
Introduction

One of the most important drivers of biodiversity loss is
human landscape transformation (Vitousek et al. 1997, Foley
et al. 2005). Since landscape change has deep roots in the
past, ecological processes must be viewed in a historical con-
text. The past also is a reference point not only for under-
standing the present landscape, but for planning or predicting
the future (Käyhkö and Skånes 2006). Long-term study of
past processes is important, because it can reveal continuity,
interactions, turnover and degree of change at different lev-
els, from within-community patch dinamics to landscape
scale processes (Pickett and White 1985, Cale et al. 1989,
Anand and Heil 2000, Antrop 2005, Orlóci 2009). Since
natural arrangements are dynamic, natural pattern is best re-
garded as a manifestation of complex dynamic processes at
work (Orlóci 2001). Land-use changes often generate non-
stationary, context-dependent dynamics of vegetation, so

some land-use historical time periods can have particular im-
portance in local habitat transitions (Orlóci et al. 1993,
Anand and Orlóci 1997, Somodi et al. 2004).

In order to investigate the relationship between land-
scape change and ecological processes, changes in landscape
pattern are studied most often with the help of a time-series
of maps or remotely sensed data. The goals of such studies
are mainly to measure the change in landscape structure, di-
versity, stability and fragmentation (see Gillanders et al.
2008, for a review), to assert a relationship to biodiversity
loss (Cousins and Ericson 2002, Lindborg and Eriksson
2004), and to model landscape change and their underlying
socio-economic driving forces (Veldkamp and Lambin 2001,
Houet et al. 2010, Nainggolan et al. 2012).

One of the most important and frequently applied meth-
ods for studying landscape transitions is change detection
(CHD) analysis, which is based on transition matrices de-

COMMUNITY ECOLOGY 14(2): 219-230, 2013 
1585-8553/$20.00 © Akadémiai Kiadó, Budapest
DOI: 10.1556/ComEc.14.2013.2.12

Detection of long-term landscape changes and trajectories in a
Pannonian sand region: comparing land-cover and habitat-based
approaches at two spatial scales

M. Biró1,3, K. Szitár1, F. Horváth1, I. Bagi2 and Zs. Molnár1

1 Institute of Ecology and Botany, Centre for Ecological Research, Hungarian Academy of Sciences
Alkotmány u. 2-4, H-2163 Vácrátót, Hungary
2 University of Szeged Department of Biology, Közép fasor 52. H-6726 Szeged, Hungary
3 Corresponding author. E-mail: biro.marianna@okologia.mta.hu, phone: 00-36-30-399-4882, 
fax: 00-36-28-360-122/110

Keywords: Change detection analysis, Habitat change, Habitat continuity, Land-cover change, Regional scale.

Abstract: A key driver of biodiversity loss is human landscape transformation. Change detection and trajectory analysis are
frequently applied methods for studying landscape change. We studied to what degree habitat-specific change detection and
trajectory analysis provide different information on landscape change compared to the analysis with land-cover statistics. Our
research was carried out at two spatial scales (regional, 1800 km2, 360 random points; local, 23 km2, polygon-based maps) in
the Kiskunság, Hungary. Spatio-temporal databases were prepared using historical maps, aerial photos and satellite images
from 1783, 1883, 1954, and 2009. Local expert knowledge of landscape history and recent vegetation was used during the
historical reconstructions. We found large differences at both scales between land-cover based and habitat-specific analyses.
Habitat-specific change detection revealed that grassland loss was not continuous in the different habitats, as land-cover based
analysis implied. Ploughing affected open sand grasslands and sand steppes differently in the periods studied. It was only
apparent from the habitat-specific analyses that from the grasslands only mesotrophic and Molinia meadows were relatively
constant, up until the 1950s. The gradual increase in forest area revealed by land-cover CHD analyses was split into natural and
anthropogenic processes by habitat-specific analyses. Habitat specific trajectory analysis also revealed ecologically important
historical differences between habitats. Afforestation affected especially the open sand grasslands, whereas wetland habitats
were relatively stable. The most important trajectory was the one in which closed sand steppes were ploughed during the 19th

century, and remained arable fields until present. Fifty percent of the regional trajectories of 18th century open sand grasslands
terminated in tree plantations at present, though 82% of the current open sand grasslands of the local site can be regarded as
ancient. We concluded that dividing land-cover categories into finer habitat categories offered an opportunity for a more precise
historical analysis of key habitats, and could reveal important ecological processes that cannot be reconstructed with land-cover
based analyses. It also highlighted habitat-specific processes making natural and social drivers better interpretable. Information
on the diversity of habitat-histories may serve as a basis for spatially more explicit conservation management.

