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Monitoring directions and rates of change in trees outside forests through
multitemporal analysis of map sequences

Abstract

This study explores the potential of historical maps to detect, measure and monitor changes of
trees outside forests. The main goal is to assess local-level changes of scattered trees and
orchards and their land-use determinants in two areas in Southern Germany between
1901/1905 and 2009. Firstly, overall landscape changes are recorded. Secondly, the spatial-
temporal trajectories of scattered trees and their land-use determinants are identified. Thirdly,
changes in quantity and fragmentation patterns of traditional orchards are analyzed in their
relationship to overall land-cover change. The results confirm major losses in scattered trees,
mainly due to urbanization, agricultural intensification, and land abandonment. They further
reveal that, while orchards have persisted in total area, they have undergone critical changes
towards a simplified landscape structure and loss of the traditional land-use mosaic, which is
a characterizing feature of high nature value landscapes. Multi-temporal assessment showed
that most trends have been continuous and did not change directions over time, but rather
accelerated during periods of rapid change (most dramatically in the 1950-1990 period). The
case of orchards and scattered trees illustrates a major problem of cultural landscapes in
Europe: Semi-natural landscape features of high nature value are threatened by both
intensification and abandonment of land uses. This makes their conservation a potentially
costly enterprise, as both opportunity costs for lost alternative land uses and for conservation
management costs arise.
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1 Introduction

Over the course of the 20™ century, central European cultural landscapes have experienced
pivotal transformations, both in terms of landscape composition and spatial configuration
(Feranec et al., 2010; Vos & Klijn, 2000). To understand the underlying drivers and processes
of landscape change and to inform policy and planning instruments to respond to these
changes, the determination of directions and rates of landscape change is essential (Calvo-
Iglesias et al., 2006). However, rates of change have only recently come to the fore of
landscape research (Schneeberger et al., 2007), and most ecological studies have analyzed
only bi-temporal landscape changes (Gillanders et al., 2008). Particularly understudied are the
multitemporal trajectories of so-called ‘trees outside forests’ (FAO, 2000). In the central
European setting, these comprise (a) a diversity of individual scattered trees and shrubs
(hedgerows, tree rows, woodlots, copses, isolated trees and tree groups etc.) and (b) formal
agroforestry systems (mainly orchards).

Scattered trees are composed of usually native or naturalized woody species, intermingled
into croplands, grasslands, and wastelands. In the landscape they are spatially arranged either
as point (e.g. isolated trees), line (hedgerows, alleys, riparian buffers), or clustered (e.g.
woodlots, tree groups) features (Plieninger, 2011). Orchards represent a land-use system
composed of open stands of standard fruit trees within gardens, meadows, or crop fields. The
most common fruit trees are apple, pear, plum, and sweet cherry, planted at a density of 20 -
100 stems per ha. As a general feature, the trees have a minimum stem height of 160 cm to
allow for sound utilization of the ground below tree canopies (Eichhorn et al., 2006). This
region-specific and traditional type of orchard is spread across 11 central European countries,
with a total of about 1 million hectares (Herzog, 1998).

Both scattered trees and orchards have become appreciated as a source of biodiversity and
ecosystem services, both in agricultural (Manning et al., 2006) and urban landscapes (Jim &
Chen, 2009). Many are of considerable habitat-conservation value, as they represent patches
of native or semi-natural habitat within an agricultural matrix. They offer food resources
(particularly winter food supplies), nesting areas, and physical protection for many animal
species (Freemark et al., 2002; Hinsley & Bellamy, 2000). Moreover they are able to provide
connectivity between forests, woodlands, and other semi-natural habitats that is often
critically important to sustaining metapopulations of wildlife (Grashof-Bokdam et al., 2009).
Outstanding ecosystem services comprise climate regulation (e.g. through carbon
sequestration), water regulation (through flood control), erosion control and water purification
(through filtering biocides, fertilizers, and sediments out of agricultural runoff) (Plieninger,
2011). Cultural services of landscapes can be greatly enhanced by scattered trees and orchards
in terms of inspiration, aesthetics, sense of place, recreation and tourism (Weller, 1996). Trees
outside forests are important carriers of land-use legacies and witnesses of landscape history,
as they relate to past land-use patterns and processes (Clare & Bunce, 2006; Skalo§ &
Engstova, 2010).

