[image: image3.jpg]


Vol. 36, 2008, Suppl.
Cereal Research Communications

[image: image4.png]


VII. Alps-Adria Scientific Workshop
Stara Lesna, Slovakia, 2008

MAPPING VEGETATION SUCCESSION OF PASTURES ON ROCKY SOILS USING GIS; A CASE-STUDY ON THE ISLAND OF PAG

Ivica LJUBICIC1 - Mihaela BRITVEC1 - Hrvoje KUTNJAK2 - Zoran SALOPEK3 - Sven JELASKA4 

1 Department of Agricultural Botany, Faculty of Agriculture, University of Zagreb, Svetosimunska 25, 10000 Zagreb, e-mail: iljubicic@agr.hr

2 Department of Crop, Forage and Grassland Production, Faculty of Agriculture, University of Zagreb

3 Department of Amelioration, Faculty of Agriculture, University of Zagreb

4 Department of Botany, Faculty of Science, University of Zagreb, Marulicev trg 20
Abstract: 


Research area is situated on the island of Pag (Adriatic sea). Calcareous and dolomite mould and rocky karst terrain are the most common soil types on the island’s pastures. Large areas of pastures on these soil types are exposed to vegetation succession with species of genus Juniperus, which lead to macchia domination. Because of inappropriate grazing  management and abandonment of traditional sheep farming models, pastures on island are endangered habitats. Research of dynamics of rocky pasture vegetation was carried out by remote sensing technique. Vegetation dynamics research showed that rocky pasture area on the island of Pag in period from 1963 to 2004 has reduced by 25.08 km2.
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Introduction
Pastures are habitats of extremely high biodiversity, landscape importance and value because they are home for many rare and endangered plant and animal species. Because of inappropriate grazing management and abandonment of traditional sheep farming models, pastures on island are endangered habitats.
Calcareous and dolomite mould and rocky karst terrain are the most common soil types in pastures on the island of Pag. Large areas of pastures on these soil types are exposed to vegetation succession with species of genus Juniperus, which lead to macchia domination. This could have impact on change in land use (Szirmai and Czóbel 2006). Abandonment of agricultural production caused sequential loss of traditional patterns of rocky pastures (Gurevitch et al. 2002). Change in stocking rate leads to succession and loss of agricultural land (Biondi et al. 2005). Process of pasture degradation is the case in other Mediterranean areas (Saïd 2001).

According to applicability of GIS technology and remote sensing techniques on the assessments of  Earth surface on many levels (Tamás et al. 2007, Yuan 2008), they are used in research of sheep grazed pastures on the island of Pag. Same techniques are used for optimal natural resource management (Neményi and Milics 2007, Tóth et al. 2007). Research results contribute to improvement of agricultural production, and conservation of environmental, as well as biological and landscape diversity on the island of Pag.
Materials and methods

The island of Pag (285 km2) is situated on transition between eu-Mediterranean and sub-Mediterranean climate zone (Figure 1). On sub-Mediterranean rocky pastures on the island of Pag, plant alliance Chrysopogoni-Satureion Horvat i Horvatić is the most prevalent, and includes two dominant communities: Asphodelo-Chrysopogonetum Horvatić (As.-Ch.) and Stipo-Salvietum Horvatić (St.-Sa.). Both plant communities are developed on limestone rocky and soil poor land. Research of dynamics of rocky pasture vegetation was carried out by remote sensing technique.


Figure 1. Research area and classes of land cover on the satellite image SPOT-5.
In process of exploration of succession stages of macchia, maps from three different periods from years 1963, 1997 and 2004 are used. Starting point is set from vegetation map on the island of Pag (Horvatić 1963) which was digitized and georefferenced in the 5th zone of Gauss-Krüger coordinate geosystem. Areas of analysed vegetation type’s were visually interpreted and polygonised in a vector form prepared for spatial analysis. Spatial analysis of data included calculations of areas of specific plant association and its succession stage and additional analysis of its change. Further succession changes of mentioned plant associations were interpreted on analysis of orthophoto image from 1997, and satellite image SPOT-5 acquired 2004.
Orthophoto image with spatial resolution 0.5 m was acquired in proportion 1:20,000. Using method of visual interpretation of orthophoto from 1997, areas of different succession stages and overgrown plant communities were polygonised as change in time shift of 34 years. Spatial resolution of SPOT-5 image is 5 m, and spectral resolution of 6 bands; panchromatic 0.49-0.69µm, VIS (for vegetation) B0 0.43-0.47 µm, VIS B1 0.50-0.59 µm, VIS B2 0.61-0.68 µm, VIS B3 0.78-0.89 µm and SWIR 1.58-1.75 µm. For the following time period of 7 years, succession change has been recorded, and sub-classified into two succession intensities: SI1 and SI2. Succession stage SI1 represents higher succession level (more overgrown) and SI2 represents lower succession level. Software Erdas Imagine 8.7 (Leica) was used for raster data analysis. Vector data was analyzed with ArcView 9.0 (ESRI) software. Sample check “ground truth” was obtained in the field survey and included in photo documentation, botanical determination and GPS positioning of characteristic representative places of importance, what is common praxis in supervision of point and polygon field data (Németh et al. 2007).

