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Abstract: Dry stone walls are a worldwide phenomenon that may shape entire regions. As a specific
form of vernacular agro-pastoral practice, they are expressions of the culture and history of a region.
Dry stone walls have recently received increased attention in Croatia, primarily due to research in
landscape architecture and (historical) geography, though archaeological research on such remains
is rare in part due to the challenges of undertaking such work in areas covered by dense evergreen
maquis vegetation. In this paper, this type of landscape has been studied in detail for the first time
using Airborne Laser Scanning (ALS) based digital feature models as a basis to articulate dynamic
dry stone wall landscapes in a diachronic archaeological interpretation. Using a case study from the
Mediterranean region of Punta Kriza, Croatia, we show that what superficially appears to be a sim-
ple system of dry stone walls contains a wealth of information on a complex sequence of human
activity. The systematic, detailed, and diachronic interpretation applies a transparent workflow that
provides a tool for all those undertaking interpretative mappings of archaeological prospection da-
tasets and has proved highly effective when working with ALS-derived visualizations. The capacity
to develop spatio-temporal interpretation within the framework of GIS and a Harris Matrix is espe-
cially powerful and has the potential to change our image of any region. While the case study pre-
sented here deals with a small area in Croatia, the methods described have a broad application in
any areas of complex landscape remains.

Keywords: ALS; LiDAR; interpretation; stratigraphy; Croatian heritage; dry stone walls; landscape
archaeology; retrogressive landscape analysis; Roman land division

1. Introduction: Dry Stone Walled Landscapes

In “Axioms for Reading the Landscape”, the geographer Peirce F. Lewis observes
that “... the culture of any nation is unintentionally reflected in its ordinary vernacular
landscape” [1]. This makes an important point that landscapes are not empty, but reflect
the lives and activities of those who inhabit them —an observation that makes any dichot-
omy between traditional concepts of ‘site” and ‘off-site’, e.g., [2-5] unhelpful to landscape
archaeology. This is particularly evident in extensive archaeological surveys and map-
ping, where a wealth of ‘off-site” archaeological remains reflects those vernacular land-
scapes—the landscapes of the day-to-day, year-to-year, and generation-to-generation
routines and cycles of activity.

Areas characterised by an abundance of stone and building in dry stone techniques
are a specific form of such everyday landscapes and are important features worldwide

Land 2022, 11, 1672. https://doi.org/10.3390/land 11101672

www.mdpi.com/journal/land



Land 2022, 11, 1672

2 of 46

[6,7] (p. 11). The art and skill of building with dry stone techniques are very long-estab-
lished, and as an enduring shaper of landscape, the ‘Art of dry stone walling, knowledge
and techniques” was recognized by UNESCO in 2018 as an Intangible Cultural Heritage
of Humanity [8]. With dry stone buildings used to construct terraces, field boundaries,
enclosures or other structures (e.g., hillforts), dry stone walls often characterise agro-pas-
toral cultural landscapes and shape entire regions, such as the Croatian coast and islands,
see, e.g., [9] (pp. 978-979). Here, associations such as 4 Grada-Dragodid [10] are active in
the preservation of traditional stone building practices, offering workshops on traditional
techniques and undertaking documentation and research (e.g., suhozid, an open public
GIS inventory of Croatian dry stone heritage [11]).

While the UNESCO inscription emphasises the intangible aspects of art, knowledge
and techniques, the focus of this paper lies in the archaeological interpretation of the ma-
terial remains of landscapes that express this cultural heritage, explored through a case
study in Croatia. While dry stone walling is represented in the Croatian Register of Cul-
tural Goods since 2016 [7] (p. 13), they are a minor consideration in Croatian archaeologi-
cal research. In many cases, dry stone constructions are investigated in the context of tra-
ditional sites, for example, in the Neolithic [12,13] and in Bronze and Early Iron Age hill-
forts, mounds, and dwellings, e.g., [14-17]. However, with the exception of the remains
of Greek and Roman land divisions [18-21] detailed large area investigations of dry stone
landscapes are rare. Otherwise, dry stone walled landscapes have so far been researched
within the disciplines of landscape architecture and (historical) geography. Such research
has made use of on-site surveys, aerial photographs and (historical) maps, supporting
methods for mapping and (stratigraphic) interpretation, typology and classificatory
schemes, historical narratives, and assessing the change of economy and value from prac-
tical agro-pastoral features to heritage objects. Recent research on the island of Cres in
Croatia demonstrates this potential, e.g., [7,9,22,23].

In further exploring such dry stone walled landscapes, an explicitly archaeological
focus brings with it an emphasis on the potential time-depth of remains and their evident
complexity. On the Croatian coast, for example, in an area of centuries-old agriculture and
cattle breeding, the dry stone walls are elements in a dynamic, living landscape. Thus,
they are subject to degradation, removal, rebuilding, accretion, and reshaping, which
makes mapping and interpretation challenging. This can be compounded when former
agricultural areas have been abandoned for economic or historical reasons and are now
covered by forest, shrub and dense, low-to-ground maquis vegetation [7] (p. 171) that may
effectively prevent field investigation and undermine the utility of aerial photographs.
Such areas require an appropriate methodology that can capture spatial and temporal fac-
tors with equal accuracy. Here, the application of Airborne Laser Scanning (ALS) may be
particularly suitable for mapping, though the dense low vegetation presents its own dif-
ficulties to the effective processing of ALS data.

These issues are discussed with reference to a case study area at Punta Kriza in Cro-
atia, using a digital ALS-based terrain model produced in 2012. These data have been
modelled from an archaeological perspective with a view to exploring the following re-
search questions: (1) is it possible to systematically map dry stone walls from ALS-derived
digital terrain models in an area of dense, low-to-ground vegetation; and (2) can the map-
ping process provide stratigraphic information for diachronic interpretation of the com-
plex history of this and similar landscapes?

After setting the scene and describing the archaeological background of the area, the
methodology section explains the ALS data processing (especially ground-point filtering),
the preparation of complementary data, and the interpretation environment in GIS, as
well as field visits. Based on these considerations, the interpretive mapping of Punta Kriza
is described, and the results are discussed in the two final sections.
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2. Case Study Area at Punta Kriza

The case study area, which extends to 20 hectares in area, lies on the promontory of
Punta Kriza at the southern end of the island of Cres (Figures 1 and 2). Together with the
islands of Krk, Losinj and Rab, Cres belongs to the most northern group of the Croatian
islands. Located in Kvarner Bay, a semi-enclosed basin between the Istria peninsula and
the Vinodol-Velebit coast, the islands are typical of the Dalmatian coast, e.g., [24]. This is
a tectonically active region dominated by Cretaceous carbonate sediments and is a typi-
cally Dinaric karst landscape [25] characterised by dry valleys, dolines and fluted rocks
[26]. Quaternary sediment cover is quite thin [27] giving the landscape a heavily eroded
character. Isostatic rise of about 1.0 to 1.5 m since Roman times is estimated for the North-
ern Adriatic [28,29], see also discussion in [30], while cores from submerged dolines allow
a general reconstruction of -3 m for sea level at ca. 4300 BC [31].

S\

Figure 1. Map of the northern Adriatic indicating the location of the case study area on Punta Kriza
(at the tip of the arrow).
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Figure 2. (a) Map of the total area of ALS data capture and the case study area (red box). (b) Ortho-
photograph of the case study area produced simultaneously with ALS data acquisition (March
2012). (c) Contour lines at 5 m intervals calculated based on low pass filtered digital feature model
(DEMV; r =20 m). The zero-contour marks the coastline. (d) Filtered DFM (visualization: cVAT).

The name Punta KriZa is today used not only for the peninsula itself but also for its
largest settlement and is applied in the naming of small topographical forms along the
Croatian coast such as Cape Punta Kriza (Italian: Punta Croce). Its meaning is suggested to
relate to ancient maritime traditions whereby wooden crosses (Croat: kriZ) were used to
mark safe harbours [32] (p. 5) before lighthouses and other forms of signal lights became
widespread to support navigation.

The history of Punta Kriza has left fragmentary evidence in archaeological and his-
torical archives. The general archaeological context is rich, including evidence for Meso-
lithic/Neolithic settlements [33,34] and Bronze and Iron Age hilltop settlements and tu-
muli [34,35]. From the Late Bronze Age, Punta Kriza entered the sphere of influence of the
ancient town of Osor, which borders the peninsula just to the north (Figure 2a). Osor de-
veloped the attributes of a town (e.g., “Cyclopean” fortification walls) by the Iron Age at
the latest [36,37] and passed into the Roman economic area of influence from the second
century BC. Unlike Osor, where archaeological research over 50 years has taken up topics
from Roman architecture [38] and fortification walls [39] to the city layout [40], Punta
Kriza in the Roman period remains unexplored. The extent to which Roman agriculture
left its traces is not yet known, and until recently only a single Roman villa was known
(site of Sv. Platon, cf. [41]). The only systematic archaeological excavations in recent dec-
ades at Punta Kriza are on the remains of late antique and early medieval ecclesiastical
architecture at Martinsc¢ica, during which a second Roman villa was discovered [42].

Byzantine, Croatian and Venetian rule over the region has mainly been studied from
historical documents. These sources provide insights not only into the development of
rural island society, especially between the 12th and 18th centuries, but also indirectly into
the history of cultivation and land use in Punta Kriza. Viticulture, animal husbandry
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(sheep breeding), forest exploitation and logging, and lime production provided meagre
food and some income for the local population for centuries [43]. This economic system
can be recognised in the landscape in two ways. Firstly, the remains of farms, so-called
“pastirski stanovi” (shepherd’s dwellings), reflect the organisation of agriculture since the
15th century at the latest (Figure 3a). These farms not only consisted of residential build-
ings for temporary labourers, but also agricultural land (fields, pastures, vineyards, etc.),
which was initially cultivated for noble landowners [43-45]. Secondly, the peninsula was
probably covered with a network of dry stone walls by the Middle Ages at the latest (Fig-
ure 4), reflecting the complex structure of land use rights and obligations as well as differ-
ent agricultural practices, as can be seen in the Statute of Cres and Osor from 1441 [46]
(1051 ££.).

