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ABSTRACT 
 
Buffer zones are vegetated strip-edges of agricultural fields along watercourses. As linear 
habitats in agricultural ecosystems, buffer strips dominate and play a leading ecological role 
in many areas. This thesis focuses on the plant species diversity of the buffer zones in a 
Finnish agricultural landscape. The main objective of the present study is to identify the 
determinants of floral species diversity in arable buffer zones from local to regional levels. 
This study was conducted in a watershed area of a farmland landscape of southern Finland. 
The study area, Lepsämänjoki, is situated in the Nurmijärvi commune 30 km to the north of 
Helsinki, Finland. The biotope mosaics were mapped in GIS. A total of 59 buffer zones were 
surveyed, of which 29 buffer strips surveyed were also sampled by plot.  
 
Firstly, two diversity components (species richness and evenness) were investigated to 
determine whether the relationship between the two is equal and predictable. I found no 
correlation between species richness and evenness. The relationship between richness and 
evenness is unpredictable in a small-scale human-shaped ecosystem. Ordination and 
correlation analyses show that richness and evenness may result from different ecological 
processes, and thus should be considered separately. Species richness correlated negatively 
with phosphorus content, and species evenness correlated negatively with the ratio of 
organic carbon to total nitrogen in soil. The lack of a consistent pattern in the relationship 
between these two components may be due to site-specific variation in resource utilization 
by plant species.  
 
Within-habitat configuration (width, length, and area) were investigated to determine 
which is more effective for predicting species richness. More species per unit area 
increment could be obtained from widening the buffer strip than from lengthening it. The 
width of the strips is an effective determinant of plant species richness. The increase in 
species diversity with an increase in the width of buffer strips may be due to cross-sectional 
habitat gradients within the linear patches. This result can serve as a reference for policy 
makers, and has application value in agricultural management. 
 
In the framework of metacommunity theory, I found that both mass effect (connectivity) 
and species sorting (resource heterogeneity) were likely to explain species composition and 
diversity on a local and regional scale. The local and regional processes were interactively 
dominated by the degree to which dispersal perturbs local communities. In the lowly and 
intermediately connected regions, species sorting was of primary importance to explain 
species diversity, while the mass effect surpassed species sorting in the highly connected 
region. Increasing connectivity in communities containing high habitat heterogeneity can 
lead to the homogenization of local communities, and consequently, to lower regional 
diversity, while local species richness was unrelated to the habitat connectivity. Of all 
species found, Anthriscus sylvestris, Phalaris arundinacea, and Phleum pretense significantly 
responded to connectivity, and showed high abundance in the highly connected region. 
We suggest that these species may play a role in switching the force from local resources to 
regional connectivity shaping the community structure.  
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On the landscape context level, the different responses of local species richness and 
evenness to landscape context were investigated. Seven landscape structural parameters 
served to indicate landscape context on five scales. On all scales but the smallest scales, the 
Shannon-Wiener diversity of land covers (H’) correlated positively with the local richness. 
The factor (H’) showed the highest correlation coefficients in species richness on the second 
largest scale. The edge density of arable field was the only predictor that correlated with 
species evenness on all scales, which showed the highest predictive power on the second 
smallest scale. The different predictive power of the factors on different scales showed a 
scale-dependent relationship between the landscape context and local plant species 
diversity, and indicated that different ecological processes determine species richness and 
evenness. The local richness of species depends on a regional process on large scales, which 
may relate to the regional species pool, while species evenness depends on a fine- or 
coarse-grained farming system, which may relate to the patch quality of the habitats of 
field edges near the buffer strips. 
 
My results suggested some guidelines of species diversity conservation in the agricultural 
ecosystem. To maintain a high level of species diversity in the strips, a high level of 
phosphorus in strip soil should be avoided. Widening the strips is the most effective mean 
to improve species richness. Habitat connectivity is not always favorable to species diversity 
because increasing connectivity in communities containing high habitat heterogeneity can 
lead to the homogenization of local communities (beta diversity) and, consequently, to 
lower regional diversity. Overall, a synthesis of local and regional factors emerged as the 
model that best explain variations in plant species diversity. The studies also suggest that 
the effects of determinants on species diversity have a complex relationship with scale.  
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1 INTRODUCTION 
 
 
 
1.1 Wildlife diversity in agricultural landscapes 
 
Agricultural landscapes are important to the long-term maintenance of wildlife diversity. 
They provide a habitat for many wild species of plants, birds, insects, and fish. Some of 
these species depend largely on semi-natural habitats within agricultural landscapes. Others 
have adapted to croplands and pasturelands and thrive in and around domesticated plants 
and animals (Collins and Qualset 1999, Wojtkowski 2004). Wildlife diversity, on the other 
hand, is of great importance to agriculture since it provides many benefits to agro-
ecosystems (Swift and Anderson 1993, Srivastava et al. 1996). It is because of this close 
relationship that agricultural systems have the potential to host vast populations of wildlife, 
and to improve species diversity in the landscapes (Hatfield and Karlen 1994). The 
sustainable development of agriculture depends on a diversity of organisms and ecosystems 
in landscapes. Maintaining and promoting the diversity of wild species on farmland is one 
of the most important long-term aims of sustainable agriculture (Mason 2003).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               
  
              Fig.1 Buffer zone in agricultural landscape 
 

Photo by M. Heiskanen 
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Over the last 50 years, however, agricultural intensification and extension have 
revolutionized rural regions around the world; thousands of hectares of natural habitats 
have been removed, pesticide use has sky rocketed, and much of the landscape is 
dominated by monoculture. One of the most dramatic impacts has been the depletion of 
wildlife biodiversity on farmland (Ruttan 1994, Srivastava et al. 1998, Pitkänen and Tiainen 
2001). Protecting, restoring, and expanding habitats and buffering water bodies in 
agricultural ecosystems have now become a top priority for land owners, conservationists, 
policy makers, and others.  
 
                  
 
1.2 Plant species diversity in agricultural buffer zones  
 
Field boundaries or margins are identified as important linear features in agricultural 
landscapes, not only for their ecological content, but also because of their visual 
contribution to the landscape. Linear boundary habitats define the edges of agricultural 
fields (Figs. 1 and 2). As important semi-natural habitats in farmland, field margins play a 
leading ecological role in many areas (Marshall et al. 1994, Le Coeur et al. 1997, Kleijn 
1996, Burel 1996, Sparks et al. 1999) (Fig. 2).  
 

