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Abstract:



Animal husbandry in Europe that sustained once wide-spread semi-natural grasslands has been replaced by maximum sustained yield agriculture and forestry. This transformation coincides with declining populations of species dependent on semi-natural grasslands. A key task is therefore to define benchmarks for landscape restoration in terms of well-planned functional habitat networks, i.e., green infrastructure. Using a representative example of the European landscape gradient between agricultural and forest landscapes in southern Sweden as a case study, we analyzed the historic range of variability of the total area, quality, and size of grassland patches, and compared this to the requirements of focal grassland species. Spatial data covering the past two centuries indicated a 75–80% loss of total grassland area. Three factors affected the functionality of grasslands as green infrastructure. First, during the period 1927–1976, the loss of all grassland areas with high nature values was 41–59%. Second, as a measure of alteration, the number of semi-natural grassland types declined from 5 to 1. Third, to address habitat fragmentation, an analysis of changes in grassland patch size showed that patches sufficiently large to support local populations of complete focal grasslands species assemblages declined by 89–100%. The cumulative effect of loss, alteration, and fragmentation over the past two centuries indicates that the functionality of semi-natural grasslands has declined by at least 98%. However, this estimate does not consider land use changes before 1800, reduced connectivity, and altered biotic and abiotic processes in both semi-natural grasslands and the surrounding matrix. We stress the need to define the historic range of variability as a benchmark in relation to species’ requirements to maintain semi-natural grasslands as green infrastructure. Finally, integrated land management and governance that support multi-functionality of grasslands is needed.






Keywords:


focal species; functional habitat networks; historical ecology; grasslands; land cover change; landscape patterns; range of variability; restoration ecology; traditional farming systems












1. Introduction


Intensive land management practices, such as maximum sustained yield agriculture and forestry, generally result in decreases of natural capital (e.g., [1]) at multiple spatial scales [2]. A wide range of studies have indicated that intensified management and use of natural and cultural land covers (e.g., forests, woodlands, and grasslands) has caused reductions in the composition, structure, and function of biodiversity [3,4,5]. Additionally, urbanization and development of transport infrastructure may directly and indirectly affect both land cover patterns and ecological processes [6,7].



The solution is to establish ecological networks [8,9] in terms of habitat patches with sufficient quality, size, and juxtaposition [10,11]. We define a functional habitat network as one that can maintain local populations of the most demanding focal species [12]. This requires spatial planning as a means for coordinated actions in the entire area hosting the focal habitat network. The EU’s Green Infrastructure policy [13] maintains this ambition, and aims at conservation, management, and restoration of networks of strategically planned representative land cover patches, which are designed to conserve biodiversity, and to deliver a wide range of ecosystem services. However, implementation on the ground requires regionally specific assessment of the opportunity to maintain representative land cover types as functional networks.



Research on land-use history and land cover change forms an important avenue to generate knowledge about benchmarks for green infrastructure maintenance and facilitate learning towards understanding the development trajectories of functionality of habitat patch networks [14,15] (by benchmark we mean evidence-based knowledge about how much (amount, quality, and patch size requirements) habitat is enough to maintain viable species population [16]). However, understanding the consequences of human activity on ecosystems also requires knowledge about the effects of habitat loss, land cover alteration, and fragmentation on species [17,18,19].



In Northern Europe, the integrated development of animal husbandry and agriculture had already created a cultural landscape by the medieval agricultural revolution (e.g., [20,21]). However, during the 20th century, a transition from those traditional practices for human livelihoods to a market-based food industry caused changes in land use and land covers [22]. Thus, once common semi-natural grasslands of traditional cultural landscapes suffered from reduced functionality as a habitat network, or green infrastructure, for biodiversity conservation [4]. As a result, approximately 22 out of 45 grassland habitat types have been declared as having an unfavorable to bad conservation status in northern Europe. Moreover, almost 50% of bird species, which are relevant indicators of green infrastructure functionality, associated with grassland habitats have declined [23].



