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BIODIVERSITY ASSESSMENT- FINAL REPORT OF THE 
BioAssess PROJECT  
 

EXECUTIVE SUMMARY 

Developing biodiversity assessment tools 
1. The BioAssess project was the first project to use standardised protocols to measure several major 

elements of biodiversity across Europe (in eight countries and six biogeographical regions) to 
simultaneously develop methods for assessing biodiversity, or “biodiversity assessment tools”, and to 
quantify the impact on biodiversity of land use change, a major driver of change in biodiversity in 
Europe and elsewhere.   

2. The BioAssess project involved: the Centre for Ecology and Hydrology, UK; University of Helsinki, 
Finland; National University of Ireland, Dublin, Ireland; the British Trust For Ornithology, UK; the 
Natural History Museum, London, UK; FELIS, University of Freiburg, Germany; the Ministry of 
Environment – Government of Catalonia, Spain; Dutch Butterfly Conservation, The Netherlands; Swiss 
Federal Institute For Forest, Snow and Landscape Research (WSL), Switzerland; IRD/Universite De 
Paris VI, France; Universidad Autónoma De Madrid, Spain; Universidad De Castilla -La Mancha, Spain; 
Universidad De Murcia, Spain; University Complutense of Madrid, Spain; New University of Lisbon, 
Portugal; University of Coimbra, Portugal ; Mãe D'água Ldt, Portugal; Univeristy of Lisbon  - Portugal; 
Technical University of Lisbon, Portugal; Hungarian Natural History Museum, Hungary; The Finnish 
Forest Research Institute (METLA), Finland; University Paul Sabatier / CNRS,  France; Museum 
National D’histoire Naturelle / CNRS, France; and Parc Naturel Regional Du Morvan, France. 

3. The main purpose of the BioAssess project was to develop biodiversity assessment tools for inland 
terrestrial ecosystems, comprising sets of indicators of biodiversity, to assess the impact of policies on 
changes in biodiversity in Europe.  “Biodiversity assessment tools” may be defined as a set of indicators, 
which provides information on status and trends in biodiversity for a range of stakeholders. This 
approach to monitoring acknowledges that a single measure of biodiversity is unlikely to satisfy most 
stakeholder needs, particularly those interested in trends in biodiversity at the European level.   

4. The project responded to a perceived need for a better method of biodiversity assessment in the face of a 
global decline in biodiversity and the need to quantify both the impact of the policies instigated to 
address this decline and also the impact of other policies that might affect biodiversity.  Many 
international, European and national policies and actions, notably the Convention on Biological 
Diversity, the European Biodiversity Strategy and an increasing number of Biodiversity Action Plans, 
operating at a range of scales, have been instigated to deal with this problem.  However, the 
establishment of targets to reduce (Johannesburg Summit on Sustainable Development, 2002) or halt 
(EU strategy for Sustainable Development, Göteborg 2001) the loss of biodiversity have significantly 
added to the urgency of this task.    

5. An electronic conference (http://www.gencat.es/mediamb/bioassess/) and workshop were held to 
consider the policy framework for the development of monitoring and indicators of biodiversity in 
Europe, the major biogeographical influences on biodiversity, the major key factors (or drivers) of 
biodiversity and to propose a provisional set of indicators for study in this project. Biological relevance 
was identified as being the most important criterion – biodiversity indicators must provide a measure of 
biological diversity.  The following categories of indicator were identified: diversity measures of soil 
macrofauna, soil Collembola, ground beetles, butterflies, plants, lichens and birds, and landscape indices 
derived from remote sensing (earth observation). 

6. Sites were established in eight European countries - Portugal, Spain, France, Switzerland, Hungary, 
Ireland, Finland and the UK.  These sites represented Europe’s major biogeographical regions – Alpine, 
Atlantic, Boreal, Continental, Mediterranean and Pannonic. 

7. In each country, six sites were established along land use gradients, representing: old-growth or 
unmanaged forest, managed forest, forest / woodland-dominated landscape, mixed-use landscape, 
pasture-dominated landscape and arable crop-dominated landscape. 
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8. Using standardised protocols, data on the abundance, diversity and composition of soil macrofauna and 
springtails (Collembola), ground beetles (Carabidae), butterflies, plants, lichens and birds were collected 
in 1km2 sites, or “land use units” (LUUs). These data were used to evaluate the potential indicators listed 
above.   

9. These data were also used to quantify the impact of biogeography, land use, and a range of 
environmental factors on biodiversity.  Birds, butterflies, lichens, plants, ground beetles (Carabidae), soil 
macrofauna and springtails (Collembola) responded markedly to land use in terms of abundance, 
diversity and species composition.  Some taxa responded in similar ways, others behaved in contrasting 
ways.  The nature of the response of each taxon and the factors underlying their response are summarised 
below. 

10. Landscape composition in each of the 1km2 sites was assessed based on remote sensing data. Two types 
of satellite images were fused: Landsat ETM 7 images and IRS images.   Landsat ETM 7 was chosen 
because of its good spectral resolution (seven channels) good availability in an archive database, 
affordability, and continuous processing and IRS because of good spatial resolution (5.8m) and low cost 
when compared to other high spatial resolution remote sensing data.    

11. A total of 111 breeding bird species, 135 butterfly species (30,445 individuals), 757 lichen species, 1467 
plant species and subspecies, 301 ground beetle (Carabidae) species (152,866 individuals), 908 soil 
macrofauna species (14,166 individuals) and 281 springtail (Collembola) species (47,774 individuals) 
were recorded. 

12. Each protocol used to assess biodiversity was satisfactorily applied in the range of biogeographical 
regions, countries, habitats and land uses sampled.  Therefore, applied together, they would comprise a 
thorough “biodiversity assessment toolkit”, measuring four major components of above-ground 
biodiversity (birds, butterflies, lichens, plants) and three major components of soil and soil-surface 
dwelling biodiversity (ground beetles, soil macrofauna, springtails).  Such an approach, applied in a 
network of sites across Europe would complement the assessment of biodiversity through the use of one 
or few indicators, such as an index of bird abundance.  

13. Each of the potential indicators was evaluated by analysing their ability to predict other elements of 
biodiversity because such biological relevance had been identified as the most important criterion for a 
biodiversity indicator.  Other factors are important in selecting indicators and although a single project 
cannot consider all the purposes that biodiversity indicators may be used for, the following general 
conclusions emerged from the BioAssess project. 

14. Birds were found to be useful indicators of biodiversity; they significantly predicted the species richness 
of butterflies, lichens and plants.  However, they were not found to be a good indicator of soil and soil-
surface dwelling biodiversity.  Birds are also suitable indicators of biodiversity for a number of other 
reasons including the ease with which they can be identified, the existence of ample ecological 
information and bird monitoring schemes and the fact that they are more threatened than most other taxa.  

15. Birds were found to be useful indicators of biodiversity; they significantly predicted the species richness 
of butterflies, lichens and plants.  However, they were not found to be a good indicator of soil and soil-
surface dwelling biodiversity.  Birds are also suitable indicators of biodiversity for a number of other 
reasons including the ease with which they can be identified, the existence of ample ecological 
information and bird monitoring schemes and the fact that they are more threatened than most other taxa.  

16. Plants were found to be useful indicators of biodiversity; they significantly predicted the species richness 
of birds, butterflies, and lichens.  However, they were not found to be a good indicator of soil and soil-
surface dwelling biodiversity.  Plants are also suitable indicators of biodiversity because they are 
relatively easy to survey and identify, as primary producers they play a critical role in supplying 
ecosystem goods and services, and because they are the single most important group of organisms in 
shaping the habitats and determining the physical environments for other species. 

17. Lichens were found to be useful indicators of biodiversity; they significantly predicted the species 
richness of birds, butterflies and plants, although a poorer predictor of the richness of other groups of 
species than birds, butterflies and plants.  They were not found to be a good indicator of soil and soil-
surface dwelling biodiversity.  Lichens are also suitable indicators of biodiversity because they are easy 
to survey and many species – the macrolichens – are relatively easy to identify.  In addition, their 
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particular sensitivity to a wide range of anthropogenic factors and the length of time they tend to take to 
recover from their impacts make them a unique taxon.  Macrolichen diversity is a good predictor of total 
lichen diversity.  

