwort 
:����������$�!�����&����Q��!��#�`�
���
���*�$�
��Q����Y%�{����$�Y%�{¨���:��������$�
`�$�-
crease in pine. This suggests that some economic activity was taking place here as well, primarily of 
��:��������!����!���=�"��!��������Q�*���
��!�#:���$��������$�*���:#����������Q�����������:��!�����
'��������Y��������$&�����������#��:����$=�Y������\��������&������������������`�#�$����:����$���#����
notably in the sixteenth century – this region was an important source of food supply for the great 
#����:��������"����
&�=|

To conclude, the processes that are visible across the different regions of the Byzantine world 
��� ���� ������ ?�$$���Y���� Q�&�$� ��*�� 
��&���� �
�&�� �� �&
��������� �!���#�!� �����&!�&����=� "�� ����
Ottoman Balkans and Anatolia, an economic geography different from that of the middle Byzan-
�����:����$�
���������#����=�L���!����$���&�����������Y���������������Q������������������Q�$�����
most pronounced signs of the middle Byzantine economic expansion following the early medieval 
contraction – were either stagnant or completely peripheral during the Ottoman period. By contrast, 
'��������Y����������$�\��������&���������$������$�����#:�����!�=������!������Q���!�&��$���������
:��
�
���� �̀�
`�
����:�����!�����$����&������!����=���&�����������Y�������� ����� ������������!� �#:��-
���!�������V�`�$���������Y���~&��`���$������`	�������?�$$���Y�����Q���������:��´�#��`����"����$�+��-
tus to the Empire of Trebizond and its maritime networks may have provided a stimulus for agrarian 
�´:������=�?����*���������������#���!������!��*�$��!������&���������������
���������Y����~&��`|{ and 
the middle Byzantine period,|q the climate of the south-western part of Anatolia had started to im-
:��*�²� �&#�$��`� ��!�����$� ��$� #���� ��#:����&���� 
�!�#�� �������`� ������=� �&!�� !������� ��$� ����
potential to facilitate agrarian growth in both of these earlier periods, while nothing of this sort seems 
to have occurred in either the late medieval or early modern periods. On the contrary, the sixteenth 
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!���&�`���Q�������������������������"!��Y��=|� As for Greece, it experienced demographic as well as 
political turbulence in the later Middle Ages from which it does not seem to have fully recovered in 
the later period.

^�'^�¤�"�'

The current paper has presented the results of a project whose goal was to provide information on 
regional economic trends in the Byzantine and Ottoman period, as revealed by palynological data 
�*����
��������:�!��!������������������������$�Y�������=�����������$��Q��:��:���$���$���
����Q��������
the available palynological information from this part of the world (the Eastern Mediterranean; to 
�����$���
�����Q��������::���$�#����$������&#���!�������`����Q��!��Q��$�*���:�$��:�!��!���`�����
������`:�����$���=�"�������Q�`�Q��Q�����
�������
����������������!�����&!���������!������������Q�$��
range of plant taxa for Greece, Bulgaria, and Anatolia. The results provide information on the late 
����~&����������!�������������������!���# �̀���:�!����`����L���!����$�?�!�$��������$��������#�$$���
Byzantine economic revival. They also shed some light on the restructuring of the Balkan-Anatolian 
world that took place during the later Middle Ages and resulted in a new economic geography during 
the Ottoman period. Our results, however, are not free from problems arising from the quality of the 
data (especially concerning chronological reliability and actual temporal resolution), as well as from 
�����#�&�����$�������:��!���$�����
&��������:���������������Q��!��Q��!�&�$�
�����&������`���=�^��-
sequently, the interpretations presented in this paper have remained rather cautious, contrary to the 
���&�����
�����$����#���#&!��
������:������$���
����!����!��$�����^�������\&��:���Q��!������Q�$�����
#����$������$�����`������$�#�������&��$�!��!�&�����=�%��:������������#����������������!�����&!������
that were possible for the Balkans and Anatolia offer valuable insights into the regional differentia-
���������`	����&#����!���#�!�������`���$�$�#�������������:�������������������������!������!��*�$��!��
into historical research.
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left-right sequence of the information given in the legend, line by line.

¢��&���}=�^�������L���!�;�������:�����!���$�!�����

¢��&���¨=�^�������L���!�;����*�



¬ª� Y$�#�"	$�
������L�	����	�����!�����`#����¦�!	`§���

¢��&���ª=�^�������L���!�;���!��$��`�������:�����!���$�!�����

¢��&���|=�^�������L���!�;����::�!���$�!�����



 Exploring Byzantine and Ottoman economic history with the use of palynological data: a quantitative approach ¬|

¢��&���«=�^�������L���!�;�������������

¢��&���¬=�?�!�$�������������$�;�������:�����!���$�!�����



¬«� Y$�#�"	$�
������L�	����	�����!�����`#����¦�!	`§���

¢��&���{=�?�!�$�������������$�;���!��$��`�������:�����!���$�!�����

Figure 11. Macedonian highlands: steppic indicators
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Figure 12. Macedonian highlands: forest trees
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Figure 21. Eastern Bithynia: anthropogenic indicators
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Figure 22. Eastern Bithynia: secondary anthropogenic indicators
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