Abbreviations: CHD – Change detection, DEM – Digital elevation model.



rived from land-cover change statistics (Cousins 2001, Käy-
hkö and Skånes 2006, Ichikawa et al. 2006, Ojeda-Revah et
al. 2008, Mikusinska et al. 2013). The other method used
widely is the identification of landscape change trajectories
(Käyhkö and Skånes 2006, Swetnam 2007, Orczewska 2009,
Ruiz and Domon 2009, Frondoni et al. 2011). Landscape
change trajectory analysis focuses more on processes than
states or patterns (Kayhkö and Skånes 2006). The use of tra-
jectories allows for a more qualitative representation of spa-
tial data, where areas with the same land-cover class today
can be thematically separated due to different land-use and
land-cover history (Käyhkö and Skånes 2006). The analysis
requires at least three points of time and is more complicated
owing to the necessary grouping of change trajectories. As
the approach is primarily retrospective, the focus is on the
development of the present-day landscape (Käyhkö and
Skånes 2008). The analysis is usually applied to temporal
tracking of land-cover patches, and grassland or forest conti-
nuity (Orczewska 2009), to study succession (Cserhalmi et
al. 2011), urbanization (Frondoni 2011), and even to quantify
the variability of landscape fragment histories (Swetnam
2007, Eremiásová and Skokanová 2009). 

Most studies on landscape change apply land-cover or
land-use categories, because the available sources of car-
tographical and remotely sensed material support this ap-
proach. To prepare and analyze spatio-temporal datasets,
large-scale historical (usually military) maps are used. Their
keys mostly include categories on land cover and land use.
The division of land-cover categories into finer habitat cate-
gories (e.g., plant communities, Natura 2000 habitats) offers
an opportunity for a more precise historical analysis of cer-
tain key or endangered habitats. Grassland and forest catego-
ries of a land-cover classification system may include very
different habitats. 

Changes of certain habitat types may be very different
due to abiotic and biotic conditions, or factors driving land-
use change (Bürgi et al. 2004, Antrop 2005). Most studies of
landscape-scale habitat change use the change detection
method (Arce-Nazario 2007, Ojeda-Revah et al. 2008, Ag-
noletti 2007, Kowalska 2012). Habitat-specific change tra-
jectory analysis, applied first by Käyhkö and Skånes (2006),
offers a chance to carry out a spatially explicit analysis, to
separate primary and secondary patches of a certain habitat
or the causes and stages of processes at the habitat scale (e.g.,
differentiate between spontaneous forest encroachment and
afforestation).

The goal of our study was to apply habitat-specific tra-
jectory analysis to study landscape scale changes. Our goal
was to find out to what degree habitat-specific CHD and tra-
jectory analysis provides different information on major di-
rections of landscape change compared to the analysis using
traditional land-cover statistics. Can these analyses highlight
trajectories that remain invisible in land-cover change analy-
ses? We have selected a landscape in which both, forests and
grasslands are represented by several types, whereas soil pat-
tern and land use is heterogenenous at fine scale, and the

landscape is highly dynamic (Biró et al. 2007). Since land-
scape changes tend to be scale-dependent, we carried out the
analyses at two different scales, using a regional and a local
sample area.

2. Materials and methods

2.1. Study area 

We conducted our study in the central part of the Kiskun-
ság sand ridge (Danube–Tisza Interfluve) in Hungary. Land-
scape changes were assessed at two spatial scales. The re-
gional study area (30 x 60 km2, 46o 27’ – 47o 0’N; 19o 15’ –
19o 39’E) was selected from the central and most charac-
teristic part of the Kiskunság sand ridge at the larger scale,
while for the smaller scale, a 4.8 x 4.8 km2 sample quadrat
(46o 52’ – 46o 55’N; 19o 23’ – 19o 27’E) near the village of
Fülöpháza was used (Fig. 1). The Danube–Tisza Interfluve is
a lowland alluvial fan between the Danube and Tisza Rivers
deposited by the Danube River. It is composed primarily of
sand and loess layers that were rearranged by wind several
times during the Pleistocene and Holocene. The main soil
types are calcareous sand soils with humus content below 3%
(Csecserits et al. 2011). Soils affected by the groundwater ta-
ble and have high salt content cover large areas. The climate
is continental with annual temperature of 10-11 oC. The an-
nual precipitation is 550-600 mm with increasing semi-arid-
ity towards the central part of the area. This area is part of the
forest-steppe biome in the Pannonian biogeographic region
with a mosaic of several dry and wet, and salt affected habitat
types due to diverse abiotic patterns (Kovács-Láng et al.
2000). The natural vegetation has been exposed to intensive
human impacts for at least two millennia resulting in a highly
fragmented landscape. Natural forest elements of the original
forest-steppe vegetation almost completely disappeared by
the 18th century (Molnár et al. 2012). The area is charac-
terized by widespread small-scale farming from the second
half of the 18th century with a peak extension in the 1950’s.
The groundwater table has decreased significantly due to
drainage and irrigation since the 1960’s. This has led with
parallel socio-economic changes to farm and land abandon-

Figure 1. Location of the study area.
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ment and degradation of wet habitats. The present landscape
is dominated by agricultural areas, semi-natural grasslands
and non-native tree plantations. The local site includes a
vegetation mosaic similar to that of the study site at the re-
gional scale. However, it is characterized by a higher propor-
tion of wet habitats with salt lakes and marshes, which have
degraded dramatically during the second half of the 20th cen-
tury, while extensive Molinia meadows are missing.

