









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Agriculture, Ecosystems and Environment xxx (2003) xxx–xxx
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Abstract Semi-natural habitats are key elements between cultivated and natural areas. Ditch boundaries, buffer zones, barn areas and woodland patches were analyzed in Toholampi, Yläne, Nurmijärvi and Liperi localities in Finland over the period 1954–1998 by means of indicators for semi-natural areas, based on calculations of the sum of patch densities (PDsum ) and the sum of patch areas (CAsum ). There were only a few semi-natural habitats left by the late 1990s. The sharpest decrease in PDsum indicator values, by 90%, was found for Yläne, while the corresponding drops in the figures for Nurmijärvi, Toholampi and Liperi were 77, 65 and 59%, respectively. The CAsum indicator showed a similar trend. The indicators were tested by calculating the metapopulation capacity of the barn areas. The use of CAsum is suggested for semi-natural patches as a quick, cheap and robust monitoring tool and indicator of change in biodiversity value in agricultural landscapes. The indicator PDsum may be important to interpret landscape and habitat changes when attention needs to be paid to the mosaic of landscape elements. © 2003 Elsevier B.V. All rights reserved. Keywords: Agricultural landscape; Biodiversity; Ditch boundary; Indicator; Metapopulation capacity; Semi-natural habitat



1. Introduction Indicators of sustainable agriculture may be viewed as summaries of collected information and media for further discussion on the subject, and in this sense they contribute to an ongoing learning process. Sustainability indicators aim at assessing the success of natural resource management for agricultural production (Bakkes, 1997; Duelli, 1997; Yli-Viikari, 1999; Yli-Viikari et al., 2000; Wascher, 2000; von WirénLehr, 2001). One subset of these consists of landscape indicators, which address patterns, trends and rates of ∗ Corresponding author. Tel.: +358-9-19159738; fax: +358-9-19158463. E-mail address: [email protected] (R. Hietala-Koivu).



structural change in rural land-use. These may be used, or specifically developed, for the assessment of quantitative processes such as erosion or nutrient leaching, trends in the species diversity of the natural flora or fauna, or qualitative indicators such as scenic beauty in an agricultural area. The OECD has established the Driving ForceState-Response (DSR) framework, with its emphasis on connections between causes, effects and actions, as a means of developing indicators. This framework includes indicators that reflect not just ecological, but also cultural and/or economic landscape changes including ones that measure wildlife habitats, allowing further projection to the assessment of changes in biodiversity (OECD, 1998, 1999, 2000, 2001). The OECD has coordinated its work on agri-environmental
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indicators with the European Union’s statistical agency EUROSTAT (Eiden et al., 2000), and a number of other international organizations, both governmental and non-governmental (UNEP, 1996; MAFF, 1999; MMM, 1999; Naturvårdsverket, 1999; Rosenström and Palosaari, 2000; Wascher, 2000). The present work aimed to develop an indicator based on the quantitative measurement of semi-natural landscape elements to assess their biodiversity value in agricultural landscapes. It was assumed that dispersion of semi-natural habitats within an intensively farmed area improved the heterogeneity of the entire agricultural ecosystem. In general, high biodiversity and aesthetic properties are associated with heterogeneity in a landscape (Stein et al., 1999). Semi-natural elements located close to cultivated fields are rarely or not at all disturbed by farming practices (i.e. no deliberate application of chemicals; OECD, 1999). Semi-natural habitats are considered to offer better conditions for wildlife than intensively farmed land. Hay meadows, road verges, field boundaries and other marginal habitats may therefore serve as connecting corridors or stepping stones for the distribution of plants and animals in an agricultural landscape (Levin and Kerster, 1974; Hanski, 1994; Wahlberg et al., 1996; Hanski et al., 1998; Boren et al., 1999; Norderhaug et al., 2000; Pino et al., 2000). According to Andren (1994) the loss of bird and mammal species is greater than expected from habitat loss alone. In contrast Burel et al. (1998) in western France showed that agricultural intensification does not always lead to a decrease in species richness, as diversity can also be maintained by species replacement. For instance, when the open field area increased large species in carabid assemblages were replaced by smaller ones with shorter life-span. Species replacement has also been observed among wintering birds and hedgerow herb species. The theory of island biogeography (MacArthur and Wilson, 1967) predicts that species richness will decline as the patch area decreases and its isolation increases. This theory suggests that historical changes in the size and density of semi-natural habitats may be directly related to species diversity in an agricultural landscape. The theory of metapopulations (Hanski, 1994; Wahlberg et al., 1996; Hanski et al., 1998, 2000) also predicts that the probability for an endangered habitat specialist to become extinct increases