 
 

Fig.2. Functions of buffer zones in agricultural ecosystem (modified  
from G. Fry, 1994) 
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The benefits of linear habitats as reservoirs of beneficial invertebrates, predators of pest 
species, or crop pollinators are becoming more widely appreciated (Helenius et al. 1995, 
Lagerlöf et al. 1992, Lagerlöf and Wallin 1993). Linear habitats are also important refuges 
for endangered floral species, especially at historical sites. To the general public, linear 
structures are major elements in the landscape, defining features of the countryside. To the 
landscape ecologist, linear habitats are corridors forming a network through which 
organisms can move between larger habitat patches. To the conservationist, linear habitats 
may represent the last haven for some types of wildlife in a hostile environment created by 
intensive modern farming (Boatman 1994). 
 
Along waterways, the vegetation boundaries, called buffer zones here, served to protect 
water in agricultural ecosystems. In recent decades, plant species diversity in these linear 
landscape structures has declined severely. Recently, emphasis has been laid on the 
importance of buffer zones for maintaining and enhancing the biodiversity of agricultural 
environments. The diversity of vegetation (for example, species richness, vertical structure, 
and species composition) in the buffer zones is important for its function to protect from 
agrochemicals and from eroded soil. With their year-round vegetation cover, buffer zones 
significantly decrease (by about 20%) the amount of solid particles and their bound 
nutrients reaching waterways (Uusi-Kämppä and Ylä-Ranta 1996). Buffer zones also 
efficiently prevent pesticides from spreading from one field to another and into the 
surrounding environment (Jenssen et al., 1994, Daniels and Gilliam 1996), and provide 
habitats for animal species (Sotherton, 1984, Dennis et al. 1994).  
 
As agricultural activities intensify drastically, linear semi-natural habitats diminish. In Finnish 
agricultural landscapes, the number of field margins has diminished considerably (Helenius 
1994, Helenius 1995, Ruuska and Helenius 1996, Hietala-Koivu 1999). In particular, 
subsurface draining of fields to increase the cultivated area has decreased boundary areas, 
a common phenomenon in many European countries since the 1950s. In Finland, the area 
of fields with subsurface drainage increased from 5.1% (of a total field area of 2 292 000 
ha) in 1945 to 53% (2 501 000 ha) in 1998 (Tarmi et al. 2001, Information Centre of the 
Ministry of Agriculture and Forestry 1999). Subsurface drainage is more common in cereal 
production regions in southern parts of Finland, where up to 91% of parcel ditches have 
been removed during the last four decades (Hietala-Koivu 1999). Besides the decrease in 
total boundary area, the remaining boundaries have been exposed to herbicide drift from 
crop spraying and fertilizer misplacement or runoff from cultivated fields, both of which 
simplify plant community structure and reduce species richness in Finnish arable field 
boundaries (Helenius 1994). Because of increased use of subsurface drainage and fertilizers, 
five margin-living species, including the whorled waterwort (Elatine alsinastrum), are now 
endangered in boundary communities (Ryttäri and Kettunen 1997). As a consequence of 
intensified agricultural land use and reduced plant species diversity, the decline of several 
other animal species, such as farmland birds, has been reported in Finland (Väisänen 1999).  
 
A wide range of policies is now available to farmers to establish, manage, or maintain field 
boundaries to provide wildlife, landscape, and public amenity benefits. An example of a 
field boundary policy going in the right direction was the widening field boundaries along 
watercourses during the 2nd Finnish Argo-Environmental Scheme in 2000-2006. The 
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scheme covers ca. 90% of the agricultural land in Finland, and is being implemented 
between 2000 and 2006 (MAF 1999). The scheme includes Finnish Government 
Regulations on the scheme (2000), stating that field boundaries along ditch banks must be 
a minimum of 1 m and a maximum of 3 m wide, and buffer zones along rivers or lake 
shores must be on average of 3 m wide. The regulation also financially encourages farmers 
to leave a 3-20 m wide protection zone along waters. Although the reasoning behind the 
widening, in comparison to the 1st Scheme in 1995-1999, was the improvement of the 
buffering effect of the zones, the implementation should also help in the conservation of 
species diversity in Finnish agricultural landscapes.   
 

The general aim of studies on arable semi-natural habitats is to understand the relationship 
between management activities and biodiversity, with a view to develop new practices 
which allow agricultural management for production in the fields while adjacent areas such 
as field margins, ditches, and hedges remain as habitats for the conservation of floral and 
faunal diversity (Kiss et al. 1997, Marrs and Frost 1997, Baines et al. 1998, Snoo et al. 1998, 
Tsiouris and Marshall 1998).  
  
 
 
1.3 Protecting species diversity: species richness or evenness? 
 
Species richness is the single most important component of species diversity. The evenness 
of species distribution in community is another key component, and is determined with a 
standardized index of relative species abundance (Krebs 1999). Recently, species richness 
has largely served as the only measurement of species diversity in many studies (Ricklefs and 
Schluter 1993, Naeem et al. 1994, Tilman 1996). Some simulated null models have 
suggested that the relationship between species richness and evenness is equal, predictable 
and straight forward (de Benedictis 1973, Hill 1973). If this is so, then we need not 
determine species evenness. However, when the pattern of species diversity in communities 
is described simply by the number of species, important aspects of the quantitative 
structure of communities can be overlooked, such as which species are rare and which are 
common.  
 
Some studies suggest that evenness may be independent of species richness (Sheldon 1969, 
Smith and Wilson 1996), and thus, these two components should be treated separately 
(Whittaker 1965, Magurran 1988, Weiher and Keddy 1999). This separation may provide 
meaningful information in functional analyses of changes in diversity along environmental 
gradients (McNaughton 1977, Huston 1997, Wilsey and Potvin 2000). Bell (2000) argued 
that these two quantities are in fact different aspects of diversity, and attempts to conflate 
them into a single diversity index are difficult to justify. He also concluded that the 
relationship between richness and evenness warrants further study.  
 
Stirling and Wilsey (2001) used the results of Caswell’s neutral model (simulation of either 
log-series or log-normal species abundance distribution, depending on the pattern of 
immigration) as a benchmark to generate null relationships between richness, evenness, 
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and proportional diversity, and tested predictions of the null models against empirical 
relationships derived from data in a literature review. They found no strong and consistent 
relationship between species richness and species evenness, and the relationship between 
the two differed according to the taxonomic category and individual studies. One 
interesting question is whether the relationship between richness and evenness is equal and 
predictable in an unstable, human-shaped ecosystem. The answer to this question is 
important primarily for the protection of species diversity. Do we consider species richness 
only or both the richness and the community structure quantified the rare and common 
species abundances (evenness)?   
 
