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Introduction
During the last 250 years, changes in the landsbape been very intensive. The landscape has
changed continuously from a natural landscape, ra@ied only by the physico-geographical
conditions of the area, to an agricultural landscdjhis process happened in almost the entireairea
the Czech Republiwith the exception of the elevated locations araséhterritories where climate,
terrain and soil conditions did not allow greatepansion of agricultural production. Nowadays, the
authentic structure of the landscape is evideny amlthe territories with less favorable physico-
geographical conditions for the expansion of adfuce.

The transformation of the landscape structure paotisly proceeded during the past
centuries. However, faster and more significanti$@ape changes happened in the 20th century.
These changes have led to a remarkable simplicatif the landscape structure as a result of
compounding and re-allotment of land, destroyingalks, field paths and land covers. During the
fifties years of the last century, blocks of aralsled were established whose sizes increased $evera
times during the further development of socialist@griculture. This happened with the increasing
concentration on large-scale agricultural produnctin1970s. The formation of larger blocks of agabl
land totally destroyed the native landscape strachis the landscape was fanatically adapted fogr onl
one purpose — large-scale agricultural productigpperted by heavy mechanization.

The increase of the areas of the individual langs@mponents resulted in a decrement of
the mosaics of the landscape and its generic diyerBhis has also affected the ecotones and
transition zones between the two different guildhiclh have decreased together with the
simplification of the landscape structure.

The landscape structure, its components and dawelojs are possible to monitor from
several, mutually complementary aspects: arrangeaiaradients (abiotic and biotic) across the area
without significant and sharp boundaries; arrangdénw areas in the mosaic of the landscape;
network of areas and corridors; and the systemoaintaries and rims in the landscape mosaic
(Forman and Gordon 1993).

The aim of this paper is the analysis of the spa#@endences of ecotones. The study was
carried out in a scope of cabinet research withap stale of 1:25 000 in the Trkmanka River basin.

The study is a part of the project of G2R 205/07/0821 “Analysis and modeling of spatial



relationship dynamics of ecotones in GIS”.

Ecotones

The boundaries between natural landscape compomersisfrequently exhibit the character
of transition zones. They are very rarely sharglearly defined. Sharp lines can be found at terrai
edges, beside rivers and reservoirs or at antheypogobjects They are formed as a result of
differential effective usage of the landscape. Awtene is generally defined as a boundary or
transition zone, or edge guild between two or namresystems. As a consequence of a crossover, the
ecotone often has higher biodiversity and more ffalvie conditions for organisms than the boundary
biocoenosis, thus exhibiting a greater variety laihpand animal species present within it (Hansen
1988, Jenik 1995). In other words, the ecotonenislament of the spatial structure of the landscape
component (i.e. ecosystem), which represents \rdesition zone or line of interface between
neighboring landscape components (i.e. ecosystelin$y. characterized by a higher diversity of
organisms and density of population in comparisdih Wose in both neighboring biocoenosis (the
so-called edge-effect) (Odum 1971, Luczaj 1994thiecotone, one can thus find both species from
the neighboring biocoenesis and specific specigscdl for this transition zone. However, Hansen
and Di Castri (1992) also consider sharp bounddriesnarrow transition zones) to be a ecotone. In
today’s cultural landscape, the ecotones are theeplof contact between a natural area and an area
influenced or controlled by humans (i.e. agroectsys).

From the spatial point of view, the ecotones araratterized by a space and time which
reflect the forces of interactions among boundaniysu(i.e. ecosystems). Hansen and Di Castri (1992)
have reported that changes of the space-time steucr functions taking place in the ecotone are
faster than changes in the landscape as a whoke.etbtones, as a spatial unit, have a different
internal structure and construction, spatial atels and other properties that are conditioned
abiotically and biotically (i.e. contrast, interradoduct differentiation, width, shape). Simultanglg,
they also exhibit properties determined by timejeltgpment and function — transmittance, stability
and elasticity. From the spatial point of viewgyhcan be characterized by following typical
properties (Hansen and Di Castri 1992, Kiol894, Michal 1994, Skletka 2003):

« Plasticity of transition. The transition zone cavé a different appearance, from gradual to
sharp and discontinuous gradients. Sometimes, ¢btomes can display the appearance of
wedged ledges or tongues, salient from neighbatnlgls.