2.2. Data analyses 

Regional scale. Within the 30 km  60 km sample area (Fig.
1), we randomly selected the center of 360 grid cells from the
grid system of the MÉTA actual habitat database of Hungary
(out of the 5225 grid cells, each with an area of 35 hectares,
Molnár et al. 2007). For choosing the studied time periods,
we relied on cartographical sources that represent landscape
change at both scales, are broadly available, and cover large
areas. These maps are the ones that have been used the most
in time series studies in Central Europe. Thus, we chose the
following times for this study: 1773-1774 (T1, I. Military
Survey), 1883-1884 (T2, III. Military Survey), 1953-1959
(T3, Gauss-Krüger Topographic Military Map of Hungary),
2005-2010 (T4, BingMaps online, ArcGIS/BaseMaps). Arc-
GIS 10 software (ESRI) was used for managing datasets and
maps and performing spatial analyses.

To describe temporal changes at each locality (center of
grid cells), we assembled a spatio-temporal point database.
Points falling on arable land, vineyard-orchard, built-in area
or tree plantation on the historical maps were characterized
by the key of the map source. Localities falling on natural or
semi-natural landscape (one third of the total in T4) were
classified into habitat types following the National Habitat
Classification System (Á-NÉR, Bölöni et al. 2007, 2011).
The types studied were as follows (Á-NÉR Habitat codes,
and phytosociological units are also given): open sand grass-
land (G1, Festucetum vaginatae), closed sand steppe (H5b,
Astragalo-Festucetum rupicolae), poplar-juniper scrub (M5,
Junipero-Populetum albae), closed natural forest (M4,
Populo canescenti-Quercetum roboris), mesotrophic wet
meadow (D34, Cirsio cani-Festucetum pratensis), Molinia
meadow (D2, Succiso-Molinietum hungaricae), uncharac-
teristic meadow (OB, mostly dried out, species poor mesot-
rophic meadows), uncharacteristic dry grassland (OC,
mostly secondary grasslands on sand), uncharacteristic dry
grassland invaded by non-native trees (Robinia pseudacacia
and Ailanthus altissima), marsh (Phragmitetum australis,
Bolboschoenetum maritimi) and lake. For this classification,
we used data on habitats and habitat qualities from the
MÉTA actual habitat database, our own field data, and data
from the actual habitat mapping of the Danube-Tisza Inter-
fluve (Biró et al. 2006).

Identification of past habitat types at the selected locali-
ties were accomplished by using the above mentioned car-
tographical and remotely sensed sources, as well as the digi-
tal elevation model (DEM-5, FÖMI-Budapest) and DEM-50
(srtm Worldwide Elevation Data available from Global Map-

per Program). We also took into account our data on tradi-
tional ecological knowledge and landscape history, and con-
sidered topography, which greatly determines the environ-
mental conditions of habitats (Biró and Molnár 1998, Molnár
2003). Correct interpretation of the historical sources that are
not always precise (topographical errors can reach 50-100 m)
was facilitated by relatively stable topographical elements
(roads, railroads, canals) and actual relief. Separation of open
and closed sand grasslands was aided by a color difference
on Corona satellite imagery (prepared in the 1960’s), and
aerial photographs from the 1950s. The soil color of arable
land in former closed sand steppe appeared greyish, whereas
that in open sand grassland was white. The classification was
counterchecked by using the contour intervals of the DEM
and the maps, and the representations of windblown sand and
sand dunes on the map sheets of the 2nd Military Survey
(1860s). In the case of wetlands, we took into consideration
the past and present landscape environment and its current
natural vegetation  [MÉTA (Molnár et al. 2007), DT-Map
(Biró et al. 2006) and field observations], and the direction
of underground water flow (Mádl-Szőnyi and Tóth 2009), in
addition to the map keys. We used the categories (grassland,
forest, wetland, arable land, vineyard-orchard, settlement)
depicted on the historical maps for the land-cover analyses.
We constructed transition matrices from the point database,
which we used to CHD analysis. Trajectories were described
as snap-shot sequences of land-cover or habitat types accord-
ing to the time periods represented by the historical maps
(i.e., GGFF means grassland in T1, T2 and forest in T3 and
T4). The same CHD and trajectory analyses were carried out
on the database of land-cover types as on the habitat data-
base.

Local scale. The study area for the local scale analysis is the
sample area of Fülöpháza (23 km2) No. 99. of the National
Biodiversity Monitoring System. It is located within the
study area for the regional scale analysis (Fig. 1). The sample
area was subject to repeated habitat mapping (Bagi 2000,
Szitár 2010) following a standardized protocol (Takács and
Molnár 2009). Habitats were classified into categories ac-
cording to the National Habitat Classification System (Á-
NÉR, Bölöni et al. 2007, 2011). During habitat mapping, the
mapper recorded the actual vegetation without considering
information from historical cartographical sources.