 
 
1.4 From local to regional scale: main factors of species diversity 
 
No single factor can explain what determines the biodiversity of a community. The interplay 
of several factors can influence a community’s diversity and a factor which plays an 
important role in one community may be unimportant in another. The outline presented 
here constitutes a brief summary of the main factors from local to regional scale and of the 
role they may play in a given community in an agricultural ecosystem. 
 
 
 
1.4.1 Ecological niche 
 
A niche is multidimensional and is described by the total range of conditions and resources 
within which a species functions (Hutchinson 1957). A community can be considered a 
group of species occupying niches in a multidimensional space defined by resource quality 
and ecological conditions. Assuming that the niches of coexisting species are sufficiently 
different such that competitive exclusion does not occur, species-rich communities may be 
composed of : 1) species with narrower niches; 2) species with more broadly overlapping 
niches; 3) habitat providing ‘longer’ niche axes; or 4) a combination of these (Crawley 
1997). For instance, Silvertown et al. (1999) studied species-rich plant communities, and 
found that such communities are structured by the segregation of species along niche axes 
of soil drying and soil aeration. Some recent treatments of niche concepts include both 
ecological requirements of species and their impacts on those niche factors (Chase and 
Leibold 2003). 
 
 
 
1.4.2 Degree of habitat heterogeneity   
 
In general, the more heterogeneous and complex the environment, the higher the 
community’s biodiversity (Ricklefs 1977, Grubb et al. 1982, Nilsson et al. 1988). Plant 
species diversity depends on variation in the availability of nutrients and variation in 
topography, temperature, moisture, and pH (Crawley 1997). Studies have shown that in 
species-rich communities in terrestrial habitats, physical and chemical conditions are rarely 
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evenly distributed (Harman 1972, Cody 1975), thus resulting in a heterogeneous patchwork 
of microhabitats. The more heterogeneous an environment is in any or all of these factors, 
the more diverse are its plant communities, and thus the more diverse are its animal 
communities.  A plant community covering a range of soil types and a variety of 
topographies is almost certain to contain more species than one covering a flat area of 
homogeneous soil (Begon et al. 1996) 
 
 
 
1.4.3 Degree of disturbance 
 
Communities are rarely, if ever, stable (or in equilibrium) over long periods of time; they are 
dynamic and subjected to constant environmental change (Begon et al. 1996). Ecological 
disturbance varies depending on the community. It can be defined as any discrete biotic or 
abiotic factor that disrupts the normal equilibrium of a community (Pickett and White 
1985). Characteristics of ecological disturbances include their frequency and intensity. 
Intermediate levels of these characteristics can actually promote higher levels of biodiversity 
(Grime 1973, Connell 1979). The rational is that if a disturbance is frequent and intense, 
the community will consist only of these few species that are able to adapt to the constant 
disturbance. If the disturbance is infrequent and of low intensity, the community would be 
limited to the few species that are effective at eliminating competitors. At intermediate 
levels of disturbance provide sufficient time between disturbances for a wide variety of 
species to survive (Begon et al. 1996). For instance, the diversity of floral species in 
meadows of agricultural landscapes can benefit from annual mowing and appropriate 
grazing. 
 
Because disturbance can have a variety of quantitative and qualitative causes and effects, 
White and Jentsch (2001) have recently proposed a synthetic concept. Patterns on diverse 
scales, for diverse disturbances and in diverse ecosystems, are the foci of interest in the 
search for generalities in disturbance ecology (White and Jentsch, 2001). 
 
 
 
1.4.4 Community history 
 
Since there is time lag at temporal scale in the response of plant species to landscape 
change, community history is an important factor of species diversity. For instance, when 
analyzing remnants of traditionally managed seminatural grasslands in Sweden, a recent 
study found that species diversity was unrelated to the present-day connectivity of the 
investigated sites, but rather to the older landscape connectivity (Lindborg and Eriksson 
2004). In addition, biodiversity is a product of evolution at larger temporal scale, and is thus 
dependent on the length of time through which speciation can produce new species. In 
sites with a history of a favorable and uninterrupted environment, evolutionary processes 
can develop higher biodiversity. In sites where the environment is more frequently 
interrupted over long periods of time, evolutionary processes are interrupted by the 
changing environment. In short, the older the community, the more time for speciation to 
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occur uninterrupted, and the more species that evolve to occupy the unfilled, more 
specialized niches (Begon et al. 1996).  
 
 
1.4.5 Landscape structure 
 
In addition to these main factors that may explain species diversity, a number of landscape 
structure factors have also been identified to explain species diversity. These structural 
factors belong to important controlling factors of biodiversity because, as shown above, 
landscape structure can affect the quality of habitats by influencing various processes of the 
ecosystem and community dynamics.  Here is a brief summary of the landscape factors that 
may explain species diversity in agricultural ecosystems. 
 
 
 
1.4.5.1 Habitat size 
 
Habitat size is the most important of within-habitat structural configurations. The size of a 
habitat patch measurably affects the kinds and numbers of species within the patch. The 
larger the habitat area, the greater the species richness of a community (S=CAz or logS = 
logC + zlogA), which is known as the species-area relationship (Arrhenius 1921, Gleason 
1922, May, 1975, Rosenzweig, 1995). The basic premise for this relationship is that larger 
areas offer more heterogeneous microhabitats with more available niches, which can add 
more species. Drawn from studies of species-area relationships on islands, the power 
function of the relationship applies to ecology and evolution in many areas, as well as 
beyond strict oceanic islands (Brown 1971, Cornell and Washburn 1979, Diamond and May 
1976, Faeth and Kane 1978, Goldstein 1975). The principle holds for landscape mosaics of 
terrestrial habitats, and has been applied to the design of wildlife refuges (Terbogh 1974, 
Diamond 1975, Wilson and Willis 1975, Faaborg 1979, Usher 1979).  
 