18. Macrofauna were found to be the most promising of the three groups of soil (or soil-surface) dwelling 
organisms as an indicator of the richness of other taxa, showing weak correlations with butterflies and 
carabids and stronger correlations with plants.  However, only two of the many invertebrate groups that 
comprise soil macrofauna  – soil Coleoptera and earthworms – were evaluated at species level, leaving 
the potential of this taxon least well understood in this project. A rapid assessment of soil macrofaunal 
could be done through combining measures of ant and earthworm diversity with macrofaunal family 
diversity. 

19. Carabidae (ground beetles) were found to be a poor indicator of other elements of biodiversity, only 
showing a weak correlation with soil macrofauna. Carabids are, however, potentially useful indicators of 
biodiversity because they are a very easy group of invertebrates to survey and are relatively easy to 
identify. 

20. Soil Collembola were found to be a poor indicator of other elements of biodiversity, only showing a 
weak correlation with lichens. Collembola are, however, potentially useful indicators of biodiversity 
because they are an easy group of soil invertebrates to survey.  It is also possible to compare samples at a 
higher taxonomic level (genus) thus decreasing identification costs. 

21. Of the landscape indices derived from remote sensing, several indices were shown to be potentially 
useful indicators of the richness of single taxa and although no single index was correlated with the 
diversity of all components of biodiversity studied, a few indices correlated with more than one taxon.  
Total core area or disjunct core area density correlated with the richness of lichens, butterflies and 
ground beetles.  Patch richness correlated with the richness of birds and Collembola.  Landscape 
evenness correlated with the richness of birds and butterflies.  Intensive study of one set of sites 
(Switzerland) provided more information on the potential use of landscape indices derived from remote 
sensing and is summarised below. 

22. Despite these promising results, the project identified some of the crucial limits within which these 
potential indicators should be used.  The presence of these limits implies that indicators of biodiversity 
must be cautiously applied.  A network of biodiversity observation sites where detailed information on 
biodiversity was regularly collected would, amongst other things, permit the testing of indicators and, 
therefore, greatly increase the confidence in their application. 

Biodiversity assessment – developing remote sensing derived 
landscape indicators 
23. The remote sensing approach was carried out on two levels: on a European level where a standard 

(European scale) data set was used for all countries, and on a selected “intensive test site” level in 
Switzerland, where additional research was carried out based on a variety of remote sensing data sets. A 
fused Landsat-IRS image was selected for the European scale dataset to guarantee comparability. A 
hierarchic classification system was defined based on the CORINE database at four hierarchical levels. 
The first two hierarchical levels gave land use classes identical for all LUUs across the countries while 
additional levels were adjusted for local landscape descriptions. For the remote sensing based mapping a 
visual interpretation protocol was developed, which local specialists used to delineate land use classes.  

24. The visually interpreted and segmentation based classified land use gradient were used to quantify 
landscape pattern in the test sites. Extracted classes from visual interpretation (European scale) together 
with segmentation-based classification (Swiss test site) served as input to calculate landscape indices on 
the patch, class, as well as on the landscape level. All currently available landscape metrics were used, 
although some with restrictions.  

25. For the European scale dataset, 47 landscape indices were extracted from visual interpretation of the 48 
land use units (six in each country). Because indices of landscape pattern contain highly correlated 
measures, factor analysis (FA) was used to reduce the landscape level indices to a few uncorrelated ones 
(for all hierarchic levels) using the principal component extraction method. The extracted factors were 
interpreted based on the value the single variables loaded on the extracted factor. The landscape index 
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with the highest loading and ease of interpretation was selected to represent the particular factor. 
Furthermore, to facilitate interpretation of the analysis, cluster analysis was used to order the 48 LUUs 
into similar groups based on the derived factors.  

26. Classification is time consuming, highly generalises the landscape, and introduces errors into the 
resulting land-use maps. Therefore, in addition to landscape indices another approach was used in all the 
test sites to derive remote sensing based indices of biodiversity from the radiometric information of the 
images. For the European scale dataset the NDVI (Normalised Difference Vegetation Index) was derived 
from the original Landsat image, and the mean and standard deviation values were calculated for all test 
sites.  

27. Factor analysis and cluster analysis of the landscape indices showed that the same degree of land-use 
intensity led to different landscape composition in different countries. Therefore, the 48 LUUs could not 
be grouped into  six land-use intensities based on the derived landscape indices. Generally, LUUs with 
similar landscape composition were grouped together but similar landscape composition did not always 
correspond to the defined land-use intensity. Landscape composition was not therefore a good indicator 
of land-use intensity, and only the former is directly accessible from remote sensing in the form of 
landscape indices.  

28. In addition to the European scale dataset, a “intensive test site” was selected in Switzerland where a 
variety of remote sensing data and advanced image processing methods were tested. Besides the fused 
Landsat-IRS image (5m spatial resolution), a multispectral Quickbird satellite image and colour infrared 
(CIR) aerial photos were used (2.8 and 0.60m spatial resolution, respectively). In addition to the visual 
interpretation of the images, pixel - and segmentation - based classification methods were used to 
delineate the land use classes according to the classification system developed. Pixel based methods 
proved to reach their limits when processing very high resolution digital images. Thus, visual 
interpretation and object-based classification were compared across spatial resolutions and land use 
information extraction levels on the Swiss test site. Furthermore, a digital elevation model with 25m 
resolution and a digital surface model with 1m spatial resolution were used. 

29. For the Swiss test site, the visually interpreted and segmentation based landscape indices were also 
calculated at the level of sampling plot using a 50m diameter circle. In addition, original pixel values and 
image grey value derivatives were analysed, also at the sampling plot level. Image enhancement results 
such as NDVI, tasselled cap, first and second order texture information, filters and focal algorithms were 
derived from all the available remote sensing datasets. From the digital elevation- and digital surface 
models additional indices were extracted using information like slope, aspect, curvature, and texture. 
Thus, 16 plot level remote sensing databases were created for the Swiss test sites which contained: 
landscape indices derived from segmentation based classifications and visual interpretations on two 
hierarchical levels and three spatial resolutions (Landsat – IRS, QuickBird, aerial photo), grey value 
derivatives on three spatial resolutions, and finally the elevation database.  

30. For the Swiss test site principal component analysis (PCA) was run on plot level landscape indices, grey 
value- and elevation derivatives of all the remote sensing datasets. The eigenvalues of the extracted first 
four axes were used to test which remote sensing indices described the variation between the six Swiss 
LUUs the best. In order to facilitate further interpretation of the results, PCA sample scores were 
correlated to the land-use intensity gradient represented by the sixteen sampling plots. For the Swiss test 
site, factor analysis was repeated with all datasets at different spa tial resolutions to reduce the correlation 
within the landscape metrics, grey values, and elevation derivatives.  

31. Species richness of woody plants, birds, and carabids sampled on the plots of the Swiss test site were 
used in a linear regression model to the amount of the variation in the species richness that could be 
explained by the different remote sensing derived indices. Here, the extracted factors were used as 
explanatory variables. Coefficient of determination (R2) values were used to determine the predictive 
power of the different remote sensing indices and to compare the values between the single remote 
sensing datasets. Furthermore, tree species data collected in the Swiss plots were used in canonical 
correspondence analysis (CCA) and the performance of different remote sensing datasets were tested and 
compared.  

32. Grey value derivatives of the aerial photo explained the highest amount of variance between plots of the 
Swiss test site and grey value derivatives of the Landsat - IRS dataset correlated the most to the land use 
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gradient. Landscape indices derived from visual interpretation of the Quickbird image correlated the 
most to species richness of woody plants and birds, while grey value derivatives of the Landsat – IRS 
image showed the highest correlation to carabid species richness.  

Biodiversity assessment – birds  
33. There was only weak evidence of consistent patterns in diversity, abundance and species richness of 

birds with respect to the land use gradient across countries.  Diversity and richness tended to be higher in 
the more open habitats (LUU4-6) and these also made the greatest overall contribution to diversity.  
LUU2 (managed forest) had consistently the lowest diversity.  However, for most measures of bird 
diversity, abundance and species richness, patterns were country-specific.   

34. There were consistent patterns with respect to LUU across countries when species were grouped 
according to diet type, nest type and migratory status.  Omnivorous and herbivorous species richness and 
abundance increased along the gradient, but invertebrate feeders decreased.  Similarly, ground nesters 
increased and hole nesters decreased. The number of migrant species and individuals increased from 
LUU1 to 6, but the number of resident species and individuals decreased.  There were no consistent 
patterns in the number of species unique to each LUU, nor to the number of species of conservation 
concern per LUU across countries.   