To track changes, we prepared a series of polygon-based
maps for four dates (1783, 1883, 1954, 2009). Land-cover
categories were established on the basis of categories shown
on the historical maps (grassland, forest, wetland, arable
land, vineyard-orchard, built-in area). Habitat types of the
three historical time periods were reconstructed from histori-
cal land-cover types using DEM-5, aerial photographs from
1954, present field knowledge, oral history data from local
inhabitants, soil data, and knowledge of degradation and re-
generation processes of habitat types. We used DEM and the
corresponding actual aerial photograph to improve the preci-
sion of the 18th century habitat map. On the 18th and 19th cen-
tury maps, there are still rather large continuous patches of
grass-covered fields. Delimitation of habitat types within
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these patches was carried out with the help of DEM and soil
coloration visible on the 1954 aerial photographs, rather than
using later historical or current habitat maps. This way, the
grassland and forest land-cover types were further divided
into 8 habitat categories (see Fig. 2-5).

By step-by-step intersection of time layers of habitat
maps, we assembled a spatio-temporal polygon database.
Polygons smaller than 1000 m2 or with an area/perimeter ra-
tio under 7 were considered as sliver polygons. These small,
narrow-shaped polygons that appear along the borders of
polygons have been eliminated after each step of intersection
(by merging with the neighboring polygon with the longest
border). We prepared transition matrices from the spatio-
temporal polygon database, which we used in the CHD
analysis. The transition matrices consist of transition prob-
abilities of classes for all transitions from time to time by
summarizing the areas of polygons of the same transitions.
Trajectory analysis was carried out following the polygon-
based model of Käyhkö and Skånes (2006). This concerns
creation of one spatial dataset with intersecting polygons
from all time slices. Each polygon possesses its own retro-
spective history, which means its trajectory. The analysis was
based on the area of each different trajectory type. The same
analyses were carried out on both, the database of land-cover
types and the habitat database. Land-cover and habitat trajec-
tories were described in the forward direction at the regional
scale, and backward direction (retrospective way) at the local
scale.

3. Results

3.1. Change detection analysis

Regional scale. By using the land-cover analysis, which is
generally used in landscape change studies, we found that the
area of grasslands declined by half during the first 100 years
(T1-T2) at the regional scale. Grasslands were mostly trans-
formed into arable land and forests (Fig. 2.a). In the next 70
years (T2-T3), grasslands declined by half again. Grassland
patches changed into arable land, vineyards-orchards, and to
a lesser extent forests. During the last 50 years (T3-T4), the
extent of grasslands slightly increased (mainly arable
land–grassland transitions). The significant increase in forest
cover took place at the expense of grasslands during the first
two periods, whereas during the third period mainly agricul-
tural fields were transformed into forests.

The habitat-specific analyses revealed that the decline in
grassland area took place in different periods depending on
habitat type. During the first 100 years (T1-T2), mainly
closed sand steppes were subject to destruction (ploughing)
(Fig. 2.b). The significant decline of open sand grasslands
was the consequence of shrub encroachment rather than
ploughing. The combined area of open sand grasslands and
poplar-juniper scrubs virtually did not change during the first
100 years. The extent of Molinia meadows and mesotrophic
wet meadows did not change substantially in this period
either. 

Figure 2. Change detection analyses of
land-cover (A) and habitat types (B) of the
regional study site of the Kiskunság sand
ridge (Hungary) on the basis of spatio-
temporal point database. Size of shaded
boxes corresponds to the percent of land-
cover/habitat types (thin lined boxes indi-
cate 40% of the total number of point
localities). Width of lines corresponds to
the percent of total land-cover/habitat tran-
sitions in a certain time period. Transitions
larger than 10% are shown with thick
lines, transitions between 5-10% with me-
dium lines, 2-5% with thin lines and 1-2%
with dotted lines.
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Between 1883 and the 1950s (T2-T3), the most apparent
transition of all detected changes was the transformation of
open sand grasslands into arable land and vineyards-or-
chards. Additional closed sand steppe patches were also
claimed by agriculture. This trend resulted in the almost com-
plete elimination of this habitat by the end of this period.
Open sand grasslands and poplar-juniper scrubs were also
transformed partly into tree plantations. The extent of
Molinia meadows and mesotrophic wet meadows was virtu-
ally unchanged. 

In the period from 1950s up until today (T3-T4), trans-
formation of open sand grasslands and poplar-juniper scrubs
into tree plantations also continued. The most pronounced
change was afforestation which seemed to be the most exten-
sive in former arable land and vineyard-orchard. Uncharac-
teristic dry grassland patches appeared in large numbers re-
placing vineyards and orchards.

Local scale. Land-cover analysis of the local study area also
revealed a significant decline in grassland area during the
first period (from 73 to 44%) (Fig. 3.a). The decline contin-
ued until the 1950s, after which the process was reversed.
The major direction of decline was a change into forests and
arable land, similar to what was found at the regional scale.
During the T2-T3 period, transformation of grasslands into
arable land (and to a lesser extent into vineyards-orchards
and forests) was typical. Later, this transition almost disap-
peared, and the transition from arable land to grasslands and

forests became dominant. All periods were characterized by
transitions from grasslands to wetlands and vice versa. Com-
pared to the regional scale, wetlands are present in the local
study area in higher proportions, and therefore the above
paths were more pronounced. The area was completely de-
void of forests. In the T1-T2 period, forests appeared at the
expense of grasslands. In the following period, area of forests
decreased by changing into grasslands. In the T3-T4 period,
the forested area increased again (mostly arable fields
changed into forests). 