Figure 3. Oblique aerial photographs. (a) Active agricultural area near Sv. Andrija with olive groves
and maintained dry stone walled agricultural fields. (b) Disused agricultural area near Sv. Platon
covered by maquis. (Photographs: M. Doneus).
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Figure 4. (a) Orthophotograph of a part of Punta Kriza showing the extent of maquis, where agri-
cultural use has almost stopped. The photograph was produced simultaneously with ALS data ac-
quisition (March 2012). (b) The digital terrain model of the same area reveals a network of dry stone
walls that evidence intensive former use. Note that the green laser penetrated the water to a depth
of 10 m allowing the sub-surface terrain to be modelled to this depth (visualization: cVAT, i.e., hill-
shading from three directions, slope, positive openness and sky-view factor —see [47]).

The first accurate maps date to the 19th century, the earliest of which is the Franciscan
Cadastral Map of 1821 (Figure 5) which contains precise land use information [48]. This
map shows that large parts of Punta Kriza were overgrown with shrubs and that agricul-
tural use was very limited (Figures 3b and 4), which is in contrast to the levels of activity
suggested by the high density of dry stone walls in the area [7] (p. 274). This contrast
between extensive archaeological evidence of agricultural activity predating the early 19th
century and the limited evidence for such land use from the 1821 map reflects historical
events and economic changes, which have caused population fluctuations and abandon-
ment of the land. In common with other regions of the Croatian coast, short periods of
prosperity and order have alternated in tragic regularity with conflict and/or serious epi-
demics (see the discussion in [43]).
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Figure 5. 1821 Franciscan Cadastral Map showing the case study area (source: Archivio di Stato di
Trieste—Catasto franceschino/Distretto di Cherso/Comune di Punta Croce/mappa XVI, unita archi-
vistica 383 b 14).

Since the 19th century, the island of Cres has seen French, Habsburg and Italian rule,
becoming part of Yugoslavia after 1945 and of Croatia in 1991. Consequently, the 20th
century, with the two world wars, also resulted in the local population abandoning Punta
KriZa, and with it the use of the land. In the only village on the peninsula bearing the same
name, Punta Kriza, 47 people were resident in the census of 2021 [49]. Today, most resi-
dents depend on the tourism industry for their living and use of the peninsula is limited
to a few small agricultural farms, leaving Punta Kriza almost completely covered with
dense, mostly evergreen shrubbery (maquis), an anthropogenically induced vegetation
that testifies to intensive past cultivation of the area (Figures 3 and 4).

Some 30 km? of Punta Kriza were documented with ALS (Figure 2a), from which a
small area of some 550 m by 350 m (20 hectares) was chosen for this case study. In this
area, the terrain rises from an indented coastline up a slope of five degrees to a maximum
height above the current sea level of 25 m (Figure 2c). Approximately at the centre, there
is a dry valley 3 m deep, measuring 16 m across in its upper reaches and broadening to
about 30 m at the coast where it extends to form a small bay (Figure 2b). At first sight, the
ALS-derived view shows what appears to be a relatively simple network of boundaries
defining an apparently coherent field system with hints of phasing (Figure 2d). However,
as will be revealed in subsequent sections of this paper systematic and detailed diachronic
interpretative mapping has shown considerable complexity.

3. Source Datasets

Any interpretation of ALS-based data (as is the case for any other prospection
method) will benefit from integration with other types of information, which may provide
all-important context. This can be obtained from a range of sources, including information
from archives, excavations, field surveys, thematic maps, and other remote sensing data
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or geophysical results, to mention only the most common. For our case study area an ALS
point cloud, aerial photographs and map datasets were available, and these are described
in turn.

3.1. ALS Dataset

The ALS data for our case study area are a small part of a larger laser scanning cam-
paign (Figure 2a) conducted in March 2012 across sample areas of the Cres/Losinj archi-
pelago to test the archaeological potential of a green laser [50]. For this reason, the VQ-
820-G hydrographic laser scanner (RIEGL Laser Measurement Systems GmbH) operated
by Airborne Technologies was used, providing ground sampling distances of less than 0.5
m. The setup included very short laser pulses (1 ns) with small footprints (0.45 m at 450
m flying height) and a high effective measurement rate (c. 200 kHz). The scan angle was
set to the full field of view of the instrument (60 degrees). The most important parameters
are listed in Table 1.

Table 1. Parameters of ALS data acquisition and processing.

Harbours and Landing Places on the Balkan Coasts of Byzantine Empire

Title (4th to 12th Centuries). Technology and Monuments, Economic and Com-
munication.
Purpose Archaeology (combined land and underwater survey)
Date 29 March 2012
Operator Airborne Technologies

Scanner type

Full-waveform with online waveform processing

Instrument RIEGL VQ-820-G
Pulse repetition rate 200 kHz
Wavelength 532 nm
Scanning angle 60°
Additional sensors IGI Digicam H-39
Altitude above ground 450 m
Flight strip overlap 70%
Footprint diameter 0.45m
Average laser pulse density per m? 16
Average ground points per m? 5.1 (“dense_veg.”)-5.5 (“stone_wall”)
LAS format 12
Coordinate System EPSG:25833-ETRS89/UTM zone 33N
Strip Adjustment Yes, using OPALS
Ground-point filtering SCOP++

The laser scanner and its settings define the characteristics of the data. In this case,
the primary purpose of the airborne laser scan was to test for the first time a green laser
for archaeological applications in shallow water. The ALS data have an overall mean laser
pulse density of 16 shots per m?, though the scan strips overlap of 70% means that this is
not uniform as areas may receive laser pulses from one (along the border of the scanned
area) to four strips (overlap of three strips plus a cross strip). Due to the varied vegetation
cover, the classification of the point cloud resulted in an uneven distribution of ground
points (Figure 6a) with dependencies on the ground point filtering technique (below), but
an average of 5.5 points/m? classified ground points (for a discussion; see [51]).



Land 2022, 11, 1672 9 of 46

int Density

w and middle vegetation
‘malized values

I

Figure 6. (a) Map showing the density of ground points after ground point filtering using the “stone
wall” setting. Red colours indicate densely vegetated areas with low penetration rates. (b) A point
density map of low and medium height vegetation (0-1 m) provides a good estimate of accessibility
for ground observation. The red dots show the locations of ground photographs. Nr. 1: Figure 18,
Nr. 2: Figure 16E.

ALS Data Processing

The first stage of data processing was carried out by the data provider using the
RiPROCESS software (RIEGL, Horn, Austria), including echo detection and generation of
a 3D point cloud from the scanner, GNSS, and IMU data, as well as strip adjustment and
quality control. Classification of surface and off-surface points with subsequent ground
point filtering, DFM interpolation and visualization was undertaken by the lead author
and specifically adapted for the case study presented here.

Classification and (ground point) filtering of an ALS-derived point cloud are neces-
sary to identify ground points and points from archaeologically relevant features such as
walls and buildings, roads and earthworks [51] for use in interpolating a so-called digital
feature model (DFM—see [52]). This employed the SCOP++ software (Ver. 5.4, GEO/TU
Wien, Austria, and Trimble Germany) package, which uses hierarchic robust interpola-
tion with an eccentric and asymmetrical weight function to identify ground points (see
[53-55]). Because of the variability in vegetation density two DFMs with different param-
eter settings were derived: (1) a rigid ground point filter strategy that removed all vege-
tation (parameter setting: “dense_veg”); (2) a ground point filter that was adapted to keep
dry stone walls in the resulting DFM while removing as much vegetation cover as possible
(parameter setting: “stone_wall”). Both filters were developed within a hierarchical
framework (Table 2; see [51] for discussion) and resulted in an average of 5.5 (stone_wall)
and 5.1 (dense_veg) ground points/m? (Figure 6a).

Table 2. Filter steps and relevant parameters for both filter strategies defined within the framework

of SCOP++.
Steps Step Name Parameters “stone_wall” “dense_veg”
Cell size: 2 3
Step 1 ThinOut Thinning method lowest k-th lowest
Level k: -- 3
1 Lower branch 0.35;0.35; 1.0 0.35;0.35; 1.0
Upper branch: 0.1;0.3;0.6 0.05; 0.05; 0.1
Step 2 Filter Trend On below
Prediction below below

Penetration rate 20% 40%
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Grid width: 0.5 m CU:20 Grid width: 1.5 m

Interpolation Covariance function: bell ~ CU:20 Covariance
curve function: bell curve
Upper distance 1.6 3.0
Step 3 SortOut Lower distance none 3.0
Slope dependency none 2.0
Cell size: 0.3 1.5
Step 4 ThinOut Thinning method lowest k-th lowest
Level k: - 2
Lower branch 0.35;0.35; 1.0 0.35;0.35; 1.0
Upper branch: 0.1;0.3;0.6 0.05; 0.05; 0.1
Trend On Below
2 Step 5 Filter Prediction Below Below
Penetration rate 20% 40%
Interpolation Grid width: 0.25 CU:20  Grid width: 0.7 CU:20
CF: bell curve CF: bell curve
Upper distance - 1.0
Step 6 SortOut Lower distance - 3.0
Slope dependency - 2.0
. Cell size: - 0.5
Step 7 ThinOut Thinning method - lowest
Lower branch - 0.35; 0.35; 1.0
Upper branch: - 0.05; 0.05; 0.1
Trend - Below
Step 8 Filter Prediction - Below
Penetration rate - 40%
3 Interpolation _ Grid width: 0.25 CU:20
CF: bell curve
Sampling Interval - 2.0
Step 9 Fill Void Areas Filling Method - Linear Prediction
Bridging Distance - 42.0
Grid width: 0.5 0.5
Step 10 Interpolate Cu: 25 25
Covariance function: adapting adapting
Output format las las
High vegetation 5.0 5.0
Medium vegetation 1.0 1.0
5 Step 11 Classify Low vegetation 0.25 0.25
ground
Below DTM -0.25 -0.25
Slope dependency - -

The final steps of both filtering strategies were the interpolation of the classified 3D
ground point data into a 2.5D DFM and object-based classification. In both settings, the
resulting ground point density supported a grid size of 0.5 m verified by a DFM confi-
dence map (Figure 7) calculated using the Open LiDAR Plugin for QGIS [56]. The inter-
polation algorithm used in the production of a DFM is important [57] and in our case,
linear prediction was applied [58]. This is similar to Kriging and seems to maintain relief
features even in reduced point clouds [57,59] (p. 9994). This was significant because the
distribution of ground points is, as was expected, uneven, with a standard deviation for
both filter-sets of around 4 (Figure 7). Low (0-25 cm) and medium height (0.25-1 m) veg-
etation were of interest in the object-based classification because high point densities of
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those classes define areas that are difficult to survey on the ground [52,57]. Indeed, this
approach shows how the case study area is surrounded by very dense low vegetation
(Figure 6b) to the extent that it was impossible to approach it from the land side and ne-
cessitated the use of a boat for access.