35. Vegetation structure was significantly associated with species abundance.  Typically, the number of 
individuals (of all bird species) was higher at intermediate levels of vegetation cover.  These patterns 
were consistent between countries.  Species diversity and species richness were significantly associated 
with landscape structure.  Generally , bird diversity, evenness and species richness were positively 
associated with more complex, heterogeneous landscapes.  There was little evidence for associations 
between landscape structure and abundance.  Bird diversity and abundance were associated with the 
cover of forest and farmland (particularly arable).  Generally, diversity and abundance showed opposing 
trends, so diversity increased with arable cover but decreased with forest cover, whereas abundance 
decreased with arable cover and increased with forest cover.  Species diversity and species richness 
declined with increasing coniferous forest cover; species diversity, species richness and abundance 
increased with increasing broad-leaved forest cover.   

36. All parts of the land use gradient contribute to overall avian biodiversity.  All stages of the gradient 
should therefore be regarded as complementary in terms of avian biodiversity.  Habitat heterogeneity 
was consistently associated with bird diversity and species richness.  Conservation of a diversity of 
landscapes, encompassing all parts of the land-use gradient, is therefore necessary to maintain bird 
diversity.  Vegetation structure, habitat structure and landscape composition were significantly 
associated with bird diversity, species richness and abundance and therefore provide potential tools for 
assessing landscapes in terms of avian biodiversity. 

37. There is evidence of considerable regional variation in the population trends and habitat associations of 
birds within Europe.  Among woodland birds in particular there appears to be considerable geographical 
variation in population trends since 1970.  Major geographical variation exists in the extent to which 
species have adapted to human cultural landscapes, their relative use of broadleaved and coniferous 
forest, and their use of lowland and mountain forests.  There are also many examples of geographical 
variation in the occupancy of vegetation structures and foraging niches within forest and scrub habitats.  
This geographical variation may be important in explaining the general lack of consistency among 
countries in the patterns of avian diversity, abundance and species richness across the land-use gradient.  
It would, therefore, be valuable to develop the gradient approach adopted within BioAssess at a regional 
level within Europe.        

Biodiversity assessment – butterflies  
38. There was no consistent trend in species richness across the land-use gradient, but the highest number of 

species was often found in old growth forest (LUU 1) and mixed use landscapes (LUUs 3, 4 and 5).  The 
lowest number of butterfly species was found in intensively used areas: managed forest (LUU 2) and 
arable fields (LUU 6). 

39. The number of species hibernating as larvae decreased from old growth or unmanaged forest to arable 
land, the number of generalist species, of whom the larvae use many species of hostplants, increased, 
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there was no significant relationship with habitat preference, the number of Browns and Fritillaries 
decreased and the number of whites increased. 

40. Butterfly communities were mainly influenced by the amount of forest and arable land.  Species richness 
was related to the area of forest (optimum 34%) and arable land (optimum 12%).  There were more 
butterfly species when, in the 1 km2 LUU, patches have several larger, well connected and distributed 
core areas with preferably a non-circular shape. This was also one of the reasons for the low number of 
butterflies in managed forest (LUU 2) and arable land (LUU 6), often characterized by small patches of 
suitable butterfly habitat divided by large patches of unsuitable habitat. 

41. Diverse landscapes with a low intensity of management had a higher diversity than large-scale, 
intensively managed landscapes. The LUU gradient did not provide a good predictor of butterfly 
diversity, and all stages of the gradient should be regarded as complementary for overall diversity - 
species of high conservation value were found at all sites of the land use gradient. 

Biodiversity assessment – lichens  
42. The highest lichen species richness (352 species) was reported from the Swiss study region, the lowest 

from Hungary (52 species). Spain, the United Kingdom and France had a medium number of species 
(around 200 species each), whereas Finland, Portugal and Ireland had somewhat lower species numbers 
(around 120 species each). 

43. Lichen diversity and composition significantly depended on landscape structure, climate and land-cover, 
which were well represented by the BioAssess gradients. Furthermore, lichens were able to indicate past 
land-use continuity such as wooded pastures, as well as changes and catastrophic events that occurred 
several hundred years ago. 

44. High beta diversity was generally found in the agriculturally dominated landscapes (LUU6) and, to a 
lesser degree, also in mixed-used landscapes (LUU3-5), while high species numbers were usually found 
in natural forests (LUU1) and in mixed-used landscapes (LUU3-5). Cyanobacterial lichens were nearly 
exclusively reported from natural forests, where the highest number of unique and exclusive, as well as 
the highest number of rare species were also found.  

45. Land-use intensity affected total species richness, species density, Margalef diversity, and beta diversity. 
Further, species density and beta diversity significantly differed between the two forest-dominated land-
use types and those with open land (LUU 1-2 vs. 3-6). Natural forests had a significantly higher species 
richness, species density, Shannon diversity, and Margalef diversity compared to managed forests, and 
species richness on pastures was higher than on arable land.  

46. A partial canonical correspondence analysis with the countries as covariables and LUU1-6 as 
constraining variables revealed a significant overall effect of the land-use intensity gradient on species 
composition. The perfect ordering of LUU 1 to 6 on axis 1 was good evidence for the interpretation of 
this axis as a forest – non-forest gradient. Axis 2 clearly reflected the effect of forest type on species 
composition by the clear separation of natural from managed forest. Variables related to land-cover types 
explained by far the largest amount of variance (approx. 40%), whereas other variables explained only 
between 5.4% and 11.1% of the total variance each. 

47. The analyses of our data clearly showed that macrolichens alone were highly correlated with the number 
of all lichen species. Because macrolichens are easier to recognise in the field and responded with the 
same levels of statistical significance to landscape structure, climate and land-cover, we suggest that the 
effects of land-use gradients on lichen biodiversity can be monitored using macrolichens alone. 

Biodiversity assessment – plants  
48. Assessment of plant diversity encompassed 10% of the European flora -1467 vascular species or 

subspecies from 545 genera and 124 families.  Four fifths of the species were herbaceous plants. The 
taxonomic and biogeographical patterns of the flora sampled in each study site indicate that the sampling 
was representative, as well as the species-area correlations with the respective country species richness. 

49. Herbaceous species richness was significantly lower in forested landscapes (LUU1-2) and reached a 
clear peak in mixed land use (LUU4). Average species richness was also significantly higher in mixed 
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and grassland-dominated land use (LUU4-5). Total species richness followed a similar pattern but was 
not significant. Average species richness for woody plants decreased significantly from LUU1 to LUU6, 
while beta diversity increased in the same direction. Hence, species richness was low in forested areas 
and agricultural landscapes, and a peak in mixed landscapes and moderately managed landscapes. When 
total richness is split up into plant life forms, herbaceous species richness showed this pattern, 
particularly perennial herbs. Annuals behaved in a way similar to perennials in Mediterranean countries, 
but in northern countries their maximum richness was in agricultural habitats.  

50. Forest area; complexity of vertical structure; cover of the higher vegetation strata; tree cover, basal area 
and density; amount of dead wood; litter cover and lichen cover decreased along the land use gradient 
from LUU1-2 to LUU6.  Along this gradient there was also an increase in grassland area and cover of 
the herb layer (peaking in LUU5) and agricultural area (peaking in LUU6).  No significant gradients 
were detected for other environmental factors (stoniness, slope, aspect, altitude) or land cover types. 
Managed forest (LUU2) sites tended to have greater landscape homogeneity, litter cover, tree area and 
density, dead wood and cover of the highest strata (than lower strata) than old-growth or unmanaged 
forest. 

51. Exclusive species richness did not show significant patterns. Diversity indices based on species 
abundances exposed patterns similar to species richness, significantly so for herbaceous and all species 
in the case of Margalef index and Fisher’s alpha, and not significant for Shannon and Simpson’s 
diversity indices nor for Pielou’s evenness. 

52. The increase in species richness in the deforested LUUs occurred at the expense of doubling the floristic 
similarity or tripling the number of shared species on average across Europe. 

53. Non-cultivated alien herbs, mainly annuals, were favoured by recurrent and severe disturbances, 
combined with fertilization, like those derived from the agricultural land use. Woody alien species did 
not show significant patterns excepting for the abundance of planted trees, peaking in managed forests. 
Non-cultivated woody aliens do not show significant patterns across the land use gradient. The 
abundance of aliens is strongly conditioned by their intentional introduction for agricultural or forestry 
purposes. A large proportion of alien species was found among woody plants, particularly trees. In 
almost all cases, old growth or unmanaged forests contained fewer aliens. Stable grazing was also a land-
use containing less alien invasive species. 