Study of the change trajectories of orchards and scattered trees is important due to the
ecosystem services that they provide and their presumed worldwide degradation (Fischer et
al., 2010; Plieninger et al., 2010). However, common patterns of severe reduction of scattered
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trees have been described only qualitatively (Eichhorn et al., 2006). Existing quantitative
analyses of certain types of trees and woodlands outside forests (e.g. hedgerows or
silvopastures) mostly refer to the time from the 1950s onwards, when aerial photographs and
satellite imagery became available (Kristensen & Caspersen, 2002; Plieninger & Schaar,
2008). Neglect of the study of long-term dynamics, however, runs the risk of missing
potentially decisive periods of tree gain or loss. Only a few studies have mapped and
quantified scattered tree trajectories at a regional scale and these only for specific elements
within the definition of trees outside forests (Deckers et al., 2005; Skalo§ & Engstova, 2010).

The only spatially explicit sources reaching back in time farther than the past 50 years are
topographic maps (Bender et al., 2005), which additionally offer the opportunity to acquire
repeated measurement of the same area on a regular basis (Vuorela et al., 2002). In the present
study, I consider the advantage of historical maps to detect, measure and monitor changes of
trees outside forests. The main goal is to assess local-level changes of orchards and scattered
trees and their land-use determinants in two selected areas of Southern Germany between
1901/1905 and 2009. Firstly, overall land-cover changes are recorded. Secondly, the spatial-
temporal trajectories of scattered trees and their land-use determinants are identified. Thirdly,
changes in quantity and fragmentation patterns of traditional orchards are analyzed in their
relationship to overall land-cover change. The information generated in this study will be a
useful basis for analyzing underlying drivers of change and designing appropriate
conservation and restoration strategies.

2 Material and methods

2.1 Study areas

The Swabian Alb in southern Germany (48° 24°N, 9° 12° E) is a low mountain range (highest
peak: 1,015 m asl) that was declared a UNESCO Biosphere Reserve in 2007 (Fig. 1). It is of
jurassic origin and expands across a distance of approximately 200 km from the Southwest to
the Northeast. Climate is temperate, with average annual temperatures between 4 and 7°C and
up to 1,000 mm of annual precipitation. A geographic elevation up to 400 m in height - the
Alb Escarpment - runs along the entire Northwestern border and divides the area into a
foothill area and a plateau area. Due to its proximity to the Stuttgart metropolitan region, the
foothills are at the rural-urban interface, they are densely populated and main economic
centers. This area exhibits steep river valleys whose slopes are mainly used for fruit-growing.
The plateau is more remote and characterized by relatively harsh climate and soil conditions
and lower population densities.

Taking the diversity of regionally available scattered trees and orchards into account, two
municipalities were chosen as study areas. In the context of a larger interdisciplinary research
project on ecosystem services in cultural landscapes (http://www.ecosystemservices.de)
Unterlenningen and Zainingen had been identified as representative communities for foothills
and plateau in terms of ecological properties, prevailing land-uses, demography, and socio-
economic characteristics. The Unterlenningen area is mainly located in the foothills, which
harbour the largest contiguous orchards in Europe (Fig. 2a). The other area, Zainingen, lies on
the northwestern plateau of the Swabian Alb. Hedgerows, shrublands, isolated trees, tree
groups, and alleys are commonly intermingled into grasslands and croplands there (Fig. 2b
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and 2c¢). This plateau area will be used to specifically assess the trajectories of individual
scattered trees. Many of its prevalent configurations of scattered trees (hedgerows, woodlots,
etc.) are protected by state conservation law, but in contrast to Unterlenningen it does not
contain any orchards.

2.2 Data sources

The basis for this landscape analysis were sets of standardized topographic maps at 1:25,000
scale (dates: 1905, 1930, 1955, 1967, 1979, 1989, 1998, 2009 for Unterlenningen; 1901,
1910, 1923, 1932, 1958, 1966, 1979, 1989, 1999, 2009 for Zainingen). The oldest maps
created using modern survey methods dated from 1901 and 1905, which determined the
starting time period. Earlier maps usually do not allow the analysis of landscape
microstructure due to spatial errors and inconsistent symbologies (Skalos et al., 2011). The
topographic maps were created by the Wiirttemberg State Statistical Office and are today
published by the Baden-Wiirttemberg Land Survey Administration. Specified dates refer to
the year that the respective map was published. To increase accuracy, the study area was
limited to those parts of the communities that were contained within one map sheet. The
extent of these study areas is 982 ha (Unterlenningen, map sheet 7422) and 1,228 ha
(Zainingen, map sheet 7523). Scanned maps were obtained from the Baden-Wiirttemberg
Land Survey Administration and the Wiirttemberg State Library and georectified in ArcGIS
9.3. Root mean squared errors were between 1.5 and 4.8 m (mean: 3.3 m). The division of
map sheets and the use of Gauss-Kriiger coordinates were uniform throughout the time
sequences. The symbologies of the maps were largely consistent. Maps from 1901, 1905 and
1910 did not exhibit an explicit legend, but the symbols used were identical to those of
subsequent maps. Symbologies were slightly changed between 1979 and 1989: ‘Grazing lands
were taken out of ‘wastelands’ and integrated into ‘grasslands’ (which had little influence in
the study areas, as wasteland area was small both in 1979 and 1989), and scattered trees were
not distinguished any more into ‘fruit trees’ and ‘forest trees’ (therefore this distinction was
not taken on in the study). The map-based analysis was interpreted through ancillary sources
of historical ecology (Egan & Howell, 2001), including agricultural statistics, observational
field evidence, local literature on landscape history, and three interviews with local experts on
conservation and land-use history.

