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Abstract: The present study aims to provide a method for extending the scope of empirical landscape
studies into the more distant past and to use it to contribute to the discourse on land degradation
in the Mediterranean area. In many areas of the world, the lack of spatially explicit sources, such
as historical land cover maps and cadasters, is an obstacle to extending the study of landscape
dynamics in the past. Information mined from travelers’ texts can be used to overcome it. Landscape
descriptions retrieved from W.M. Leake’s narration of his travels in Peloponnese, Greece, in 1805
and 1806, were georeferenced and used to test for the occurrence of land degradation by comparing
historical to current landscapes. A widespread transition of natural vegetation to agricultural areas
was found mostly in low altitudes. Limited rewilding occurred on steeper slopes. About a third of
the historical Greek fir forests were degraded to open stands. A total of 40% of the locations covered
by deciduous oak forests were converted to agricultural areas; most of the rest of these locations
were converted to vegetation types characteristic of lower precipitation and soil fertility. Long-term
dynamics can be efficiently assessed using narrations as a source of information. The comparison of
early 19th century descriptions with the current condition suggests that limited land degradation did
take place in the previous centuries in the study area.

Keywords: deciduous oaks forest; Greek fir forest; land cover; land degradation; land use; landscape
history; Peloponnese; travelers’ narrations

1. Introduction

A long-standing debate revolves around the issue of land degradation in the Mediter-
ranean area; especially concerning the north part of it, the consensus of the occurrence
of widespread degradation processes throughout historical times [1] has been repeatedly
challenged. Recent views vary; some limit the era of degradation to modern times [2] or
challenge the degradation consensus altogether by pointing to contradictory processes [3,4].
Several issues hinder the settling of the ongoing debate, including the usually short time
frames considered in the empirical studies. The present study aims to provide a method
for extending the scope of empirical studies into the more distant past by tapping historical
landscape descriptions and to apply it, so as to assess its usefulness.

Empirical cartography-based studies on landscape dynamics are largely limited to the
era of aerial photography and sometimes to the even more limited era of satellite imagery,
a quite short-term time frame [5]. Approaches based on palynology or dendrochronology
produce valuable insights but have limited ability to reconstruct a spatially explicit rep-
resentation of past landscapes [6]. Historical documents, on the other hand, represent an
underutilized source of information for studying long-term landscape dynamics, partly
due to the lack of communication between natural sciences and humanities.
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Reconstructions of past landscapes from explicitly spatial historical sources, such as
historical land cover maps, cadasters or even charcoal data, have started appearing in
the literature [7-9]. However, spatially explicit material is not universally available. An
alternative is to georeference information, such as descriptions extracted from travelers’
books, notes or diaries. Using narrations for retrieving environmental information has
been applied to investigate climate patterns [10] and, rarely, at a higher spatial resolution,
to establish past species distribution [11]. Travelers’ narrations are widely available for
southeast Europe and eastern Mediterranean, especially since the late 17th century, and
they have been used in various studies focusing either on the inhabitants or on the travelers.
Previous efforts using narrations as data sources in a similar environment resulted in a very
broad classification of landscapes and coarse spatial scales [12,13] or focused on limited
areas and facets of the landscape [14]. To the best of our knowledge, no attempt of a
spatially explicit reconstruction of past landscapes by means of accurate mapping and
detailed land cover classification based on such narrations has been published up to now.
The present study aims to contribute to this direction.

According to the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (Intergovernmental Science-Policy Platform on Biodiversity and Ecosys-
tem Services, IPBES, 2018) ‘Land degradation refers to the many processes that drive the
decline or loss in biodiversity, ecosystem functions or services, and includes the degrada-
tion of all terrestrial ecosystems including associated aquatic ecosystems that are impacted
by land degradation’. Specific criteria were devised in the present study by drawing on this
understanding using landscape change as a proxy variable to assess them. Selected transi-
tions between landscape configurations, each capturing a different facet of the definition,
were adopted as criteria to test its occurrence during the past two centuries. The proposed
approach is applied in WM. Leake’s three-volume and approximately 1500-pages-long
work “Travels in the Morea’ [15], narrating his journeys in Peloponnese, southern Greece,
in 1805 and 1806.