Biodiversity assessment – ground beetles (Carabids)  
54. The highest carabid species richness (113 species) was reported from the Hungarian study region, the 

lowest from France (37 species). Portugal and Switzerland had a medium number of species (around 80 
species each), whereas Finland, Ireland, Spain and the UK had somewhat lower species numbers (around 
50-60 species each). 

55. Ground beetle species richness, abundance and a-diversity increased from forested landscapes to 
agriculture-dominated ones in each country. The proportion of winged species, small-sized species (< 4 
mm) and species associated with open habitats increased, whereas wingless species, large-sized species 
(>16 mm) and species associated with forests decreased from forested to agriculture-dominated 
landscapes. There was a threshold between the forested Sites and the agricultural landscapes as regards 
these changes.  

56. Some landscape indices derived from remote sensing were associated with carabid species richness in 
the SITES.  

57. The main factor explaining carabid species richness and composition in the landscapes was the 
proportion of forest vs. other habitat types. Ordination analyses (DCA) of the sampling plot data for each 
country showed that the carabid assemblages were distinguished on the basis of the habitat in the 
sampling squares (forest, various kinds of open habitat). It is concluded that carabids predictably signal 
land-use. 
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Biodiversity assessment – soil macrofauna  
58. A total of 908 soil macrofauna species were recorded from 17 orders and 131 families. Several hundred 

more species were probably present in the groups and countries where identifications have not been 
conducted to the species level. 

59. The most important taxon was the Lumbricidae, comprising  39% of the total abundance of the samples. 
The other major taxa were Formicidae (13%), larvae (Coleoptera + Diptera) (13%), Coleoptera (11%), 
Arachnidae (8%), Gastropoda (4%), Diplopoda and Chilopoda (7%). Hemiptera, Isopoda, Dictyoptera, 
Orthoptera, Isoptera, Dermaptera and others made up the remaining 4.5% of individuals. 

60. Family richness and abundance were greatest in Ireland, Switzerland and France. Portugal and Spain had  
a limited number of individuals distributed among a relatively large number of families. Finland, 
Hungary and United Kingdom were poor in individuals and families.  

61. The mean family richness does not vary significantly across the land use gradient. Land use type 
explained 10.84% of the overall variation of the Lumbricidae data set 14.02% of total variation of the 
coleopteran macrofauna data set. 

62. It is recommended that the assessment of soil macrofauna is done by the species richness of earthworms 
(Lumbricidae) and ants (Formicidae), together with the number of other families present.  Since many 
macrofauna species tend to have rather restricted areas of distributions and/or low densities that make 
their discovery rather infrequent, families appeared to be the best indicator of diversity, especially when 
comparison have to be made over large geographical areas. Ants and earthworms, however, may be 
identified to species because they are less speciose than other families and because their grouping into a 
single unit ignores their functional diversity.  In addition, practical keys exist for the identification of 
these invertebrates. 

Biodiversity assessment – soil springtails (Collembola)  
63. Collembola were sampled with a sample core (5cm diameter) including the organic horizon (when 

present) plus 5cm of the mineral soil. From each core sample, the organic and mineral fractions were 
separated. Collembola were extracted using dynamic behavioural methods and were identified to species.  

64. The differences in the landscape along the gradient influenced both diversity and species composition; 
Collembola reacted, as a community, not only to changes in soil use and management, but also to 
changes in the landscape configuration, i.e., the area occupied by each soil use type and their spatial 
arrangement at each LUU. In terms of species composition, analyses at country level revealed a clear 
separation between forest and open habitat communities, and, in some cases a separation of soil use 
types within these two major groups. Regarding species richness and diversity, although the patterns 
were not completely concordant among the different countries, natural forests and mixed-used 
landscapes presented the highest values, with agricultural dominated units being the poorest ones.  

65. Analysis with remote sensing metrics revealed that high richness and diversity of Collembola were 
connected to diverse landscapes  both in terms of number of patches and  of patch richness. These 
features demonstrate the importance of maintaining a diverse landscape, retaining remnant patches or 
introducing new ones, as a way of maintaining  or enhancing biodiversity in disturbed landscapes.  

66. The results obtained in this study makes this group a good candidate for inclusion in a biodiversity 
assessment toolbox to assess change in biodiversity, specifically as a surrogate for the assessment of  
below-ground biodiversity. 
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1. INTRODUCTION, OBJECTIVES AND REPORT STRUCTURE 
 

1.1 The need for biodiversity assessment tools and a better 
understanding of the drivers of biodiversity change 
The BioAssess project set out to develop biodiversity assessment tools for inland terrestrial ecosystems to 
assess the impact of policies on changes in biodiversity in Europe.  The project responded to a perceived 
need for better methods of biodiversity assessment in the face of a global decline in biodiversity and the need 
to quantify both the impact of the policies instigated to address this decline and also the impact of other 
policies, which might affect biodiversity.  As discussed in Chapter 3, the need to develop better methods of 
biodiversity assessment increased during the life of the project with the establishment of targets to reduce or 
halt the loss of biodiversity, notably the Göteborg target to “Protect and restore habitats and natural systems 
and halt the loss of biodiversity by 2010”. 
 
The concept of a biodiversity assessment tool-kit arose from the concern that single indicators were unlikely 
to provide an adequate measure of change in biodiversity (Prendergast et al. 1993, Prendergast 1997, Lawton 
et al. 1998, Oliver et al. 1998, Negi and Gadgil 2002, Vessby et al. 2002, Krupnick and Kress 2003).   A 
biodiversity assessment tool-kit is essentially a set of indicators of biodiversity that measure change in 
biodiversity for the purpose intended.  

1.2 Project consortium, objectives and report structure 
The BioAssess project involved: the Centre for Ecology and Hydrology, UK; University of Helsinki, 
Finland; National University of Ireland, Dublin, Ireland; the British Trust For Ornithology, UK; the Natural 
History Museum, London, UK; FELIS, University of Freiburg, Germany; the Ministry of Environment – 
Government of Catalonia, Spain; Dutch Butterfly Conservation, The Netherlands; Swiss Federal Institute For 
Forest, Snow and Landscape Research (WSL), Switzerland; IRD/Universite De Paris VI, France; 
Universidad Autónoma De Madrid, Spain; Universidad De Castilla -La Mancha, Spain; Universidad De 
Murcia, Spain; University Complutense of Madrid, Spain; New University of Lisbon, Portugal; University of 
Coimbra, Portugal ; Mãe D'água Ldt, Portugal; Univeristy of Lisbon  - Portugal; Technical University of 
Lisbon, Portugal; Hungarian Natural History Museum, Hungary; The Finnish Forest Research Institute 
(METLA), Finland; University Paul Sabatier / CNRS,  France; Museum National D’histoire Naturelle / 
CNRS, France; and Parc Naturel Regional Du Morvan, France.   
The overall objective of this project was to develop biodiversity assessment tools for inland terrestrial 
ecosystems, comprising sets of indicators of biodiversity, to assess the impact of policies on changes in 
biodiversity in Europe.  It was organized in four Work Packages with the following objectives: 
 
1 To establish the policy framework for developing biodiversity assessment tools 
2 To select potential indicators to assess changes in biodiversity within Europe, taking into account the 

major biogeographic influences on biodiversity. 
3 To produce sets of biodiversity assessment tools to assess changes in biodiversity within Europe 
4 To disseminate information on, and guidelines for the application of, biodiversity assessment tools for 

assessment (and monitoring) of biodiversity change at the local, national and European level 
 
The specific objectives of Work Package 1 were: 
1. To identify major components of the policy framework directly or indirectly influencing biodiversity in 

Europe (e.g. requirements of the Convention on Biological Diversity, the European Biodiversity Strategy 
and key policy areas, and in particular the CAP) through dialogue with stakeholders in a Project 
Workshop and an electronic conference 

2. To establish guidelines for developing indicator tools to assess the impact of policies on changes in 
biodiversity in Europe. 

These objectives are dealt with in Chapter 3. 
 
The specific objectives of Work Package 2 were: 
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1. To identify major European biogeographic regions relevant to the assessment of biodiversity based on 
existing classifications (i.e. using the biogeographic regions defined in the Habitats Directive and 
subsequent work of the ETC-NC, taking account of the European Map of Natural Vegetation, the EUNIS 
habitat classification, etc.), 

2. To identify the key factors determining biodiversity within these biogeographic regions, 
3. To propose indicators of biodiversity based on the guidelines developed and the key factors identified – 

these may be species/compositional, structural, or functional or process indicators and will include local 
and landscape indicators, the latter derived from remote sensing methodology 

These objectives are dealt with in Chapter 4. 
 