DFM Confidence

for 0.5 m resolution
1 1 low confidence

2

3
4
s

|| 6 high confidence

Figure 7. DFM confidence map showing the suitability of the ground point distribution for a DFM
grid size of 0.5 m after classification using the “stone_wall” setting. Almost the entire area shows
classes ranging from 4 to 6, which is adequate for interpolation using a 0.5 m grid.

The vegetation of Punta Kriza is mostly maquis (mainly Arbutus unedo, Myrtis com-
munis, Erica arborea, Pistacia lentiscus, Pistacia terebinthus), with a few trees (Quercetum ilicis;
English holm oak), various Juniperus species (J. oxycedrus, . macrocarpa and ]. phoenicea)
and other individual species such as Phyllyrea media or Laurus nobilis. This dense, low-to-
ground evergreen vegetation combined with the low-energy forward-pointing green laser
scanner (see [50] for a more detailed explanation) presented a specific challenge to
ground-point filtering and interpolating a DFM of adequate resolution. While both
SCOP++ parameter sets delivered useful and complementary results for archaeological
interpretation, (modern) buildings that are surrounded by dense vegetation were not clas-
sified correctly and were not included in the DEM. This is a good example of the difficul-
ties of filtering in challenging environments where a range of anthropogenic remains are
set within areas of very variable vegetation density and height, compromising aspects of
the resulting DFM. Nevertheless, this is the closest to an optimal output that can be
achieved in these circumstances.

Visualizations of the DFM were subsequently calculated using the Relief Visualiza-
tion Toolbox (RVT) Version 2.2.1 [47,60]. Seven visualizations were used, namely slope,
multiple direction hillshade (MH), positive openness with a kernel radius of 10 pixels or
5 m: pOp(10), negative openness with a kernel radius of 10 pixels: nOp(10), simple local
relief models with smoothing kernels of 20 (LRM(20)) and 50 pixels (LRM(50)), and “ar-
chaeological combined cVAT” visualization (a blend of hillshading from three directions,
slope, positive openness and sky-view factor).
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3.2. Aerial Photographs

Three sets of aerial photographs of different dates were used in this study. The oldest
was taken in 1944 (Figure 8) at a scale of 1:50,000 and while the image quality and resolu-
tion are far from optimal, it shows important detail on land use and land division that
provides dating information for some features.

Figure 8. Second World War reconnaissance photograph taken on 28 April 1944 covering the south-
ern part of the island of Cres between Osor (top) and Punta Kriza (bottom of overview image). The
arrow identifies the case study area. Copyright: NCAP/ncap.org.uk. (Frame number 5039, sortie
60PR/0366, 28 April 1944).

The second source of aerial imagery is a Digital Orthophoto Map provided within a
WebGIS Interface (https://ispu.mgipu.hr/ accessed on 15 September 2022) by the Croatian
Ministry of Physical Planning, Construction and State Assets. The imagery, which covers
most of Croatia at a scale of 1:5000, comprises photographs taken between 1950 and 1968
and is geolocated to an accuracy of between 5 and 10 m. The photographs covering the
case study area were taken in 1953 [7] (p. 25). The black and white photographs are good
enough to show small buildings and individual trees.

Finally, digital vertical aerial photographs were acquired simultaneously with the
ALS data acquisition on 29 March 2012 using an IGI Digicam H-39 (39 megapixel @ 6.8
microns pixel size). The high-resolution images were ortho-rectified by the data provider
using the digital surface model from the airborne laser scan, resulting in ortho-images
with a ground sampling distance of 8 cm.

3.3. Historical and Thematic Maps

There is a range of available online maps for the study area spanning the period from
1821 to 2010. The earliest map is part of the Austrian Cadastral survey that covered the
Habsburg Empire at a scale of 1:2880 on the initiative of Emperor Franz I (therefore, it is
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also known as the Franciscan Cadastral Map). It is published by the State Archives in Tri-
este (Archivio di Stato di Trieste) [48]. Since this map was produced for taxation purposes
it mainly shows boundaries of numbered properties, and most importantly over 40 types
of land use in six main categories [61]. However, the map does not contain topographical
information.

The Third Military Survey of the Habsburg Empire, the so-called Franzisco-Jose-
phinische Landesaufnahme [62,63], was the third in a series of military surveys and the
first to include the study area. It was produced between 1869 and 1887 at a scale of
1:25,000. It is a topographical map that includes for the first time contour lines at intervals
of 20 m and hachures to depict topography [61] (p. 34).

The 1:5000 scale Croatian Base Map (Hrvatska osnovna karta—HOK), which was
first produced in 1954 and last updated in 2010, shows recent land divisions and dry stone
walls [64]. The dates of map production for the case study area are 1979, 1986 and 1988 [7]
(p- 26). The modern cadastral map [65] depicts contemporary land parcels. A geological
map at a scale of 1:50,000 [27] is not detailed enough to allow an interpretation of karstic
features but provides a good overview of the geological setting.

4. Methods
4.1. Preparation of Data for GIS-Based Interpretative Mapping

The creation of a GIS environment for mapping combined the ALS-derived dataset
(DFMs and visualizations), the Croatian 1:5000 base map (as a Web Map Service (WMS)
layer), the 1953 Orthophoto map and the 1944 aerial photograph. The historical maps, the
1953 Orthophoto Map and the 1944 aerial photograph required rectification and georefer-
encing, for which a plane-rectification applying a Helmert transformation and well-dis-
tributed control points from modern maps were used. Given that the topography of the
case study area is not a plane the transformation of the 1944 aerial photograph is of course
not accurate but proved adequate for the purposes of comparing mapped features and
those on the source image.

4.2. GIS-Based Interpretative Mapping and Harris Matrix

While an interpretation in a full 3D setting is desirable [66], archaeological interpre-
tative mapping typically takes place in a 2.5D GIS-based environment working in a spatial
database that combines polygonised mapping supported by attribute data (Table 3). The
definition of attributes that underpin the interpretative mapping is important and must
reflect the research questions—though few papers specify the structures of such attribute
tables see [52] (p. 15).

Table 3. Fields in the spatial database used for the GIS-based interpretation.

Field Name Description
sU Stratigraphic Unit—unique identifier that also linked to the
stratigraphic unit of the Harris Matrix Composer.
. drop-down list with a descriptive parameter, including sunken
Description .
feature, wall, slope, mound, bank, deposit
. functional classification, as, e.g., agricultural boundary, enclosure,
Interpretation o X
building, kiln, path.
Wall type characterization of the type of a dry stone wall
Group name of grouped features assigned during interpretation
Phase chronological phase (a field filled at a late stage in mapping when
phasing has been completed.
Basemap/Fr. Cad. Boolean fields specifying visibility of features on respective

Map/1953 sources.
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Subjective value indicating the confidence of the interpretation

Confidence (Values 1-3, where 1 = questionable; 2 = likely; 3 = confident).
Visualization the source visualization(s) from which a feature was mapped
Comment free text field for additional information
Is Above SU-identifier of all features that are cut by the current feature.
Is Below SU-identifier of all features that overlie the current feature.

Other authors have suggested additional attributes, including geometric properties
(coordinates, area, perimeter), average height or depth of the feature, or low vegetation
density above the feature [67] (pp. 15-16), [68,69]. However, because such attributes can
easily be calculated in an automated process at a later point it is inefficient to fill them in
during interpretative mapping. Information about the interpretation rationale is not part
of our spatial database but rather is explained in the accompanying textual description
which we believe is a necessary part of any interpretation.

The present-day terrain of the Earth is composed of many distinct and discernible
surfaces, which are the results of events and formation processes either from direct human
action (e.g., built dry stone walls, stone clearance, planting trees), their indirect conse-
quences (e.g., erosion or accumulation events), or animal activities and natural formation
processes. These actions, events and processes interact in a complex way and may be su-
perimposed on each other—that is to say, they are stratified. Consequently, a diachronic
interpretation approach is needed that isolates and defines periods of construction, use
and re-use to create an understanding of the chronological development of the landscape
we observe. Therefore, the observation of topological relationships between features is
especially important. These are mainly stratigraphic relationships that can be identified
on site and in ALS-based DFMs (for a fundamental discussion, see [70,71]). If the distinct
features mapped during interpretation are in a direct superposition, their stratigraphic
position (above or below) can be determined, and a stratigraphic sequence is established.
This relative chronological model can be depicted in a Harris Matrix [72]. The use of a
Harris Matrix has, besides the graphical processing of the stratigraphic sequence, also a
function to check the identified stratigraphic relations for their logical correctness. If a
logical error is detected during the validation (e.g., feature “a” lies above feature “b”,
which lies above feature “a”), an error message would be triggered.

As will be detailed below, the mapping procedure followed a stratigraphic approach
whereby apparently recent features were drawn first (e.g., recent dry stone walls mapped
on the Croatian Base Map), with identifiably earlier objects drawn subsequently. While
this was quite straightforward for modern dry stone walls and roads, it was difficult to
put into practice with more complex areas. In such areas, there are relationships that can
only be brought into chronological order with the help of the Harris Matrix after they had
been mapped. As features were drawn, their SU-number was input to a Harris Matrix
using the “Harris Matrix Composer (HMC)” software (Ver. 2.0b, Imagination Computer
Services, Vienna, Austria) [73], identifying stratigraphic relations in the fields “is Above”
and “is Below” (see Table 3). One of the main difficulties is that long-lived dry stone walls
used over several phases cannot be represented as such in the Harris Matrix. The Harris
Matrix, while providing a coherent stratigraphic sequence, does not show the duration of
individual deposits or surfaces. This is shown, for example, by the enclosure wall which
existed in 1821 (Phase 3, see Section 5.1.3.) and is still “functional” today. In the matrix,
the vertical (chronological) position of such objects is not fixed, i.e., they are assigned to
one of the three possible phases in this case. To get around this, the stratigraphic units of
the dry stone walls were defined for each phase in the HMC and given the suffixes “a”,
“b”, “c”. It is also worth noting that some types of features may be the product of long-
term processes, rather than ‘events’. Thus, while the enclosure wall may have been built
during a short period of time (i.e., an event), many stone clearance deposits (see Section
5.1.2) are produced by an ongoing process of clearing cultivated ground and as features
that are formed by aggregative processes may obscure aspects of their chronology.
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The interpretation of archaeologically relevant features of variable size required
working at different map scales. Zoomed-out views allow context to be understood but
would not resolve detail to allow interpretation and accurate mapping. Therefore, map-
ping was often done in two steps beginning with a sketch drawing of an object (using a
scratch layer) at a viewing scale of between 1:10,000 and 1:3000 and then completing a
detailed drawing using a viewing scale of +/- 1:600. Drawing was in most cases based on
visualizations that are not subject to directional bias and horizontal relief displacement
(below). Local relief models were useful to measure the height and depth of structures
relative to the surrounding terrain (see also [74]).