As a means of defining benchmarks for restoration of semi-natural grasslands, as one type of green infrastructure, the aim of this study is to analyze changes in the amounts, types, and sizes of grassland patches in relation to the needs of focal grassland species’ over the last 200 years in a representative northern European forest-farmland gradient. Knowledge of the historic range of variability (see, [24]) and focal species requirements is critically important as an input for making decisions about the opportunities for maintaining functional habitat networks, and for subsequent spatial planning for functional habitat networks. We test the hypothesis that temporal changes have reduced the functionality of grassland patches as green infrastructure for biodiversity conservation with respect to three factors, viz. (1) loss of area, (2) alteration of quality (change in grassland type), and (3) fragmentation of large contiguous areas. Using a local landscape that hosts one of Sweden’s most important wet grassland landscapes as a case study, we analyzed land cover change during the past two centuries. Stressing the need to apply evidence-based knowledge in landscape restoration, we discuss the pros and cons of current project-driven conservation management practices vs. place-based collaborative learning for the maintenance of different grassland types as green infrastructure by spatial planning.




2. Materials and Methods


We used the Kristianstad municipality (1484 km2) in southern Sweden (approx. 55 N, 14 E, Figure 1) as a representative example of the long term general transition from a multi-functional cultural landscape based on animal husbandry, and thus pastures and grasslands [25], to maximum sustained yield forestry and agriculture [26]. This municipality includes the downstream part of the River Helge å drainage basin, which transitions from forest uplands to agricultural lowland areas. Kristianstad remains one of Sweden’s most important conservation areas for several types of grasslands. As a consequence of the degradation and recognition of the importance of the grasslands, several conservation initiatives have been established to try and manage the area sustainably [5]. The Kristianstad Vattenrike Biosphere Reserve, established in 2005, is one such example. To capture the unique and high natural and cultural landscape values, several priority land covers have been declared by the Kristianstad Vattenrike Biosphere Reserve. These include rich wet grasslands along the River Helge å, xeric and calcareous grasslands, and ancient wooded grasslands [27].


Figure 1. Map of the Kristianstad municipality study area in southernmost Sweden showing the main land covers of 2004 and the borders of the Kristianstad Vattenrike Biosphere Reserve.
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To understand the historic development of semi-natural grasslands as components of green infrastructure in Kristianstad, we analyzed four different sources of data: (1) Official agricultural statistics from 1927, 1932, 1937, 1944, 1951, 1956, 1961, 1971, and 1981 about land covers of Sweden summarized by parishes [28]; (2) the reconnaissance map (scale 1:20,000) made 1812–1820 for the Skåne region [29]; (3) the ordnance survey map (scale 1:50,000) made 1926–1934 for the Skåne region [30]; and (4) Swedish Land Survey land cover maps (scale 1:50,000) 2004 (Table 1) [31].



Table 1. The total pool of terms and definitions used to describe different grassland types in the Swedish Agricultural Statistics 1927–1981 [28], and on the reconnaissance map for the Skåne region from the 1812 to 1820 [29]; the ordnance survey maps from 1926 to 1934 [30]; and Swedish Land Survey data of 2004 [31].







	
Data Sources

	
Term

	
Definition






	
Swedish Agricultural Statistics 1927–1981

	
Slåtteräng

	
Hay meadow




	
Ordnad betesäng

	
Orderly grazing meadow




	
Kultiverad betesmark

	
Cultivated pasture




	
Annan betesäng

	
Other grazing meadow




	
Naturlig äng

	
Natural meadow




	
Betesmark

	
Pasture




	
Hagmark

	
Grazed woodland




	
Reconnaissance map from 1812–1820

	
Öppen mark

	
Open ground




	
Mark med tuvsymboler

	
Field with tussocks




	
Frisk äng eller hed

	
Mesic grassland or heath




	
Betat eller tillfälligt odlad mark med sandflykt

	
Grazed or temporarily farmed land with sand erosion




	
Permanent åker eller äng

	
Permanent field or meadow




	
Ordnance survey maps 1926–1934

	
Sidvallsäng

	
Wet grasslands




	
Hårdvallsäng

	
Mesic grassland




	
Betesmark

	
Pasture




	
Kärr som betesmark

	
Fen as grazed land




	
Åker huvudsakligen använd som betesmark

	
Field mainly used as pasture




	
Swedish Land Survey data 2004

	
Betesmark

	
Pasture




	
Naturlig gräsmark

	
Natural grassland




	
Limnogena våtmarker

	
Fen










The spatial map data (data sets 2–4 above) were integrated using ArcGIS 10.2. Because the 1812–1820 and 1926–1934 maps were a series of images, each map set was individually stitched together using Adobe Photoshop, and subsequently georeferenced using the known geographic locations of churches >250 years old. Next, to match the precision of land cover units of the maps, the land covers of each map were digitized with a 1-ha grid resolution using the land cover categories depicted in the map legend for attribution (see Table 1).