2.3 Land-cover and tree classes

For each area, vector GIS models were built-up in which data of two types were recorded:
land-cover classes (polygon features) as reflection of the biophysical state of the real
landscape (Feranec et al., 2010) and scattered trees (point features). For each period, a total of
eight broad land-cover classes were digitized manually on the basis of map symbologies:
Forest, urban, cropland, wasteland, orchard, grassland, vineyard/hops, and quarry. The
‘wasteland’ category was the most heterogeneous and included heathlands, shrublands,
unproductive lands, and (until 1979) grazing lands. Separate layers were created for each time
step, beginning with 2009 and working backwards to the earlier layers. The area of each land
cover class was analyzed from the digitized maps with ArcGIS and calculated in percent of
the study area. The uniform °‘single tree’ label used in map symbologies for scattered trees
was used to depict individual trees, tree groups, alleys, tree rows, hedgerows, and copses. The
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resulting maps represent both land cover and the spatial structure of scattered trees for each
time step and study area.

2.4 Scattered tree analysis

The evolution of scattered tree abundance over time was standardized into figures of trees per
km?. These were converted into raster data (plot size: 1 ha) to account for presence or absence
of tree-covered land. As scattered trees may be represented with different degrees of accuracy
on the maps, monitoring absence/presence on the 1 ha plots has been assumed to be more
reliable than counting individual trees. Doing so helps to distinguish actual change from
interpretation errors: for example, if a shrubland has been symbolized by two trees in an older
map, but by only one tree in a more recent map. General accuracies for the generated 1 ha
plots were evaluated for the 2009 layer by comparing the mapped data to the presence of
scattered trees as found for the same location in high-resolution orthophotographs from 2008.
All plots not covered by cropland, grassland or wasteland were included in the accuracy
assessment, resulting in 178 reference plots for the foothill and 971 reference plots for the
plateau area. Overall agreement of the classification with the data obtained from orthophotos
was 70.8% for the foothill and 85.9% for the plateau area. On 6.7% (foothills) and 2.1%
(plateau) of the reference plots, map-based analysis had classified scattered trees although
aerial photography showed that there weren’t any. On 22.5% (foothill) and 12.0% (plateau) of
the reference plots, map detection had suggested that plots were tree-less although detailed
analysis of orthophotographs actually found scattered trees. All in all, the number of plots
containing scattered trees was 68.3% (foothills) and 78.9% (plateau) higher than estimated
from the maps.

When more than four trees were exhibited in a linear form (particularly along roads), they
were additionally sampled and displayed as linear features (alley/tree row). The relationships
between the abundance of scattered tree plots (and alleys/tree rows) with the extent of
important land-cover classes over time (n=10) were analyzed using Spearman’s rank
correlation. All scattered trees plots in the 1901 Zainingen map in the test were included
(n=291). A nonparametric Mann-Whitney U test was applied to compare spatial patterns of
scattered trees that were lost from 1901-2009 in the plateau area with those that persisted. An
array of continuous parameters was used as independent variables (increase/decrease of
grassland, wasteland, cropland, forests, and built-up land in the respective 1 ha-plots from
1901-2009). Here the aim was to relate loss or persistence of scattered trees to overall land-
use changes such as agricultural intensification, agricultural extensification, and urbanization.
Differences of p<<0.05 are taken as significant.