4.3. On-Site Visits

Field visits to the study area took place in early September 2021 and mid-April 2022.
In preparation, the areas to be visited were marked in a separate shapefile during the in-
terpretation and added with a comment detailing the reason for a field visit and the ques-
tions to be addressed. Due to the difficulties resulting from the dense vegetation cover,
the most important areas that would give the information needed for our research were
selected for visiting. The visits concentrated on the western part of the case study area.
Our approach was qualitative, i.e., we identified “matches” and “differences” between
desk-based interpretation and field observation and observed additional information,
which was recorded in order to develop an interpretation key and to provide important
feedback for desk-based work, obliging us to rethink and reshape some interpretations
(see also below). The approach, however, did not generate enough “points’ for statistical
analysis showing a quantifiable success or error rate.

For example, identifying the wall type (see below) from the ALS-derived DFMs was
not always straightforward as the ground point filtering process might slightly change the
height and maybe even the thickness of features (especially thinner structures). Field visits
helped to correct false identifications, though only a small proportion of walls could be
inspected on the ground. Nevertheless, the information from ground observation added
confidence to subsequent desk-based (re-)interpretations. As well as providing
knowledge of how features on the ALS looked on site, the field visits were also important
to explore details not visible in the DFM. These included examining stratigraphic relation-
ships (e.g., about wall joints or variable stone sizes), the value of which was demonstrated
by the need to partly revise and update mapping after the field visits.

For the site visits, all necessary data were carried on a mobile data collection device
connected to a GPS antenna, in this case, a tablet device (Samsung Galaxy Tab Active Pro
T540) running mobile GIS QField (Ver. 1.10, OPENGIS.ch, Laax, Switzerland) [75] soft-
ware (Figure 9). The tablet was easy to carry while the 10” monitor was large enough to
view orthophotographs and visualizations of the DFM. The built-in GPS proved sensitive
enough to give relatively reliable location information even in dense undergrowth and
was indispensable for orientation. Field observations were mapped into QField for subse-
quent assimilation into the master QGIS project. On-site photographs were taken using a
DSLR camera with attached GPS, which allowed their location and orientation to be im-
ported into QGIS using the plugin “Import Photos”.
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Figure 9. The tablet device in the field. QField was used to view and edit GIS layers in the field, with
the current GPS position visible on the screen (the small white dot in the centre of the tablet). (Photo:
M. Doneus, 1 September 2021).

5. Results
5.1. Interpretative Mapping of the Case Study Area

As outlined above the interpretative mapping process followed a stratigraphic ap-
proach, with those features that appeared to be most recent drawn first and objects inter-
sected by these features drawn subsequently. Each feature was provided with an individ-
ual stratigraphic unit number (SU), with the SU numbers of overlying (above) and cut
(below) features stored in the spatial database. In a further step, SU-number and strati-
graphic relations were input into the Harris Matrix.

In very simple terms, the interpretative map of the study area (Figure 10) shows re-
mains relating to agricultural or horticultural production (field boundaries) and industrial
processes (lime kilns). The Harris Matrix (Figure 11) shows at least five phases of use iden-
tified from the mapped features and their stratigraphic relationships, allowing the inter-
pretative mapping to be clearly presented according to these phases.
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Figure 10. Interpretative mapping of the case study area (red polygons) which is a small part of the
archaeological interpretation of the entire laser scan (white polygons). (Visualization: cVAT).
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Figure 11. Final Harris Matrix of features in the case study area.
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In the following sections, these phases will be described in detail. While it is common
for archaeological phases of landscapes and sites to be presented beginning with the ear-
liest and progressing to the most recent; in this case, these results are presented beginning
with the most recent. This rationale of the presentation was chosen as it follows our map-
ping methodology and allows the argumentation for the chronological classification of
individual features to be presented clearly. It also demonstrates that the present-day land-
scape matters for the interpretation of past landscapes—a fact that is all too often ignored
in the practice of landscape archaeology. Regardless of how such results are ultimately
presented, we recommend this retrogressive approach at least during interpretative map-
ping as it follows the logic of the interpretative and mapping process (for a discussion, see
[71,76]).

5.1.1. Phase 1: Youngest Dry Stone Walls

The most recent features of preserved dry stone walls were mapped first. Where they
are not covered by vegetation they appear to be in good condition, as can be seen on the
orthophotographs (Figure 12a). However, in some areas, field inspections showed that
they are partly collapsed. Under vegetation, they can be clearly identified in the MH and
pOp visualizations of the DEM from the “stone_wall” filter (Figure 12b). Because of their
clear signature, delineating the boundaries of the dry stone walls was straightforward us-
ing a combination of MH, pOp(10) and LRM(20) or using cVAT.

P
i &
N

Figure 12. (a) Orthophotograph produced simultaneously with the ALS data acquisition in March
2012. As on-site stratigraphical observations show, the recent dry stone wall is built on top of a stone
deposit 6 m across. Both are interrupted by a recent path (white circle). (b) Positive Openness and
Multiple hillshade showing the clear signature of modern dry stone walls (DFM filtered with
“stone_wall” setting). Black arrows point at single, white arrows point at double walls. (c) Single
wall on top of massive stone deposit. (d) Double wall (Photo: M. Doneus, 13 April 2022).
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Field visits showed that they are either single dry stone walls (Croat: unjule—black
arrows in Figure 12b,c) or double walls (double faced, Croat: duplice—white arrows in
Figure 12b,d). This distinction is not entirely clear in the visualizations due to the cell size
of 0.5 m. It seems that the single stone thickness walls are consistently built on top of stone
deposits (see next section). The double walls are usually built within a shallow foundation
trench [7] (p. 49) as could also be observed on site. The dry stone walls are between 0.5
(single) and 1.2 m (double) thick and where they are better preserved between 1 and 2 m
high (with a few exceptions, where the walls are very low).

The walls form a system extending across an area of 350 x 150 m, enclosed by a
bounding wall (Figure 13a) and bordered on the south by the coastline. This system is
attached to other enclosed fields, especially to the south-east and north. Inside the bound-
ing wall, two different areas can be identified comprising: (1) a roughly triangular area of
150 x 100 m in the west (Figure 13b) with remains of lime kilns; and (2) a system of smaller
enclosed areas in the remaining area. There are noticeable variations in the texture of the
visualised surfaces, which vary from smoother patches (i.e., Figure 13d) to apparently
rougher ground (e.g., Figure 13b). Some of these differences relate to real variation in
ground conditions, while others are a product of vegetation conditions and the effective-
ness of filtering. With reference to the orthophotograph, some differences in ground sur-
face texture can be seen to relate to different tree species, with holm oaks in the areas of
smoother surface texture (Figures 13d and 18). However, the impression of smooth
ground in the northern holm oak-covered area is deceptive, as it is a product of the dense
canopy of the holm oaks limiting undergrowth and so results in better ground-point fil-
tering and ultimately in a smoother DFM. Field visits showed that this area is covered by
a lot of small stones and some larger stones (see below, Figure 18), while the area enclosed
by the recent single walls (and as will be shown in the next section, by the massive clear-
ance deposits—Figure 13e) contains apparently deeper soils cleared of larger stones and
covered with many small stones (a few cm in diameter—see below, Figure 23a). Finally,
the triangular area (Figure 13b) does not appear to have been cleared of stones at all. This
is a reminder of the need not to take the visualizations at face value, and of the ongoing
processes, such as disturbance of the ground surface and stone clearance, that dominate
agricultural landscapes but are less immediately evident than ‘events’” such as wall build-
ing and difficult to incorporate in landscape narratives.
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Wall Type

Il double faced
Il single

Figure 13. Interpretative map of recent dry stone walls. (a) bounding wall, (b) area with a rough
surface texture containing (c) lime kilns, (d) area covered with many small and some larger stones,
(e) area cleared of larger stones (visualization: cVAT).

The dry stone walls are not cut by any features except for a pathway that runs
through a break in the wall and is therefore clearly younger (see the white circle in Figure
12a). The stone walls are only partly depicted on the modern cadastral map but are
mapped on the Croatian Base Map produced between 1979 and 1988. Overlaying the in-
terpretation shows good correspondence, although a few walls which were interpreted as
part of these modern walls are not depicted on the base map. This might be due to their
collapsed state or being obscured by the canopy at the time of mapping. Most of the recent
walls can also be identified on the 1953 Digital Orthophoto Map providing a terminus ante
quem for their construction. The low resolution of the 1944 photograph does not allow
identification of possible single walls on top of the stone deposits. The walls can be inter-
preted as recent land enclosures and divisions based on their stratigraphic position, and
partly well-maintained shape and layout, which must have been left uncultivated since
the 1960s (or slightly earlier) to judge by the extent of vegetation growth.

5.1.2. Phase 2: Clearance Deposits

Keeping the discipline of dealing with features from the most recent to older, a group
of massive linear stone deposits was next to be mapped, as they seem to be directly over-
lain by the single dry stone walls (Figure 12a). The stone deposits are readily visible in the
nOp(10) visualization, and they were mapped using a combination of MH, pOp(10), and
LRM(20) as these provided the best delineation of their extents. The visualizations were
calculated from the “stone_wall” filter output as this was shown to have the least impact
on their visibility by comparing the orthophotograph and DFMs in less overgrown areas.
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While the deposits were also visible in the “dense_veg” dataset, their shape is altered by
the more rigid ground-point filtering.

While in most cases delineation of the stone clearance deposits was quite straightfor-
ward, in some areas this was more challenging and required careful use of visualizations.
Occasionally, the LRM proved misleading, appearing to show large, raised linear features,
when the slope visualizations and cross sections demonstrate that on some occasions they
were actually natural slopes (Figure 14).

Figure 14. (a) The slope map shows a 8 m wide slope with a gradient of 25°. The edges of the slope
are marked with pecked lines. (b) In the LRM (here a combination of LRM(20) and MH), features
“1” and “2” have similar signatures, which suggests that they are raised areas that might be inter-
preted as banks. However, feature “1” is part of the slope (indicated by the pecked lines), rather
than a bank and ditch as implied by the LRM.