2.1. Loss of Grassland Area


To measure the historical range of variability of the total amount of grasslands, we calculated the changes over time using the three digitized spatially explicit data sets representing 1812–1820, 1926–1934, and 2004. To validate the spatial data, we also calculated total grassland loss using official agricultural statistical data (1927–1981). Loss was defined as the complete change in grassland, i.e., the conversion of grassland to forest or to agricultural land in two steps (1812–1820 to 1926–1934, and 1926–1934 to 2004). The results were summarized for three landscape strata in the gradient from infield with agricultural land and grasslands to outfield-dominated areas with grasslands and grazed forest [32], viz. (1) forest landscapes (skogsbygd), (2) the transitional zone between forest and agricultural land (mellanbygd), and (3) agricultural land (slättbygd) [28]. This involved extracting all the various kinds of grassland data presented at the scale of parishes (N = 35) for Kristianstad, and calculating the changes of the total amount of grasslands. Although parish borders may have changed over time, the landscape strata and their areas used in this study remained constant.




2.2. Alteration of Grasslands


Treating all grassland patches as equal contributors to a functional green infrastructure ignores the fact that species require different types of grasslands as habitats. Thus, to understand how the functionality of green infrastructure has developed, the effects of grassland alteration and fragmentation also need to be considered for grassland types that represent the traditional cultural landscape, i.e., semi-natural grasslands. We define semi-natural grassland as permanent unfertilized pastures or meadows formed by traditional agricultural methods. Alteration is defined as the change in grassland from one type to another based on the definitions in Table 1. First, as a proxy of cultural landscape authenticity, we analyzed the terminology describing semi-natural and other grasslands used in all the data, and summarized this as changes in the number of terms used over time. We thus identified changes in grassland terminology as a proxy of changes in grassland management and use. Secondly, we analyzed the area of semi-natural grasslands reported in the statistical data (1927–1976) using the three different landscape strata: (1) forest, (2) the transitional zone between forest and agricultural lowlands, and (3) agricultural lowland. Due to a lack of detail in reporting in the agricultural statistics for 1981 this year could not be analyzed (i.e., the total area of grasslands was reported, but the difference between cultivated versus not cultivated grasslands was not distinguished).




2.3. Fragmentation of Grassland Areas


To further understand the consequences of land use and management change on semi-natural grassland as a green infrastructure, we analyzed the changes in patch size distribution using the three spatial data sets from 1812–1820, 1926–36, and 2004. Using the umbrella species approach, namely that the presence of certain species can indicate that habitat requirements are satisfied also for other less demanding species [12], the patch size requirements of grassland wader birds (Charadrii) and game birds (Tetraonidae and Phasianidae) can be used to assess if benchmark conditions are satisfied or not. Black-tailed godwit (Limosa limosa), Curlew (Numenius arquata), Partridge (Perdix perdix), and Black grouse (Tetrao tetrix), once common in the open grassland and grassland-heath land covers in our study area, are relevant examples. The approximate minimum area requirements to support local occurrence of these species is 50–100 ha of semi-natural grasslands [17,33]. This patch size is consistent with the observation that grassland patches of >100 ha also support other grassland species [34]. To assess how the total area of semi-natural grassland is distributed among different patch size intervals, we applied a geometric patch distribution of 0–25, 26–50, 51–100, 101–200, 201–400, and >400 ha. We used this approach to estimate the level of semi-natural grassland fragmentation in Kristianstad. The proportion of semi-natural grassland patches exceeding 100 ha (i.e., the approximate minimum area requirement for grassland umbrella bird species) would thus reflect the amount of habitat that contributes to a functional green infrastructure of this kind.




2.4. Cumulative Effects


Summing up the effects of loss, alteration, and fragmentation illustrates the importance of considering the cumulative effect on the functionality grasslands as one type of green infrastructure (c.f., [35]). We estimated the cumulative effect of grassland loss, alteration, and fragmentation by multiplying the proportions of remaining semi-natural grassland between (A) the spatial data of 1812–20 and 1926–1934, (B) spatial data of 1926–1934 and 2004, (C) the Swedish statistical data of 1927–1976, and (D) the proportion of patches > 100 ha (1812–2004) that can support a population of the most demanding grassland focal species.