» Time stability. Their existence and/or persisteace determined by the mechanism or factor
of their formation. It is affected by a varying gilee of dependence on external or internal
natural processes and their manifestations. Hunwdivitees can also have an influence
(planted hedgerows vs. a hon-grubbing forest belt).

« Ledges from landscape structure. They occur iredfit degrees of contrast with each other

and neighboring surface objects (in geology, gepimaogy — rock and terrain shifts, in



succession age of neighboring vegetation, in $gliniaquatic environments — for example at
the entry of the river to the sea).

* Biological and spatial stability. The stabilizatiumctions in the landscape result from their
graded ability to react to a disturbance in terrhdath resistance and/or resilience of the
system and in dependence on a degree or interighg action of the respective factor.

e Source, support (standby) function. The ecotondkience neighboring and especially
adjoining ecosystems. They act as a source of germatrients, they pollute or entrap (dust,
pollen, seed, etc.) or “eject” predators or pesis the surroundings.

* Increased density of biomass. The edge-effect septe a tendency of guilds for densification
and diversification of the biota in the transitisane. There exist either species from both
neighboring formations or specific species, absentighboring territories.

In the landscape, the ecotones thus create a rietwoch presents a stabilization and source
element of the landscape and landscape compofidr@sabove mentioned properties of the ecotones

are influenced by the physico-geographical andosmcinomic conditions of the area.

Area of interest

The area of the Trkmanka River basin, restrictedhgyboundary of the drainage basin, is
situated in Southern Moravia, east of Brno. THe1nka River springs in the Zdanicky les Mts., and
is located northwest of the town of Zdanice , agHitude of 300 m above sea level. The river then
flows in southerly direction and after 42.5 km itnaps into the Dyje River just northeast of the town
of Lednice , at an altitude of 158 m above seal l&\ee interested area has an elongated shaplee In t
north, the area is comprised of a system of Zd@niachy hills with the highest point called U
Slepice (437 m above sea level). In the southatba reaches to the floodplain of the Dyje Rivee T
north part of the area is forested, the middle phthe interested area represents a typical dgrrel
landscape with a small portion of woods and thelsoua part of the area is intensively agricultyrall
utilized.

The Trkmanka River basin belongs to territorieshvéatlong history of settlement and to the
regions with a landscape highly influenced by husaauitable conditions of this landscape favor
highly developed agricultural production that isicentrated mainly on the growing of grapes, which

represents a long-time tradition in this area.

Methods and procedure of solution
The ecotones have a spatial pattern that appedes saitable for research of their usage with
geoinformation technologies. In a GIS environmehg individual components of the real world,
which are thematically divided, can be saved inasse digital spatial layers. These layers can be
arbitrarily piled up and from them, one can demesv information. In addition, these layers andrthei

combinations can be subjected to spatial analysssprovide further valuable spatial information



which is unreachable with other methods.

The material for the research of the ecotone ptgseof the basin of the Trkmanka River
originated from a transfer of the spatial phenomgfthe real landscape to the digital vector thémnat
layers. We have analyzed the digital layers ofubage of the landscape of the study area from the
years 1764, 1836, 1877 and 2007, at a map scal@®000.

The £ Military Survey maps from 1764-1768 were not matethe basis of astronomical-
geodetic measurements. The absence of a mathehtadi®ss results in a very low map accuracy
(Boguszak and Cigal961). The 2' Military Survey from 1836 — 1840 required prepamatof a
coherent astronomical-geodetic network. THeNglitary Survey from 1876 — 1878 was carried out
mainly due to the improvement in measurement pmtid he present land use/land cover (LU/LC)
was created from a coloured orthofotomap that waderon the basis of measuring air shots from
2004 — 2006.