On first impression, the mapping of the clearance deposits (Figure 15b) seems to form
an enclosure system almost identical to the system of the recent walls (compare Figures
13 and 15). However, the stone deposits do not extend to the bounding wall and the area
characterized by smooth surface texture (compare Figure 13d) does not contain any of
these deposits, suggesting different functions between areas.
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Figure 15. (a) The massive stone clearance deposits have a clear signature in the Negative Openness
(r = 10) from the DFM filtered with “stone_wall” setting. (b) Interpretation map of massive stone
deposits. White arrows point to deposits heaped up against double dry stone walls; black arrows,
where deposits might overlie earlier double dry stone walls (Visualization: cVAT). (c) 1953 Digital
Orthophoto Map (source: State Geodetic Administration Geoportal/Geoportal Drzavne geodetske
uprave—geoportal.dgu.hr). The massive stone deposits are clearly visible. The area occupied by the
deposits is characterized by horticulture. (d) On-site photograph of stone deposit. The black arrow
on (c) shows the position and viewing direction (Photo: M. Doneus, 13 April 2022).

The clearance deposits are between 4 and 7 m across and their edges are well defined,
giving the impression of massive stone walls (see also their appearance in Figure 12a,c).
Using the profile tool, it becomes evident that the deposits oriented along the slope can be
interpreted in connection with terrace walls with heights ranging between 0.2 (upslope)
and 1 m (downslope). This was confirmed by field observation.

The ALS-based interpretation indicates that these deposits were piled up during
clearance activities. Field visits confirmed this interpretation, with the deposits marked as
terraces overlying older terraces. The deposits running across the slope were heaped up
beside double dry stone walls (white arrows in Figure 15b), or seem to overlie them com-
pletely (black arrows in Figure 15b and on site photograph in Figure 15d). Structures such
as those present here are referred to as barbakan and menik, two terms that are sometimes
used interchangeably [7] (p. 55). They are results of clearance activities connected with
vineyards or horticulture.

This could also be the case here. The area occupied by the large clearance deposits is
an olive plantation according to the 1953 Orthophoto Map, with trees mostly planted in
rows 6-8 m apart (Figure 16A-D). Indeed, some olive trees can be still found at the centre
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of the case study area (Figure 16E). Here there is a cluster of 14 “platforms’, each measuring
about 8 m square (Figure 16B), arranged in a rough grid crossing two terraces on the
hillside. There are no stratigraphic relationships, though the layout suggests that the ter-
races belong to a system and may be related to the large terrace walls. From the 1953 Dig-
ital Orthophoto Map it appears that there is a tree on each ‘platform’, which suggests that
they were deliberately planted.

0 10 20 30 40 50 60m

Figure 16. (A-C) Grid of platforms measuring 8 by 8 m as seen in the dense_veg filtered DFM (vis-
ualization: slope). (D) Overlying the outline of the platforms with the 1953 Digital Orthophoto Map
shows a tree on each platform (source: State Geodetic Administration Geoportal/Geoportal Drzavne
geodetske uprave —geoportal.dgu.hr). (E) A live tree in this area (Photo: M. Doneus, 2 September
2021).

The relative chronological position of the deposits seems to be clear in the Harris
Matrix (Figure 11) and was confirmed during on-site observations, with the single stone
walls built on top of double walls (see below) and the stone deposits. However, it is worth
noting that while the stone deposits have been mapped as linear features, stone clearance
is typically an ongoing process that may see such deposits built up over long periods of
time. As such they are a product of processes of stone clearance, themselves driven or
prompted by ongoing disturbance of the soil which produces more stone to be cleared.
Thus, while the building of a stone wall can very often be seen an as an event, the creation
of the stone deposits is more properly characterized as a process—and while that process
may occur over a defined period of time, it may also be a composite product of chrono-
logically discrete or dispersed events, as, e.g., an initial major clearance and ongoing, per-
haps intermittent, accumulations of stones as they appear on the surface. It can therefore
not be ruled out that clearance activities were also carried out during the existence of the
single walls and that phases 1 and 2, therefore, overlap to a certain extent.

Keeping in mind this caveat, while providing absolute dates is problematic, there are
a few indicators of chronological context. The Franciscan Cadastral Map [77] is not helpful
for dating the clearance walls, as it only shows the boundaries between parcels and does
not differentiate wall types. All boundaries are drawn with the same thin line, and we
cannot be certain whether the stone deposits already existed in 1821. Most of the single
stone walls are built on top of the clearance deposits, often, if not always, accentuating
one of the edges of the deposits (as in Figure 12c). However, this could also be due to the
expedient reuse of an earlier feature, so it is not possible to establish their date beyond
noting that their construction must predate 1953 (Figure 15c) as they are present on the
Digital Orthophoto Map. It is also noted that one stone deposit is piled against the wall of
a building to a height of 1.8 m (Figure 17), and therefore must be later than the construc-
tion of the building. This building is shown on the Franciscan Cadastral Map and must
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therefore be older than 1821. However, it does not provide a date for when the clearance
activities actually started.

Figure 17. Stone deposit 4359 (1) is heaped up against the north face of the building (2) and therefore
must be later than the construction of the building. (a) View direction south showing the north face
of the building. (b) View direction east with a view of the west face of the building (Photos: M.
Doneus, 13 April 2022).

In summary, the massive stone deposits seem to belong together as a product of clear-
ance activities within a defined area. They seem to be a result of a long-lasting process that
had started at least by 1821 and may have earlier origins as an expression of ongoing
clearance of stone. The deposits delimit different areas of land use. Within the areas
bounded by the deposits, the ground is free from larger stones, while the area to the north
is covered by a lot of small stones and some larger stones and is densely forested with
holm oaks (Figure 18).

Figure 18. Holm oaks in the area along the bounding wall towards the north (see Figure 13d).
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5.1.3. Phase 3: Construction of Double Walls

During the first interpretation of the ALS-based DFM, the difference between single
and double walls was not clear, and it required field visits to clearly distinguish the wall
types from the DFM and to develop an interpretation key for desk-based re-interpretation.
Field observation also made it clear that some of the massive stone deposits are built up
against double stone walls and therefore must be younger (Figures 12c and 15b), while
keeping in mind the possibility that stone clearance deposits can grow up over time al-
lowing a range of relationships with other structures.

On balance, however, this means that before the intensive clearance activity that pro-
duced the massive stone deposits there was a phase during which double stone walls were
built. These are built within a shallow foundation trench [7] (p. 49) and some have clearly
been maintained until recently. They are mapped among the recent walls (walls with
black signatures in Figure 13), and there is evidence that some of these double walls are
of older origin. One of these walls (Figures 19a and 20a) is the continuation of the outer
wall against which the clearance stones were piled (Figures 19b and 20b) and therefore
predates the clearance deposits. Other evidence relies heavily on the 1821 Franciscan Ca-
dastral Map, which shows a vineyard almost exactly 0.8 hectares in extent (red coloured
fields in Figure 21). Only a few of the field boundaries shown on this map are visible as
dry stone walls or clearance deposits in the ALS-based DFMs. Some of the clearance de-
posits (e.g., ids: 4253, 4269, 4271, 4275, 4286, and 4282 in Figure 21) correspond to field
boundaries shown on the Franciscan map and might have been constructed on top of for-
mer dry stone walls that consequently would originate in the period around 1821 or ear-
lier. The enclosing wall (Figure 19c) must predate 1821 as it is on the Franciscan map.
Additionally, it is possible that a double wall (Figure 19f) is buried below one of the mas-
sive stone deposits (Figure 19d), in a similar arrangement seen to the west (Figure 19a,b).
This deposit follows a boundary shown on the Franciscan map. Finally, one wall (Figure
19e) is mapped as a field boundary on the Franciscan map but is older on the basis of field
observation and ALS-based interpretation (see Section 5.1.5 “Phase 5: Stratigraphically
Oldest Features”).

Wall Type

I clearance deposit
Hl double faced wall

0 40 80

Figure 19. Map of double dry stone walls and stone deposits. The arrow points to the location of
Figure 20 (visualization: cVAT). (a,b) continuation of the outer wall against which the clearance
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stones were piled, (c) enclosing wall, (d) massive stone deposit maybe burying double walls, (e)
eroded wall older than 1821, (f) double wall partly buried by massive stone deposit. See text for
further explanation.

Figure 20. (a) Double dry stone wall against which (b) clearance stones are piled. The double wall
extends to the north, while the clearance stones in the photograph are the northern end of a massive
stone deposit continuing to the south. The position of this photograph is marked by the white arrow
in Figure 19. (Photo: M. Doneus, 13 April 2022).
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Figure 21. Transcription of the 1821 Franciscan Cadastral Map (source: Archivio di Stato di Trieste—
Catasto franceschino/Distretto di Cherso/Comune di Punta Croce/mappa XVI, unita archivistica 383
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b 14) with ALS-based features. The red colour fields indicate the vineyard. The arrow indicates the
building shown in Figure 22 (background visualization: cVAT). For explanation, see the text.

Furthermore, dating at least from 1821 are the remains of a building measuring 6 x 4
m located in the south next to the sea. Its shape is distorted in both versions of the ground-
point filtered DFMs, so the orthophotograph was used for mapping. The building itself is
depicted on the Franciscan Cadastral Map, which means that it was built before 1821. It is
still roofed on the 1953 Digital Orthophoto Map but is ruined at present (Figure 22, for on-
site photographs, see Figure 17). On the other hand, several boundaries mapped in the
Franciscan Cadastral Map do not have corresponding features in the ALS-derived terrain
model. Either these field boundaries were not manifested in the landscape by dry stone
walls or were dismantled after 1821. Which of these assumptions is correct cannot be clar-
ified with the available information.
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Figure 22. Remains of a building. (a) Transcription of the 1821 Franciscan Cadastral Map (source:
Archivio di Stato di Trieste—Catasto franceschino/Distretto di Cherso/Comune di Punta
Croce/mappa XVI, unita archivistica 383 b 14), (b) Digital Orthophoto Map from 1953 (source: State
Geodetic Administration Geoportal/Geoportal Drzavne geodetske uprave—geoportal.dgu.hr), (c)
orthophotograph from 2012, (d) DFM based on stone_wall settings (visualization: pOp(10) and
MH).

This body of evidence suggests that the 1821 Austrian Cadastral survey provides a
terminus ante quem for the construction of the double walls (Figure 19). The origins of the
vineyard shown in the Franciscan Cadastral Map (Figure 21), however, cannot be decided
on from the available data.