3. Results


3.1. Grassland Loss


The absolute change in total grassland area within Kristianstad differed considerably among the three landscape strata. Firstly, the Swedish Agricultural Statistics (1927–1981) showed the biggest decline (54%) of grassland within the dominating transitional landscape stratum, followed by a loss of 50% in the forest landscape stratum. The grassland proportions within the agricultural lowland remained relatively stable with a 20% loss (Figure 2). The map data spanning almost 200 years (1812–1820 to 1926–1934, and 1926–1934 to 2004) showed that the grasslands in the forest, transitional, and agricultural lowland landscapes declined even further, i.e., by 75%, 81%, and 80%, respectively (Figure 3). The area of semi-natural grasslands reported in the Swedish Agricultural Statistics of 1937 and the spatial data extracted from the state economic map of 1926–1934 showed a good correlation among parishes (r = 0.78, n = 31).


Figure 2. The area proportions of all grassland types in the Kristianstad municipality according to the Swedish Central Bureau of Statistics (1927–1981) over a 54-year period for the three landscape strata.
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Figure 3. The area proportions of all grassland types in Kristianstad at three points in time for the three landscape strata.
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3.2. Semi-Natural Grassland Alteration


The traditional cultural landscape based on animal husbandry utilized several management strategies to produce pastures on different kinds of grasslands (e.g., wet, dry, and wooded) [36]. Today, animal food is obtained from industrially produced agricultural crops. Indeed, the grassland terminology analysis revealed that there were many terms used in both the early day Swedish Agricultural Statistics and map sets (Table 1). The results show that over time the number of terms describing the semi-natural grasslands declined from 5 to 1 for the Swedish Agricultural Statistics (1927–1981) and 5 to 3 for the three map data sets spanning almost 200 years from 1812 to 2004 (Figure 4). This estimation using terminology as a proxy is consistent with the long-term simplification of the study area’s land covers. The proportion of semi-natural grasslands of all types of grasslands declined by 41% in the forest landscape, 58% in the transitional zone, and 59% in the agricultural lowlands over the 49-year period of 1927–1976 presented in the Swedish Agricultural Statistics (Figure 5).


Figure 4. The number of grassland terms used from 1927 to 1981 in the Swedish Agricultural Statistics [28], the reconnaissance map for the Skåne region [29], and (2) the ordnance survey maps from 1926 to 1934 [30] and Swedish Land Survey data from 2004 [31].
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Figure 5. Temporal dynamic of the proportion of semi-natural grasslands out of all grassland types from the Swedish Agricultural Statistics of 1927–1976 in three landscape types in Kristianstad municipality. Note that the year 1981 was omitted from the alteration analysis as the grasslands were only reported as one type.
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3.3. Semi-Natural Grassland Fragmentation


Spatial analyses of the semi-natural grasslands from the 1812–1820, 1926–1934, and 2004 maps showed the mean patch size distribution declined considerably over time (Figure 6). The area proportions of the grasslands in Kristianstad deemed large enough to support specialized umbrella bird species (i.e., >100 ha) declined by 89 to 100% in the three strata from 1812 to 2004 (Figure 7). Given the minor change of grassland patches 26–100 ha in size and the severe loss of larger patches >100 ha (Figure 6), the tentative patch size threshold value of 100 ha is robust. Finally, the increase in the number of patches 0–25 ha demonstrates the long-term fragmentation process.


Figure 6. Graphs showing the area distribution of semi-natural grasslands among patch size classes in Kristianstad based on analyses of maps from 1812–1820, 1926–1934, and 2004 among the forest (A), transitional zone (B), and agricultural lowland (C) landscapes.
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Figure 7. Three maps zoomed in on the Kristianstad Vattenrike Biosphere Reserve, showing the amount of semi-natural grasslands for the three-time periods. The maps show the loss and fragmentation of semi-natural grasslands over 2 centuries from 1812 to 2004.
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3.4. Cumulative Effect


By combining the effects of loss, alteration, and fragmentation of semi-natural grassland patches over the past two centuries, we estimate that remaining functionality of the Kristianstad grasslands as a green infrastructure varies from 0 to 0.009 for the three landscape strata (Table 2).