The layers of the land use were modified with respe the aim and purpose of the study.
Therefore, certain administrative and possessiatufes within one facet have not been considered
with the aim of construction of a model correspogdto the real landscape as much as possible.
Vector layers of the land use have been used ampeatent theme, whose categories have been treated

as landscape components. Every facet (i.e. polyggmgsents a space of the landscape component.

Results
Edges or lines between each facet are consideredatsnes. The net of polygons could be
named as the net of ecotones in the real landsddpe.development of the identified landscape
elements in the watched time horizons is shown bgma of NP (number of patches) and MPS (mean

patch size) indexes in Table 1.

Table 1: NP a MPS indexes development from 17&D6Y in the Trkmanka River basin

NP (number of patches) MPS (mean patch size) (ha)

1764 1836 1876 2007 1764 1836 1876 2007
Built-up areas 197 245 234 302 5,09 3,77 3,8 7,89
Unmetalled road 13 50 134 317 35,81 14,9 3,83 2,1
Metalled road 1 9 11 24 10,88 4,35 10,05 10,23
Railway 0 1 1 2 0 7,11 7,15 36,99
Arable land 730 1055 828 1043 30,34 15,78 27,73 20,92
Permanent grassland 323 825 499 528 25,22 8,51 9,2 2,53
Orchards and gardens 0 11 2 343 0 2,15 3,05 3,52
Vineyards 127 412 225 601 27,34 11,72 11,4 5,17
Wood 198 477 205 1207 46,08 15,01 29,97 5,74
Water areas 56 17 39 67 19,3 29,36 2,88 1,89
Total 1645 3102 2178 4434




Table 1 clearly shows the trend in the change efmeht numbers during the years 1764 -
2007. Two increases are visible, namely during2MéMilitary Survey (1836) and at the present time
(2007).

This trend can be identified in all categories vitike exception of the built-up area orchards
and gardens, where the number of patches constgraly. In the water areas category, where the
situation is opposite to most of the LU/LC categ®rthere was an exception to the trend, because
there was a visible decrease in the number of patchiring the ® Military Survey followed by
moderate growth.

It is impossible to find a uniform trend for mosttegories within the index of mean patch
size. MPS of arable land and woods during tfeMilitary Survey (1836) and at the present time
(2007) is decreasing, meaning that the sizes dfithahl elements decreased. Opposite to that, the
mean patch size of water areas increased betwkszhahd 1836, then in 1876 rapidly decreased and
finally between 1876 and 2007 only a slight MPSlidecis noticed. The development of mean
element sizes of permanent grassland and vineyaralnost identical. In particular, between 1764
and 1836 an MPS decrease is noticed, then stagraatob between 1876 and 2007 the mean patch size
was again lower. The built-up area, orchards andieyes, was distinguished by moderate MPS
growth.

Each ecotone is the element of the net, whose tgtie¢i and quantitative properties are
influenced by the type of landscape. The spatialatter of the ecotones could be considered as the
quantitative indicator. This work is based on th&lg of these indicators.

The length of the ecotone is the attribute, whiclecomposed of two different characteristics.
The first one is the absolute length of the ecotertbe length of the centre line in the landscape
segment. The analysis of these characteristidsr@etdifferent time horizons is shown in the Téhle
The second one is the relative length of the e@ttinrshows the length of the active border of the
ecotone. The proportion of the above mentionedatttaristics influences the area of the ecotdme.

table 2, TE index is given in absolute (km) andelative (%) values.