as its habitat area declines and isolation between the patches increases. Hanski and Ovaskainen (2000) developed a measure, termed the metapopulation capacity (λM ) that can be used to rank landscapes in terms of their capacity to support viable metapopulations. This paper addresses the question of how to measure biodiversity value in agricultural landscapes. It was assumed that both the patch density and the sum of the areas of semi-natural patches correlate positively with species diversity in an agricultural environment. Testing was performed for one type of semi-natural patch, barn areas, in relation to species assumed to have a preference for them. The proposed indicators are based on sums of patch density and class areas to evaluate the role of the semi-natural habitats in landscapes in the context of assessing the biodiversity value of agricultural landscapes.



2. Material and methods The material consisted of digitized aerial photographs of four localities in Finland (corner coordinates according to the Finnish grid system y; x): Toholampi (63◦ N46 , 24◦ 20 ; 2513 00;7072 00-2519 00;7076 00 according to the Finnish grid system), Yläne 60◦ N54 , 22◦ 36 (2420 60;6753 00-2427 40;6757 00), Nurmijärvi 60◦ N26 , 24◦ 38 (2532 00;6701 00-2538 00;6705 00) and Liperi 62◦ N37 , 29◦ 16 (4460 00;6946 00-4464 00;6948 00), representing the western, southwestern, southern and eastern parts of the country. The areas considered in Toholampi and Liperi were 8 km2 in size, those in Yläne and Nurmijärvi 24 km2 (Fig. 1), all of which were divided into squares of 1 km2 . Land-use habitats of >30 m2 were classified according to Hietala-Koivu (1999). The material was taken from aerial photographs (1:10 000) produced by the National Survey of Finland: Toholampi—1956, 1978 and 1995; Yläne—1958, 1977, 1993 and 1997; Nurmijärvi—1954, 1973 and 1997; Liperi—1965, 1976 and 1998. Changes in landscape composition were divided into three phases: (1) period of agricultural intensification, cattle breeding and overproduction (1954–1969) with high inputs of chemicals, many small farms in the east and north of Finland being merged to larger farms; (2) period of spatial and agricultural
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Fig. 1. Location of the four areas studied, Toholampi, Yläne, Nurmijärvi and Liperi, in Finland.



specialization (1970–1994) with crop production in the south, mixed farming in the western and central parts of the country; (3) period under EU Common Agricultural Policy (CAP from 1995 to 1998) with environmentally friendly agricultural practices according to the Finnish agri-environmental scheme. Four ecologically important semi-natural land-use classes were considered, i.e. (a) ditch boundaries; (b) buffer zones along waterways; (c) woodland patches; (d) field barns. In Finland hedges are replaced by open ditches with grassy vegetation. The density of this patch type is determined by the hydrological properties of the terrain. Sloping land and good soil drainage allow for farming without ditch boundaries thought to be of great importance for maintaining species diversity in landscapes (Ruuska and Helenius, 1996; Hietala-Koivu, 1999; Ma et al., 2002). The buffer zones include both natural and artificial corridors along natural waterways. Clumps of trees and bushes up to 2000 m2 were considered as woodland patches, larger ones being treated as forests. Field barns include wooden storage barns themselves and their immediate uncultivated surroundings.