2.5 Orchard analysis

In addition to the calculation of orchard cover change over time, changes in the spatial pattern
of orchards were quantified through standard landscape metrics at class level (mean patch
size, patch density, mean patch distance, largest patch index, total and relative adjacency
index) to allow for the detection of temporal patterns of landscape change (Haines-Young &
Chopping, 1996). The development of orchard fragmentation over time was assessed using
morphological spatial pattern analysis (Ostapowicz et al., 2008) that categorizes orchard
pixels (size: 10 m x 10 m) based on their proportion and connectivity within a moving
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window. Land cover from each map was overlaid, and the corresponding change from one
land-cover class to another was derived for each patch. Based on this information, cross-
tabulation of land-cover classes between the 1905 and 2009 period revealed the most
important sources of gain or loss of orchards. Observed transition rates (based on area values)
were contrasted to those rates that would be expected from a random transition (Pontius et al.,
2004). Only transitions where observed rates were larger than expected rates were considered
as systematic transitions. A map of persistence and changes of orchard distribution was built
up by adding binary change/no change maps for the whole study period.

3 Results

3.1 Changes in land cover

In the foothill area, orchard was the dominant land cover across all periods from 1901 to
2009, whereas in the plateau area it was arable land (Fig. 3 and 4). Both land-cover types
remained relatively stable over time. Forest cover increased only moderately (15%) in the
foothills, but grew by 74% on the plateau area. In both areas, the area covered by built-up
land increased heavily, reaching 305%-310% of their 1901/1905 extent by 2009. Also, there
was a strong decline in the area of grassland (42% and 46%) and wasteland (45% and 71%) in
both areas. In the foothills area, vineyards and hops plantations were created at the end of the
19™ and the beginning of the 20" century, but were completely abandoned between 1905 and
1930. Both areas underwent the most important area changes after the 1950s (in particular
loss of cropland and expansion of urban areas in the foothills) and 1960s (in particular loss of
grassland and expansion of forest and urban areas in the plateau), although all periods
exhibited land-cover dynamics. Change trajectories were relatively continuous and
unidirectional.

3.2 Frequency changes, patterns, and trajectories of scattered trees

The numbers of plots with trees scattered across farmland, grassland, and wasteland were in
strong decline in the foothills (73%) and on the plateau (58%) from 1901 to 2009 (Fig. 5).
The strongest losses were experienced by alleys and tree rows. The greatest decreases
occurred in the 1980s for scattered trees and in the 1970s for alleys and tree rows. In the
plateau area, the prevalent trajectory for scattered trees (66% of plots) is a loss of trees from
1901-2009, concentrated in areas close to settlements, traffic infrastructure, and forests (Fig.
6). Only 16% of plots were persistently covered by scattered trees, while 19% of plots
represented newly established plots of scattered trees, mostly on arable land.

The results of correlations over 10 time layers show that the decrease of scattered trees on the
plateau area was significantly associated with forest expansion, increase of built-up land, and
the decrease of wastelands and grasslands (Table 1). For alleys and tree rows, these temporal
associations were even stronger. Nonparametric testing of the spatial associations of 291 plots
covered by scattered trees in 1901 drew a similar picture: Grassland decline, increase of
forests, and increase of built-up land were much stronger on plots where trees had been lost
compared to plots with persistent scattered trees (Table 2). However, no significant difference
was found for the decrease of wastelands and croplands.

3.3 Area changes, patterns, and trajectories of orchards
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Orchard area increased in the foothills by 16% from 1905 to 2009. Orchard fragmentation
analysis showed that mean patch size of orchards strongly increased over time (19.4 ha in
1905; 72.0 ha in 2009), while density decreased from 1.6 to 0.5 patches per km? within the
same period. By 2009, 59.6% of orchard area was within one large patch. Mean distance
between patch edges increased from 39.0 m to 44.2 m. Morphological spatial pattern analysis
confirmed a continuous process of defragmentation (Table 3). The proportion of core
orchards increased from 73% to 89% between 1905 and 2009. During the same time, the
share of edges, islets, and other fragmented types of orchards decreased from 27% to 11%.
Connectivity between core orchards through so-called bridges declined from 1% to 0%.

Five major orchard change trajectories were identified through overlay of eight temporal
layers of orchard areas from 1905 to 2009: (A) areas of long-term persistence (275 ha), (B)
increasing orchard cover (57 ha), (C) decreasing orchard cover (104 ha), (D) turnover (areas
that showed two or more changes across the seven periods analyzed) with orchard in 2009 (29
ha), and (E) turnover without orchard cover in 2009 (20 ha). Loss areas are mainly
concentrated on the surroundings of settlement areas, while areas of increasing orchard cover
are distributed across the outskirts of the municipality (Fig. 7). Type E is also concentrated in
the vicinity of urban areas, while type D is frequently close to type A and B.