Table 2: TE index during 1764 - 2007 in the TrkmeaR¥ver basin

TE (total edge)
1764 1836 1876 2007
% km % km % km %
Built-up areas 3,25 236,62 2,95 224,2 3,41 448,41 5,23
Unmetalled road 30,3 2968,72 37,04 2050,02 31,19 2649,48 30,89
Metalled road 0,36 78,5 0,98 221,35 3,37 440,76 5,14
Railway 0 9,52 0,12 9,56 0,15 98,6 1,15
Arable land 32,74 1879,16 23,45 2385,69 36,3 2093,02 24,4
Permanent grassland 16,88 1356,69 16,93 799,79 12,17 469,65 5,48
Orchards and gardens 0 8,09 0,1 1,5 0,02 294,08 3,43
Vineyards 4,77 608,59 7,59 326,43 4,97 608,03 7,09




Wood 9,58 821,79 10,25 522,28 7,95 1431,97 16,69

Water areas 2,12 46,55 0,58 33,93 0,52 43,64 0,51

Total 100 8014,23 100 6572,53 100 8577,68 100

The edges length index of individual LU/LC categesri i.e. calculation of patch
circumferences (total edge - TE) and edge lengétaden two given categories (e.g. wood — arable
land, permanent grassland — water areas, etc.)atéhpedge can be considered as the boundary
between two patches of different types.

From the percentage substitution of the individoategories edge lengths it is easy to
determine the development of the TE index thatehd#ferent course for each LU/LC category. The
most substituted (about 30 %) are the categoriearable land and unmetalled roads that include
woods and field roads. The TE value of unmetaltstis increased in thé“Military Survey (1836)
from 30 % to 37 %, and then decreased again tetdréing value by 2007. The category of arable
land had a very dynamically changing course of Miek with a decline during thé"2Military
Survey and at the present time to about 24 % amgjiosite with high values during th& and ¥
Military Survey (1764 - 1876), when the TE valuectuated over 30 %. The category of arable land
had a very dynamically changing course of the Tdéein It had high values during th& and ¥
Military Survey (1764 - 1876), when the TE valuacluated over 30 %. It declined during tH& 2
Military Survey and at the present time to abou%24 A very rapid decrease was noticed for the
LU/LC class of permanent grassland, when between tff and 3 Military Survey the value
stagnates, then rapidly decreases from 17 % to/dalue of 5,5 %. For the grassland category the
TE index increased from 10 % (1764) to almost 1at%he present time. When it comes to other
categories no distinct changes were noticed, viighetxception of metalled roads (today’s highways
and motorways) where the number logically grew.

Table 3 shows the boundary lengths between chbd#nC categories in all the monitored
time horizons. The values are given as absoluterelative for the comparison with thé' Military

Survey.

Table 3: The boundary lengths between chosen LW@&t€gories during 1764 - 2007.

TE (total edge)
1764 1836 1876 2007
% km % km % km %
Wood - Unmetalled road 9,81 608,3 15,44 | 267,61 8,31 | 1076,6 255
Arable land — Unmetalled road 37| 1131,35 28,71 | 1337,77 41,54 921,32 21,82
Vineyards — Unmetalled road 2,35 406,66 10,32 111,51 3,46 313,95 7,44
Arable land — Metalled road 0,47 44,74 1,14 174,39 5,42 237,52 5,63
Arable land - Woods 3,91 53,31 1,35| 129,35 4,02 | 198,99 4,71
Arable land — Permanent grassland 14,71 | 445,83 11,31| 413,76 12,85 178,32 4,22
Arable land — Vineyards 5,51 78,5 1,99 159,64 4,96 145,18 3,44




Arable land — Built-up areas 3,47 45,22 1,15 76,97 2,39 139,89 3,31
Permanent grassland - Woods 3,43 75,98 1,93 62,61 1,94 47,22 1,12
Permanent grassland - Vineyards 0,64 57,88 1,47 28,43 0,88 39,65 0,94
Wood - Vineyards 0,81 40,9 1,04 13,08 0,41 26,02 0,62
Water areas - Arable land 0,13 8,95 0,23 11,36 0,35 21,67 0,51
Permanent grassland — Built-up areas 0,48 28,44 0,72 19,27 0,6 16,87 0,4
Water areas - Permanent grassland 3,92 31,78 0,81 17,02 0,53 12,58 0,3
Total 100 | 4969,6 100 | 4777,81 100 | 5382,78 100