According to Angermeier and Schlosser (1989), debate on the causes for species-area 
relationships revolves around three hypotheses: 1) larger patches of habitat contain more 
resources and larger heterogeneity, therefore more niches, than do small habitat areas. 
Increasing environmental diversity and complexity allows more species to coexist in an area 
of given size (MacArthur and MacArthur 1961, Karr 1971, Karr and Roth 1971, Willson 
1974). Some studies have linked the slope z with habitat diversity. For example, MacArthur 
(1965) suggested that the intercept parameter (logC) of the species-area curve was a 
measure of alpha diversity and the slope parameter a measure of beta diversity, an index of 
environmental gradient introduced by Whittaker (1960) ; 2) the theory of island 
biogeography. MacArthur and Wilson (1967) predicted, based on the equilibrium 
hypothesis, that species extinction rate is related to island (or habitat) size. Therefore, if 
colonization occurs at the same rate on large and small islands, large islands will support a 
greater diversity of species; and 3) large areas of habitat, simply as a result of sampling 
phenomenon, contain more individuals than do small areas of habitat (Connor and McCoy 
1979). 
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1.4.5.2 Connectivity between habitats 
 
Habitat connectivity is the degree to which a landscape facilitates or impedes movement 
among resource patches (Forman 1995). Connectivity is a key element that links local 
species diversity with the fragmentation of boundary habitats (Taylor et al. 1993, Forman 
1995). Studies have suggested that connections between local patches can increase local 
diversity levels through a variety of mechanisms. These mechanisms include: (1) spatial 
rescue effects (Brown and Kodric-Brown 1977, Hanski 1999a), where colonists from other 
patches rescue subpopulations that have gone extinct (or prevent local extinctions); (2) 
enhanced coexistence through spatial refuges from species interactions, such as 
competition or predation (Horn and MacArthur 1972, Hastings 1980, Tilman 1994, Holyoak 
and Lawler 1996, Chesson 2000), where spatial processes allow for the coexistence of 
species that differentially colonize and go extinct from habitats; and (3) source-sink effects 
(Loreau and Mouquet 1999), where spatial connectivity potentially increases coexistence 
because emigrants from favorable habitats maintain populations in unfavorable habitats.  
 
Community ecology concerning with species diversity and composition structure has been 
focused on at local processes within a patch. However, theoretical and empirical studies 
have shown that regional processes carried additional influence on species interactions 
(Ricklefs 1987, Ricklefs and Schluter 1993, Holt 1997, Tilman 1997, Harrison 1999, Huston 
1999, Shurin 2000, Hubbell 2001). When dispersal connects local communities, both local 
and regional processes can play important roles in determining community structure, 
species diversity and composition on local and regional scales (Amarasekare 2000, Taneyhill 
2000, Mouquet and Loreau 2002). Recently, both processes in the context of community 
ecology were clearly defined as a concept of metacommunity. Metacommunity was a set of 
local communities linked by dispersal (Hanski and Gilpin 1991, Wilson 1992), suggesting 
novel ways of thinking about species interactions (Holyoak et al. 2005). Embedding local 
communities within a metacommunity is likely to result in various spatial dynamics, which 
can alter local diversity and community structure by local and regional processes, which, in 
turn, can alter features of diversity on a regional scale (Leibold et al. 2004). 
 
 
 
1.4.5.3 The landscape context 
 
Human activities and land management have been strongly affecting the availability of 
habitats for species (Naveh and Lieberman 1984, Forman 1995). Though habitat quality 
may be the most important factor determining the presence of a species at a given site 
(Duelli 1997), species diversity within a patch additionally depends on the structure of the 
surrounding landscape (Farina, 1998). Conservation strategies now frequently consider not 
only that the habitat must be retained, but also that the surrounding landscape context 
that influences the habitat across the landscape of concern (Shumaker 1996). Some studies 
demonstrated that species richness was closely linked with the composition of a landscape 
on a  regional scale (Dunning et al., 1992, Dale et al. 2000, Wagner et al. 2000). In human-
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disturbed agricultural landscapes, the landscape context has a huge influence on wild 
species diversity in semi-natural habitats in the landscape.  
 
 
 
 

2 OBJECTIVES 
 

 

Because of agricultural activities, one of the most important characteristics of agricultural 
buffer zones is the regular disturbance of soil from arable fields. In addition, through 
agricultural management and human activities, landscape change in the semi-natural 
habitats and arable land use are the most significant phenomena that can strongly 
influence species diversity in the buffer zones. The protection of plant species diversity takes 
place largely in these landscapes changed by farming.  

 

This study was motivated by a need to provide agri-environmental administration with 
guidelines and criteria for managing agricultural buffer strips to sustain plant species 
diversity. The specific objectives were:  

 

1. To investigate the relationship between two diversity components, species richness and 
evenness, and to determine whether the relationship between these two is equal and 
predictable in field boundaries, which constitute an unstable human-shaped ecosystem 
(I). This step will also decide which diversity component could be used in the following 
steps. 

 
2. To investigate relationships between soil nutrients and floral species diversity in buffer 

zones and to identify what factors in the soil significantly impacted that diversity (I). 
 
3. To explore how the landscape structural configurations of field boundaries on the local 

scale affect species diversity, and to propose criteria for the arrangement for the 
boundary habitat and the linear network (II). 

 
4. To explore how habitat connectivity of interconnected communities affects species 

composition, relative abundances, and local and regional species diversity (III). 
 
5. To investigate the interactive role of habitat connectivity and resource heterogeneity in 

species diversity and species composition (III). 
 
6. To explore how the landscape context on multiple scales affects local species diversity 

(IV). 
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3 MATERIALS AND METHODS 
 
 
 
3.1 Study area 
 
The study area was located in the upper part of the watershed of the river of Lepsämänjoki, 
situated in the Nurmijärvi commune, 30 km to the north of Helsinki, Finland (60° 23' - 60° 
28' N, 24° 31' - 24° 43' E). The upper course of the Lepsämänjoki flows through the study 
area and has created broad and flat plains. Soil types in the study area's buffer strips are 
mostly sandy clay and fine sand. Both soil types are considered fertile and have good water-
holding capacities. For the Lepsämänjoki area, the annual mean temperature is 4.4 C° 
(monthly mean temperatures in January and July are -7.6 C° and 16.7 C°, separately), 
precipitation is 65 mm (48 mm in February and 70 mm in August), and the average 
duration of snow cover is 132 days. The study area belongs to the southern boreal zone. 
Lepsämänjoki's drainage area is 213 km², and its total length is 37 km. The main 
agricultural crops in the study area include small grain cereals and vegetables. 
 
 
 
3.2 Vegetation characteristics 
 
The vegetation in the buffer strips was dominated by grasses and ruderal species, which 
indicated intensive agricultural practices (herbicides, fertilizers and mechanical disturbance). 
The most abundant species was Elymus repens (L.) Gould. found in every sampling site. 
Other dominant species included Alopecurus pratensis L. Phleum pratense L., Festuca 
pratensis Huds., Aegopodium podagraria L., Cirsium arvense (L.) Scop., Anthriscus sylvestris 
(L.) Hoffm., Phalaris arundinacea L. , Artemisia vulgaris L. and Taraxacum spp. Weber. 
 