2. Materials and Methods
2.1. Leake’s Routes and Landscape

Leake visited Peloponnese (Scheme 1) in the final years of the Ottoman rule in the
area, shortly before the 1821 revolution and the founding of the Greek state in 1828. The
rural landscape descriptions available in the books were extracted by reading the text
throughout and modeled in a spatial database by georeferencing them. An automated
georeferencing procedure was ruled out due to the less-than-perfect outcome of the optical
character recognition procedures available and, most importantly, the heterogeneity of the
landscape descriptions that precluded the compilation of a realistic list of keywords to
be sought.

Establishing the traveled routes proved to be indispensable for georeferencing the
landscape descriptions. In the first step of this task, locations mentioned in the text that
were related to the route were georeferenced (called nodes hereafter). Three major kinds
of difficulties had to be overcome: (a). a large number of settlements were renamed
in the meantime; (b). a number of landmarks do not exist anymore (e.g., chans—inns,
dervenin—guarded passes, some bridges); (c). a number of landmarks, even if still present,
are not depicted in modern maps, since they have lost their significance (e.g., kefalovrysa—
major freshwater springs). These problems were tackled by using a digitized version
of the map produced by the French Scientific Expedition, based on surveys carried out
from 1829 onward in the study area [16] (a topographical map without any information
about land cover). Additionally, a database of historical settlement names was sometimes
consulted (https:/ /settlement-renames.eie.gr/ (last accessed on 10 January 2022)), and, in
very few cases, landmarks not captured on the historical map could be found on modern
maps (castle and monastery ruins mostly). The nodes were then connected to establish
the traveled routes by taking into account historical roads depicted in the 19th century
map and geomorphology, in the sense of the most probable route to take and of relevant
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descriptions found in the text. The area of Mani (Supplementary Material, Map S2) was
excluded, since the route was already made available by Ref. [17].

X
“@'

Sources: Esri, Airbus DS, USGS,
NGA, NASA, CGIAR, N Robinson,
NCEAS, NLS, OS, NMA,
Geodatastyrelsen, Rijkswaterstaat,
GSA, Gegland, FEMA, Intermap
and the GIS"user community; Esri,
HERE, Garmin, FAO, NOAA, USGS

Scheme 1. Case study area: The Peloponnese peninsula in southern Greece.

Georeferencing the landscapes described in the text was carried out in two ways,
depending on the nature of the description. The first, straightforward way was direct
mapping when the description of the location was made relative to a landmark that could
be found on a map, e.g., above or around a village. When a reference was made to
something viewed from a distance, e.g., high altitudes of a mountain, it was necessary
to establish the angle from which Leake viewed it, based on the knowledge of his route.
Additionally, especially in remote areas, the location was defined relative to the traveled
route, e.g., landscapes through which he walked or rode after a certain travel time. These
locations were georeferenced by taking into account the route and making assumptions
about the pace of travel based on historical knowledge, terrain characteristics and an
estimation of mean travel pace per route, based on Leake’s meticulous reporting of time.

2.2. Background Data

The following data sources were used to establish the environmental background of
the studied landscapes:

(1) A digital elevation model of spatial resolution 25 m (European Digital Elevation
Model EU-DEM, version 1.1) was retrieved from the Copernicus database. The
slope was calculated based on the above DEM. The 40-year median of mean annual
temperature and the median of annual precipitation at 1 km-to-1 km spatial resolution
were retrieved from the Copernicus Climate Data Store. Each point associated with a
landscape description was assigned a value of these four variables.

(2) Current land cover data for the whole of the area were drawn from the Corine Land
Cover program (henceforth CLC). The version 2020_20ul for the year 2018 that was
taken into account provides data of scale 1:100,000, 25 ha minimum mapping unit and
100 m minimum width for linear elements. Additionally, the habitat mapping carried
out by the project ‘Development of large scale (1:5000) spatial data infrastructure for
terrestrial areas protected under the Natura 2000 network at a national scale” was
taken into account (Supplementary Material, Map S1). The vector files were obtained
from the Greek Ministry of Environment and Energy.
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2.3. Landscape Dynamics

The georeferenced landscape descriptions were compared with the current state, as
depicted in the CLC 2018 database, based on the compatibility of Leake’s description with
the CLC class criteria. Since the CLC nomenclature is organized on three hierarchical
levels, each point was judged up to the level that Leake’s description allowed. In the case
of habitat classification data that were only available for Natura 2000 areas, this exercise
considered a relatively small number of points, which did not allow a quantitative analysis.
These data were interpreted qualitatively to aid the analysis of CLC data.