According to the habitat-specific analysis (Fig. 3.b) in
the 18th century, open sand grasslands covered about one
third of the area. During the T1-T2 period, approximately
half of them turned into poplar-juniper scrubs mapped as for-
est on the historical maps. The area of open sand grasslands
further decreased to 20% of their original extent in the T2-T3
then T3-T4 periods. The largest decline of closed sand steppe
took place in the T1-T2 period, similarly to what was de-
tected at the regional scale. The area of closed sand steppes
decreased from 23.6% to 0.34% between T1 and T4. As op-
posed to the continuous decline of dry sand grassland, mesot-
rophic wet meadows were relatively constant. Nonetheless,
salt lakes completely disappeared in the T3-T4 period
(mostly changed into marshes and meadows), whereas un-
characteristic meadows turned up (68% in place of mesotro-
phic wet meadows, and 20% in place of arable land). The
transformations among the two wetland habitats and mesot-
rophic wet meadows are indicated by the crossing transitions

Figure 3. Change detecton analyses of
land-cover (A) and habitat types (B) of the
local study area (Fülöpháza, Hungary) on
the basis of spatio-temporal polygon data-
base. Size of shaded boxes corresponds to
the area of land-cover/habitat types (thin
lined boxes indicate 40% of the total area).
Width of lines corresponds to the percent
of area of total land-cover/habitat transi-
tions in a certain time period. Transitions
larger than 10% are shown with thick
lines, transitions between 5-10% with me-
dium lines, 2-5% with thin lines and 1-2%
with dotted lines.
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in all time periods. Meanwhile, their total area remained
about the same (32-38% in the four time periods). The in-
crease in forested area was similar to that at the regional
scale. It was apparent here, however, that this resulted from
forest and scrub development in sand grasslands at the begin-
ning, which was later replaced by afforestation. Eighty per-
cent of the tree plantations were established in sand grass-
lands until the 1950s, whereas after this time, arable land and
vineyards-orchards were also involved into afforestation.

3.2. Trajectory analysis

Regional scale. According to the land-cover analysis at the
regional scale (Fig. 4.a), 10% of the grassland area in the 18th

century remained grassland until the 21st century (GGGG).
The second and third most significant trajectories of grass-
lands were arable land from T2 (8.2%, GAAA), and forest
from T2 (7.8%) (GFFF). Grasslands changed in T2-T3 pe-
riod mostly in the directions of arable land or vineyards-or-
chards, and afterwards into forests or back to grasslands in
T3-T4. There were very few forests in the area in the 18th

century (four points altogether), and thus their trajectories
were not analyzed. Of the trajectories other than grasslands,
continuously cultivated area (30%) and continuous wetland
habitat (14%) were the most significant.

The habitat-specific trajectory analysis added further de-
tails to the result of land-cover analysis (Fig. 4.b). The most
important trajectory was the one in which the closed sand
steppes of the 18th century were ploughed during the period
of T1-T2, and remained arable fields until present (11% of
all trajectories). We also documented a diversity of trajecto-
ries of low importance in open sand grasslands, but not in any
other habitat. Of them, the trajectories of open sand grass-
lands turned into plantations in T2-T3 (with or without shrub
encroachment), and those of open sand grasslands ploughed
at the same time, then afforested later may deserve attention
owing to their percentage above 6%. Exactly half of the tra-
jectories of 18th century open sand grasslands ended as tree
plantation in the present. Twenty two percent of all trans-
formed closed sand steppe were ploughed during the first pe-
riod and remained as such afterwards. The proportion of
closed sand steppe ploughed similarly early, but eventually
transformed into tree plantations or vineyards-orchards was
also high (8-8%). Ploughing the Molinia meadows was typi-
cal of the T2-T3 period, whereas ploughing the mesotrophic
wet meadows was rather characteristic of the period of T3-
T4. About one quarter of characteristic mesotrophic wet
meadows and Molinia meadows became uncharacteristic
during the T3-T4 period. However, the continuity of both
mesotrophic wet meadow types can be regarded a similarly
important trajectory.

Local scale. At the local scale, we studied paths leading to
currently existing grasslands and forests and some other im-
portant habitats in a retrospective way (Fig. 5.a). Using the
land-cover approach, the most pronounced path leading to
current grasslands was continuous grassland (22%). The sec-
ond most important path was represented by grasslands

ploughed by the 1950s (T2-T3) then abandoned later. Thir-
teen percent of the current grasslands were mapped in the
19th century as forest (GFGG). A significant portion of the
current grasslands were wetlands in the past (7.2%,
WWWG) and an additional 20% was wetland at least once.
Another important trajectory leading to grasslands was vine-
yards/orchards established before 1950 and abandoned later
(GGVG, GFVG). For the most part, forests developed from
grasslands that were ploughed between T2 and T3, then were
transformed into forests (GGAF 29%). An additional 19 and
12% of forests were those that changed from grasslands to

Figure 4. Trajectories of changes of the regional study site in
the Kiskunság sand ridge (Hungary) on the basis of spatio-tem-
poral point database from T1 to T4. Width of lines corresponds
to percent of trajectories belonging to the certain land-
cover/habitat category. Changes larger than 20% are shown
with thick lines, transitions between 6-20% with medium lines,
3-6% with thin lines. A: Trajectories of land-cover types (grass-
lands and other land-cover types). B: Trajectories of the four
main habitat types. 
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forests during the T2-T3 or T3-T4 periods (GGFF, GGGF),
respectively.