The specific objectives of Work Package 3 were: 
1. To identify land-use ‘gradient transects’ representing the influence of agriculture, forestry and other 

pressures in countries within the major biogeographic regions (Alpine, Atlantic, Boreal, Continental, 
Mediterranean and Pannonic). 

2. To quantify the impact of land-use change in sites along these land-use gradients on selected major 
components of (species) biodiversity (soil macrofauna and Collembola, ground beetles, butterflies, 
plants, lichens and birds). 

3. To evaluate the potential of the proposed terrestrial and remote sensing indicators by measuring these 
indicators in the same sites used to quantify the impact of land-use change 

4. To propose sets of biodiversity assessment tools through a statistical evaluation of the relationship 
between proposed indicators, including those measured by remote sensing, and (other) components of 
biodiversity (data from land-use gradients) 

These objectives are dealt with in Chapters 5-15. 
 
The specific objectives of Work Package 4 were: 
1. To set up a web-site and produce posters and brochures describing the aims and results of the project. 
2. To hold a seminar and a project conference to disseminate and discuss the results of the project 
3. To publish a manual and other publications containing the results of the project. 
 
The project web-site is www.nbu.ac.uk/bioassess.  Posters and brochures have been produced throughout the 
project and a final brochure is currently being prepared.  A joint seminar and project conference was held in 
Madrid in June 2003 and presentations summarising the results of the project were presented and discussed.  
A manual describing the biodiversity assessment methods used in the project was prepared in the first year of 
the project and is now being updated.  A list of papers published or in press is given in Annex 1. 
 
The authors of this report are listed in Annex 2. 
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2. BIODIVERSITY ASSESSMENT – THE POLICY FRAMEWORK 

2.1 Project workshop and e-conference on biodiversity assessment. 
A dialogue with stakeholders took place during a Project Workshop in Dublin in January 2001 and electronic 
conferences in November-December 2000 and September-October 2002.  To identify the major components 
of the policy framework directly or indirectly influencing biodiversity in Europe we focussed on the 
following questions: who are the potential users of biodiversity assessment tools (and what are the main 
policies of relevance to them); what do they need biodiversity assessment tools for; and what are the major 
policies driving their needs (and its relationship to BioAssess).  The outcome of these dialogues is 
summarised below.  A full transcript of the discussion in the first e-conferences can be obtained at the e-
conference web-site www.gencat.es/mediamb/bioassess/.  
 
The workshop and first e-conference concluded that everyone may benefit from the application of 
biodiversity assessment tools because they may promote the conservation of  biological diversity for the 
public good.  In contrast, they are only used (in the sense of application) by sector specialists i.e. the 
scientists/ ecologists/ wildlife conservationists making the measurements. However, many more people have 
an immediate need for the results of the application of biodiversity assessment tools; these include: 
• Politicians and other policy makers 
• Public servants (in national and regional government and intergovernmental organisations) 
• NGOs concerned with biodiversity 
• Private sector industry 
 
This wide range of potential users of biodiversity assessment tools possesses a wide range of motivations, 
relating to, for example education, ecology, conservation, ethics and economic development.  Different 
stakeholders are therefore likely to have different targets for biodiversity and each group of stakeholders are 
likely to perceive the need for a unique set of indicators.  This is discussed further below. 
 
The need to provide meaningful and useful information about biodiversity, was well illustrated by Jonathan 
Loh in the BioAssess Electronic Conference: “The scale of the problems conservationists face today, 
combined with a relative scarcity of resources, means we have started to ask ourselves how big a difference 
are we making. The reality, embarrassingly enough, is that we don't honestly know. Whenever I am involved 
in discussions of this kind, about monitoring and measuring change, it reminds me of the Columbus 
Syndrome. When Columbus set out, he didn't know where he was going. When he arrived, he didn't know 
where he was. And when he returned, he didn't know where he'd been.” 
 
There are many specific needs that biodiversity assessment tools may fulfil. These include, in very general 
terms: 
• Providing monitoring information on trends in biodiversity in European forests, other habitats, Member 

States and Europe generally. 
• Measuring the impact of external pressures on biodiversity (in European forests etc. as above) from local 

pressures e.g. flood prevention measures in the floodplains of the rivers Rhine and Meuse, to widespread 
pressures e.g. climate change. 

• Measuring and demonstrating the effectiveness (or otherwise) of the impact of policies on the 
conservation and/or enhancement of biodiversity (in European forests etc. as above). 

• Assessing the specific impact on biodiversity of agricultural, silvicultural and other practices not 
specifically developed for the conservation and/or enhancement of biodiversity. 

• Assessing the impact on biodiversity of practices that have been specifically developed for the 
conservation and/or enhancement of biodiversity, i.e. measuring and judging the success of these actions. 

• Developing, though research, practices and policies for the conservation and/or enhancement of 
biodiversity and prioritizing their implementation. 

• Supporting the certification of allegedly environmentally friendly products and practices. 
 
In addition to the perceived need for different biodiversity assessment systems, there are several reasons for 
considering a unified system (or systems) of biodiversity assessment (or, at least, for developing systems that 
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are in some way comparable).  First, we might expect that the public would prefer a single, simple, 
transparent system for informing them about trends in biodiversity.  Second, the Convention for Biological 
Diversity is promoting the development of a ‘core set’ of indicators.  Third, an assessment of the impact of 
policies on biodiversity requires a biodiversity assessment system that can be applied across nation states, at 
least, in the context of BioAssess, across Europe.  Finally, a unified system of biodiversity assessment might 
avoid conflicts between different stakeholder groups using different methods of assessing biodiversity. 

 
Table 2.1.  Examples of major policies with needs for biodiversity assessment as identified at the start of the 
project.  
Policy Specific need in relation to biodiversity assessment 
Convention on Biological 
Diversity1 

‘Core set of indicators of biological diversity’ based on the need to 
“Monitor, through sampling and other techniques, the components of 
biological diversity…paying particular attention to those requiring urgent 
conservation measures and those which offer the greatest potential for 
sustainable use” (Article 7). 

Ministerial Conference on the 
Protection of Forests in Europe 
(MCPFE)2 

Indicators for the ‘Conservation and appropriate enhancement of 
biological diversity in forest ecosystems’ (MCPFE Criterion 4). 
 

European Biodiversity 
Strategy3 

Need for ‘specific, practical, cost-effective and efficient biodiversity 
appraisal systems…’ 

European Biodiversity Action 
Plan for the Conservation of 
Natural Resources4 

 

Selected proposed recommended actions: 
• “evaluating the impact on biodiversity of Structural Fund Programmes 

and Rural Development Plans…” 
• “monitoring urbanisation in relation to biodiversity” 
• “To identify indicators based on the conservation status of selected 

representative species primarily present in agricultural ecosystems…”  
• “To identify indicators based on the conservation status of selected 

marine and aquatic species.” 
• “To ensure that criteria for the Community eco-label… products and 

services should, where appropriate, support and should not negatively 
affect biodiversity.” 

• “to identify and quantify existing perverse incentives that are harmful 
to biodiversity…” 

• “to monitor long-term effects [of GMOs] on the environment 
including effects on biodiversity.” 

• “To ensure that initiatives regarding deforestation, afforestation and 
reforestation taken in the light of the Kyoto Protocol are conducive for 
the conservation and sustainable use of biological diversity.” 

• “to promote the consideration of the implications for biodiversity 
emerging from the implementation of relevant international 
agreements…Target. Biodiversity indicators being agreed by other 
international agreements” 

Birds and Habitats Directives5 Establishing reporting requirements under the directives in order to realise 
a comprehensive and clear EC reporting system. Developing guidance on 
monitoring of habitat types and species, especially in Natura 2000 sites. 
(Conservation of Natural Resources BAP). 