The terms ‘natural area’ and ‘natural vegetation’ in the present work refer to plant
communities that grow without human cultivation and do not imply areas not affected by
human activities.

2.4. Analysis

Degradation criteria were operationalized and quantified by assessing the balance of
the following processes and their opposites:

e  Transition of natural vegetation toward human dominated landscapes: Number of
points that changed from natural vegetation to CLC classes 1 (“Artificial areas’) and 2
(“Agricultural areas’).

e Transition of agricultural land or dense natural vegetation toward sparsely vege-
tated landscapes: Number of points switching from agricultural use or other natural
vegetation cover types to CLC class 3.3 (‘Open spaces with little or no vegetation’).

e Transition of natural vegetation dominated landscapes toward types characteristic
of lower soil fertility and/or higher drought stress: The dynamics of two types of
vegetation considered as prone to degradation in the Mediterranean were investigated:
supra- and low-montane-Mediterranean Greek fir (Abies cephalonica) forests and meso-
and supra-Mediterranean deciduous oak (Quercus sp.) forests. These forests were
explicitly referred to by Leake and indirectly derived from CLC, since they comprise
the vast majority of CLC class 312 (‘Coniferous forests’), in altitudes greater than 900 m
asl in the first case, and of class 311 (‘Broad-leaved forests’) in lower elevations in
the second.

The environmental frame of the first criterion was set by a logistic regression model,
which was fitted using change versus no change as the dependent variable and environmen-
tal variables as explanatory ones. Only agricultural landscapes and those dominated by
natural vegetation (corresponding to CLC classes 2 and 3) were used in this analysis due to
the low number of landscapes classified in any of the remaining CLC classes. Assumption
testing was carried out by visually inspecting the binned residual plots. The residuals were
tested for non-random geographic pattern, applying the spatial autocorrelation method
based on Global Moran’s I, and no spatial autocorrelation was detected. Differences in the
environmental settings between location groups were assessed by the Wilcoxon signed
rank test.

Mapping operations and spatial analysis of residuals were carried out by ArcGIS v.
10.8.1. Statistical analyses were carried out in R environment [18]. The following packages
were used: ‘ResourceSelection’ [19] for the Hosmer-Lemeshow goodness of fit test, ‘pROC’
and ‘plot ROC’ [20,21] for plotting the receiver operating characteristic (ROC) curves for
the logistic regression models, ‘arm” [22] for the binned residual plots and ‘hier.part’ [23]
for hierarchical partitioning.

3. Results
3.1. Mapping and Environmental Background

The nodes referred to in Leake’s text, as well as the derived routes traveled, are
presented in Scheme 2 (left). The locations for which a landscape description was available
are presented in Scheme 2 (right). Out of 482 landscapes mapped in total, 464 were retained
for analysis, and 18 were dropped. The latter either could not be located with the necessary
certainty, or the description referred to plane stands along river banks without description
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of the surroundings. As these plane stands are usually not wide enough to be depicted in
CLC maps, these locations were not considered further.
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Scheme 2. (left) Nodes and routes transversed by W.M. Leake. (right) Georeferenced locations for
which landscape descriptions were found in the text.

Table 1 depicts the relationships among background environmental variables of the
studied locations. Temperature and elevation are almost perfectly correlated. Precipitation
does not follow the same pattern due to the rain-shadow effect that creates an east-west
gradient of increasing precipitation. Slope also increases with altitude; however, steep
slopes also occur in low altitudes, as level areas do in higher ones.

Table 1. Correlation (Pearson’s r) among environmental variables. p levels in all cases < 0.001.
Elevation: m asl, slope: degrees, temperature: long-term median (across years) of mean annual
temperature in degrees Celsius, precipitation: long-term median of annual precipitation in mm/yr.

