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Abstract. At an Eastern Hungarian protected grassland, namely at the Lesser Mole Rat (Spalax leucodon Nordmann, 1840).
Reservation of Hajdiibagos Nature Conservation Area, grazing animal husbandry formed the fagade of the land for hundreds of
years. Though, due to the unfavourable changes of the last few decades in this sector of agriculture, the primeval sand steppe
meadow (Pulsatillo hungaricae-Festucetum rupicolae (So6 1938) Borhidi 1996) plant association is endangered by the increasingly
accelerating succession. To stop or at least to slow down this process the rehabilitation of the area could be necessary. The target of
the restoration ecology actions is to restore the previously existing, more favourable natural status of a particular area. However, the
lack of knowledge according to the conditions that refer to the original circumstances often complicates this activity. To define these
reference conditions the exploration of the history of a certain landscape is very important as restoration is only successful if the
restored ecosystem is similar to the original. We examined the land use changes of the research area during the last 250 years
according to historical and present geographical databases using GIS technology and completed this work with the study of archival
data. By our results we stated that these examinations are crucial in the proper - agriculture related - management of protected areas.
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INTRODUCTION

Despite of the legal protection quick and in a nature
conservation view harmful succession changes can be
realized at the examination area. The original sand
steppe  meadow (Pulsatillo hungaricae-Festucetum
rupicolae (So6 1938) Borhidi 1996) plant association is
endangered by the partly natural succession [20]. To
stop or at least to slow down this process the
conservation of the protected species is not enough, the
rehabilitation of the area could be necessary [9]. The
re-shaping of the dilapidated habitats is possible
through restoration ecology actions. The target of the
restoration ecology interventions is to restore the
previously existing, more favourable natural status of a
certain area [5]. However the lack of knowledge
according to the conditions that refer to the original
circumstances besides the lack of financial sources
often complicates this activity [19]. To define these
reference conditions the exploration of the history of an
individual landscape is very important as restoration is
only successful if the restored ecosystem is similar to
the original. According to [16] to understand and solve
the actual problems the precognition of the premises,
the past events and the development trends are
necessary.

The landscape historical examinations of a certain
territory actually mean the evaluation of the land use
changes what could be performed by surveying former
maps of the examination area. For this job the I-VII.
Military Surveys are the most appropriate sources in
Hungary that started in the middle of the 18" century
and were created with proper accuracy according to the
past technological standards [12]. Considering the
similar structure and scaling of the military maps, these
sources are the most suitable for landscape historical
examinations. Though, other sources like Gauss-
Kriiger and other topographical maps, cadastral maps,
the maps for forestry operations of the State Forest
Service, soil, geology, hydrology and vegetation maps,
as well as air and space photos could promote our
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work. However the reconstruction of the primeval
natural status cannot be achieved only by using maps.
A correct proposal for the rehabilitation and future use
of the examined pasture could be formed only in case
we collect as much as we can from the literature
sources, historical documentations and archival data of
the territory while we need to gather actual information
and on site data of the pasture as well [1]. Therefore
during our landscape historical examinations we also
used geographical and historical descriptions, the
experiences of reports and personal interviews, and
numerous archival data of the Hajdu-Bihar County
Archives.

MATERIALS AND METHODS
Introduction of the examination area

The great pasture of Hajdubagos that lays in the
eastern part of Hajdu-Bihar County southeast from
Debrecen, is located geographically in the crossing
point of three regions, the South-Nyirség, the Berettyo-
Kallo Interfluve and the South-Hajdusag, right next to
the territory of the Debreceni Erdéspusztak [4]. As the
area is one of the most important Hungarian habitat of
the strictly protected Lesser mole rat (Spalax leucodon
Nordmann, 1840) [8] it became the Lesser Mole Rat
Reservation of Hajdubagos Nature Conservation Area
in 1976. Besides the Lesser mole rat the area is the
habitat of other protected animal and plant species as
well [2, 3, 10].

The biggest part of the examined pasture is within
grass cultivation branch, forests approximately occupy
10% of its total area. The last one century resulted in
crucial changes at the pasture that had been grazed for
a long time. Similarly to other Pannonic sand steppes
[17] the traditional form of land use ceased or at least
had been thrust into the background, the decrease in the
number of grazing animals makes its negative effect
felt. The non proper land use caused quick succession
changes. These changes resulted in the closing of the
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grass and the increase of it in height, which is a
harmful progression for the natural fauna also. The
present day animal stock is only able to graze an
insignificant part of the green mass what leads to the
accumulation of the organic substance. Therefore
mowing against weeding is necessary at some parts of
the pasture. However mowing is only a constraint,
there is a need to replace it by increasing the number of
grazing animals [14]. Though, the animal carrying
capacity of the pasture should be taken into
consideration to avoid overgrazing as well.

Land historical examinations

For the land historical examinations of the study
area we performed cartography surveys. We also
investigated  the  geographical and historical
descriptions and management plans, wused the
experiences of reports and personal interviews, and
carried out a significant archival data collection.