The habitat-specific approach provided additional details
to the general picture (Fig. 5.b). Thirty one percent of the
open sand grasslands existed continuously throughout the
last two centuries. Open sand grasslands with trajectories
through poplar-juniper scrub (51%), which is characterized
by shrub encroachment at times, also is considered as semi-
natural open sand vegetation. Thus, 82% of the current open
sand grasslands can be regarded as ancient. Closed sand
steppe, on the other hand, covers only 0.34% of the studied
landscape, but 86% of it are considered as ancient. The most
typical trajectories in the case of still existing mesotrophic
wet meadows were the following: continuous meadows
(23%), meadows developed from salt lakes (16%) and mead-
ows developed from marshes that were meadows in certain
periods of time (12%). Trajectories switching between
mesotrophic wet meadows and wetlands were also typical.
We found 6% of the trajectories to involve arable land at
some point of time. The most typical trajectory for present-
day uncharacteristic meadows is continuous mesotrophic wet
meadows turning into uncharacteristic meadows during the
last time period (30%). The second most frequent trajectory
was the one with arable land in the 1950s (10%). Trajectories
involving some of all other wetland habitats were also fre-
quent. 

The most pronounced trajectories of present-day unchar-
acteristic dry grasslands started out of open sand grasslands
or closed sand steppes (often through a poplar-juniper scrub
stage). Their turning into arable land or vineyards took place
between 1883 and 1950 (T2-T3). One quarter of the present
uncharacteristic dry grasslands invaded by non-native trees
developed from vineyards planted in place of open sand
grasslands and abandoned between T3-T4. Trajectory analy-
sis showed that 7-8% of present-day uncharacteristic dry
grasslands and one-third of the grasslands invaded by non-
native trees seem to be continuous. However, the actual
vegetation of uncharacteristic dry habitats (Bagi 2000, Szitár
2010) showed that most of their area might have been under
cultivation in the past. Their fine-scale history could only be
revealed by a finer time-resolution analysis. 

Three-fourth of the area of the uncharacteristic dry grass-
lands and 90% of the area of uncharacteristic dry grasslands
invaded by non-native trees had trajectories starting from
open sand grasslands in the 18th century. At the local scale,
35% of the existing poplar-juniper scrubs developed from ar-
able land or vineyards/orchards after abandonment, and only
64% can be regarded as continuously natural vegetation. All
trajectories of poplar-juniper scrub started from open sand
grasslands, and even the trajectories of the existing planta-
tions on 70% of their area may be traced back to this habitat
in the 18th century.

4. Discussion 

We found large differences between land-cover based
and habitat-specific CHD analyses at both spatial scales.
When using land-cover CHD, decrease of grasslands seemed
to be continuous from T1 to T4. Habitat CHD analysis re-

Figure 5. Retrospective trajectories of present-day land-
cover/habitat types in the local study area (Fülöpháza, Hungary)
on the basis of spatio-temporal polygon database. Width of
lines corresponds to the percent of area of trajectories belonging
to a certain land-cover/habitat category. Changes larger than
20% are shown with thick lines, transitions between 6-20%
with thin lines, 3-6% with dotted lines. A: Trajectories of pre-
sent-day land-cover types (grasslands and forests). B: Trajecto-
ries of the main present-day habitat types. 
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vealed that grassland loss was not continuous for the differ-
ent habitat types. Changes in the three time periods could be
explained by different processes and driving forces affecting
habitats differently. Both, the regional and local-scale land-
cover CHD analyses revealed that the cause of initial (T1-T2)
decline in grassland area was transformation into forests and
arable land. However, land-cover analyses did not show
which type of grasslands became arable land or forest in this
period. The habitat-specific analyses indicated that plough-
ing affected only one habitat type, the closed sand steppe.
Ploughing was typical of the other main habitat type (open
sand grassland) neither at the regional nor the local scale.
This disparity between the two habitats may be explained by
their differing soil quality, and thus their different suitability
for agriculture (Kovács-Láng et al. 2000, Molnár et al. 2012).
The fields on sandy soils with extremly low humus content
were covered with open sand grasslands and were exten-
sively grazed till the socio-economic changes at the end of
the 19th century (Biró and Molnár 1998, Molnár 2003). 

According to the habitat-specific analyses at both scales,
spontaneous shrub encroachment took place on open sand
grasslands during the 19th century. The exact cause of the
process is still unknown. We suppose that a change in the
grazing system (a switch from grey cattle to sheep) may have
been a major factor in the spread of poplar-juniper and partly
poplar-hawthorn scrubs (Biró 2008). These scrubs were de-
picted on the historical maps as forests. For military pur-
poses, patches of woody vegetation covering only 20-30% of
the surface were mapped possibly as forests in this otherwise
almost treeless landscape (Biró and Molnár 1998). The map
key, however, did not include any indication of vegetation
density. These analyses also clearly showed that poplar-juni-
per scrub only developed from open sand grasslands in the
19th century.