Elevation Slope Temperature
slope 0.55
temperature -0.97 —0.54
precipitation 0.44 0.25 —0.52

3.2. Balance of Natural Vegetation Dominated Landscapes

The transitions between different broad land cover classes are presented in Table 2 (also
Supplementary Material, Maps S2 and S3). According to the data available from the Greek
statistics authority, the cultivated area in the Peloponnese accounted for 459,158.5 ha in 1911
(earliest available figure) and 551,307.9 in 1961—at the verge between the eras of traditional
and intensive agriculture in Greece—and 382,591.3 ha in 1999. These figures are not strictly
comparable, since old surveys are known to suffer from inaccuracies, and the methods
changed with time, but the trends are clear. These trends mirror the population trends.
Indicatively, the population of the Peloponnese was estimated at around 500,000 inhabitants
prior to the 1821 revolution by the first Greek government and at 384,322 around 1832, the
reduction being due to casualties and displacements. It rose to 907,103 in the survey of
1907 and 1,070,756 in 1961, on the verge of the rural exodus era. The population rise since
then concerned mostly urban centers.
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Table 2. Historical, as judged by the authors, (rows) and current (columns) classification of land cover
in CLC classes, level 1. References to historical “Artificial areas” (CLC class 1) were not mapped. Cells
in bold were tested for independence (Pearson x2 test, see text).

Forest and

Artificial Areas Agricultural Semi-Natural Wetlands Wat.er Total
Areas Bodies
Areas
Agricultural areas 13 157 24 0 1 195
Forest and semi-natural areas 2 86 147 0 0 235
Wetlands 0 10 1 6 0 17
Water bodies 1 7 0 4 5 17
total 16 260 172 10 6 464

Quantitative analysis of the ‘Balance of natural vegetation dominated landscapes’
criterion is limited to locations that in the 19th century fell within CLC classes 2 “Agricultural
areas’ and 3 ‘Forest and semi-natural areas’, which provide a sufficient number of points.
‘Forest and semi-natural areas” accounted for 51% of all mapped locations, ‘Water bodies’
and ‘Wetlands’ for 3.7% each, while ‘Agricultural areas’ accounted for 42% in the early 19th
century. The current values are 37%, 1.3%, 2% and 56%, respectively. The environmental
variable values of each case of persistence or transition are summarized in Tables 3 and 4.

Table 3. Summaries of environmental variable values of locations described as agricultural in the
19th century and classified as CLC 2 “Agricultural Areas’, grouped by their current CLC classification.
Elevation: m asl, slope: degrees, temperature: long-term median of mean annual temperature in
degrees Celsius, precipitation: long-term median of annual precipitation in mm/yr.

Artificial Agricultural Forest and

Areas Areas Semi-Natural Areas Water Bodies
elevation
mean 225.23 283.63 440.92 417.10
median 27.83 127.92 376.05 417.10
sd 343.21 299.41 326.67 -
slope
mean 5.85 5.07 18.34
median 241 2.66 17.73 0
sd 5.73 5.78 7.25 -
temperature
mean 16.68 16.46 15.37 15.20
median 17.81 17.10 15.36 15.20
sd 2.15 1.96 2.17 -
precipitation
mean 637.78 704.53 743.52 820.58
median 676.45 705.43 738.07 820.58

sd 205.93 167.20 127.79 -
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Table 4. Summaries of environmental variable values of locations described as covered by natural
vegetation and classified as CLC ‘Forest and semi-natural areas’ in the 19th century, grouped by the
current CLC classification, level 1. Elevation: m asl, slope: degrees, temperature: long-term median of
mean annual temperature in degrees Celsius, precipitation: long-term median of annual precipitation

inmm/yr.
Artificial Areas Agricultural Areas Semilil(:;:tst:rzrllireas
elevation
mean 49.57 250.93 785.80
median 49.57 162.20 793.45
sd 4.86 251.23 491.10
slope
mean 6.00 8.52 17.98
median 6.00 7.58 17.14
sd 6.85 7.08 10.30
temperature
mean 17.42 16.51 13.62
median 17.42 16.96 13.27
sd 0.25 1.59 2.98
precipitation
mean 655.71 800.17 831.44
median 655.71 881.32 891.82
sd 405.18 151.08 162.19

Limiting the cells of Table 2 to the 2 x 2 table of agricultural cover and natural vegeta-
tion, a significant dependence is found with natural vegetation more prone to turn to agri-
cultural than vice versa (Pearson x?, p < 0.001) (Supplementary Material, Maps S2 and S3).
The two opposite processes were driven by different environmental variables; therefore,
two different logistic regression models were fitted to link the odds of change with the
underlying environmental variables (Table 5, Figure 1). Transition of formerly agricultural
areas into natural vegetation was limited in extent and largely driven by slope; areas
that ceased to be cultivated lie on steeper ground than areas that did not (Tables 3 and 5,
Figure 1). Areas covered by natural vegetation were more prone to agricultural conversion
in lower altitudes and wetter areas (Tables 4 and 5, Figure 1). Hierarchical partitioning
attributed 96% of the variance explained by the logistic regression model to elevation
and only 4% to precipitation. As a result, the median altitude of locations under natural
vegetation shifted from 484 m to 738 m asl.