Orchards experienced both progressive gains and losses in area between 1905 and 2009, with
gains (113 ha) being larger than losses (70 ha). Three systematic sources of gain to orchards
from 1905 to 2009 were found: the abandonment of croplands (67 ha), vineyards and hops
plantations (26 ha), and wastelands (16 ha) (Table 4). Systematic losses were due to
conversion into urban areas (43 ha) and forest expansion (9 ha). Vineyard conversion was
limited to the 1905-1930 period, whereas croplands and wastelands were converted
continuously over almost all periods. The largest absolute orchard losses were experienced in
the 1955-1967 (37 ha) and the 1967-1979 (35 ha) periods, largely due to conversion into
urban areas. The biggest gains (72 ha) were found from 1955 to 1967 (mainly through
conversion of croplands), but also in the 1905-1930 period (41 ha, with conversion of
vineyards and hops plantations being the most important process) and in the 1979-1989
period (43 ha, with cropland abandonment being the major force). During the last studied
decade, both loss and gain rates became smaller. The absolute adjacency index of orchards
decreased by 56% from 1905 to 2009, due to the overall decrease of orchard edges. Most
orchards were adjacent to cropland, forest, vineyards, and hops plantations in 1905. In 2009,
cropland and forests still shared most edges with orchards, but urban areas had increased
enormously in adjacency, from 4% to 20% (Table 5).

4 Discussion

4.1 Directions and rates of landscape change

This study examines the dynamics of small woody landscape elements in the context of
overall land-cover change in a temperate area of Europe (most previous studies of scattered
trees focused on Mediterranean Europe, for example Costa et al., 2009). The trajectories of
individual scattered trees in the study area corresponded to patterns of uniform decline during
the second half of the 20" century particularly exhibited by hedgerows in other European
cultural landscapes (Burel & Baudry, 1990; Deckers et al., 2005; Petit et al., 2003). The most
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conspicuous development in the study area is that alleys have vanished almost completely
from the landscape. Most of these alleys had been planted with fruit trees, ashes, maples,
rowan, whitebeam and other tree species between 1780 and 1850 for the provision of fruit,
firewood, and shade for pedestrians and draft animals. During interviews, local experts
emphasized that during the studied period few efforts were made to replant a following cohort
of saplings, as society no longer appreciated the benefits of alleys. Further declines were
caused by clearing in the course of road enlargements, straightenings, and other construction
works and also due to concerns for road safety. Besides alleys, many individual fruit trees and
hedgerows were also lost in the area (Ressel & Zimmerer, 1989). Both temporal and spatial
analysis showed significant congruencies of the retrogression of scattered trees with (a)
expansion of built-up land (that affected alleys and fruit trees around settlements), (b) forest
increase (which replaced hedgerows and shrublands through natural succession and
afforestation, mainly with spruce) and (c) decrease of once tree-covered wastelands and
grasslands. However, the present study also reveals certain gains in scattered trees that could
partly compensate for losses. Interviewees stressed that hedgerows and copses of blackthorn,
dog rose, hawthorn, and other shrub species had established themselves spontaneously by
succession along the edges of fields and roads, on clearance mounds, and other sites where
crop cultivation or sheep husbandry had once been more intensive than today. The ‘swapping’
of gains and losses is typical for scattered trees in linear or small-scale structures, the
dynamics of which are significantly influenced by changing land uses in adjacent areas
(Sklenicka et al., 2009).