Proposed indicators of semi-natural areas: A first density indicator was obtained by calculating the sum of PD (patch density) values over the semi-natural patch types: PDsum = PD1 + · · · + PDn ,



(1)



where PD = ni /A, ni being the number of patches of type i in the landscape, and A the total area studied in km2 (McGarigal and Marks, 1995). A second indicator was based on the sum of semi-natural patch areas from i = 1–n: CAsum = CA1 + · · · + CAn .



(2)



Both indicators did not refer to connectivity between patches, but only to the number of patch types and their areas. Metapopulation capacity Semi-natural indicators are assumed to measure biodiversity value of agricultural landscapes by measuring densities and areas of the semi-natural habitats
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Patch density, PD (n/1 km2 )



Toholampi



Nurmijärvi



Liperi



1950–1969 1970–1994 1995–1998 1950–1969 1970–1994 1995–1998 1950–1969 1970–1994 1995–1998 1950–1969 1970–1994 1995–1998



Ditch margins 232.2 Buffer areas 1.6 Barns 37.7 Woodland patches 2.8 Indicator value (Pdsum ) 292.6 Total change (%)



Yläne



193.8 1.5 22.7 2.9 238.8



80.2 1.6 8.0 3.4 102.8 −64.9



230.6 5.5 6.0 2.3 280.7



60.5 4.7 4.7 2.0 83.2



14.0 4.3 3.7 2.0 28.1 −90.0



118.7 3.8 6.5 2.7 152.8



57.6 3.3 5.2 1.9 80.6



22.0 2.8 2.7 1.8 35.4 −76.8



192.4 1.0 10.6 5.1 232.8



180.3 0.8 8.3 5.6 218.5



74.0 1.4 4.1 5.8 94.8 −59.3
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Table 1 Patch densities (PD) of various semi-natural areas and indicator values (PDsum ) at four localities of Finland



Class areas, CA (ha)



Toholampi



Yläne



Nurmijärvi



Liperi



1950–1969 1970–1994 1995–1998 1950–1969 1970–1994 1995–1998 1950–1969 1970–1994 1995–1998 1950–1969 1970–1994 1995–1998 Ditch margins 49.6 Buffer areas 21.0 Barns 3.0 Woodland patches 1.8 Indicator value (Casum ) 75.4 Total change (%)



43.7 25.9 2.0 1.6 73.2



19.0 27.5 0.8 1.5 48.8 −35.3



99.6 25.2 8.1 2.3 135.2



34.4 21.5 7.0 2.5 65.4



12.8 18.3 6.3 3.2 40.6 −70.0



60.5 11.2 6.2 1.8 79.7



35.9 19.4 6.0 1.3 62.6



18.8 24.8 4.5 1.4 49,5 −37.9



44.2 9.6 1.7 1.1 56.6



42.3 9.0 1.3 1.3 53.9



19.2 6.5 0.8 1.4 27.9 −50.7
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Table 2 Class areas (CA) of various semi-natural patches and indicator values (CAsum ) at four localities of Finland



5



6



R. Hietala-Koivu et al. / Agriculture, Ecosystems and Environment xxx (2003) xxx–xxx



Fig. 2. Location and area of barns and their surroundings in the Toholampi area (8 km2 ) in 1956, 1978 and 1995. Numbers refer to the coordinates according to the Finnish grid system y;x.



in the same way as metapopulation capacity. Metapopulation capacity of a landscape is an index that can be calculated for any animal species having a metapopulation structure. For any species, a spatially explicit habitat map is needed for calculating the metapopulation capacity. In addition, a specific parameter value describing the species dispersal ability needs to be defined. Metapopulation capacity is intended for use in conservation biology for a given species but for any landscape with known habitat map.