The reduction in landscapes characterized by natural vegetation is larger than sug-
gested by the number of transitions because the plains that are now fully cultivated were
reported as underutilized and, to various degrees, devoted to grazing. ‘When I asked
one of the cottagers why he did not sow more corn (i.e., winter cereals) in such a fertile
soil,—“Where are we to get seed?” was the answer’ (Vol. II p.28). These locations were
mapped as agricultural areas, since this was the dominant use according to Leake’s de-
scriptions. However it is also apparent that significant patches of natural vegetation were
interspersed among the fields. This was also a matter of institutional setting, which was
quite fragmented at the time. For example, ‘The district of Nisi (modern name: Messene),
which occupies the lowest part of the plain, is not less rich and well cultivated than that
of Kalamata; but the opposite side and adjacent hills belonging to Andrussa, are in a very
different state; ... " and further ‘Kalamata and Nisi are favoured districts, on account of the
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greater part of them being crown lands.” (Vol. I p. 358). The Mani peninsula (Supplementary
Material, Map S2), which stood out for its semi-autonomous regime within the Ottoman
empire, is, due to high population levels, the only area cultivated to its limits, * ... their
chief evil is a population disproportioned to the natural resources of the country.” (Vol. I,
p- 309). The institutional setting became much more homogeneous after the founding of
the Greek state.

Table 5. Confidence intervals of the coefficients of the estimated logistic regression models for change
versus persistence between ‘Agricultural areas” and ‘Forest and natural vegetation areas” and vice
versa. AIC 19th century Agricultural areas: 157.98, AIC 19th century Forest and semi-natural areas:
228.91. Elevation: m asl, slope: degrees, precipitation: long-term median of annual precipitation in

mm/yr.
Estimate 2.5% 97.5%
19th century Agricultural areas, Hosmer-Lemeshow test p = 0.28
(Intercept) —3.455 —4.502 —2.554
sqrt(slope) 0.773 0.485 1.089
19th century Forest and semi-natural areas, Hosmer-Lemeshow test p = 0.39
(Intercept) —8.81 —-17.99 0.044
elevation —0.004 —0.005 —0.003
log10(precipitation) 3.47 0.36 6.69
Forest and seminatural areas Agricultural areas
o _| © _|
o o
2 2
2] E
2 o | AUC:0.831 2 <« | AUC:0.758
3 o 8 o
e e
© T T T T T T 1 © T T T T T T 1
1.2 0.8 0.4 0.0 1.2 0.8 0.4 0.0
Specificity Specificity

Figure 1. Receiver operating characteristic (ROC) curves for the logistic regression models of Table 5.
AUC: Area under the curve.

The low number of locations of "Wetlands’ and ‘Water bodies’ did not allow a quan-
titative analysis. Many of these were converted to agricultural land, and only one was
turned from agricultural to “Water bodies” due to the construction of a dam and artificial
lake. Some “Water bodies’ turned to ‘Wetlands’, suggesting a reduction in the available
amount of water.

3.3. Balance of Sparsely Vegetated Areas
3.3.1. Transition to Sparse Vegetation Cover

Only three locations were found belonging to CLC class 333 ‘Sparsely vegetated areas’,
one of which was reported as ‘bare of trees’ by Leake, the second as ‘sprinkled with oaks’
and the third as cultivated terraces. The latter case, located in Mani (the distinct status of
which was already mentioned), is the only one that satisfies this criterion of degradation.