 
 
3.3 Method of data sampling 
 
Buffer strips for the study were selected preliminarily using aerial photography, ensuring 
that the sampling sites were located along watercourses, including rivers and main ditches, 
and were not dominated by bushes or located next to a forest. Vegetation in the sampled 
strips was of the meadow type without woody species. Once in the field, the sites that 
matched the criteria were included in the sample. A total of 59 buffer zones were surveyed, 
of which 29, located on a GIS map of this study area, were used for modeling, and the rest, 
located outside this map range, were used to test the model. The purpose of this 
separation was to enable testing of the model with independent data. The area covering 
the samples for modeling, and that for testing belong to the same agricultural landscape 
within the same Lepsämäjoki watershed.  
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Species composition in the study area was investigated by two methods: firstly, along the 
whole length of all 59 sites, each of the species found was registered (presence/absence 
data). In addition, the 29 buffer strips surveyed were also sampled by plot. The size of each 
sampling plot was 50 m2. Each plot was sampled by ten 0.25 m2 quadrats. In order to avoid 
the effects of arable fields, the quadrats were arranged in the middle of the plot in a 
restricted random fashion. In each quadrat, the percentage of cover was estimated for all 
vascular species. A mean cover of ten quadrats was calculated and used as the relative 
species abundance for each species in each plot. 
 
Five soil sampling points were located in each site evenly, excluding the edge of the plots. A 
soil core was taken to 20 cm. The samples were mixed in the field, and then brought back 
to the lab. We analyzed organic carbon, humus, nitrite, ammonium, total nitrogen, dry 
matter, Ca, P, Mg, K, and pH. Soil samples were also incubated to determine the level of 
plant-available nitrogen, net nitrogen mineralization, and net nitrification (I).  
 
 
 
3.4 Measurements of species diversity 
 
We used both species richness and species evenness indices of relative abundance in this 
study. We measured species diversity on three scales: local diversity (alpha diversity), 
diversity between communities (species turnover, or beta diversity), and regional diversity 
(gamma diversity) (Whittaker 1972). These components can be related to each other as: 
γ = β+α  (Lande 1996; Loreau 2000). The alpha species richness of the sampled buffer strip 
is the total number of species found within sampled sites. At regional level, the percentage 
of similarity (Krebs 1999) in species composition between each pair of plots in each region 
was calculated as the species turnover (beta diversity). Regional diversity (gamma diversity) 
was estimated by Jackknife (Heltshe and Forrester 1983, Krebs 1999). 
 
Studies have shown that some evenness indices are mathematically dependent on species 
richness (Alatalo 1981, Smith and Wilson 1996). To solve this problem, Smith and Wilson 
(1996) suggested using some evenness indices that are independent of richness. Based on 
their theoretical analyses and recommendations, five evenness indices were subsequently 
selected: 1. Evar (Smith and Wilson 1996); 2. E1/D (Williams 1964); 3. E´ (Camargo 1993); 4. 
EQ (Smith and Wilson 1996); and 5. J´ (Pielou 1966) (I). The statistical relationships between 
species diversity and environmental factors were analysed by STATGRAPHICS PLUS®. 
 
 
 
3.5 Ordination methods 
 
The ordination method is a statistical method to understand the patterns and the 
relationships between species (response variables) and environment (explanatory variables) 
(ter Braak 1987). The ecological niche provides both a theoretical and an empirical basis for 
the method. Basically, ordination serves to summarize community data by producing a low-
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dimensional ordination space, and to reduce the “noise” of explanatory variables (ter Braak 
1987).  I used Canoco for Windows 4.0 (GLW-CPRO 1999). 
 
 
 
3.6 Connectivity measurement in the linear habitat network 
 
In this study, habitat connectedness was indicated by a connectivity index. If a patch is 
connected to other patches, species can disperse to patch i from other patches by 
migration; and the closer the other patches are to patch i and the larger the areas of these 
other patches, the higher the rates of dispersal between patches. The following measure of 

habitat connectivity includes these effects (Hanski 1994, 1999b): ( )
1

exp( )
n

i ij j
i

d A j iΓ
=

= α ≠∑ , 

where Ai is the area of patch i, Aj is the area of patch j, dij is the distance between patches 
i and j, and a is a constant which describes dispersal distance for a given species or a group 
of species (Hanski, 1999b).  
 
In this study, an approach was developed to measure the connectivity indices for the linear 
buffer strip habitats. This approach was based on dispersal characteristics of plant species 
and on the width effect of buffer strips on floral species richness. Most plant dispersal is 
“saltatory” (Ericsson 1996, Forman and Godron 1986, Forman 1995). Plant seeds can be 
carried by wind, water, or animals some distance to virtually any spot along the strip or 
nearby strips. They may use the spots along buffer strips as stepping stones, and germinate, 
grow, and reproduce in the environment (Fry and Sarlöv-Herlin 1997).   
 
To simulate the saltatory movement of plant seed dispersal, linear patches of buffer strips 
were converted into evenly-spaced points. In order to reflect the linear shape of buffer 
strips, an interval of 50 meters between the points was set in ArcGIS Desktop for ArcInfo 
9.0 (ESRI, 2004). A total of 6526 simulated points were set on the map, and the 
coordinates of each simulated point was given by ArcGIS Desktop 9.0 (ESRI, 2004). The 
distances between the points were calculated by the coordination. Because of both the 
effect of width on species richness (Ma, et al. 2002) and the equal interval (50 meters) 
between points, the habitat area in the indices was replaced by the width of the buffer strip. 
The connectivity of each simulated point to its neighboring points was calculated, and then 
the connectivity values of all the points were interpolated by the Spatial Analyst in ArcGIS 
Desktop 9.0 (ESRI, 2004) to illustrate the connectedness of the buffer zone network in the 
study area. The connectivity of the sampled sites was obtained from the nearest simulated 
point. In the connected contour map, three sub-regions with low, intermediate, and high 
levels of connectivity were selected. Each sub-region contained five sampling plots (III). 
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4 RESULTS AND DISCUSSIONS 
 
 
4.1 Species richness vs. evenness: an independent relationship (I)  
 
Five evenness indices were employed to test the relationship between species richness and 
evenness; no significant correlation was found between richness and evenness. Some 
studies have tried to use statistical null models to simulate the relationships between 
species richness and evenness. However, these models can not explain the independent 
relationships observed between richness and evenness in the unstable human-shaped 
agricultural ecosystem in this study. All findings suggest a lack of statistical relationship 
between the two diversity quantities. The evidence of the independent relationship was 
also provided by edaphic variables using ordination techniques and correlation analyses. 
 