Table 2. Estimated cumulative effect of 200 years of grassland alteration and fragmentation on habitat loss affecting the functionality of grasslands as green infrastructure.







	
Steps in the Analysis of Cumulative Effect

	
Landscape Strata in the Forest Upland to Agricultural Lowland Gradient




	
Forest

	
Transitional Zone

	
Agricultural Lowland






	
(A) Remaining grasslands by comparison of spatial data 1812–20 to 1926–1934 (see Figure 3)

	
0.22

	
0.28

	
0.21




	
(B) Remaining grasslands by comparison of spatial data 1926–1934 to 2004 (see Figure 3)

	
1.15

	
0.67

	
0.97




	
(C) Remaining proportion of semi-natural grassland by comparison of 1926–1934 to 1976 (see Figure 5)

	
0.59

	
0.42

	
0.41




	
(D) Remaining proportion of sufficiently large patches >100 ha during the last 200 years (Figure 6)

	
0

	
0.06

	
0.11




	
Cumulative effect (A × B × C × D) in terms of remaining semi-natural grassland functionality

	
0

	
0.0047

	
0.0091












4. Discussion


4.1. Reduced Functionality of Semi-Natural Grasslands as a Green Infrastructure


Combining loss, alteration, and fragmentation shows that the Kristianstad grasslands have undergone considerable changes throughout the past two centuries, with a cumulative negative effect corresponding to a loss of functional green infrastructure amounting to 98–100%. Natural and semi-natural grasslands can be classified into many categories, thus making it difficult to estimate the amount of grasslands that form different types of representative green infrastructure [37]. Our results demonstrate a strong simplification in terminology used to describe the grassland systems. This is consistent with the gradual disappearance of the traditional cultural landscape.



The degradation of the semi-natural grasslands of Kristianstad is linked to the declines and local extinction of several wader species (e.g., [5]). Unfortunately, data documenting wader population trends do not extend across more than three decades. However, similar declines in wader populations have been recorded over the past 150 years throughout southern Sweden [38,39] and Europe [40]. Wader population declines are associated with the intensification of grassland management leading to changes in both the patterns of land covers [40] and ecological processes [5]. The same applies to the Black grouse [41].



Similar declines in the quantity and quality of Southern Sweden’s cultural wooded grasslands, under traditions of low intensity farming and animal husbandry, have been found [42,43]. The decline and extinction of middle-spotted woodpecker (Dendrocoptes medius) and saproxylic beetles are examples of the consequences of converting cultural wooded grasslands to monocultures of coniferous trees [44,45]. A similar fate has been predicted for the last remaining patches (30–50 ha in total) of Kristianstad’s xeric grasslands even if low intensity farming practices, such as grazing or long rotational cultivation, are maintained, because the degradation is too widespread in an already fragmented system [46].



The loss, alteration, and fragmentation of grasslands in Kristianstad, one of Sweden’s most prized grassland areas, are consistent with other findings of grassland degradation in Southern Sweden. The long development history of intensive forestry and agriculture in southern Sweden has reduced the quantity and quality of several grassland types including lowland wet grasslands [47], cultural wooded grasslands [42,43,48,49], and dry xeric and calcareous grasslands [46]. However, this is not limited to Sweden with similar declines found for the alvar grasslands of Estonia: −72% from 1930 to 2008 [50,51].



The historic range of variability increases when the timeframe is increased [24]. Extending the temporal period would also exacerbate the change in grassland loss, alteration, and fragmentation. Three factors leading to land cover change that occurred >200 years ago (i.e., prior to the time frame used in this study) are (1) agricultural intensification linked to land consolidation, (2) the planting of trees and forest to stop erosion and the shifting of the sand dunes, and (3) the lowering of the surface water table of the Helge å River by changing its natural course to the Baltic Sea in 1774 [52]. In addition, Christensen [14] reported that about only 1/5 to 1/6 of the Kristianstad grasslands were under plough 1000 years prior to the 1880s. Therefore, the area of grassland habitats as functional green infrastructure may have declined further than found in this study. Kristianstad’s xeric sand steppe was once large enough to host a local population of the Great bustard (Otis tarda) up until the mid-19th century [53,54].