In contrast to the national trend in Germany (Eichhorn et al., 2006; MLR, 2009), orchard area
in the study site was locally persistent and even increased slightly from 1905-2009. Analysis
of systematic landscape transitions allowed the linking of patterns of orchard gain and loss to
underlying processes of landscape change (Pontius et al., 2004). Systematic gains were due to
the abandonment of crop cultivation, viniculture, and hops plantation. These findings were
confirmed by local experts, who ascribed the increase of orchards in the foothills to the
abandonment of vineyards as a consequence of an invasion of grape phylloxera and of arising
competition with wine production from the Rhine area from the end of the 19™ century
onwards. Later, fruit trees were planted on fields, as orchards are far less labor-intensive than
arable crops and can be managed by part-time farming (Maildnder, 2005). Losses were caused
both by intensified (urbanization) and extensified (conversion into forests) land-uses.
Adjacency analysis (Table 5) showed that village edges increasingly connect to orchards,
which makes them even more vulnerable to land development in the future. Conversion to
forest indicates that many orchards have been partly or fully abandoned due to lack of
profitability. Local experts confirmed that many fruit trees are overaged, lack regeneration,
and are overly neglected in the remaining orchards. This ‘extinction debt’ (Kuussaari et al.,
2009) may accelerate future losses of orchards, as the survival of aged fruit trees over many
years conceals that stands are committed to extinction without tree regeneration. However,
changes in the spatial arrangement of orchards were much stronger than their overall area
changes. All indicators used point to a sustained spatial defragmentation; by 2009, the
remaining orchards were concentrated in just four large patches. On the one hand, this trend
towards larger units of land cover may increase habitat suitability for disturbance-sensitive
animal species. On the other hand, it can be understood as a large-scale simplification of
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landscape structure (Geri et al., 2010; Persson et al., 2010). The strongly reduced length of
total orchard edge indicates that the amount of ecotones (which are regarded as the most
valuable habitats in cultural landscapes; von Schnakenburg & Schmieder, 2007) — has
strongly decreased. By dissolving away from the traditional land-use mosaic of meadows,
pastures, arable land, hops plantations, and heathlands, orchards in the study area have
followed the trend of agricultural upscaling (facilitated by land-consolidation projects and by
concentration processes in agriculture). However, there are no studies yet that relate the
simplification of orchard structure to richness and composition of animal and plant species.

The analysis of between eight and ten time sequences allowed a more differentiated insight
into the periods in which important landscape changes took places. It has to be taken into
account, however, that land-use changes may take several years until they become visible as
land-cover changes on a map, especially when monitoring slow-growing landscape elements
such as scattered trees (Plieninger & Schaar, 2008). In the first half of the 20" century, during
which small-sized family farms dominated and agricultural systems relied mostly on local
natural and human resources as human inputs, the abandonment of vineyards and hops
plantations — incidentally demonstrating that land-use extensification and land abandonment
are not always recent processes — and the expansion of orchards were important processes in
the foothill area, while there were few changes on the plateau. The period from the 1950s
onwards, an era of rapid economic development, implied severe pushes of urbanization in the
foothills and plateau area. Population grew by 43% in the foothills and by 29% on the plateau
from 1950 to 2009 (StLA, 2011). In the foothills, farmlands were abandoned when crop
cultivation became unprofitable and alternative jobs to farming developed in manufacturing
and trade (von Schnakenburg & Schmieder, 2007). On the plateau, grasslands and wastelands
(especially traditional juniper heaths) were converted into forests through afforestation and
natural succession as a consequence of the decline of sheep pastoralism (Bender et al., 2005;
Poschlod & WallisDeVries, 2002). Intensification, specialization, and concentration of
agricultural production culminated in this period, and the simplification of landscape
structures was strongest. This becomes visible through the increase of farm sizes from 8 ha to
26 ha (foothills) and from 11 ha to 60 ha (plateau) between 1979 and 2007, as documented in
agricultural statistics. At the same time, the total number of agricultural operations decreased
from 143 to 47 farms (foothills) and from 239 to 51 farms (plateau) (StLA, 2011). Losses of
scattered trees were particularly high. Since 1990, land-conversion trends have slowed down,
the extent of scattered trees has stabilized and alleys have even increased slightly (possibly in
consequence of a post-productivist transition of agriculture; Mather et al., 2006). Public
awareness concerning cultural landscapes has been growing, translating into stricter
conservation legislation (such as the 1992 Baden-Wiirttemberg State Conservation Act) and
publicly funded landscape-management efforts (for example, replanting of alley trees along
roads). Although change was immanent throughout all sequences studied, the magnitude of
transformations indeed accelerated greatly after the 1950s, as stated by Antrop (2005). The
present study also confirms findings from Switzerland that transformation rates peaked in the
1960s and 1970s and have since slowed down due to saturation and other effects
(Schneeberger et al., 2007).