Phosphorus correlated negatively with plant species richness.  Species evenness reacted 
rather differently to edaphic factors. Species evenness declined most significantly with the 
increase of C/N. Stirling and Wilsey (2001) speculated that partial-regression coefficients of 
H' are consistent with the hypothesis that richness is related to the direct effect of 
migration, and that evenness is related to the direct effects of biotic and abiotic interactions 
on diversity. The independent relationship and the different responses to environmental 
factors between richness and evenness here support the involvement of different ecological 
processes for these two species diversity components, suggesting the relationship between 
these two components may not be model-generalized, but rather site-specific. These two 
components should thus be considered separately. 
 
Many ecologists have realized that species richness alone is inadequate as a diversity 
measure, and thus have developed ways to include information about the relative 
abundance of species in their studies. However, most researches dealing with diversity and 
ecosystem function have focused on species richness, ignoring species evenness (Ricklefs 
and Schluter 1993, Naeem et al. 1994, Tilman 1996). Focusing on the number of species 
alone may blind us to the role played by species evenness in the function of ecosystems. 
Wilsey and Povtin (2000) demonstrated that including evenness provides a means of 
distinguishing between dominance and complementarity effects in diversity/stability 
research. The findings of this study should encourage further experimental analyses of 
functional diversity.   
 
 
 
4.2 Factor analysis from local to regional scale (I, II, III, and IV) 
 
4.2.1 Edaphic factors (I) 
 
RDA ordination illustrated that richness and evenness showed different trends in response 
to edaphic factors. P and K were related to richness, and Ca, C/N, dry matter, and humus 
were related to evenness. Furthermore, species richness correlated negatively with 
phosphorus. All four evenness indices exhibited significant negative correlations with C/N 
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(organic carbon/total nitrogen) in soil. Soil C/N affects soil structure by influencing the 
metabolism of heterotrophic bacteria in soil (Bohn et al. 1985). C/N thus represents soil 
properties that may affect the structure of plant communities. The decreased species 
evenness with increased C/N may be due either to a greater number of minor species or to 
the dominance of some species in the modified habitat. In this study, however, no 
correlation was present between species richness and C/N, suggesting that the decline in 
evenness with a rise in C/N was due to the increased dominance of certain species (I).  
 
Phosphorus correlated negatively with plant species richness (I).  Some fertilization 
experiments have demonstrated that N, P, and K are limiting resources in soil and are 
critically important for plant species diversity (Bakelaar and Odum 1978, Tilman 1982, 
During and Willems 1984). These limiting resources increased with above-ground plant 
biomass, thus leading to increased rates of competitive exclusion (e.g. competition for light) 
and ultimately to decreased species richness (Grime 1979, Huston 1979, Tilman 1982, 
Grime 1990). Here, however, no correlation was present between species richness and N 
and K levels. This is probably because only relatively small differences in N and K were 
found between the sampling sites. High plant species richness is typically associated with 
low levels of soil phosphorus availability (Beadle 1966, Wilson et al. 1996, Venterink et al. 
2001, 2003, Crawley 2005). The mechanism of the effect is competitive exclusion caused 
by increasing above-ground production (Wilson et al. 1996, Venterink et al. 2002). 
 
Species evenness reacted rather differently to edaphic factors (I). C/N affects soil structure 
because C/N can influence the metabolism of heterotrophic bacteria in soil (Bohn et al. 
1985). C/N thus represents soil properties that may affect the structure of plant 
communities. The decreased species evenness with increased C/N may be due either to a 
greater number of minor species or to the dominance of some species in the modified 
habitat. In this study, however, no correlation was present between species richness and 
C/N, suggesting that the decline in evenness with a rise in C/N was due to the increased 
dominance of certain species. Further experimental studies are needed to elucidate how the 
soil nutrients affect species abundance distributions.   
 
 
 
4.2.2 Width effect on species richness (II) 
 
Based on the species-area relationship (McArthur and Wilson 1967) as a power function 
(Preston 1962): S=cAz  or  ln (S) = ln (c) + z ln (A) (S, species richness; A, habitat area, c and 
z, constants), the width of the buffer strip contributed more to the increment of plant 
species richness than did the area and length of the strip in this study area. Thus, a 
modified model of the species-area relationship was proposed (II): 0.09770.00096331.1 WL10S = , 
where L is length, and W is the width of the buffer strip. Because of the low contribution of 
strip length to species richness, L0.0009 approximately equals 1. To simplify the model, only 
the width of the buffer strip was employed in this width effect model for this study. This 
modified species-area model emphasized the importance of the effect of width on species 
richness in an agricultural buffer strip. A wide buffer strip might generate a high gradient of 
resource at the cross-section in the strip, which might cause richness rise (II).  
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Based on the literature review, the reasonable and obvious explanation behind the 
difference of the slopes between the width and length lies in the presence or absence of 
interior species in elongated patches and environmental gradients at the cross sections of 
buffer zones. It is, probably, due to the dispersal ability of plant species and to the edge 
effect, though, it is impossible to rule out other factors (e.g., isolation) potentially relating 
to the change in the slope of the species-area relationship in this agricultural mosaic.  
 
An important result of this study was that more species per unit area increment could be 
obtained by widening the buffer zones than by lengthening it. Width is considered one of 
the most important structural configurations of linear buffer strips (Fry and Sarlöv-Herlin 
1997). The linear habitat should be wide enough to effectively perform the functions of 
species protection, interior environment maintenance, nutrient flows, and buffering against 
the intruding effects of the surrounding agricultural fields (Forman 1995). Several 
researchers have reported a positive correlation between number of floral species and the 
width of hedgerows or strips (Forman and Baudry 1984, Burel and Baudry 1994, and 
Deckers, et al. 2004). Furthermore, Forman (1995) found that the species richness of 
interior plants increased as hedgerows varied from 4 to 12 m, and suggested the modified 
microclimate in the centre of wider hedgerows as the primary reason for the positive 
correlation between species richness and width. 
 