The time for species to respond to habitat degradation and fragmentation can be very long [55]. This slow effect means the local extinction debt of other species reliant on the plant communities can be even slower. A good example of this is the high species richness and high grassland indicator species found after the first forest rotation harvest (80 years since planting) of converted historic grasslands [56].



Thus, the switch from low intensity traditional farming to intensive farming has affected many animal and plant species dependent on semi-natural grasslands [22,36,57,58]. Loss, alteration, and fragmentation of semi natural grassland patches in Southern Sweden [59,60], and thus reduced functionality of semi-natural grasslands as green infrastructure, are linked to losses in species richness [61,62]. However, evidence indicates that the abundance and breeding success of bird species are dependent on both the patterns within their biophysical land cover patch (e.g., [63]) and the processes within the surrounding landscape’s matrix [64]. For example, avian predator abundance and predation rates of ground nesting birds have been shown to affect their composition and abundance [5,65]. The removal of predators [66] and provision of alternative food [67] has been shown to positively affect the reproductive success of ground nesting birds.



To conclude, landscape transformation has changed two key interrelated aspects related to habitats: patterns and processes [68]. Patterns involve the loss, alteration, and fragmentation of semi-natural grassland, which have negatively affected landscape processes (e.g., [36]), habitat structure (e.g., [69]), and specialized species (e.g., [70]). Processes include reduced connectivity of patches [71], altered hydrology [72] and edge effects in terms of increased predation [73], which all need to be considered in the restoration of semi-natural grasslands as a functional green infrastructure, and in the surrounding matrix. A follow up to this study would be to analyze the relative importance of patterns and processes both inside habitat networks and the surrounding landscape matrix.




4.2. Combining Historical Ecology and Evidenced-Knowledge about What Species Require


The approach to combine historical ecology and analyzing maps and statistical data to estimate the magnitudes and trajectories of grassland habitat changes on the one hand, and species patch area requirements on the other, shows that the benchmark for landscape restoration depends on timeframe used as a reference point (Figure 8). Historical maps represent an extremely valuable and under-used data repository that can provide an insight into types and amounts of past land covers. Using historical maps to trace land cover change is an effective way to compliment and provide greater knowledge on the restoration of habitats [74]. Indeed, many of Sweden’s old land cover maps such as those used in this study have been deemed suitable and used to explore land cover change in Sweden [49,60].


Figure 8. Summary of how data on the historic range of variability of a particular land cover and evidence-based knowledge about threshold interval for local extinction due to habitat loss [75] can be combined to derive benchmarks as targets for landscape restoration and spatial planning towards a functional green infrastructure. The grassland cloud at the top represents the range of historical variability. The benchmark area illustrates the proportion of the historical range of variability that forms the benchmark level required for ecological sustainability. The grey line indicates the change over time in the amount of semi-natural grassland within Kristianstad. Finally, the arrows represent the need for landscape restoration and the need for pro-active spatial planning towards land-sparing. This study exemplifies this general approach using semi-natural grasslands and avian umbrella species. Illustration by M. Manton.
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Regional gap analysis is a method that strategically assesses the natural/historic vs. current amounts of representative land covers to maintain natural occurring species in a region (e.g., [76,77]). Angelstam and Andersson [10] and Lõhmus, et al. [78] used the emerging empirical knowledge about how much habitat umbrella species need to maintain functional habitat networks to conserve viable populations. Next, to secure green infrastructure functionality, tactical spatial planning is needed. Habitat suitability modelling using spatially explicit land cover data with sufficient thematic resolution is one example [79].




4.3. Green Infrastructure and Human Well-Being


Grasslands provide a range of ecosystem services and benefits for human well-being [80]. Although the emphasis of this study is placed on the ecological sustainability of grassland conservation, the Kristianstad landscape is ultimately managed and governed to achieve a balance between ecological, economic, and social dimensions of sustainability. The loss, alteration, and fragmentation of grasslands for biodiversity may also lead to losses of other ecosystem benefits or services, such as hydrological regulation, cultural heritage, carbon sequestration, and functioning ecosystems. Although this study shows a dramatic loss of the area of semi-natural grasslands, as well as alteration and fragmentation, the grasslands nevertheless deliver benefits to humans [81,82].