It is obvious that the longest boundaries are erkhy unmetalled roads, i.e. field and
woods roads and the most area substituted categdnethe past, the dominant type of
boundary was the arable land - unmetalled road.thatpresent time the most common
boundary is the boundary between the woods - urdl@é@teoad. This is due to the large
number of woods roads in the present LU/LC. Alsbuge decrease in boundary length
between arable land and permanent grassland waslegt That varied between 10 and 15%
in the past, but according to the present LU/LGaiptures only about 4%. A sharp decline
nowadays is explained by a drastic reduction of pleemanent grassland areas. Such
categories of boundaries like between arable lardivaoods or arable land and vineyards
have the social character of development. The pesgof both of them imitates the arable
land development in the monitored time horizonihrea decreased during tH& Eilitary
Survey (1836), then it increased in 1876, and lmalmoderate decrease of the areas was
observed in the present LU/LC.

Table 3 shows also percentile insignificant boupdéngths between chosen
categories. There is a noticeable change in thexdayy length between water areas and
permanent grasslands, which between 1764 and d&3@ased by about 3/4. Currently the
decrease is continuing, but not so sharply. Inrttmnitored time horizons, the percent of
substitution of the length between water areasanbile land is increasing. There is also a
very big decrease in the boundary length betweeade/@nd permanent grassland, which
dropped by about 2/5 between 1764 and 1836. i #tagnated and currently has again
decreased by about 2/5 when compared to 1876e#t giynamic development appears also
between built-up areas and arable land, where ¢loecdse of area is evident between 1764
and 1830. The reason for this situation lies in itheease of vineyard areas that often
occurred close to farms and permanent grasslatisatitime. Between 1836 and 2007 the
boundary length of arable land - built-up areagdased due to the decrease of permanent

grassland areas and moreover due to the incredseilblip areas. A very similar course of



development occurred in boundaries like vineyardvoods and vineyard - permanent
grassland. In both cases the data expressed amgechf the vineyard area, which according
to the 2 Military Survey was increasing. This meant tHa boundaries woods - vineyard
and permanent grassland - vineyard also incre@dtt.this time, a decrease in the vineyard
area followed (1876) together with a decrease aindary with woods and permanent
grassland. Nowadays, according to the present LCA _bhoderate increase in vineyard area
and its boundary length with woods and permanesgsiand has been observed once again.
The boundary length between permanent grasslanthaiticlp areaa imitates the changes of
permanent grassland in the monitored time horizeitis the maximum length in 1836 and
the minimum length at the present time.

The last monitored parameters were the diversitgdaape indexes. On the basis of
these indexes it is possible to measure spatidkt@pe patterns. The Shannon diversity index
(SDI), Shannon equilibrium index (SEI), and Domioatindex (D) were calculated for the
whole area, not for individual LU/LC categoriestiiollowing results:

The Shannon diversity index (SDI) quantifies laragsx diversity based on two

elements: the number of different area types (esBh and their evenness. SDI is

increases when the number of different areas i®asing, or when the evenness for
the individual types of area is uniform. The maximwalue is reached when the

maximum number of area classes is substitutedlaittiscape equally (Balej 2006).

The Shannon equilibrium index (SEI) is based ondis&ibution and substitution of

the individual types of area. It originates frone tBhannon diversity index, which is

then calculated for the maximum SDI for the mor@tbarea types (Balej 2006).

The Domination index (D) is a supplement of SEleThgher the value, the lower

landscape diversity and only one type of area datas

Calculated values for SDI, SEI and D indexes asvshin the table 4.

Table 4: The SDI, SEIl and D indexes developmenhdut764-2007 in the Trkmanka River basin.