In applying the modified species-area model in GIS, the GIS scenario provides a tool to map, 
monitor, and forecast species diversity in designed agricultural buffer strips (Fig. 3). The GIS 
scenario illustrated how the width of the strip affects species richness, which can be helpful 
in finding for an appropriate solution to width management for species diversity protection. 
The scenario mapping shows that, at present, local species richness is relatively high along 
the river (Fig. 3), 42% of buffer strips in the study area show a richness ranging from 49 to 
59, and 58% of the strips show a richness of 37 to 48 species. GIS scenarios predicted that 
if the widths of all buffer strips were doubled, 88% of the strips would reach a richness of 
49 to 59 and 12% would have 37 to 48 species. However, if the width were reduced by 
half, only 8% of the total strips would reach a richness of 49 to 59 species, and species 
richness in the other strips would drop to between 37 and 48 species. Thus, the scenario 
indicated that, in general, any reduction in the width of the strips in the study area is 
unacceptable because of the high predicted loss of species diversity. However, simply 
doubling the width of all the strips may not be an appropriate and practical solution. 
Specifically tailoring a proper solution for high-risk buffer strips based on modeling 
scenarios is an appropriate approach.  
 
This result can be used as a reference by policy makers, and it has practical value in 
agricultural management. Management for conservation in agroecological systems should 
aim to establish an optimal spatial arrangement. The modified model suggested that 
managers of buffer zones should consider width not only for its buffering function, but also 
as an important factor for biodiversity management plans at the landscape level. We 
suggest the application of the modified model for optimizing buffer zones to meet the 
needs of biodiversity conservation.  
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4.2.3 The role of habitat connectivity versus resource heterogeneity (III) 
 
In interconnected communities, two opposing forces potentially shape local 
community structure and species diversity: different local environmental factors 
could lead to the divergence of local communities (species sorting), while high 
dispersal rates could homogenize the connected local communities (mass effect) 
(Leibold et al 2004). The present study determined the effect of habitat 
connectivity versus the resource heterogeneity of abiotic features in plant species 
composition, the relative abundance of species and local and regional species 
diversity as well as species composition turnover.  
 
The study area was divided into three sub regions: lowly, intermediately and highly 
connected regions. Resource heterogeneity (soil nutrient) among sampling plots in 
the three regions increased as connectivity increased. The collinearity between 
resource heterogeneity and connectivity may be due to the farming system. Small- 
or fine-scale farming systems with more field blocks and a higher density of edge 
habitats (high connectivity) may have varied crops and activities which can 
produce patchy environments (heterogeneous resource) in neighboring edge 
habitats.  
 
We found that both the mass effect and species sorting were likely to explain the 
observations. In the lowly and intermediately connected regions, because of 
increased species turnover with resource heterogeneity increased species sorting 
was primary important to explain species diversity, while the mass effect surpassed 
species sorting in the highly connected region, which led to decreased species 
turnover. Increasing connectivity in communities containing high habitat 
heterogeneity can lead to the homogenization of local communities, and 
consequently, to lower regional diversity, while local species richness was 
unrelated to the habitat connectivity. We observed strong responses by A. 
sylvestris, P. arundinacea, and P. pretense to different levels of habitat connectivity. 
Because the abundance patterns of these species fit the dispersal measurement 
(connectivity), the species abundances may reflect their dispersal ability between 
local communities. Strong connectivity strengthened flow and invasion of these 
strong competitors, leading to extinction of other low frequency species in highly 
connected region. This result suggests that these species may play a role in 
switching the force from local resources to regional connectivity shaping the 
community structure. However, we might not expect increased connectivity to be 
the only vital factor affecting the relative abundance of species, since the habitats 
may also favor the species. These strong competitors may benefit from the 
increased connectivity, by which they can be delivered into their most favorable 
sites. 
 
Overall, a synthesis of mass effect and species sorting perspectives was offered as 
a likely explanation model for our observations, that is, that the local and regional 
processes were interactively dominated by the degree to which dispersal perturbs 
local communities. 
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4.2.4 The agricultural landscape context (IV) 
 
In the study area, seven landscape structural parameters served to indicate 
landscape context on five scales. On all but the smallest scales, the Shannon-
Wiener diversity of land covers and the percentage of arable land correlated 
positively and negatively with local richness of plant species, respectively. Both 
factors had higher correlation coefficients for the local richness on the large scales 
than at the small scales. The edge density of arable field was the only predictor 
that positively correlated with species evenness on all five scales, and had higher 
predictive power for the evenness on the small scales than at large scales. The 
results showed a scale-dependent relationship between the landscape context and 
local plant species diversity, and indicated that different ecological processes 
determine species richness and evenness. The local richness of species depends on 
a regional process on large scales, which may relate to the regional species pool, 
while species evenness depends on a fine- or coarse-grained farming system, 
which may relate to the patch quality of the habitats of field edges near the buffer 
strips. 
 
Spatial heterogeneity in the physical environment (e.g., substrate, nutrients, soil 
moisture, and structure) positively and linearly correlated with species diversity on 
a number of spatial scales (Harman 1972, Cody 1975, Tonn and Magnuson 1982, 
Crozier and Boerner 1984, Kaczor and Hartnett 1990, Benton et al. 2003). Such 
spatial variation reflects on the resource supply for different species, which is 
believed to be one of the major factors regulating species richness (Tilman 1986, 
Groombridge 1992, Ricklefs and Schluter 1993, Huston 1979). In this study, the 
positive correlations between regional species richness and the diversity of habitat 
type suggest that a landscape less dominated by arable fields with more perennial 
habitats (such as grassland, woodland, edge habitats) supports varied species 
pools which promote local species richness. This indicates that local species 
richness may relate to a regional process of species dispersal in the regional 
species pool.  
 
A high level of field edge density indicates a fine-grained farming system, which 
may contain more varied crops and arable activities than does coarse-grained 
farming, which would lead to varied environmental micro-sites and to the 
establishment and growth of a broader range of species in the boundaries 
(Cousens and Mortimer 1995). The pattern of such habitat mosaics may lead to 
‘patchiness’ in resource distribution, which can provide some low frequency 
species more chances to move to a suitable habitat patch and increase their 
abundance there under the fine-grained farming system, which may increase 
species evenness. The result suggests that the actual state of relative species 
distributions depends on the patch quality of the edge habitats surrounding the 
buffer strips. 
 
Furthermore, species diversity in arable edge habitats is sensitive to the farming 
operations practiced. Tarmi et al. (2002) studied plant species diversity in field 
boundaries in Finnish agricultural ecosystems, and found that many of the 
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observed species were known to tolerate herbicides, which has probably 
enhanced their abundance in the boundaries exposed to herbicide drift from crop 
sprayings, or from direct sprayings. This result may explain the positive correlation 
between the species evenness of buffer strips and the edge density of field 
boundaries. The low edge density of field boundaries results from intense, 
homogeneous farming associated with high agro-chemical inputs, thus resulting 
in adjacent buffer strips in which certain drift-tolerant species gain in competition. 
This would lead to low species evenness in such a coarse-grained farming 
landscape.  
 