To the land use and land historical cartography
examinations a database was needed that contains those
more dimensional data that have information on the
changes of the landscape and of land use both in space
and time. To this job we used the maps of the I. (1782-
1785), the II. (1819-1869) and the III. (1872-1884)
Military surveys, present topographical map sections,
important elements of the Digital Base Map of
Hungary (administrative units, linear and point map
elements) and the present-day newest remote sensed
CORINE Land Cover CLC2000 European Land Cover
Database. For the cutting and the graphical joining of
the map sections we used Adobe Photoshop software.

1. Military Survey /‘.

11 Military Survey

11. Military Survey

Present situation

The georeferation of the raster database created in this
manner, was made by identifying reference points by
using ESRI ArcGIS software package. After creating
the digitalized sections (vector database) we created the
geo-database of the land use examinations that contains
the necessary data and map sections. With the attribute
tables our aim was to quantify land history and land
cover, and through this to determine the land use
characteristics and the alteration of these features.

We pursued the archival examinations in the Hajdu-
Bihar County Archives. We found and processed data
from the beginning of the 1750s until the middle of the
1950s. We searched and evaluated data mainly on
grazing animal husbandry. Among the archival sources
there are censuses from the Séarrét than from the
Derecske districts, feudal land tenancy census records,
statistical reports and the final accounts of Hajdubagos
settlement as well.

RESULTS

The historical and present maps representing the
examined area are telling a lot about land use changes
(Figure 1). By the data of the charts below it is
noticeable that the close territory of Hajdubagos is
utilized by agriculture for a long while and that
significant changes occurred during the past era of the
last 250 years.

The review of the land-use changes is possible by
the evaluation of the attribute tables that were created
by the GIS data base. We indicate the area sizes of the
map data from the four different eras by using these
attribute tables (Table 1). We made a comparison
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Figure 1. Maps created for the examination area by the I, II. and III. Military surveys and present maps.
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among our counted data and the data of the Hungarian
Central Statistical Office [11] on the present land use
categories and judged our results acceptable.

From a nature conservation view it can be regarded
as a favourable amend that the area of the previously
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large, nearly continuous arable land decreased in the
examination period. The spatial order of the arable land
also changed, it became more disjoint what resulted in
a more mosaic landscape structure.

Table 1. Changes in the certain land use categories in the examined region between 1782 and 2007.

Size of the land use category / Date of data collection (year)
1782-1785 1819-1869 1872-1884 1995-2007
Land use category
ha % ha % ha % ha %

Arable land 2517.15 66.47% 1698.57 44.85% 2421.38 63.94% 1937.01 51.15%
Vineyard 30.82 0.81% 35.78 0.94% 67.03 1.77% 122.95 3.25%
Grassland 879.06 23.21% 935.08 24.69% 747.59 19.74% 703.04 18.56%
Forest 272.93 7.21% 450.59 11.90% 370.71 9.79% 649.58 17.15%
Temporarily waterlogged area 52.57 1.39% 541.96 14.31% 69.50 1.84% 211.47 5.58%
Permanently waterlogged area 3.34 0.09% 72.20 1.91% 22.17 0.59% 8.24 0.22%
Built in area 31.31 0.83% 53.00 1.40% 88.80 2.34% 154.89 4.09%
Sum 3787.18 100.00% 3787.18 100.00% 3787.18 100.00% 3787.18 100.00%

The area of the vineyards increased against the
arable land, the occupancy of this land use category
became four times bigger throughout the examined
period.

The size of the grasslands also changed a lot during
the last two and a half centuries. However the area of
the grasslands, that was 23% of the administrative
territory of Hajdubagos in the second half of the 18™
century, did not change a lot, only slight alteration
happened until the first half of the 19™ century, to the
end of this century the size of grasslands decreased
significantly and by nowadays the land possession of
grasslands is only 19%.

Besides the changes in the total area of the
grasslands in the territory it is more interesting how the
facade of the great pasture of Hajdubagos changed
since 1782 until today. From the map data it is clear the
present pasture was covered by arable land almost in its
total area 250 years before. Although, to the era of the
II. Military survey the land occupancy of the grasslands
increased, the size of arable land was still considerable.
This phenomenon cannot be the result of the drying of
the territory as from the map and table data it is clear
that rather much temporary and permanent waterlogs
were in the area in the 1800s. These waterlog spots
were in connection with the floods of the Tisza and
Berettyo rivers. The size of the wet habitats is bigger
nowadays as well than it was two and a half centuries
before which has on one hand geographical and on the
other hand water management reasons. The
geographical reason is that the examination area is
south from the big Nyirség watershed and lays in the
catchment area of the Berettyd. The Derecskei-Kallo
canal, or officially the Kati-rill takes in the flowing
waters of the territory [15]. The area inclines to the
southwest, the landscape characterised by the sand
dunes north from the village of Hajdubagos turns into
the lower Bihari plain from the south of the settlement
[4]. The historical maps indicate well that the
integration of the significant floods of the Tisza and
Beretty6 rivers and the stagnant waters from these
floods [7] and therefore the increase of the Kati-rill
caused the leave off of the previous arable lands which
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resulted in the spontaneous re-grassing of certain parts
of the examination area. The drainage of the waters of
the territory brought additional changes. The water
drainage activity in the South-Nyirség started already
in 1982, since then the area was netted by canals [8]
and for the emplacement of the rainwater and inland
inundation water reservoirs were built. In the 20"
century all together three water reservoirs were built to
the south-southwest from Hajdubagos from which two
is replacing previously existing valuable grasslands.
Due to these water management activities it became
necessary to establish new pastures to the north of the
settlement. These changes in the grasslands of the
territory resulted in the increase of the former pasture
next to the former Debrecen-Oradea transit road [6].