15" Military 2" Military 3 Military 2007
Survey Survey Survey
SDI (Shannon Diversity Index) 1,4 1,49 1,22 1,37
SEI (Shannon Equilibrium Index) 0,67 0,65 0,53 0,6
D (Domination index) 0,68 0,81 1,08 0,93

Table 4 demonstrates that the highest landscapesity was in the time of the™'1
Military Survey (1764). Even though the SDI caldathifor 1836 was higher than for 1764,




there was a lower number of categories presentethanMilitary Survey. The smallest
diversity is noted during thé®Military Survey (1876).
Conclusion

The main trends in the development of land use/tanvetr of the Trkmanka catchment
area is: a significant decline in permanent grassfeom almost 20 % of the entire river basin
to today's less than 4 %, a decrease in the areatef (2.4%) and the size of their patches
(200 hectares in thé“?MiIIitary Survey) to today's area of 0.2 %, withreaximum facet 15
hectares and the huge changes in the distribufiemeyards from the original disseminated
vineyards located throughout the area to todagdmgtwine region in the southern part of the
Trkmanka catchment.

The ecological stability in the period between tffend 2° Military Survey wasalmost
unchanged. A transformation is reported in tfevBliitary Surveyand especially in the current
data where the landscape with the prevailing natmaponent becomes difficult to identify
due to distortion to the lanscape caused by thertumechanization and chemicalisation of
the land. According to the calculations of inditasdscape metrics, the current landscape of
the Trkmanka catchment compared to the historieabd is characterized by a larger number
of patches and thus of smaller size and greategtHeedge. But in terms of spatial
arrangement, on the contrary, there is less diyevtlandscape.
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Abstract
The term ecotone has larger sense. It comprisetrdhsitional zone between two biomas (taiga —
tundra), meadow-forest border and differentiatibfocest edge (Fatska 1996), but ecotones are also
generally border zones between adjoining diverseeges. From a spatial point of view, an ecotone is
characterized by space and time, which reflectgptiveers of interaction between boundary elements
(ecosystems). Ecotones like spatial elements hadigesise inner structure and construction, spatial
attributes and other properties conditioned aladiticand biotically (contrast, inner differentiatio
width, and shape). Simultaneously they have pr@gsertonditioned by time, development and
function — these are permeability, stability andsttity (Hansen et al. 1988). To analyze the apati
relation of landscape parts means to identify itdding items and also systems and the relationship
gualities among these parts. In content with urtdeding the landscape and landscape parts and the
present state of problem solving, ecotones wilhbalyzed and typologically distinguished from the
view of spatial bonds, heterogeneity, elasticibfl@ience), physical-geographic conditions and spati

temporal stability.

Abstrakt

Termin ekoton je pojiman velmi Siroce. Zahrnujeghodné pasmo mezi &wa biomy (tajga
— tundra), hranici les — louka i diferenciaci lefasa (nap Falinska 1996 aj.). Z prostorového
hlediska je ekoton charakterizovan prostoreasem, které odrazi sily interakci mezi h¢afmi
jednotkami (ekosystémy). Ekotony, jako prostoroeénjotky, maji #iznou vnitni strukturou a
stavbou, prostorovymi atributy a jiné vlastnosthdmiréné abioticky a bioticky (kontrast, vhiti
diferenciaci, §ku, tvar). Sotasré maji vliastnosti podmimé ¢asem, vyvojem a funkci — propustnost,
stabilitu, elasticitu (Hansen et al. 1988). Analyab prostorové vazby krajinnych sloZzek znamena
identifikovat jeji stavebni sloZky a také systérkvalitu vztahi mezi €¢mito sloZzkami. V souladu s
chipanim krajiny a krajinnych sloZek a &asnym stavenieSeni dané problematiky budou ekotony
analyzovany a typologicky rozliSeny z hlediska poosvych vazeb, heterogenity, elasticity

(ovlivnéni), fyzickogeografickych podmine&asoprostorové stability apod.
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