3.3.2. Transition from Sparse Vegetation Cover

Twenty-four locations described as ‘bare’ or ‘barren” by Leake were sorted out to
examine their fate. Bare or barren in the eyes of a 19th century Briton does not necessarily
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mean sparsely vegetated in today’s classification, indicatively: ‘a barren, uncultivated
coast, covered with shrubs’, also ‘a barren tract, rocky and covered with bushes of mastic
(i-e., Pistacia lentiscus), holly-oak (unlike the modern common name, Leake referred to
Quercus coccifera), and wild olive (i.e., Olea europea)’. In this sense, the domination of
Mediterranean shrubs in Leake’s time cannot be ruled out, even when it is not explicitly
stated as in the above quotes. Therefore, transitions to CLC classes 321 ‘Natural grassland’
(3 cases) and 323 ‘Sclerophyllous vegetation’ (10 cases) cannot be safely considered as real
ones. Transitions to 312 ‘Coniferous forests’ (3 cases) can be considered real transitions
and, along with the transitions to ‘Agricultural areas’ (7 cases), suggest that the productive
potential was available. A single location is currently classified as 333 ‘Sparsely vegetated
areas’, which is consistent with ‘bare’ or ‘barren’ in the strict sense.

3.4. Balance of Forest Dominated Landscapes
3.4.1. Supra- and Low-Montane-Mediterranean Conifers

Reference to firs was made by Leake in 46 locations; 11 concerned scattered trees
or presence in association with cultivated fields; the rest were fir forests, around 70%
of which are currently classified as CLC class 312 ‘Coniferous forests’ (Table 6 and
Supplementary Material, Map S4).

Table 6. Number of sites formerly described as covered by fir forest per current CLC class and
medians of environmental variables. N: number of points. Class codes: 312 ‘Coniferous forests’,
321 ‘Natural grassland’, 323 ‘Sclerophyllous vegetation’, 324 ‘“Transitional woodland /shrub’. The
differences in variable values between locations where conifer forests persist and the ones that
changed are not statistically significant (Wilcoxon test p > 0.05).

CLC Class 312 321 323 324

N 24 1 1 9
no change change

median altitude (m asl) 1282 1361

median slope (°) 19.9 25.0

long-term median of mean annual temperature (°C) 10.7 10.1

long-term median of annual precipitation (mm/yr) 931 948

Six of these locations are included in the Natura 2000 habitat mapping. Three of
them were classified as Greek fir forest, two as black pine (Pinus nigra) forest and one
as east Mediterranean garrigue. No reference was made by Leake to black pine, which
currently forms forests in the same zone (Supplementary Material, Map S5). The rest of the
former Greek fir forests switched to classes characteristic of lower precipitation and/or soil
fertility (Table 6 and Supplementary Material, Map S4). The difference in the environmental
variables was not statistically significant (Wilcoxon test) between the changed and the
persisting group.

Two sites seem to be recent gains of the CLC class ‘Coniferous forest’. These were
described by Leake as ‘bare rocky summit’ and ‘barren ridge’. Both sites are included in
the Natura 2000 habitat mapping: one as east Mediterranean garigue and one as Greek
fir forest. The differences between the two classifications may be due either to erroneous
classification by one of them or a result of the very different scales of mapping.

3.4.2. Meso- and Supra-Mediterranean Deciduous Oak Forests

A total of 59 landscape descriptions including the term ‘oak” were found; 19 of them
referred to evergreen species, low density of tree cover or individuals embedded in agricul-
tural landscapes (more references to evergreen Quercus species were found that did not
include the term ‘oak’).

Only three of these locations are currently classified as CLC class 311 ‘Broad-leaved
forest’ (Table 7 and Supplementary Material, Map S6). Two of them are found in the Natura
2000 habitat mapping as ‘Mediterranean oak forests (dominated by Q. cerris and Q. petrae)’.
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The very low number of locations where deciduous oaks forests persist rendered a formal
statistical testing of differences in environmental variables meaningless.

Table 7. Number of locations of deciduous oak forests grouped by current CLC classification.
Percentage of total in parentheses. N: number of points. Class codes: see Table 6, plus 211 ‘Non-
irrigated arable land’, 212 ‘Permanently irrigated arable land’, 223 ‘Olive groves’, 243 ‘Land principally
occupied by agriculture, with significant areas of natural vegetation’, 311 ‘Broad-leaved forest’, 313
‘Mixed forest’.