5.1.4. Phase 4: Terrace Features

Above we have described many massive stone clearance deposits (Croatian: gomile,
menici or barbakani) and interpreted at least those that run across the slope as terrace walls.
In addition, there are other less pronounced terraces formed by 0.5 to 1 m high terrace
risers of large stones. These are stratigraphically below the stone deposits (Figure 23b).
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Figure 23. (a) Terrace riser running along the slope (b) Terrace riser (1) covered by a massive stone
clearance deposit (2). (Photos: M. Doneus, 13 April 2022).

In contrast to the massive stone clearance deposits which are clearly visible on the
1953 Digital Orthophoto Map and the 2012 orthophoto (Figures 12 and 15), the identifica-
tion of the terrace risers requires the use of surface profiles to distinguish the stone depos-
its from the terraces (Figure 24).

Legend
Profile

Figure 24. Screenshots of a QGIS session using the profile tool. (a) Surface profiles help to distin-
guish terrace slopes (b) from slopes that are overlain by a stone deposit (visualization: slope).

Mapping of the terrace risers mainly used slope visualizations, with a combination
of slope and LRM(20) when the terrace slopes were heavily eroded. The mapping shows
that terraces seem to form a coherent system mainly confined to the same area as the mas-
sive stone deposits (i.e., outside the forested area discussed above). Their orientation is
mainly along the slope and parallel to the coastline, with a few lying perpendicular to the
coast (Figure 25) beside an erosion gully that leads to the small bay on the coast.
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Figure 25. Interpretative mapping of terrace slopes (visualization: combination of slope, hillshade,
and Negative Openness (r = 10)).

While all the mapped terraces seem to form a coherent system and may thus be of
similar age, one terrace line (4305) is stratigraphically younger (Figure 26) as it cuts an-
other terrace (4312). This more recent terrace runs along the edge of the forest and may
have formed due to different erosion regimes in the densely forested area to the north and
the horticultural area to the south. While it seems to be a single discordant later terrace it
could be an indication that the dense forest is younger than the terraces, though there is
no certain way of establishing that relationship. This example is also a warning against a
simplistic correlation between the form of features (e.g., terraces, stone clearance deposits)
and chronological associations.

a b

Pos. Openness

N 857523
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Figure 26. A stratigraphically younger terrace slope (see arrows) runs along the south-west edge of
the forest (compare Figures 13d and 15c). Visualization: (a) MH based on dense_veg filter setting,

(b) pOp(10).
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The double wall that runs across the slope and borders the terraced area to the west
(Figure 19b) overlies some of the terrace slopes (Figure 27) and must therefore be younger.
While the visualization of the ALS-based DFM seems to support this observation, this
could not be confirmed by an on-site visit because the surface conditions in the triangular
area to the west (Figure 13b) are very uneven and littered with large stones. Combined
with the dense vegetation this prevented clear observation. Anyway, this is the only strat-
igraphic indication of an older age of these terraces. Otherwise, they would fit well into
the system of stone deposits and modern single walls. In this context, however, it must be
noted that the area of the terraces is annotated on the 1821 Franciscan map as shrubbery.
As the terraces are definitely older than the clearance deposits, this is another indication
that they predate 1821 and possibly also the double walls.
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Figure 27. (a) Double wall that runs across the slope and borders the terraced area to the west seems
to overlie some of the terrace slopes. (b) The pecked lines indicate terrace slopes that are overlain
by the massive wall that borders the terraced area to the west (visualization: pOp(10)).

These observations suggest that the terraces are earlier in date than the vineyard (i.e.,
earlier than the 19th century), and may already have been in use before 1821. They seem
to be partly rebuilt or reinforced during clearance activities after 1821 for unknown rea-
sons. This chronological hypothesis cannot be verified by available sources such as the
maps because of selective depiction, but provide a clear question that could be tested, for
example by excavation and OSL profiling [78].

5.1.5. Phase 5: Stratigraphically Oldest Features

In the north-western corner of the case study area, there is a straight linear raised
feature, which is best recognized in LRM(50) from the DFM filtered with the “dense_veg”
setting combined with MH calculated from the DFM filtered with the “stone_wall” set-
ting. Its straightness over a long distance makes it stand out from the other banks (Figure
28). It underlies, and thus predates, all other features it intersects.
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Figure 28. Section of a straight bank (arrows) that may extend to a total length of about 1.000 m
shown in the LRM (r = 50) (DFM filtered with “dense_veg” setting) combined with MH (DFM fil-
tered with “stone_wall” setting).

The structure comprises a bank some 3-5 m across, which rises to 0.1-0.5 m above
the surrounding terrain. It extends from the intertidal zone of the coastline and runs
straight on an orientation from south-west to north-east and roughly 60° to the coastline
for 600 m with several short breaks (Figure 28). Extending the projected line to the north-
east beyond the limits of Figure 28 there are other elements of what appears to be the same
bank up to a distance of about 1000 m. Field observation at the shore confirmed that it was
a bank built of stones, while further inland it is a largely eroded bank covered by soil
(Figure 29a,b).
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Figure 29. The long straight bank (a) in the inland area where it is heavily eroded and (b) at the
shore where it comprises a bank built of stones indicated by the arrow (collapsed dry stone wall?).
(c) What may be a regular system of field boundaries is evidenced by both well-defined banks (solid
white lines) (d) and very ephemeral remains (pecked lines) (visualization: LRM(20) and cVAT).

Some 75 m to the south-east there is a second bank about 1.5 m across that runs for
140 m in a line parallel to the long bank (Figure 29¢). A 30 m length of it can be followed
on site as a largely collapsed double dry stone wall, which coincides with a parcel bound-
ary of the 19th century date shown on the Franciscan Cadastral Map (Figure 30). In addi-
tion, it could be determined on site that it is stratigraphically older than the enclosure wall
(also shown on the 1821 map) as there is a clear wall joint on the enclosure wall at the
crossing point, as well as signs that the wall also continued beyond the enclosure wall
(Figure 31).
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Figure 30. The wall indicated as a white linear signature in the pOp(10) visualization (a) must be of
older date as it is marked on the transcription of the 1821 Franciscan Cadastral Map (source: Ar-
chivio di Stato di Trieste—Catasto franceschino/Distretto di Cherso/Comune di Punta Croce/mappa
XVI, unita archivistica 383 b 14) from (b) and is stratigraphically older than the enclosure wall (Fig-
ure 31). (c) Remains of the dry stone wall as observed on site (Photo: M. Doneus, 13 April 2022).

i

Figure 31. Wall joint on the enclosure wall at the intersection with the earlier wall in Figure 29a. (a)
View looking north and (b) view looking south. (Photographs: M. Doneus 13 April 2022).
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The ephemeral traces of another linear feature can be observed running north-west
to south-east for a distance of 160 m at right angles to the first bank (Figure 29¢,d). To-
gether, these banks suggest a rectangular boundary system dating to an earlier period
than any other landscape features, though ground inspection is necessary to further elu-
cidate these features and their significance.

In stratigraphic terms, the remains of the stone walls arranged in a rectangular pat-
tern discussed above are cut by all other features that they intersect and are therefore the
oldest features seen in the case study area. However, the actual age of this system cannot
be decided from the ALS-derived models and the Harris Matrix, although similar features
can be observed in the wider surroundings of the case study area. Six similar lines extend
over distances of up to 1000 m from the coastline and are set between 683 and 714 m apart
in five cases, and 352 m from its neighbour in one instance (see Section 5.2.1.).

5.1.6. Other Features of Unknown Stratigraphic Phase

Not all mapped features can be placed in a direct stratigraphic position relative to
other ones. Such features with no evident stratigraphic interrelationships include a group
of five pits west of the case study area (cf. Figure 13c). These were mapped using a com-
bination of MH, nOp(10), and LRM(20) using the “stone_wall” setting filtered DFM. Two
are circular, measuring 6 m in diameter, and are surrounded by a 0.5 m high bank. Ac-
cording to the LRM(20), they are 1 m in depth. The other pits are less regular and at best
roughly circular with depths between 0.5 and 1.5 m (Figure 32).
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Figure 32. A group of pits interpreted as lime kilns and extraction pits (visualization: slope and MH
(DFM filtered with “dense_veg” setting) combined with LRM(20) (DFM filtered with “stone_wall”
setting)).

These features can be interpreted as lime kilns and extraction pits, which are very
common along the coastline in locations close to the raw material, firewood and the sea,
for reasons of easy transport [79] (p. 7). In our ALS-derived DFMs, similar features can be
found all along the coastline between Osor and the tip of Punta Kriza, in most cases lo-
cated directly at the coast. In some areas (e.g., around Martinscica, see Figure 33), their
distribution is quite dense with kilns lying between 70 and 200 m apart.
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Figure 33. Distribution of lime kilns around the archaeological site of Martins¢ica. The western most
symbol marks the site of our case study area, which is outlined in black (visualization: cVAT).

As well as not having any stratigraphic relationships with other features, there is no
information about them on historic or modern maps. In chronological terms, lime produc-
tion can be traced back at least to medieval times and lasted until the first half of the 20th
century [79] (p. 11). In our case, the kilns are clearly overgrown by shrub vegetation in the
1944 aerial photograph which provides at least a terminus ante quem. The use of lime to
prevent downy mildew on grape vines might hint at a potential temporal position of the
kilns in Phase 3 —this remains highly speculative, however.

Another feature that is observed in many locations on Punta Kriza is a rectangular
sunken area measuring 8 by 15 m, enclosed on three sides by single-face stone walls (Fig-
ure 34). It cuts one of the terrace features and is partly overbuilt by a recent single dry
stone wall. Therefore, stratigraphically, the feature in our case study area seems to be
younger than the terraces and older than the modern walls. However, there are no depic-
tions on any of the historical maps, and it is not visible on the 1953 or 2012 orthophoto-
graphs as t is obscured by vegetation. Their function is so far unclear.
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Figure 34. The green structure outlines the rectangular enclosure —see text for further detail (visu-
alization: LRM(20) and cVAT).

5.2. Results: Putting Things in Context

The 20-hectare section of the Punta Kriza peninsula which has been described in de-
tail above reflects in its complexity the economy of the island in past centuries. Exact da-
ting and clear functional assignment of individual structures seem difficult, but some
clues have emerged in the presentation so far. The stratigraphic sequencing has revealed
five different phases, which are presented in this section and embedded in their historical
context. In contrast to the previous section, which foregrounded the diachronic interpre-
tative process, the presentation below follows the common archaeological narrative be-
ginning with the earliest phase while retaining the numbering of preceding sections. As
might be expected, some of the dry stone walls cannot be dated, and those that have rep-
resent the 20-hectare case study area rather than a coherent agricultural or geographical
unit.