The size of the forests continuously grown, by now
there are two times more forests in the region than 250
years before. However it is a fact that the present
forests are mainly planted forests, featureless Robinia
(Robinia pseudoacacia L.) and Scots pine (Pinus
sylvestris L.) plantations of weak quality. From the
map data it is also visible that some of the previous
natural forests were turned into vineyards. Therefore
the judgement of the increase of the forests is
controversial in a nature conservation view.

In case we examine the changes in the size of the
settlement, it is clear the area of Hajdubagos grown
constantly during the examination period. While
between the I. and II. Military surveys the settlement
became one and a half times bigger, to the III. Survey
this growth is almost a triple. The increase in the size
of the village rose further to our days, the area of
Hajdubagos became its twofold during slightly more
than 100 years.

During the archival examinations we aimed to
survey the characteristics and changes of livestock of
the examined area and found that between 1750 and
1955 there were properly a lot of sheep in the property
of the farmers of Hajdubagos village. Beside sheep, the
number of cattle and horse that were grazed on the
grasslands around the settlement was always
considerable. From the archival examinations it can be
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also stated that the livestock of the territory decreased
significantly during the last century.

DISCUSSION
According to [5]  historical information is
undoubtedly a wvalid source for guiding future

restoration. The reviewed land historical examinations
therefore own practical importance by supporting the
planning and carrying out of nature conservation
management and restoration activities. As [18] states
by citing Jordan et al. ecological restoration is crucial
in the preservation of biodiversity, which opinion also
strengthens the significance of our results.

The geo-database compiled to the studied area
became suitable for running land calculation
algorithms according to land use categories. By these
results to create land cover timelines in case of the
certain land use categories became possible. By the
map and table data of the GIS database it is apparent
that in the land use of the examined area significant
changes happened throughout the past two and a half
centuries. According to the GIS examinations it also
turns out that the area of the examined pasture once
was arable land thus the protected area cannot be
regarded as primeval grassland, what is necessary to be
considered in its management. The changes in the
fagade of the area that can be followed on the maps
indicate that the present pasture was not always
waterlogged, thus certain opinions according to which
the water supplementation of the area and the alteration
of its water management characteristics are very
important are not necessarily consistent.

Besides the valuable historical information gained
through the introduced survey the opinion of [5] should
be emphasised, namely that the environmental
conditions of the future will likely be different from the
past, therefore a restored ecosystem rigidly aimed at
historical fidelity may not be sustainable in the future.
Present environmental circumstances should always be
taken into account for the proper management of a
protected area. In accordance with this statement by the
results of the land historical examinations introduced in
this paper, the preservation of the present land use form
namely the grass cultivation branch is unquestionably
suggestible. For the management of this extensive
pasture grazing is the most suitable method, however
the land characteristics should be taken into account
precisely and the grazing activity should be planned
according to the special features of this grassland. For
the sake of the careful management the concrete animal
carrying capacity of the pasture should be considered.
Controlling the number of livestock used is very
important, especially in dry years, to avoid overgrazing
and trampling [17]. During the planning of the grazing
activity the genotype of the grazing animals and the
features of the grassland should be harmonized.
Intensive animal breeds are not suitable to graze an
extensive pasture. Only extensive breeds should be
utilized that are traditional in the region. The animal
species grazed on the examined pasture also should be
considered as the feeding habits and the trampling of
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sheep and cattle are rather different, therefore these
animals have different load on the grassland.

A complete botanical survey is accessible to the
examination area [3]. By using this botanical database
as a basis, the changes in the botanical structure of the
pasture should be followed to be able to react to the
negative changes immediately. The vegetation and seed
bank sampling method used by [13] is an applicable
way of evaluate the spread of competitive grasses and
also aggressive woody plants like Robinia (Robinia
pseudoacacia L.) and Common hawthorn (Crataegus
monogyna Jacq.). The analysis of aerial photographs
with GIS methods is mainly suitable to react to the
spread of unwanted woody plant species in time. The
control of these plants could be carried out either by
mechanical or by chemical methods, however the
preference of mechanical methods is desired on
protected areas.
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