4.2 Limitations of the method
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The method developed in this study has allowed discernment of trajectories of scattered trees
and orchards and to relate them to overall landscape changes. However, when interpreting
landscape changes, it needs to be considered that delineating isolated trees in agricultural
landscapes is ‘currently more a matter of judgment (interpretation) than based on strict rules’
(van Doorn & Pinto Correia, 2007, p. 170). Another problem is that no detailed classification
system is currently available for trees outside forests (Skalo§ & Engstova, 2010). This is a
major drawback, as small woodlots, isolated trees, hedgerows, shrublands, and the like may
exhibit diverging change trajectories and ecological functions. While orchards have clearly
delimited boundaries and are thus easy to distinguish from other land-cover classes, it is a
challenging task to trace scattered trees reliably over time (Vuorela et al., 2002). For the
present study, consistency was achieved by evaluating only sets of 1:25,000 basic maps.
These maps were manufactured on the basis of the Wiirttemberg Land Survey, which had
been started in 1918 with the aim of creating reliable information for taxation. Although
survey methods improved over time, in particular with the rise of photogrammetric methods,
they have been characterized by a consistent historical development with relatively
homogeneous projection, scale, symbolization, purpose and generalization over time (LVA
Baden-Wiirttemberg, 1993). Mean errors below 5 m justifies the use of all map sequences.
However, there may be inconsistencies in the generalization of scattered trees. Therefore, the
analysis of scattered tree trajectories was not based on individual tree symbols, but rather on 1
ha-plots in which all documented scattered trees were pooled. A simple validation assessment
for the 2009 data showed that such map-based assessment of scattered tree plots reaches an
accuracy between 71% and 86%. Topographic map-based assessment strongly underestimates
actual numbers of scattered trees, as arrangements of trees (for example, tree groups or
hedgerows) are reduced into one tree symbol. Development of more accurate rule-based,
automatic detection of trees outside forests through modern remote sensing, GIS tools and
high resolution imagery is underway (Sheeren et al., 2009), but is limited to the time spans for
which aerial photographs and satellite imagery are available. The selection of sequences of
topographic maps offered the advantage of being able to assess an elevated number of time
steps, although the First and Second World Wars interrupted the edition of updated maps and
the method allowed insights only from the beginning of the 20" century onwards. Moreover,
topographic map-based analysis does not give insight into qualitative changes of orchards and
scattered trees, such as about tree species, vegetation structure, or age distribution. Although
these shortcomings need to be considered when interpreting the results, the method was
successful in accounting for the major changes of trees outside forests over an extended
period of time.

5 Conclusion

This study demonstrates that fine-scale spatial dynamics of small landscape elements can be
much more intense than changes at the larger scale of coarse land-cover classes. In-depth
analysis of small-scale landscape changes are important complements to global-scale land
change analyses, as many land-use decisions are taken at the local and regional scales
(Kayhko et al., 2011; Siren & Brondizio, 2009). The systematic assessment of sequences of
topographic maps has proven valuable for the detection of otherwise overlooked changes in
trees outside forests as well as for the analysis of relationships between tree abundance and
overall land-cover changes. However, a more meaningful interpretation of maps requires
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additional contextual information from written or oral sources. One important finding was
that scattered trees suffered major losses in the study area as a consequence of agricultural
intensification, urbanization and abandonment of land uses. Orchards have not undergone
these area losses, but do carry a ‘regeneration debt’ that may lead to area losses in the near
future. Moreover, orchards have experienced critical changes from complex towards
simplified landscape structures and loss of their traditional high nature value land-use mosaic.
Multi-temporal assessment showed that most trends have been continuous and have not
changed direction over time, but did accelerate during periods of rapid change, especially
from 1950 to 1990. Though difficult to quantify, the long-term dynamics of trees are
particularly relevant, as trees provide ecosystem services to a much larger degree than their
extent would suggest.

These findings offer important insights for the planning and management of multifunctional
agricultural landscapes, as orchards and scattered trees illustrate a major problem of cultural
landscapes in Europe: Semi-natural landscape features of high nature value are little resilient
against both intensification and abandonment of land uses and, therefore, require sustained
human intervention (Jones et al., 2011). For example, orchards depend on regular grass
mowing, pruning, and replanting; alleys on pruning and renewal; hedgerows on regular
coppicing. This makes their conservation a potentially costly enterprise, as both opportunity
costs for forfeited alternative land uses and production costs for conservation management
arise. Nature conservation management may amount up to 250 € per ha and year (orchards) or
510 € per ha and year (hedgerows) (Schleyer & Plieninger, 2011). Classical conservation
approaches have aimed at putting trees outside forests via nature conservation legislation. The
fact that the number of scattered trees has stabilized since the 1990s may be indeed considered
as a success of state protection of these landscape structures (introduced in 1992). However,
regulatory approaches can only stop outright destruction of trees, but are unable to safeguard
the sustained management that is necessary for their long-term survival. Market-based
approaches to conservation of biodiversity and ecosystem services have been implemented
both by the state and by private actors. They may have contributed to a slowdown of scattered
tree regression since the 1990s, but are far from the financial scale that would be needed to
manage high nature value land comprehensively (Hampicke, 2006). Therefore, it will be
necessary to focus restoration efforts toward innovative, low-cost forms of scattered tree
management that maintain biodiversity and ecosystem services. However, regionalized
systems, such as the orchards of the foothill area, cannot be preserved in their diversity of
land uses based on standardized financial payments alone. Rather, it is of paramount
importance to revitalize local ecological knowledge and the voluntary commitment of hobby
farmers, gardeners, conservationists, and other citizens for the stewardship of scattered trees
as important component of cultural landscapes.
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Table 1
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Correlation of number of scattered tree plots and length of alleys/tree rows with land cover