                                                 
1 http://www.biodiv.org/  
2 http://www.minconf-forests.net/  
3 http://europa.eu.int/comm/environment/docum/9842sm.htm  
4 http://biodiversity-chm.eea.eu.int/convention/cbd_national/104030.shtm  
5 http://www.ecnc.nl/doc/europe/legislat/birdsdir.html and 
http://www.ecnc.nl/doc/europe/legislat/habidire.html 
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2.2 Increasing needs for biodiversity assessment. 
The need for biodiversity assessment tools increased during the life of the project, partly because of an 
increased awareness of the global decline in biodiversity and partly because two major policy targets to 
reduce or halt the loss of biodiversity – the establishment of targets to reduce (Johannesburg Summit on 
Sustainable Development, 2002) or halt (EU strategy for Sustainable Development, Göteborg 2001) the loss 
of biodiversity – have significantly added to the urgency of this task.   Biodiversity assessment therefore 
increased in importance as a means to measure biodiversity loss, identify its causes and monitor progress 
towards policy targets.  In addition, the CBD, having long neglected the development of monitoring and 
indicators, made major progress in the development of biodiversity monitoring and indicators in 2003.   
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3. GUIDELINES FOR DEVELOPING INDICATOR TOOLS 

3.1 Criteria and guidelines for selecting and developing biodiversity 
indicators  
The project workshop and e-conference considered criteria and guidelines for selecting and developing 
biodiversity indicators. The following criteria were considered to be important for selecting and developing 
biodiversity indicators: biologically relevant, easy to understand, sensitive and responsive, geographic 
coverage, diagnostic, analytically sound, interpretable, cost-effective, integrative and representative, 
historical databases available, anticipatory, capable of scaling, and synergistic.  It was, however, noted that 
several of these criteria are over-lapping and others are rather vague.  The most important criteria identified 
are shown in Table 3.1.2.3. 
 
Table 3.1.  Proposed criteria for selecting biodiversity indicators (in suggested order of importance). 

 Criteria 
1 Biological relevance 
2 Cost-effectiveness 
3 Sensitivity 
4 Easy to understand and politically relevant 
5 Historical data available, particularly time series 

    
Biological relevance was identified as being the most important criterion – biodiversity indicators must 
provide a measure biological diversity.  (Overlap between this criterion and ‘analytically sound’ was noted.)  
The second most important criterion identified was cost-effectiveness.  This and the criteria ‘easy to 
understand and politically relevant’ acknowledge that biodiversity assessment tools are practical tools, 
providing results for a wide user community and potentially being used by non-specialists.  It is essential that 
biodiversity indicators are sensitive – in particular, the analysis of indicator data must accurately reflect any 
changes in biodiversity that are occurring.  The final criterion identified was that historical data should be 
available.  This is a difficult criterion to meet but historical data not only allow monitoring data to be put in 
context of past changes in biodiversity but they also relevant to setting targets against which trends in 
biodiversity can be assessed. 
 
It is extremely important that the selection of indicators based on the kinds of criteria discussed above is only 
the starting point for evaluating the suitability of biodiversity indicators. Further evaluation can be done, for 
instance, according to the step-wise procedure presented by McGeoch (1998). After a preliminary selection 
of indicators based on a number of criteria, such those discussed above, their suitability needs to be tested. 
The first task is to accumulate quantitative data both on the indicator group and on the condition (such as 
disturbance or state of biodiversity) to be evaluated. Thereafter, relationships between the indicator and the 
environmental or ecological state (e.g. habitat fragmentation or occurrence of some other taxa) need to be 
established. The critical step is to find out whether there are significant, strong correlations between this state 
and measured qualities of the indicator. If these do not exist, the tentatively selected group should be rejected 
as a bioindicator. If correlations exist, the procedure continues to establish the robustness of the indicator by 
developing and testing appropriate hypotheses under different conditions.  This testing procedure has been 
developed for evaluating species-level biodiversity indicators, but could be extended for testing indicators at 
higher or lower ecological scales. 
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4. BIOGEOGRAPHY, BIODIVERSITY AND THE DEVELOPMENT 
OF INDICATORS 

4.1 European biogeographic regions 
It is well known that biodiversity varies across Europe and that many of the key factors influencing 
biodiversity vary in their importance across Europe.  Fire, for example, is a major key factor of biodiversity 
but it is more important in the Boreal and Mediterranean regions than elsewhere. 
 
Nine major biogeographic regions were introduced with respect to the Habitats Directive in the European 
Union.  This classification was considered adequate for the BioAssess project.  Of these nine biogeographic 
regions, the following are the most important, at least in terms of area: 
• Boreal 
• Atlantic  
• Continental 
• Alpine 
• Mediterranean 
 
Each region is characterised by different climates and soils.  In a European project such as BioAssess it is 
therefore essential that research is done in as wide a range of biogeographic regions as possible .  Indeed, the 
pan-European nature of BioAssess led to the inclusion of the Pannonian region.   Field sites for the 
development of biodiversity assessment tools were therefore established in the following regions and 
countries: 
 
Table 4.1: Biogeographic regions and countries involved in BioAssess. 

Region Country 
Boreal Finland 
Atlantic  UK (Scotland) 
 Ireland 
Continental France 
Pannonian Hungary 
Alpine Switzerland 
Mediterranean Spain 
 Portugal 

    

4.1 Key factors influencing biodiversity 
Within each biogeographic region, biodiversity is determined by a wide range of natural and 
anthropomorphic factors.  The most important of these may be regarded as key factors, which can be defined 
as factors that have a major influence on or directly reflect variation in biodiversity (Larsson et al. 2001).  
The key factor approach was used in the BEAR project (Larsson et al. 2001) to develop indicators for 
biodiversity in European forests, with an emphasis on key factors as major influences on biodiversity. 

It should be noted, however, that the key factor approach requires a good understanding of the way that 
different factors determine biodiversity.  Whereas our understanding of the influence of key factors on forest 
biodiversity may be relatively well understood, it is much less clear which key factors are most significant in 
determining biodiversity across the wider range of European land-uses, as considered within BioAssess.  In 
the cases where we can identify likely key factors, it is uncertain how they affect all land uses and habitats 
and how they act together to determine biodiversity.  Moreover, it is very likely that the most important key 
factors varies according to land use and habitat. 

We conclude that the key factor approach has limited value when developing biodiversity assessment tools 
which will assess changes in biodiversity that are related to policy initiatives, the principle focus of 
BioAssess. 
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Rather, we conclude that biodiversity assessment tools should be largely determined by state (or 
‘composit ional’) indicators of biodiversity; because of the major uncertainties about the impact of different 
pressures and other key factors on biodiversity, it is clearly better to base a biodiversity assessment system 
on the measurement of biodiversity itself.  Unfortunately, this is the more difficult option – it is potentially 
more difficult and much more costly to measure state indicators of biodiversity.  The following chapters 
therefore consider the strengths and weaknesses of a range of taxa as state indicators of biodiversity. 

The key factor concept should not, however, be ignored and in at least two respects the BioAssess project 
will consider the key factor approach.  First, habitat diversity and fragmentation are important key factors of 
species diversity.  Within the BioAssess project, remote sensing will be used to measure these key factors 
and data on species biodiversity will be used to evaluate them.  Secondly, plant diversity is likely to be a key 
factor of the diversity of other taxa.  BioAssess will therefore evaluate the potential for using plant diversity 
assessment as a surrogate for the biodiversity of other groups of species. 

4.1 Preliminary list of indicators 
A preliminary list of indicators was derived from a consideration of the policy framework for the 
development of biodiversity assessment tools, the major criteria for developing these tools, the major key 
factors influencing biodiversity and the strengths and weaknesses of different potential indicators of 
biodiversity.  This list is also based on the expertise of the consortium and, therefore, some taxa which may 
be used to derive indicators of biodiversity are not considered. 
 
Table 4.2.  A preliminary list of indicators for consideration. 

Data source Some potential indicators  
Soil Collembola 
Soil macrofauna 
Ground beetles 
Plants 
Lichens 
Butterflies 
Birds 

Species richness, morpho-species richness, higher taxon richness, 
number or ratio of functional groups, abundance, diversity indices, 
number of Red-listed, rare, endemic or ‘focal’ species present. 

Remote sensing Fragmentation indices, habitat diversity, landscape feature richness 
  
As described in the following chapters, these potential indicators were evaluated in a series of field sites in 
eight countries representing six biogeographical regions of Europe. 
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5. ESTABLISHING LAND USE TRANSECTS ACROSS EUROPE 

5.1 Land-use intensity transects 
Land-use intensity transects were set up in eight countries (Table 4.2).  In each country six 1km2 sites (or 
“Land Use Units” (LUUs) to avoid confusion between sampling locations within each site) were established.  
These sites represented a land-use intensity transect of: 
• old-growth or unmanaged forest 
• managed forest 
• forest / woodland-dominated landscape 
• mixed-use landscape 
• pasture-dominated landscape 
• arable crop-dominated landscape 
Details of the sites in each country are presented below. 