Class 3.2: Shrubs and/or Herbaceous

Class 2: Agricultural Areas (40%) Class 3.1: Forests (20%) Vegetation Associations (40%)
CLC class 211 223 243 311 312 313 323 324
N 1 3 10 3 2 3 11 5

A total of 40% of the historical deciduous oak forest locations were converted to
farmland. However, around 17% of them were classified as 243 ‘Land principally occupied
by agriculture, with significant areas of natural vegetation’, pointing to a conversion
process that retained patches of natural vegetation. The remaining locations under natural
vegetation largely changed into more stress-tolerant vegetation types, with a possible
exception of a single location in 744 m asl classified as coniferous forest that could be
black pine.

Out of the 12 locations currently classified as 311 ‘Broad-leaved forest’, 7 were reported
by Leake as wooded with oaks (the 3 persisting cases), chestnut (2 cases), or planes (1 case),
or just wooded without reference to species (1 case). One was described as pine forest (in
the Natura 2000 habitat mapping, it is classified as plane forest, consistent with CLC class
311) and four as cultivated. Three out of the latter four cultivated sites were included in
the Natura 2000 habitat mapping. Two of them are classified as chestnut woods (probably
under cultivation) and one as east Mediterranean garigue (see ‘Balance of forest dominated
landscapes’ on this discrepancy). Therefore, the loss of deciduous oak forests was not
balanced by the opposite process.

4. Discussion

In the present study, the use of non-spatially-explicit data sources, namely descrip-
tions extracted from travelers’ narrations, was explored in order to study landscape dy-
namics. It was hypothesized that this kind of source can be effectively used to retrieve
information suitable as a proxy for addressing the issue of long-term degradation in the
northern Mediterranean.

The initial idea of applying an automated georeferencing procedure was given up
after being confronted with the text. References to locations in the text were often made
relevant to a landmark, so that human interpretation was needed to pinpoint the exact
position [24]. Additionally, the transcription of Greek names in the available gazetteer,
based on the digitized map of the French Scientific Expedition [16], was different from the
transcription adopted by Leake. The similarities of names referring to the same location
apparent to a human interpreter would be missed by an automated procedure.

The major insight gained in the process of georeferencing the landscape descriptions
was that, while some could be georeferenced right away, many others required establishing
the route of the traveler, especially in remote areas. This task is greatly facilitated by
the existence of relevant contemporary cartographic material, gazetteers or databases
referring to the same era [25]. Otherwise, the effort needed to pinpoint each location may
become prohibitive.

With respect to natural habitat loss, the analysis of Leake’s landscape descriptions
showed a widespread transformation of natural vegetation to agricultural areas over the
past 200 years, which took place more intensively in lower elevations and the wetter parts
of Peloponnese, a pattern that follows population growth [26,27]. It must be assumed
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that land conversion started right after the ending of the warfare and the establishment of
the Greek state. It probably continued until the first half of the 20th century, although in
some special cases, agricultural expansion was found to continue in the time of a general
contraction [28]. The population was larger at the time of Leake’s journeys (1805-06) than
at the time of the founding of the Greek state, but, since then, the population has grown
explosively and so did the cultivated area. Rewilding also took place, although at a much
slower pace, and was favored by steep slopes. As an exception to the above, the southern
Mani peninsula is probably a case on its own, since it is a rather unproductive harsh area
and was the only one that was cultivated to its limits. Agricultural abandonment probably
took place at the time of rural exodus in the second half of the 20th century [29,30]. It is
also possible that several locations underwent both transitions, from natural vegetation to
agricultural use and back, and were not detected in the present study [31]. The balance of
the two processes shows a big scale net loss of natural areas in the past two centuries.

The conversion of natural vegetation areas to farmland in the lowlands and the rewil-
ding of farmland on steeper slopes can be assumed to have led to a higher polarization of
land uses, enhancing the degree of segregation of natural vegetation areas and farmland.
Natural vegetation remains in higher altitudes, while agriculture dominates the lower
altitude areas. However, while this is true at a high level of classification hierarchy, such as
level 1 of the CLC classification, it becomes blurred at lower levels of classification. Much
of the conversion of low altitude hilly areas to farmland resulted in the area belonging to
CLC class 24 ‘Heterogeneous agricultural areas’, which include significant areas of natural
vegetation. Thus, while the dominant land use/land cover classes became more concen-
trated, the pattern was less clear at the lower levels of classification, where the abundance
of classes that include a mix of various crops as well as natural vegetation patches, becomes
apparent, e.g., in the case of the locations of historical deciduous oak forests.