classes for the plateau area (Spearman’s r,  p<0.01,  p<0.01,

Plots with Alleys/
scattered  tree rows
trees (n) (km)

Forest (ha) -0.697 -0.952"
Urban (ha) 0.661°  -0.891"
Cropland (ha) 0.091 0.321
Wasteland (ha)  0.685°  0.964
Grassland (ha) 0.733°  0.648"

Table 2

kkok

p<0.001, n=10).

Percentage of observed landscape changes in plots with lost and persistent scattered trees in
the plateau area, 1901-2009 (n.s. = not significant).

Lost Persistent p
(n=235) (n=56)

Change of grassland cover (m?) -16.4% -3.3% 0.010
Change of wasteland cover (m?) -9.2% -5.2% n.s.
Change of cropland cover (m?) -5.7% -3.3% n.s.
Change of forest cover (m?) 18.0% 5.1% 0.015
Change of built-up land cover (m?) 11.9% 6.2% 0.027
Table 3
Spatial pattern of orchards in the foothill area (1905-2009).

1905 1930 1955 1967 1979 1989 1998 2009
Core (ha) 2269 2584 2554 3053 284.8 319.8 3103 3219
Islet (ha) 0.8 0.4 0.4 0.0 0.3 0.0 0.0 0.0
Perforation (ha) 9.2 9.4 9.3 12.1 10.0 9.7 9.9 9.1
Edge (ha) 59.6 56.7 56.7 43.2 43.4 28.6 28.7 27.8
Loop (ha) 33 3.0 2.7 1.1 0.8 0.1 0.0 0.0
Bridge (ha) 2.4 2.1 1.3 0.5 0.5 0.1 0.2 0.1
Branch (ha) 8.1 5.7 6.6 5.0 4.8 1.6 1.9 1.2
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Table 4
Systematic gains and losses of orchards in percent of the landscape, 1905-2009.

Gains to Observed  Expected  Difference between

orchards from change change observed and
expected change

Forest 0.17 4.49 -4.32

Urban 0.18 0.73 -0.55

Cropland 6.80 3.96 2.84

Wasteland 1.67 1.43 0.24

Grassland 0.02 0.40 -0.38

Vineyard / Hops  2.65 0.47 2.18

Losses of Observed  Expected  Difference between

orchards to change change observed and
expected change

Forest 0.89 0.21 0.68

Urban 4.41 0.11 431

Cropland 1.10 5.31 -4.21

Wasteland 0.10 2.00 -1.89

Grassland 0.63 0.57 0.05

Vineyard / Hops  0.00 1.00 -1.00

Table 5: Relative adjacency index for orchards.

1905 2009
km % km %
Cropland 56.5 64.7 13.9 36.3
Forest 10.9 12.5 13.8 36.0
Urban 3.8 4.4 7.8 20.3
Wasteland 6.6 7.6 2.8 7.4
Vineyard / Hops 9.5 10.8 0.0 0.0

Total 87.3 100.0 38.4 100.0
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Fig. 1. Location of the Unterlenningen (foothills, A) and Zainingen (plateau, B) areas in the
Swabian Alb mountain range of Southern Germany.
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Flg. 2. Eamles of )an orcard in toothlll area, b) an alley and c) hedgerows in the
plateau area.
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Fig. 5. Counting of individual trees from 1901 to 2009 in a) percentage of cells with presence
of scattered trees and b) lengths of alleys and tree rows in km per km?.
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Fig. 6. Distinct trajectory classes of 1ha plots with scattered trees, exhibiting areas of tree
persistence (grey), loss (dark grey), and gain (light grey) in the plateau area between 1901 and
2009. Plots with lost trees were mainly covered by closed forest (dotted areas) and built-up
land (shaded areas) in 2009.
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Fig. 7. Observed trajectories of orchard change in the foothill area, exhibiting areas of
persistence (grey), decrease (dark grey), increase (light grey) and turnover without (dotted)
and with orchard (shaded) in 2009.