5.2.1. Phase 5

The oldest identifiable phase is represented by a 600 m long straight bank oriented
north-east to south-west and roughly 60° to the direction of the coastline (Figures 28 and
29), which might extend to a distance of at least 1000 m. On its own, the feature cannot be
dated based on currently available data. However, elsewhere in the Punta Kriza area rec-
orded using ALS there are other banks that suggest a larger system. Over 9 km extending
from south of the village of Osor to the southern tip of Punta Kriza (Figure 2a), several
comparable dry stone walls can be identified running parallel to each other at regular
distances of about 700 m or multiples thereof.
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Some of these seem to cross the entire peninsula. The separation of 700 m invites
interpretation as a Roman land division, corresponding to the basic unit of division of a
centuria (a square area measuring 710 m square). Roman land division of this kind has
been documented along the Croatian coast from Istria to Dalmatia [19,20,80-82]. In the
case of the island of Cres, so far, no evidence of centuriae is known, nor were they expected.
The Roman town of Osor, to which the territory of Punta Kriza belonged, was not raised
to the rank of a colonia [83] (pp. 79-80) and the associated right to organize and divide the
land in the form of a centuriation is not known to have been given.

However, research into Roman land division on the Croatian coast was not only stim-
ulated but also strongly influenced by aerial archaeology as exemplified by John Brad-
ford’s “Ancient landscapes” [20]. His discoveries of Roman centuriae are primarily linked
to particular types of landscapes, namely those that have been cultivated on a more or less
continuous basis since Roman times, with the Roman dry stone walls integrated into sub-
sequent agricultural boundaries. Visibility and continual use are inextricably linked, as
the use of dry stone walls through the centuries has also ensured their survival through
maintenance and clearing of vegetation. Such landscapes [20] (Figure 40) [42,47] therefore
offer good conditions for an aerial archaeological approach to researching centuriated
landscapes. These patterns of survival and visibility have undoubtedly influenced expec-
tations of how the general Roman land division should look like, and in which ways it
could be recognised in the landscape.

Such a view is unsustainable for two reasons. Firstly, the visibility of dry stone walls
in a region has an influence on perceptions and archaeological interpretation. For exam-
ple, in Istria centuriae are recognizable from the 1:5000 scale Croatian Base Map as they are
still elements of the modern landscape. In contrast, on Punta Kriza progressive abandon-
ment of agriculture has seen the neglect of the dry stone wall systems and the advance of
secondary vegetation. In such a context, the Croatian Base Map shows only some of the
dry stone walls, as only a few can be regarded as features relevant to the contemporary
landscape, and the heavily eroded oldest dry walls are not mapped at all. This highlights
the importance of an appropriate archaeological methodology to explore such landscapes.
Without ALS it would not have been possible to identify the oldest, probably Roman
phase on Punta KriZa, and an approach based on an examination of the Croatian Base
Map, as has long been common in archaeological research (see, e.g., [84]), would not yield
results. Secondly, Roman land division has left many traces, centuriation being only one
of them. Recognition of the limites (lines of division), as they are present in Punta Kriza,
can be perhaps traced back to other forms of land ownership or the extent of the Roman
surveying [85]. Even if the Roman city of Osor did not have the rank of a colonia and the
right to divide the land in the form of a centuriation, there is nothing to suggest that its
territory was not surveyed. The complexity of this question will be explored in a future
publication.

5.2.2. Phase 4

The structures of the succeeding phase divide the study area into two areas (Figure
25). The southern area extends from the sea to about 100 m inland and is characterised by
numerous terraces, most of which run along the slope parallel to the coast. Some of these
also relate to the dry valley in the middle of the study area and thus lie at right angles to
the other terraces. No terracing is found in the northern area, although the terrain contin-
ues to rise to the northeast at the same rate. Moreover, the triangular block at the western
edge of the study area where the lime kilns are located is also devoid of terraces. This
indicates different agricultural regimes. The terraces form a coherent system, with the in-
dividual terrace areas ranging between 300 and 900 m? in extent and were presumably for
the cultivation of olives or vines.

The first concrete information about the economy of the island can be found in the
Statute of Cres and Osor dating to the first half of the 15th century [43] (P. 140) [46]. As
the Statute mentions shepherd’s dwellings, agriculture and animal husbandry (sheep
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breeding) may have been the cornerstones of the local economy much earlier, though they
are first attested in Venetian documents from the 16th century onwards. According to
Strazicic¢ [43], there is no information about the exact size and location of vineyards and
olive groves during Venetian rule on Cres or Punta Kriza. Even though most of the culti-
vated land may have been near the town of Cres, as early as 1666 vineyards are also men-
tioned in the “southern part of the island (where) today only the forest grows” [43] (p.
142).

The 1821 Franciscan Cadastral Map (Figure 21) provides the first clue to the dating
of the terraces. It shows that one part of the terraces were planted with vines, while an-
other was overgrown with maquis. As maquis is secondary vegetation, this indicates that
the terraces may have been used at least in the 18th century. It is no longer possible to
determine what the original form of cultivation was, but both olive trees and vines are
possible, separately or in combination. Land use after 1821, on the other hand, is easier to
reconstruct, as vine cultivation on the Croatian coast, as well as on the European main-
land, was hit hard by vine diseases in the 19th century. After the damage caused by pow-
dery mildew of grape (Oidium tuckery) following 1852, viticulture on Cres recovered be-
tween 1870 and 1890, leading to the increased planting of vineyards also on Punta Kriza
[43] (p. 204). However, already in 1885, a new vine disease (Plasmospora viticola) reached
the island, and the sale of local wines became increasingly difficult as Austrian markets
were opened to Italian wines in 1892. However, the complete decline of viticulture on Cres
between 1890 and the First World War can be attributed to the vine disease Phylloxera
vastatrix, which put an end to viticulture on Punta Kriza, as confirmed by contemporary
witnesses [43] (p. 205, footnote 136).

The northern part of our case study area appears to have changed little through time
and has been characterised by woodland (holm oaks) since at least the 1940s. It may there-
fore be possible that this area was already designated as woodland from Phase 4 onwards.
The very hard wood of the holm oak is suitable for firewood and may have been used for
the numerous lime kilns (Figure 33). In this context, it is worth mentioning that lime was
used to prevent downy mildew on grape vines. The location of the trees north of the ter-
races might additionally have functioned as a shelter for growing vines against the strong
northern wind (Croat: bura).

5.2.3. Phase 3

In the southwest of the case study area, some of the terraces seem to be built over by
a double dry stone wall and must be of older age (Figure 27), though this stratigraphic
observation could not be verified during field visits. Therefore, the double walls from the
next youngest phase could be directly related to the terraced area, as they are enclosed as
well as the woodland in the north. Kremeni¢ [7] (p. 49) points out that double walls, due
to their stable construction, were popular for fixed and permanent boundaries of, among
other things, plots of land and agricultural areas and mentions low double walls as “indi-
cators of grapevine cultivation” [7] (p. 194). This would be consistent with the 1821 Fran-
ciscan Cadastral Map which shows a vine-growing area. Enclosing a forest area as well as
a vineyard with solid double dry stone walls would also provide protection against free-
roaming animals such as wild boar.

Some of the walls mapped in 1821 can be traced in the DFM and as collapsed stone
walls on site. Some of the walls were re-used afterward. The bounding wall (Figure 13a)
has survived to the present (for an on-site photograph, see Figure 35). To this phase be-
longs also a building directly at the coast that was first mapped in 1821; it is visibly still
roofed in the 1953 orthophotograph and is in ruins today.
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Figure 35. Bounding wall photographed at the point where it meets the coastline. The wall is de-
picted on the 1821 Franciscan map and remained in use until recently (Photo: M. Doneus, 1 Septem-
ber 2021).

5.2.4. Phase 2

Phase 2 is characterized by massive stone deposits resulting from clearance activities
confined to the terraced southern part of the case study area (Figure 15b). Stratigraph-
ically, these overlie both double dry stone walls and terraces. However, we have no indi-
cation of the period of time between the building of the double walls and the first clear-
ance activity, which might have been short. Since clearance is an ongoing process, the
creation of these massive deposits may be the culmination of long periods of activity
and/or discrete episodes interspersed across time.

Clearance activities might be seen in connection with wine growing and the arrival
of phylloxera, which made changes in agricultural practices necessary. In the first half of
the 20th century, for example, new wine varieties from the USA were introduced as an
attempt to save viticulture. This introduced variety required deeper soils and this would
have led to increased clearance activities, which may also apply to Punta Kriza. Although
this is not documented for the study area, records from other island regions show that the
effort did not yield the intended outcome. “The American” was too demanding in terms
of soil conditions and care, for which the necessary labour force was not available due to
emigration [43] (p. 204). In the long term, therefore, viticulture was abandoned or replaced
by olive groves.

The 1944 aerial photograph, and much more clearly the 1953 orthophoto, shows a
plantation of olive trees set in rows spaced between 5 m and 8 m apart that extended over
the entire area of the terraces and thus also occupied the vineyard area of 1821. Some of
the olive trees still survive today (Figure 16E). It seems, therefore, that also in Punta Kriza
in response to phylloxera, vines were abandoned and replaced by olive trees. Cres was well
known for its olive oil, which was regarded as being of the highest quality [9] (p. 9). Both
photographs also show the densely forested holm oak area in the north that still exists
today.
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5.2.5. Phase 1

The most recent phase is represented by modern single-faced dry stone walls seem-
ingly built on top of the massive stone deposits surrounding the olive tree plantation,
while double walls enclose the area of the holm oaks. They might indicate a change of a
previously only agrarian land into agro-pastoral use. These thin walls still stand to heights
of between approx. 0.5 m and 2 m. They are mapped on the Croatian Base Map (produced
after 1954 with a recent update in 2010) and are seen as an indicator for sheep farming [7]
(p. 49). Keeping sheep within an olive tree plantation is known from the 1920s on the
island of Cres, and recognised as beneficial being introduced around the city of Cres in
1956 [9] (p. 7). The single walls on top of the massive clearance deposits might therefore
hint at this kind of agro-pastoral use. The rectangular 8 by 15 m structure (Figure 34) might
be seen as a sheep shelter in connection with this phase. However, it is not located at the
corner of the parcel as would be usual. Today, with the exception of the holm oaks in the
north, the area is covered by secondary vegetation caused by several decades of agricul-
tural abandonment.