According to land-cover CHD analysis, the initial loss in
grassland area was followed by further transformation of
grassland into arable land and (at the regional scale also into
vineyards-orchards) in the T2-T3 period. The habitat-spe-
cific analysis pointed out that decrease of closed sand steppes
continued, and open sand grasslands also started to decline.
The main driver of this process was inhabitation of drifting
sand dune areas (mainly by impoverished people from vil-
lages and towns) (Molnár 2003). An important part of stabi-
lization of drifting sand in the region was the transformation
of open sand grasslands on poor-fertility soil into vineyards
and orchards (it was subsidized by the government in the first
part of the 20th century). Farm establishment began slowly in
the T1-T2 period on fertile soils that were usually covered
with closed sand steppes. Transformation of open sand grass-
lands took place only afterwards, mainly during the first half
of the 20th century. Between the years of 1883 and 1950, all
closed sand steppe remnants with the exception of communal
pastures and military grounds were claimed by agriculture.
Today only those exist that managed to survive until their
placement under legal nature protection (Biró et al. 2013).

On the basis of the regional habitat CHD analysis, 92%
of the open sand grasslands was lost during the last 200 years
(see also Biró 2008). Habitat trajectories showed that fifty
percent of them have been turned into tree plantations. It was
noticeable that those that survived till today had a large vari-
ety of non-marked trajectories. This calls the attention to the
varied past history and high diversity of land-use change in
sand dune areas. 

It was apparent from the land-cover CHD analyses at
both scales that cultivated areas often turned into grasslands
or forests after the 1950s (T3-T4). These analyses only
showed that grasslands mostly developed from arable land
and to a lesser extent from vineyards-orchards. Habitat CHD
revealed that mainly uncharacteristic dry grasslands (some
with encroaching non-native trees) developed on these culti-
vated lands. Habitat-specific trajectory analyses, in turn, in-
dicated that these areas were originally mainly open sand
grasslands and poplar-juniper scrubs. These habitats were
ploughed at the latest, and abandoned the earliest. There were
two important reasons for this. First, the cultivation of these
soils became uneconomical by the second half of the 20th

century due to the generally observed drop of the groundwa-
ter level (Biró et al. 2013). Second, abandonment was fos-
tered also by the emigration of people living on farms
(Csatári and Farkas 2008).

Habitat-specific trajectory analyses also revealed hidden
habitat destruction. Thirteen percent of the area mapped as
open sand grassland at the local scale was in fact abandoned
field less than 50 years old. The secondary origin was some-
times not detectable in the field, due to the high regeneration
potential of the open sand habitat (Szitár et al. 2008, Bartha
et al. 2008, Csecserits et al. 2011). 

It was clear from both, the regional and local land-cover
CHD analyses that wetland habitats were relatively stable.
However, it was only apparent from the habitat-specific
analyses that only mesotrophic wet meadows and Molinia
meadows were relatively constant of the grasslands up until
the 1950s. These areas were worthy of ploughing only after
draining them in the 1960s, and following the droughts in the
1980s (Bagi 1988). The process was accelerated by govern-
mental subsidies in the 1990’s. In the analyses at the local
scale, it is also apparent that the vegetation of salt lakes also
underwent transformation and developed mainly into
marshes and meadows by the 21st century. This change was
elicited by the leaching of salts from the upper soil layer after
the long drought periods. In contrast to salt lakes, the con-
stancy of Molinia meadows is remarkable. These meadows
receive their water supply from below, mainly from the
dunes (Mádl-Szőnyi and Tóth 2009). Owing to regular water
cover, it was not worth of ploughing them. Mesotrophic wet
meadows had a greater chance to get ameliorated,
overseeded, or ploughed. Rather significant loss of Molinia
meadows at the regional scale was generated by the first
drainage works during the first half of the 20th century. After
digging the major canal in the area, the water of the nearby
Molinia meadows was easily drained.
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In the 18th century, the study area was almost devoid of
forests. This was confirmed by both types of analyses at both
scales. However, the gradual increase in forest area revealed
by land-cover CHD analyses was separated into natural and
anthropogenic processes by habitat-specific analyses. Dur-
ing the period of T1-T2, open sand grasslands were sponta-
neously taken over by shrubs, then from T2, the increase in
forest cover was attributed to afforestation and transforma-
tion to tree plantations. Afforestation began in the 19th cen-
tury to stabilize blowing sand, and continued after World
War I to make up for the loss of mountain forests (Molnár
2003). In the second half of the 20th century, afforestation on
the poorest sandy soils with increasingly intensive methods
was required in the socialist five-year plans.