Due to degradation of grasslands as one type of green infrastructure, landscape restoration initiatives have been implemented. Land ownership is divided into many small farming units for each grassland patch; therefore, spatial planning needs to encourage collaboration of land owners and stakeholders from different sectors at multiple levels in the social systems to improve sustainable development processes in terms of societal steering [83] and social learning [84]. This has occurred both locally in Kristianstad and partly in the entire catchment of the Helge å River [82,85]. Unfortunately, attempts to restore grasslands have only resulted in short term results [5]. A shortcoming is the lack of understanding of the tremendous declines in grasslands as a functional green infrastructure compared to the historic range of variability. Today sufficiently large unfragmented patches with appropriate quality are not large enough to sustain focal grassland birds. In addition, cultural landscapes such as semi-natural grasslands require ongoing maintenance. Thus, the deficiency of long-term funding for sustained management will undercut attempts to conserve functional grassland habitat networks. Currently in southern Sweden the remaining grasslands only receive short-term environmental subsidies programs to maintain livestock grazing and mowing at a small scale [86]. This shows that grasslands are not a functional green infrastructure. In addition, intricate landownership patterns and relations add further complexity that needs to be considered as land owners often have very different land management objectives.




4.4. The Need for Spatial Planning


Implementing policy about green infrastructure requires evidence-based cross-sectoral collaboration and regional adaptation. This means that well-informed social innovations need to be encouraged in landscapes as social-ecological systems [87]. The Kristianstad Vattenrike Biosphere Reserve governance system has been deemed a social success story [88,89]. However, the conservation status of its priority semi-natural grassland ecosystems is still unfavorable [5,46]. Maintaining semi-natural grasslands as green infrastructure is more than just about land cover [5]. Their management needs to involve many factors at multiple spatial scales. Thus, functional habitat networks are not only about patch quality and size linked to land cover characteristics, but also about other processes, such as hydrology, trophic interactions (i.e., predation), and climate change, as well as the diversity of land uses associated with traditional practices. This requires a two-pronged approach involving both governance levels and multiple spatial scales.



First, a comprehensive understanding of the social-ecological systems that created the semi-natural grasslands is needed to aid in producing knowledge about area protection, conservation management, the delivery of multiple products and services, and landscape restoration for both biodiversity conservation and human well-being. The most important values of grasslands are co-generated by interacting social and ecological systems. Therefore, re-wilding strategies may not be suitable to safeguard the full range of biodiversity and multiple products in semi-natural grasslands [90]. The multi-functionality of semi-natural grasslands suggests that fostering multiple types of traditional land use may be a promising management strategy. Specific agro-environmental schemes should be developed to avoid abandonment and support management that addresses the delivery of multiple products, including the maintenance of cultural values at the same time. Bio-cultural values (e.g., animal husbandry, traditional hay making, and grazing) are one of the ‘key products’ of semi-natural grasslands, but current land management strategies do not address these values. Thus, land management and governance should be developed with a better awareness of bio-cultural values [91]. The implementation of specific policy instruments to financially support land managers to supply values to society represents a future challenge that both research and policy makers should focus upon [90].



Second, both anthropogenic and natural processes from individual land cover patches through to landscape and regions need to be understood. Hence, the conservation of semi-natural grasslands as functional green infrastructure is complex and requires continuous knowledge production and learning, as well as ongoing maintenance and monitoring programs to assess consequences on the ground [92]. One approach to enhance collaborative learning among researchers and stakeholders is to use multiple landscapes as case studies [5,93]. Such case study landscapes should vary in size, habitat type and quality, and species assemblages and portfolios of processes linked to landscape history, as well as landscape stewardship and management approaches that include grasslands with both unfavorable and favorable conservation status. To cover the entire gradient from agricultural lowlands to forest this study focused on multiple datasets, e.g., military and economic maps as well as official agricultural statistics. Therefore, learning about the historical range of variability using various types and amounts of semi-grasslands can be enhanced by triangulation using methods from historical ecology and cadastral maps [55], archaeology, ethnology, and anthropology [94], as well as spatial modelling using topography, soil richness, and wetness. Therefore, transdisciplinary research through collaboration among natural and social scientists and practitioners of traditional management practices is needed to develop strategies for holistic sustainable management of grasslands in different contexts.
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