The multi-scale relationships between the agricultural landscape context and the 
local plant species diversity (richness and evenness) of arable buffer strips in this 
watershed area add to the evidence that the landscape context is important in 
explaining species diversity (Forman 1995, Thies and Tscharntke 1999, Fahrig 
2001, Weibull et al. 2000), and the changing spatial scale affects these 
relationships (Dale 1999, Wu 2004.). Furthermore, species richness and evenness 
reacted to different parameters of landscape context for different scales. The local 
richness of species depends on a diversity of habitat types, which relates to 
regional process on large scales, while species evenness depends on a density of 
field edges near the buffer strips, which relates to a fine- or coarse-grained 
farming system. These results support the idea that they have different underlying 
ecological processes (Ma 2005). 
 
 
4.2.5 Local vs. regional processes 
 
In a patchy landscape, local species diversity is the result of the interaction 
between local and regional processes. For a species to be present in a patch, it 
must first disperse from the regional species pool into the focal patch, then 
establish and persist. Local species diversity will be the sum of those species 
present in the regional species pool that successfully disperse into (regional scale) 
and persist in the patch (local scale) (van der Valk 1981).  
 
I found that both processes occurred. On the local scale, I examined the 
relationship between the local richness and evenness of plant species, and their 
responses to edaphic nutrient factors at the site level (I). The two diversity 
components showed different responses to edaphic factors, indicating that local 
ecological processes determine species richness and evenness. In addition, in 
within-patch structural configurations, the width of the buffer strip was the most 
effective spatial indicator for local species richness of the strips (II). On the 
landscape scale, local species richness related to the diversity of land covers, while 
evenness related to the edge density of field boundaries. The different response of 
local species richness and evenness to the landscape context on varied scales 
suggested that species richness and evenness are linked to different ecological 
processes at landscape level (IV). The both separate studies suggest that the local 
species diversity is the result of the interaction of factors between local and 
regional scales.  
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Coupling both local and regional processes together in one study (III), I found that 
both mass effects and species sorting were likely to explain the observations in a 
framework of metacommunity theory. In the lowly and intermediately connected 
regions, the local resource condition had a primary effect on species composition 
similarity and species richness both at the local and regional levels; thus species 
sorting was of primary importance. However, in the highly connected region, the 
regionally homogenized force (connectivity) surpassed local resource 
heterogeneity, and drove species composition homogenized and regional diversity 
decreased. This suggested that connectivity was a dominant force to structure 
species community and diversity in highly-interconnected communities (IV). The 
local species richness was unaffected by the connectivity of buffer strips. However, 
the local species richness can be affected by a diversity of the landscape context 
(III), which indicated that a regional species pool at the matrix level can promote 
the local richness of species (III).  
 
Overall, a synthesis of local and regional factors or processes was suggested as the 
most reasonable explanation model for the variations in plant species diversity. 
The studies also suggest that the effects of determinants on species diversity have 
a complex relationship with the scale. The effects should be studied on multiple 
scales, including the local, regional, and even larger-scale matrix level.  
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5 CONCLUSIONS 
 
 
 
1. The relationship between species richness and evenness is neither equal nor 
predictable in a small-scale human-shaped ecosystem. At the site level, ordination 
and correlation analyses showed that species richness and evenness most 
significantly correlated with phosphorus and the ratio of organic carbon to total 
nitrogen in soil, respectively. The results suggested that species richness and 
evenness may result from different ecological processes, and both diversity 
components should be measured in species diversity studies (I). 
  
2. In within-habitat spatial configuration (width, length, and area), the width of 
buffer zones was the most effective spatial indicator of species richness. The 
species-area relationship was revised and modified for species diversity in the 
linear buffer strips. The modified species-area model emphasized the species-area 
relationship and the importance of width in strip design in agricultural landscapes 
(II).  
 
3. Both habitat connectivity and local resources are likely to explain the 
observations of species diversity. In the lowly and intermediately connected 
regions, species sorting (local resources) was of primary importance to explain the 
diversity, while mass effect (habitat connectivity) surpassed species sorting in the 
highly connected region. Increasing connectivity in communities containing high 
habitat heterogeneity can lead to the homogenization of local communities, and 
consequently, to lower regional diversity (III). 
 
4. Of all species found, Anthriscus sylvestris, Phalaris arundinacea, and Phleum 
pretense responded significantly to connectivity, and were highly abundant in the 
highly-connected region. The result suggests that these species are strong regional 
competitors, and may play a role in switching force from local resources to 
regional connectivity structuring the community (III). 
 
5. The local richness of species was unaffected by the habitat connectivity (III). 
However, the local richness of plant species of the buffers zones was affected by 
the condition of soil nutrients on local sites (II) and a complexity of land-use types 
on a matrix level (IV). This indicated that, in human-disturbed landscapes, habitat 
connectivity may not be a vital determinant of species richness in local 
communities.       
 
 6. At the landscape context level, species richness and evenness also showed that 
they may be caused by different ecological processes on a different spatial scale. 
The diversity of land covers correlated positively with species richness, while the 
edge density of arable fields correlated positively with species evenness. The local 
richness of species depends on a regional process on large scales, which may 
relate to the regional species pool, while species evenness depends on a fine- or 
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coarse-grained farming system, which may relate to the patch quality of the 
habitats of field edges near the buffer strips (IV). 
 
7. Overall, both local and regional processes can explain the observations of 
species diversity in this study area. A synthesis of local and regional processes was 
suggested as the most reasonable model to explain variations of species richness 
and evenness. The studies also suggest that the effects of determinants on species 
diversity have a complex relationship with scale.  
 
 
Suggested future directions 
 
1. The independent relationship between species richness and evenness suggests 
that the roles played by the relative abundance of species and the dominance of 
community in the function of ecosystems should be studied further with 
experimental analyses of functional diversity.   
 
2. Because the heterogeneity of an area on a small scale may be masked on a 
large scale, the key factors for species diversity on a small scale may not be 
apparent on a large scale. The relationship between species diversity and its key 
factors should be studied further on a larger regional scale.  
 
3. Community or landscape history is one of the most important determinants of 
species diversity in semi-natural ecosystems. The effects of historical land-use on 
present-day vegetation should be studied with a focus not only on site-specific 
management history on local scale but also on landscape structures on a regional 
scale. 
 
4. The conservation of species diversity is an interdisciplinary field rather than a 
single field. Species diversity is influenced not only by environmental factors, but 
also by social and economic factors. The development of a predicted model of 
species diversity would be interesting to study further with a multifunctional 
model integrating environmental, social, and economic aspects.      
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