Results and discussion
Data acquired by digital interpretation were analysed based on area calculation and change detection. Same method was performed in vegetation succession quantification on the west part of Sao Paulo in Brasil (Durigan and Ratter 2006). In 1963, rocky pasture community As.–Ch. area was the size of 79.38 km2 or 28.12% of total Pag island area. Further, area of both pasture communities was the size of 122.30 km2 or 43.33% of total island area. On some parts of rocky pasture communities, shrub areas under Juniperus sp. and Quercus ilex L. were classified (Table 1).

Table 1. Proportion of shrub area under Juniperus sp. and holm oak (Quercus ilex L.) on rocky pastures on the island of Pag (1963).

	
	Within community

Stipo-Salvietum
	Within community

Asphodelo-Chrysopogonetum
	Within rocky pastures

(both communities)
	Part of total island area

	Juniperus sp.
	1,59 km2 (3,70%)
	0,18 km2 (0,23%)
	1,77 km2 (1,45%)
	14,72 km2 (5,21%)

	Quercus ilex L.
	9,59 km2 (22,34%)
	0,53 km2 (0,67%)
	10,12 km2 (8,27%)
	10,12 km2 (3,59%)


Areas overgrown by Juniperus sp. and holm oak shrubs are more spread in community St.-Sa. than in As.-Ch. Further, area under rocky pastures (includes two communities) in 1963 was without influence of progressive succession and amounted to 110.41 km2  or  39.12% of the island area (Figure 2).

Interpretation of orthophoto from 1997 disclosed that in 34 years, progressive succession had significant impact where 37.36 km2 or 13.24% of the island area was covered by succession stage of macchia. Within rocky pasture borders, 24.08 km2 were covered by succession stage of macchia (Figure 3). Total area of succession free rocky pastures was 91.32 km2 or 32.35% total island area (Figure 2).
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Figure 2. Proportion of total area of rocky pastures and succession stage of macchia on the island of Pag (1963, 1997 and 2004).
Digital interpretation of satellite image SPOT-5 from 2004 obtained and classified two intensity stages of macchia where 9.17 km2 or 3.25% of the island area was covered with SI1 (more overgrown) and 37.40 km2 or 13.25% of the island area with SI2 (less overgrown) macchia. Both succession stages (SI1 and SI2) overtook 46.57 km2 or 16.50% of total Pag island area (Figure 2). Within rocky pasture borders, 7.18 km2 were overgrown by SI1, while 22.60 km2 by macchia succession stage SI2 (Figure 3). Areas of pasture plant communities, not overtaken by succession processes (SI1 or SI2), amounted to 85.33 km2 or 30.23% of total Pag island area (Figure 2). The area of macchia succession stage on rocky pastures on the island has been increased during the past 41 years by 17.89 km2 (Figure 3).
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Figure 3. Areas of  macchia succession stage on rocky pastures (As.-Ch. and St.-Sa.) in period between 1963 and 2004.
Conclusions

Vegetation dynamics research showed that rocky pasture area (Asphodelo-Chrysopogonetum Horvatić and Stipo-Salvietum) on the island of Pag in period from 1963 to 2004 has reduced by 25.08 km2. Area of macchia succession stage on rocky pastures (As.-Ch. and St.-Sa.) has increased by 17.89 km2, while forest area takes 7.19 km2. Anthropogenic activity and impact on rocky pastures descends; thus, large areas  are under the influence of progressive succession which can lead to a loss of indigenous habitats and biodiversity. 
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