5.2 Finland 
The Finnish study area (the six LUUs) is situated 15-20 km east of the city of Helsinki in the municipality of 
Sipoo in the southernmost part of Finland. Although the area is so close to metropolitan Helsinki, the study 
area is mainly forested and some of the forests are in fairly natural condition. In fact, half of the LUUs are 
located within a large Natura 2000 area. The forest type ranges from luxurious deciduous forests along 
margins of creeks to dry pine-dominated (Pinus sylvestris) forests on rocky hills. Agricultural areas range 
from small fields and pastures to large, continuous and intensively managed fields. The landscape of the area 
is very beautiful with gentle hills and a mix of agricultural areas and forests.  
• LUU 1. The most pristine LUU is entirely forested without any roads or human habitation. The forests 

range from luxurious deciduous forests to dry pine-dominated forests on rocky hills. There are patches of 
relatively old and untouched forest (see age classes distribution in the map). On the other hand, there are 
young forest stands and clear-cuts too.  

• LUU 2. The second LUU is entirely forest but there are a few small roads and other signs of human 
activity (see map). However, there are no agricultural areas. The age structure of the forests is fairly 
similar to that of LUU 1. Also the forest types are quite similar as in the LUU 1. Overall, human 
influence is somewhat higher is this LUU as compared LUU 1. 

• LUU 3. This LUU is dominated by forests but there are small (up to a few hectares) patches of grassland 
and fields. There is gravel road going through the LUU. The forests range from luxurious deciduous 
forests to dry pine forests.  

• LUU 4. This LUU represent mixed land-use being dominated by forests. The proportion of grassland and 
agricultural areas is higher than in LUU 3. However, in the map this is not evident because many of the 
grasslands along creek margins are indicated as being young forest (0-20 yrs) because there are some 
saplings and bushes there.  

• LUU 5. This LUU represent mixed land-use with forest and agricultural areas in approximately equal 
proportions. A large proportion of the forests are deciduous dominated along field margins and margin of 
a sizeable creek running through the LUU. 

• LUU 6. This LUU is dominated by pastures and fields. There is also a small village partly within this 
LUU. There are also forests in this LUU. This is as agricultural-dominated as the landscape gets in this 
part of Finland. 

5.3 France 
The French LUUs are localised in the Morvan Natural Regional Park. They are representative of the 
continental biogeographic region. This Regional Natural Park corresponds to a geographical massif or 
ecoregion called Morvan. Climat is submontane atlantic. Annual rainfall is around 1000 mm. Mean 
temperature is 9°C. The parent rock is granite. The soil trophic level is poor (acidiphile at 60 %, 
mesoacidiphile at 15 % and the rest ishygrophile).  At the Morvan scale, land uses are shared between 
silviculture (45%) and agriculture (55%). Concerning the forested area: 45% are coniferous with an artificial 
intensive management system and 55 % are deciduous with  semi-natural or traditional management systems. 
The agricultural area is made up of 80% grassland (50% permanent meadows and 50 % temporary meadows) 
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and 20% crops with dominance of cereals and Christmas trees. Agricultural management systems exhibit a 
wide range of disturbance intensity (use of mineral fertilizers and pesticides to organic manure only). The 
status of agriculture is fragile and paradoxal. It is fragile because conditions for plant growth are difficult 
(rainy climate, acid soils), the agricultural system (fattening cattle) not very lucrative and most farmers old. It 
is Paradoxal because agricultural areas are either abandoned or converted to intensive crop. Several socio-
economical and political driving forces influence landscape dynamics and composition of the land use 
mosaic. One effect of these driving forces is the transformation of deciduous forests to coniferous plantations 
and the expansion of forested areas by the way of reforestation of previous agricultural land with European 
subsidies. In this context, three criteria have directed the choice of LUUs : homogeneity of ecological 
condition (climate, precipitation, geological substrate and trophic level of the soil), topography (level or 
gentle slope), and opportunity (LUUs located where farmers are known by the staff of the Regional Park in 
order to make sampling easier).  French LUUs are localised in the northern part of the Morvan Park. 
• LUU 1 is included into a deciduous forest landscape managed by the French Forest National Office 

(public sector). This forested area is made of acidophilic beechwoods and oak groves with holly in the 
understory. The management system is based on semi-natural regeneration. LUU 1 is made up of forest 
plots at different stages of regeneration.  

• LUU 2 is included into a coniferous forest landscape managed by the French Forest National Office 
(public sector). Most woodland areas are silver fir plantations (Abies alba). Some plots were deciduous 
where soils are too wet for coniferous growth. The management system is intensive and based on 
artificial regeneration (clear-cut followed by plantation). 

• LUU 3 is composed of clearings dominated by meadows into a forested landscape. Originally farmer 
cleared the forest to install a new exploitation. Currently, by the way of European subsidies for 
reforestation of agr icultural land, the landscape is closed. LUU 3 is dominated by Douglas fir and spruce 
plantations belonging to private insurance companies . 

• LUU 4 is a mixed land use mosaics characterised by the presence of wet meadows. The agricultural 
system is based on organic manured meadows or more intensive cereal crops. Some plots were 
afforested with Douglas fir and spruce. 

• LUU 5 is a meadow landscape. The dominant agricultural system is based on organic manure. Some 
plots are Douglas fir or spruce plantations, pastured or not by cattle. 

• LUU 6 is an agricultural landscape dominated by cereal crops. The agricultural system is intensive with 
a range of intensity levels depending of the farmer. Some plots are lying fallows, some others are 
Christmas tree plantations, or abandoned land when the soil is too wet (presence of springs). 

5.4 Hungary 
The Hungarian sites are located near Budapest in the Pannonian biogeographical region. 
• LUU 1 Old growth forest.  A various mosaic of Pannonian open juniper-poplar woodland (Junipero-

Populetum albae) and open sandy grassland (Festucetum vaginatae) developed on calcareous sand 
dunes. In the depressions it is substituted by an open xeric oak forest (Populo canescentis-Quercetum 
roboris). Unfortunately in soma places black locust tree (Robinia pseudacacia ) colonises intensively. 
Protected area since 1930. 

• LUU 2 Managed forest. Native (Quercus robur, Populus X canescens) and introduced (Robinia 
pseudacacia, Pinus nigra, Populus spp.) tree plantations with a homogenous age composition and with 
some small old refuges of the original forest communities (Junipero-Populetum albae, Populo 
canescentis-Quercetum roboris). 

• LUU 3 Mixed use landscape dominated by forest. Plantations of introduced tree species (Robinia 
pseudacacia, Pinus nigra, Populus spp.) with relative small area of mesic and xeric hay meadows, 
pastures and croplands. 

• LUU 4 Mixed use landscape not dominated by a single land use.  A mosaic like landscape containing 
plantations of introduced tree species mesic and xerix hay meadows, xeric pastures and seminatural 
grasslands, and small croplands in similar rations. 

• LUU 5 Mixed use landscape dominated by pastures.  Species rich mesic and xeromesic seminatural 
grassland areas dominated by Poa angustifolia, Festuca pseudovina, Cynodon dactylon, Dactylis 
glomerata, Festuca arundinacea, Carex distans and rich in steppic elements. In the depressions are 
Molinia coerulea and Deschamsia caespitosa meadows. The area were former intensively grased, but in 
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the last time moving is the main form of use. Small patches of poplar plantations and croplands are 
present. 

• LUU 6 Mixed use landscape dominated by arable crops.  Arable corps (Zea sp. Tripholium sp.) with a 
patches of  tree (Pinus nigra, Populus spp) plantation. 

5.5 Ireland 
• LUU1 – Abbeyleix. This historically important woodland, dominated by Quercus robur, is located in the 

De Vesci Estate (Figure 1). While many of the trees were planted (the oldest documented tree is 700 
years old), the estate is managed in order to allow natural regeneration of the oaks.  

• LUU2 – This managed woodland site consists of plantation forestry of mixed age, dominated by Sitka 
spruce, Picea sitchensis (Figure 2). The estate is comprised of several land parcels, some of which were 
abandoned at the turn of the century. A variety of soil substrates are found here, ranging from shallow 
clays to waterlogged gleys. 

• LUU2A – Baunreagh. Situated in the heart of the Slieve Bloom Mountain range, the Baunreagh estate is 
one of the largest forestry plantations in Ireland. Sitka, Picea sitchensis, is the dominant tree species 
(Figure 3). The site is noteworthy as it contains trees that were planted between 1922 – 1925, and as 
such, has no equal among plantation forestry in Ireland. 