6. Discussion

The results presented above show a complex, multi-layered landscape, albeit a dis-
crete area. Despite the fact their material basis is long-lasting, dry stone structures are
often subject to decay, robbing, rebuilding, and reshaping. This is especially true of field
systems, whose material remains are usually highly complex aggregations of events and
processes of which only aspects are observable archaeologically. It is thus unsurprising if
such landscape remains are inherently chaotic. The challenge presented by this inherent
characteristic of the field remains is magnified many times if overgrown by dense vegeta-
tion and difficult to access and investigate.

Fortunately, we can document this kind of landscape with airborne laser scanning,
providing detailed digital feature models that provide a representation of the terrain,
whether archaeological in origin or not. These DFMs can be visualized using a variety of
techniques resulting in informative and aesthetically appealing images, with the cVAT
visualization in Figure 2d, for example, extremely useful and easily understood. However,
these visualizations do not stand by themselves. Where the objective is to develop detailed
landscape understanding, the data need to be interpreted by knowledgeable persons with
expertise in the relevant field of research, as it is only such detailed examination of the
data that provide the requisite information.

Underpinning this approach is a thorough understanding of data characteristics and
methods, aspects of which are often a black box of unstated assumptions. Obtaining an
optimal dataset in a challenging landscape as is presented here (coastal area and dense,
evergreen vegetation) is difficult, if not unrealistic. The green laser is not ideal for scan-
ning through the dense vegetation on land. Firstly, a green laser with a small footprint can
only be operated with low energy due to eye safety risks, and secondly, the laser is tilted
forward by 20° to the direction of flight. Neither characteristic is ideal when it comes to
penetrating dense vegetation (see [59] (p. 9972)), though useable data was nevertheless
produced. However, it has been applied during a methodological study to document both
terrestrial and submerged archaeological terrain structures in high detail in 3D. This al-
lows for the inclusion of shallow-water zones into our interpretation, which is important
as the case study area is in a coastal setting. Even though our case study did not contain
any submerged structures, numerous traces can be found further along the coast [50]. Ide-
ally, the area should be documented with both a green and an infrared laser, but this
would have been beyond our financial reach. For our interpretation, we had to use avail-
able data—a ‘real world’ scenario rather than an ideal one. Still, the crucial issue here is to
understand the character of the datasets and so assess potential impacts on interpretation;
see also [86,87].
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When working with ALS it is important to understand that any classification of a
point cloud and the subsequent ground point filtering is based on custom specifications
and processed using specific algorithms and settings. Any DFM is therefore the result of
interpolation of a filtered point cloud, which may have a highly uneven point distribution
(e.g., see Figure 6a). Therefore, the shape of objects is to a certain extent incompletely cap-
tured and thus the feature “model” may not directly represent reality (it is a “model” after
all). For example, terrace risers are vertical features and should appear in any visualiza-
tion without horizontal displacement as steps. Due to the relatively low point density and
the resulting DFM with a ground sampling distance of 0.5 m, terrace risers appear as low
embankments, as can be seen in a cross-section (Figure 24a) and are therefore mapped as
polygons instead of linear features (Figure 25). In very densely overgrown areas, where
ground point filtering becomes extremely difficult, the shape of objects may be distorted
(e.g., the 6 m x 4 m rectangular ruined building in Figure 22d) or they may be entirely
missing. Furthermore, the shapes of objects may appear differently in various visualiza-
tions and the final mapping may differ slightly depending on the visualization or combi-
nation of visualizations used. This shows that, just as a DEM is only one of many possible
models of terrain, an interpretative mapping is essentially a model of reality. The robust-
ness of that model will reflect the care taken to understand issues such as the parameters
for data processing and other aspects of the workflow, a key point that lies behind the
stepwise explicit approach described above.

In this context, it is important to recognize the strength and weaknesses of particular
data sources or approaches to interpretative mapping. Thus, while desk-based interpreta-
tion of DFM-derived visualizations allows the user to view the landscape in a multitude
of ways that cannot be achieved on the ground, field observation introduces bodily en-
gagement with the remains and the capacity to examine matters of detail. This highlights
the importance of recognizing that any archaeological interpretation of prospection data
is an iterative process that is at its most effective when it generates both questions and
answers. This should be a key contribution to archaeological prospection—that interpre-
tative mapping and understanding is a prerequisite to formulating competent research
questions that may be addressed by other techniques (e.g., excavation). In this position,
the contingency of an interpretation is recognized as a statement of current knowledge
based on methodology and technology. Thus, to a certain extent, what we map is provi-
sional but should also be regarded as a rigorously developed hypothesis of the landscape
evolution of the case study area built on archaeological interpretation and placed in a his-
torical context. This presents a general narrative that advances landscape understanding
but also serves as a basis for formulating further research questions. Crucially, by apply-
ing the methods described above, an interpretation is transparent and repeatable, and can
be challenged, modified, discarded or verified as new evidence comes to light.

The case study presented here is based on a stratigraphic analysis of dry stone struc-
tures in a specific landscape type, in which interpretation and mapping are very challeng-
ing. Nevertheless, the complexity of numerous overlapping and temporally staggered fea-
tures can be interpreted archaeologically through an appropriate methodological ap-
proach. To do this, in addition to mapping the individual features in a spatial database, it
is necessary to represent their temporal dimension, in this case by using a Harris Matrix.
The capacity to resolve overlapping objects stratigraphically in a DFM is essential for di-
achronic interpretation.

The stratigraphic sequence developed has to be regarded as a (logically correct)
model that is being proposed and reviewed in the field. Although confirmation is not al-
ways possible using our non-invasive approach, our proposed model is an evidence-
based, coherent narrative governed by (stratigraphic) rules. In our case study, the evi-
dence could be chronologically divided into five phases that can be translated into a his-
torical narrative, albeit the division of phases or time periods is simplified and idealised
in many respects. While this simplification is essential to rationalising this complex dry
stone wall landscape, the reality is certainly even more complicated. Individual objects
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may not have been present throughout the entire phase, may have been altered, or may
have overlapped with the preceding or subsequent period. Thus, the division into phases
made here can encourage thinking that does limited justice to the complexity of processes
in the landscape over time and across space. Even with clues to a more detailed chrono-
logical classification of individual phases, dating of landscape features is complex and
may rarely provide ‘absolute dates’ —especially when the process-driven elements of the
landscape (soils, terraces, stone clearance) by definition may mix material from many pe-
riods and can aggregate in deposits that might be judged to be a “phase’; see also [78].

In exploring such landscapes, field observation was crucial, and without it, our inter-
pretation would have looked quite different. The type of dry stone walls (e.g., single or
double), for example, would have been difficult to distinguish without interpretation keys
collected during field observation, while stratigraphic evidence in the form of wall joints
or different stone material can only be observed on site. Due to the difficulty of the terrain,
the entire area could not be studied in detail on site. Thus, field visits initially concentrated
on the western part of the case study area, where most of the stratigraphic interrelation-
ships were already identified during the desk-based interpretation. So, while additional
field observation would have been helpful in some cases, for the most part, the combina-
tion of desk-based mapping and targeted field observation to address specific questions
worked effectively. The 10-year gap between the acquisition of the laser data and the field
visits did not appear to have had much impact. No major alterations in terrain were de-
tected, and we did not observe any instances where changes in individual features (e.g.,
the collapse of drystone walls) would have affected our interpretation.

As with all other prospection techniques, thorough interpretation of ALS-based
DFMs requires contextual information provided by contemporary and historical aerial
photographs, thematic and historical maps as well as ground visits. A source critical ap-
proach has been taken to all these sources (see also [88]), for example in acknowledging
the implications that historical maps are interpretative and selective representations of the
world mediated through the lens of the context in which they were created and the objec-
tives of mapping [89]. They will only show features relevant to the original mapping pur-
pose. The Croatian Base Map, for example, does not show the entirety of dry stone walls.
Decayed walls and walls difficult to see and access under dense canopy seem to be miss-
ing. The Franciscan Cadastral Map only depicts land use that was relevant for taxation
purposes. The cadastral boundaries are mapped as lines without any specific signature
that might give a clue on their physical manifestation (e.g., fence, dry stone wall). There
is no topographic information nor a hint of the terracing of a field. It is also important to
understand that if an object (e.g., a hollow way or path) does not show up on a map, it
does not necessarily imply that it was not present at the time of mapping. If it is depicted,
it was present, probably in use, and fell within the scope of the mapping. If such an object
can be identified in our ALS-based DF}, it provides a temporal anchor both in the GIS
map and in the Harris Matrix.

7. Conclusions

The case study described above clearly demonstrates the value of airborne laser scan-
ning for landscape archaeology, providing a detailed understanding of a complex suite of
remains. While the remains mapped across the study area do not conform to some con-
cepts of traditional archaeological ‘sites’, interpretative mapping has provided extensive
archaeological information for at least five phases of agricultural and industrial use of
what might be characterized as “non-site” areas. The development of a coherent and ex-
plicit narrative has been built on the understanding of issues such as the characteristics of
the terrain model and its derivatives, considerations of scale and levels of detail, and se-
lectivity about what to interpret. A fundamental point is that the mapping has benefited
from a decision to proceed stratigraphically, as far as possible, by first mapping the young-
est (recent) objects and progressively older structures intersected by them. Validation of
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the procedure is provided by a simultaneously edited Harris Matrix, which allows spa-
tially disparate features to be articulated in a common framework and immediately shows
possible stratigraphic misinterpretations. Such an approach requires a good understand-
ing of a feature’s context and temporal sequence before mapping it which is based on
indispensable additional data sources such as modern and historic orthophotos and maps.
Throughout, a source-critical approach is required, as exemplified in this case study by
the attention paid to this issue with respect to the ALS dataset.

The landscape of Punta Kriza is without question complex and undoubtedly messy
[90], but it is also rich in information about its past. While such landscapes are challenging
to interpret, the application of the concepts and methods described above provides an
explicit and accountable approach to identifying the order and patterning that is evident
and placing what can otherwise appear chaotic in a broad framework that supports fur-
ther exploration. In this respect, the multitude of features mapped in a postage stamp-
sized study area of only 20 hectares on the Croatian coast brings to light a multi-layered
archaeological landscape that has the potential to change our view of the region. Moreo-
ver, the approach applied has clear relevance to the challenges of dealing with such com-
plexity in landscapes wherever it may occur.
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