In this study, metapopulation capacity was used another way round. The values were calculated for one patch type over the biologically meaningful set of dispersal values, but not for any particular species. The idea was to demonstrate how changes in landscape structure of one patch type affected species depending on that patch type and having a metapopulation structure. The proposed indicators, PDsum and CAsum , were tested for barn patches against their metapopulation capacities to analyze the indicators
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that correlated best with biologically meaningful index values. The metapopulation capacity λM of a certain fragmented landscape was defined as the leading eigenvalue of the landscape matrix M, which in turn consisted of the elements mij = exp(−αdij )Ai Aj for j = i and mii = 0, being α a species parameter, approximately the reciprocal of the migration distance of the species concerned, dij the distance between patches i and j and Ai the area of patch i (Hanski and Ovaskainen, 2000). Metapopulation capacities for barn patches were calculated using α values of 1.0, 2.0, 4.0 and 8.0, corresponding to average migration distances of 1.0, 0.5, 0.25 and 0.125 km, respectively. Heino and Hanski (2000) showed that distance dependence was weak when α = 0–2 and migration
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propensity evolved to a relatively high level, while any increase in α implied greater effective distances between patches, so that for a very pronounced distance dependence (α = 6 or higher) metapopulations were no longer viable. Metapopulation capacities λM were calculated for barn areas in the 64 squares during the three subperiods, thereby obtaining a total of 192 squares. Both indicators were tested by analyzing the scatter plots between the calculated PDsum indicators and the metapopulation capacities, λM , and the calculated (Spearman) correlations between the CAsum values and the metapopulation capacity, λM , to assess whether these indicators were capable of describing the capacity for maintaining species with metapopulation structure in barn habitats.
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Fig. 3. (a)–(d) Plots of metapopulation capacity (λM ) against the PDsum indicator in Toholampi, Yläne, Nurmijärvi and Liperi, respectively, in 1954–1998, based on a total of 192 squares of 1 km2 potentially occupied by a species living in barn areas (α = 1.00).
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3. Results An overall negative trend was observed in the sums of semi-natural patch densities (PDsum ) in all four localities, to the extent that there were only a few semi-natural habitats left by 1998. The sharpest decrease was observed in Yläne, from a PDsum value of 280.7 to 28.1, i.e. a decline of 90%. The second largest decrease in relative terms (77%) was in Nurmijärvi, whereas semi-natural patch densities for Yläne approached that for Nurmijärvi in the late 1970s (83 vs. 80). The indicator values in western and eastern parts decreased drastically during the second period, 1970–1994, by 65% in Toholampi, 59% in Liperi. Ditch boundary was by far the dominant semi-natural patch type per unit area in the period investigated, 1954–1998, and their decline contributed most to the overall decrease in the semi-natural patch density in-



dicator (PDsum ). Field barns also decreased markedly over the 44 years, whereas buffer zones and clumps of trees and bushes persisted at relatively low densities or fluctuated slightly (Table 1). The second proposed indicator (CAsum ) (Table 2) showed that the decline in area was not as drastic at the habitat type level as had been shown by the indicator based on patch densities. The most drastic decrease in area was observed in Yläne and attributable to a decline in the areas of ditch boundaries. The areas of woodland patches increased slightly in Yläne and Liperi, but decreased in Toholampi and Nurmijärvi. Buffer zones beside fields increased in Toholampi and Nurmijärvi, but decreased in the other two localities. Barn areas decreased in all four localities by 20 ha. The trend in the spatial disposition, Toholampi, where a large number of barns have been traditionally used for storing hay, is shown in Fig. 2. The most rapid



R. Hietala-Koivu et al. / Agriculture, Ecosystems and Environment xxx (2003) xxx–xxx



9



Toholampi, Yläne, Nurmijärvi and Liperi 1954-1998 Metapopulation capacity
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CAsum indicator Fig. 4. Plot of metapopulation capacity (λM ) against the CAsum indicator in Toholampi, Yläne, Nurmijärvi and Liperi in 1954–1998, based on a total of 192 squares of 1 km2 potentially occupied by a species living in barn areas (α = 1.00).