The occurrence of extreme degradation is not supported by the comparison of the
retrieved landscape descriptions with the current condition. Landscapes currently classi-
fied as sparsely vegetated are too few and, considering that the information is based on
georeferencing two-centuries-old descriptions, they should be treated with caution. The
opposite process does not seem to occur either. Landscapes described by Leake as ‘bare’ or
‘barren’ cannot be safely considered as such in today’s terms. The more detailed descrip-
tions provided in some cases would fall under the CLC class ‘sclerophyllous vegetation’
and not under the “sparse vegetation cover’ one, as a modern understanding of ‘bare’ or
‘barren” would suggest.

Contrary to patterns revealed by considering the post Second World War period [32],
the study of landscapes forested with firs and deciduous oaks provided convincing evidence
that some form of natural vegetation degradation did occur. About a third of the historical
Greek fir forests have turned to “Transitional woodland scrub’, most probably to open stands
in which drought-tolerant species coexist with remnant firs. These changes in vegetation
type can be attributed either to anthropogenic factors or changes in climatic conditions and
are characteristic examples of forest degradation. In the southern parts of the Greek fir’s
distribution, seedlings establish predominantly under the shade of adult trees [33,34]. The
removal of vegetation along with grazing can negatively affect tree seedling establishment
and result in an expansion of shrublands and grasslands in previously tree-dominated
areas. A change in climate, for example a reduction in early summer rainfall crucial for fir
growth [35], may have had similar outcomes.

A more subtle pattern relates to the replacement of Greek fir by black pine forests.
Leake did not mention black pines at all, although many of his routes were close, and at
least one of them was right through an area currently covered by black pine forest. The
French Scientific Expedition compiled a list of 1376 vascular plant species based on a survey
of Peloponnese in 1829, and black pine was not on the list [36]. It can be assumed that
black pine is currently more widespread in the Peloponnese than it was in the early 19th
century. Compared to Greek fir [34], black pine regenerates more effectively after wildfires
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and may return to its previous cover [37]. In addition, black pine is more drought tolerant
than Greek fir and could have had displaced it due to changing climatic conditions [38].

Oak forests are reported to be resilient under historical conditions, and this could be
attributed to their high post-fire resprouting capacity, relatively low flammability and ability
to outcompete other species in the long run [39]. However, a combination of increasing
temperatures and wildfire frequency can promote the expansion of xerophilus shrublands
in previously oak-dominated areas [39]. Shrublands may represent an alternative vegetation
regime on the most degraded soils and dry areas, where conditions, particularly water
stress, become extremely difficult for forest recovery. Palynological data suggest that
deciduous oaks dominated even the plains of Peloponnese until the bronze age, and it is
possible that they persisted at a large scale much longer in hilly areas and middle slopes
until the early 19th century, although they have been declining already before Leake’s
time [40]. A similar pattern of a sharp decrease in deciduous oak pollen following the early
Holocene, along with their persistence at lower densities until the last century, is consistent
with findings elsewhere in Greece [41].

The causality of the observed patterns of transitions between landscapes dominated
by natural vegetation cannot be safely determined based on the data gained in the present
study and has to be dealt with by drawing data from a wider range of sources. Climate
reconstructions do not provide conclusive evidence about the possibility of climate-driven
degradation [42,43]. Vegetation regime shifts consistent with the degradation hypothesis
have been documented from palynological data around the late 19th century and were
attributed to human management [44], and contradictory processes may have also occurred
during different phases of the elapsed time [45].

5. Conclusions

In the face of the lack of purposefully collected historical data, information on land-
scapes can be mined from texts written with a different focus to enable rigorous testing of
hypotheses concerning land systems. By retrieving and georeferencing landscape descrip-
tions from Leake’s “Travels in the Morea’, it was possible to formulate and test informed
hypotheses. The main patterns concerning degradation during the last two centuries that
emerged from this exploratory research were that: (1). large-scale conversion of natural
areas to agricultural ones occurred mostly in lowland areas; (2). limited rewilding took
place on steeper slopes; (3). a transition of natural vegetation to different types consistent
with land degradation did take place both at higher and lower elevations. More research
is needed to confirm these processes and their geographical setting and to establish their
extent and causal relationships. A denser network of landscape descriptions in space as
well as a wide spread in the dates of the descriptions taken into account are needed. These
can be derived from similar narrations by means of the procedure followed in Leake’s case.
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