The most pronounced changes detected in our study ar-
eas were grassland to forest and grassland to arable land ones
in the earlier, and arable land to grassland or arable land to
forest transitions in the later periods. These indicate land
abandonment and afforestations in the last decades. Change
detection studies carried out elsewhere also reported margi-
nalization processes, mostly in mountain and marginal re-
gions. The most pronounced transitions found are usually ar-
able land to forest and arable land to grassland
transformations (Agnoletti 2007, Eremiásová and
Skokanová 2009, Rodrigues 2010). Unexpectedly, we also
detected this marginalization in our study area, although that
lies close to large cities and even to the capital. The reasons
for this were partly the drop of groundwater table, and partly
a centrally imposed demography policy (Molnár 2003,
Csatári and Farkas 2008).

5. Conclusions

We demonstrated that habitat-specific CHD and trajec-
tory analyses can reveal important landscape ecological
processes that cannot be reconstructed with land-cover based
analyses. They highlighted habitat-specific processes and
showed considerable diversity in patch history of certain
habitat types, making natural and social drivers better inter-
pretable. 

Our random point-based regional analysis proved to be
successful in documenting regional scale landscape change.
We found very similar results at the local scale. Using the
forward direction trajectories of past habitats, historical habi-
tat changes could be documented in spatially explicit paths.
In the retrospective way, the history of present habitats be-
came visible. 

Most CHD studies (e.g., Cousins 2001, Rodrigues 2010,
Mikusinska et al. 2013) use percent values of changes for
each land-cover category in figures of CHD analyses (all
transitions of a certain type add up to 100%). In contrast, we
suggest that processes could be better interpreted if all tran-
sitions of all types in a time period add up to 100% (Ichikawa
et al. 2006). By this we can avoid to overemphasize the tran-
sitions of land-cover/habitat types with small area.

The analysis using only three time periods may have un-
derestimated small-scale dynamics owing to the relatively
long intervals between mappings (60-100 years). To investi-
gate vegetation changes, it also could be valuable to consider
a larger number of time periods and habitats (cf. Ichikawa et
al. 2006, Rodrigues 2010).

Availability of historical maps in a digital format pro-
vides an opportunity to carry out CHD and trajectory analy-
ses even at a country-wide scale. The larger the area studied,
however, the greater the caution needed. The depths of site-
specific expert knowledge may decrease, whereas automated
GIS analyses may receive a greater emphasis. As was shown,
land-cover analyses only indicate main trends. Even the
changes and trajectories of the most important habitats may
add up resulting in a homogenized history, and therefore the
results may be misleading (see e.g., the locally wrong predic-
tions in Verburg et al. 2010, Hatna and Bakker 2011). The
challenge of change analysis lies in the combined uses of
landscape information originating from variable sources
(Biró and Molnár 1998, Biró 2006). Similarly to the experi-
ence of Käyhkö and Skånes (2006), ours (Biró and Molnár
1998, Biró 2006) also suggests that the relevance and eco-
logical interpretation of revealed processes are strongly lim-
ited without detailed knowledge of the local landscape, data-
specific and context sensitive analyses, and meticulous
correction of historical sources.

Landscape trajectories have been found useful in practi-
cal management and conservation of valuable habitats and
landscapes (Cousins 2001, Käyhkö and Skånes 2006, 2008,
Mikusinska et al. 2013). Analysis of trajectories facilitates
the identification of, for example, ancient grasslands, or
grasslands in the stage of regeneration. Information on diver-
sity of histories may serve as a basis for spatially explicit con-
servation management (Cousins and Ericsson 2002, Käyhkö
and Skånes 2008). It can help to select areas to be protected,
and thus may greatly contribute to a more efficient conserva-
tion management of key habitats (Ujházy et al. 2011, Kowal-
ska 2012). Future restoration of semi-natural habitats is of
growing importance according to the European Union Biodi-
versity Strategy to 2020. One of the first steps to this is to
map long-term habitat changes on a scale as fine as possibile.
Such maps will give baseline information on earlier habitat
configurations, and will allow for planning ecological net-
works, green infrastructure and multifunctional landscape in
the future (Käyhkö and Skånes 2008, Hooftman and Bullock
2012). Historic habitat maps and landscape trajectories are
especially important in regions where the identification of
target communities is not evident (Csecserits et al. 2011).

Prediction of future landscape changes requires the un-
derstanding and integration of past landscape trends, current
landscape change processes and feedbacks, and the incorpo-
ration of plausible assumptions or scenarios (Houet et al.
2010, Verburg et al. 2010). In light of climate change, mod-
elling the future possible transformations of certain habitats
is getting to the forefront of research (Czúcz et al. 2011, Pren-
tice et al. 2007). This requires knowledge of the natural and
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social factors that affected the habitats in the past (Bürgi et
al. 2004). Thus, trajectory analysis may play a fundamental
role in modelling sensitivity to climate change. This analysis
may answer such questions as to what degree a habitat was
stable on the long run, how much change it has already un-
dergone, and whether there are either back and forth habitat
transformations and alternating degradative and regenerative
stages, or the habitat history is rather monotonous and trend-
like.

We argue that habitat-specific trajectory analysis pro-
vides basic, valuable, and hardly replaceable information that
help better understand the long-term landscape-scale eco-
logical processes and develop a more sustainable system of
landscape and nature conservation management.
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