decrease was observed in 1995, but the spatial arrangement remained fairly consistent with time. The scatter plots (Fig. 3a–d) between the PDsum indicator and the corresponding metapopulation capacities (λM ) showed that the values were highly dispersed in all the areas except Toholampi (Fig. 3a). The λM values of the barn areas in Nurmijärvi and Yläne were higher than those in Toholampi and Liperi, although the PDsum indicator values for barns were lower. This is probably due to the area of the barn patches, which was larger in Nurmijärvi and Yläne than in Toholampi and Liperi. The mean patch size for a barn and its surroundings in the 1990’s was 700 m2 in Nurmijärvi and in Yläne, 200 m2 in Liperi and 100 m2 in Toholampi. The scatter plots established a trend of decreasing numbers and areas of barns and their surroundings, because the most recent values (1995–1998), were located close to the origin in all the areas, whereas the values representing the situation during the first two subperiods (1950–1969 and 1970–1994) were scattered. Therefore, the PDsum indicator did not clearly show that dispersal of patches maintained metapopulations but rather the overall dispersion of these patches. There was an obvious correlation between the CAsum indicator and the corresponding metapopulation capacities (λM ), the calculated Spearman correlations being 0.945 (P < 0.0001), 0.937 (P < 0.0001), 0.908 (P < 0.0001) and 0.844 (P < 0.0001) for α values of 1.0, 2.0, 4.0 and 8.0, respectively. The re-



lationships between the CAsum indicator and the λM values for barns at an α value of 1.0 in all four areas during 1954–1998 are shown in Fig. 4.



4. Discussion and conclusion The present results suggest that the ecological value of agricultural landscapes was reduced in Finland between the 1950s and the 1990s as it happened in Sweden (Ihse, 1995; Björklund et al., 1999). Corresponding decreases in linear field boundaries and hedgerows have also been reported in the UK, Northern Ireland and France (Le Coeur et al., 2002), yet semi-natural habitats are vital agricultural landscapes in terms of species diversity (Wahlberg et al., 1996; Hanski et al., 1998; Boren et al., 1999; Norderhaug et al., 2000). The decrease in the indicator values based on the sum of patch densities and class areas over the four semi-natural patch types describes the homogenization of the Finnish agricultural landscape. The patch density indicator, PDsum , showed a drastic change as did the CAsum indicator. The results obtained suggest a clear correlation between CAsum and metapopulation capacity, which was not the case for the PDsum indicator. This correlation is due to the fact that metapopulation capacity is sensitive to changes in areas. On the other hand, PDsum may be better suited
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for visualizing the change process itself, because it describes the dispersion of semi-natural habitats in an agricultural landscape. The results also indicate that PDsum for a given patch type serves an indicator for the capacity of the landscape to maintain the species diversity associated with that patch type. This interpretation requires that both the spatial and the size distribution of the patch type are maintained despite changes in the aggregated patch area. Thus, the metapopulation capacity interpretation of CAsum would be justified. An obvious limitation of indicators is that they do not refer to actual connectivity between semi-natural patches, but rather account for connectivity indirectly, semi-natural areas being dispersed because of traditional agricultural practices, rural history and local soil properties. This is most evident in the case of barn areas and open parcel ditches, as barns were built in the field area to store hay, while open parcel ditches were dug according to moisture content. Areas left uncultivated are usually minimal especially in the period of agricultural intensification (1950–1969). Indicators cannot act properly if semi-natural patches are located close to each other, nor if their patch size is relatively large in a particular area. Information on local agricultural structures and the physical geography of the areas concerned is needed for interpretation. CAsum may therefore be used for any semi-natural patch type as a quick, cheap and robust monitoring tool and indicator of change in biodiversity value of agricultural landscapes. The indicator PDsum may be important to interpret landscape and habitat changes when mosaics of landscape elements are to be considered.
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