• LUU3 – Dysart. This is a mixed-use site incorporating agricultural land, which is given over to intensive 
grassland production. The grassland is variously managed for intensive silage production (1-2 cuts), 
while cattle are rotated through the other land parcels. The adjacent woodland is characterised by Beech 
(Fagus sylvatica) and Pine (Pinus sylvestris) is not given over to silviculture. 

• LUU4 – Ballykilcavan. This is located near  Stradbally, Co. Laois. It contains semi-natural and conifer  
woodland adjacent to set-aside and tilled land. The primary crop grown in 2002 is wheat.   

• LUU5 – Fallowbeg. This site is dominated by intensively managed grassland. One third of the site is 
tilled and the main crop is wheat. 

• LUU6 – Coursetown.  Situated to the west of Athy in the traditional area where sugar beet is the main 
crop, the majority of this site is given over towards tillage. By far the greatest proportion of land is 
planted with barley followed by sugar beet. A small percentage is given over to growing winter wheat. 
More recently, a little less then 5% of the land has been left relatively unmanaged, and is characterised 
by derelict grassland (Set-aside scheme). 

5.6 Portugal 
The Portuguese sites are located near Lisbon in the south bank of river Tagus. The area is a sedimentary 
plain resulting from Tagus sediment deposition. The soil is mainly composed by sand with different degrees 
of evolution depending of several environmental factors as flooding regime, altitude or historical human 
practices. The autochthonous forest is dominated by Cork Oak (Quercus suber) sometimes associated with 
Stone Pine (Pinus pinea). This type of forest is heavily exploited throughout the country to the production of 
cork. Hence, virtually there is no Cork Oak forest settled aside and the intensity level of the forestry practices 
and/or the mixed use to cattle grazing mainly determines the conservation and biodiversity degrees of such 
areas.   
• LUU 1 is constituted by an old growth Cork Oak forest associated with Maritime Pine (Pinus pinaster) 

and Stone Pine with well developed undercover. Apart from cork removal, which is made in a 9 years 
cycle, and the maintenance of cleared areas to prevent spreading of forest fires, this area suffers little or 
no management. The occurrence of tree natural regeneration is high. Due to the low intensity 
management the spatial distribution, age structure and development of trees are considerably diverse. In 
this unit there are no cattle grazing.   

• LUU 3 is an almost pure population of Cork Oak characterizes this unit with the trees subject to pruning 
in order to optimise the cork production. The cover is continuous and the open areas are reduced. The 
spatial distribution, age structure and individual development are more homogenous. The undercover is 
well developed and diverse. The grazing pressure is reduced.   

• LUU 4 has a predominance of forest areas over patches of naturally regenerated pastures. The trees 
species present in the forested areas are the Cork Oak, Maritime Pine and Stone Pine. The tree 
population presents a degree of homogeneity similar to the previous unit. The shrub layer is here less 
developed due to grazing pressure. This unit is commonly used as wintering ground to the cattle reared 
extensively.  
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• In LUU 5, pasture in the main landscape feature with patches of scattered Cork Oak individuals also 
used to cork production. The shrub layer is almost absent with the exception of some small patches. The 
pasture is periodical reseeded to improve feeding stocks for wintering cattle.   

• LUU 6 is defined by intensive agriculture in an irrigated field. The unit is completely occupied by the 
field so the landscape structural diversity is minimal. The main productions are corn and alfalfa in 
alternate years. The production relies on use of fertilizers and pesticides and the soil composition has 
been improved by incorporation of vegetal materials 

5.6 Spain 
The Cabañeros National Park is National Park is located in the Montes de Toledo (Ciudad Real), one of the 
best representatives of the Mediterranean forest in the W of Iberian Peninsula and limited by the Estena and 
Bullaque rivers. This area (41. 000 ha) is highly representative of the vegetation, fauna and land uses of SW 
Iberian Peninsula.  The altitude ranges from 620m. to 1448m. The Raña, at 620 m. is the plain made up of 
sediments from the neighbour ing mountains. The peak of the Paleozoic mountains is at 1448m. 
• LUU 1: Old- growth forest  Sclerophyllous Mediterranean forests with holly oak (Quercus ilex ballota ) 

and cork oak (Quercus suber), and also deciduous oaks (Quercus faginea, Quercus pyrenaica). 
• LUU 2: Managed forest. Old pine plantations (Pinus pinaster). 
• LUU 3: Mixed-use, dominated by forest or woodland. Mediterranean shrublands (tall shrublands of 

Arbutus unedo, and “jaral-brezal” shrublands of Cistus spp. and Erica spp.). 
• LUU 4: Mixed- used not dominated by a single land-use. Traditionally, this territory is used for 

cultivation of corn, wheat and sunflower; and livestock grazing using sheep, cattle and/or goat. 
• LUU 5: Mixed used dominated by grasslands. Open dehesas with predominant grazing but also 

cultivation and cork extractions. 
• LUU 6: Mixed use dominated by crops. The “raña” are agricultural lands that are subject to crop rotation 

and eventual grazing. 

5.8 Switzerland 
The Swiss test site is located in the Biosphere Reserve Entlebuch. This region is situated in the northern Pre-
Alps with a suboceanic climate and calcareous bedrocks (Fig. 1). The Biosphere Reserve covers 395 km2, , 
43% are covered with forests, 30% include agricultural areas and 18% are alpine meadows. Eleven percents 
area not managed. The region is well known for extended bogs and mires of a high conservation value and 
121 km2 are included in the national inventory of landscapes of national importance. A considerable part of 
the population of the Biosphere Reserve (18’850) is involved in agriculture and forestry, which is reflected 
by the 1400 farms (average 14 ha) present in the region. Tourism, especially in winter, is a most important 
economic sector, which is still being developed.   The major agricultural products of the region include milk 
and cheese production, and cattle breeding. Although about fifty years ago a considerable part of the area in 
the bottom of the valley was cultivated with potatoes, at present only intensive and extensive grass 
production and pastures dominate the non-forested area. Small areas are cultivated with strawberry and 
vegetables for the local use. The test sites are located in the upper montane vegetation between 920 and 1400 
m. The potential natural forest vegetation consists of mixed deciduous and coniferous forests with beech, 
sycamore, fir and spruce as dominant tree species. LUU 2 to 6 are located in the community of Flühli with 
the two villages Flühli and Sörenberg. LUU 1 is located in the adjacent commune Giswil (canton of 
Obwalden) (Fig. 2). 

5.9 UK 
The U.K. test sites are situated in the North - East Grampian Region of Scotland, specifically within the 
catchment of the River Dee.  By U.K. standards Deeside is quite heavily forested with woods composing a 
minimum area of 23,750 ha (excluding woods of < 0.25ha), this equates to 18 % of the land.  Of this area the 
majority are native with 84 % composed of pine and birch, pine predominates accounting for 74% of all 
woodland types and approximately 51% of this is self -sown. (Callander & Mackenzie 1991).  Farming in the 
region is dominated by the production of livestock, mainly beef cattle and sheep.  Though, with prevailing 
economic trends, many farmers are turning an increasing proportion of their land over to the production of 
crops such as wheat and barley.  In general, agricultural production in Deeside is less intensive than may be 
representative of southern areas of Britain, typically a given area of land will be a mosaic with small fields of 
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improved pasture and crop interspersed with areas of production forestry and semi-natural woodland.  At 
increasing elevations rough grazing and semi natural moor communities dominate.  As elsewhere in Europe, 
tourism is of increasing economic importance to the Deeside area with the landscape supporting a wide range 
of outdoor activities and attractions.  All the land use units within the study area are at altitudes within the 
range of 150-350 metres above sea level with an underlying geology of granite parent material with glacial 
till soils. LUU1 is set within 250-350 year old Caledonian pine forest within the Glen Tanar National Nature 
Reserve, all the forested sites (LUU 1-3) are dominated by Scots pine (Pinus sylvestris) with a minor Birch 
component (Betula spp).  LUU4 is a diverse mosaic of habitats from improved pasture and arable crops 
through production forestry to semi natural bogs and broadleaf woodlands.  LUU 5 & 6 are dominated by 
improved pasture and arable crops respectively but with some significant components of each others land use 
type. 
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6. MEASURING BIODIVERSITY AND EVALUATING 
INDICATORS 
 
The impact of land-use intensity on biodiversity was measured in the sites along each country’s transect by 
assessing the diversity of soil Collembola, soil macrofauna, Ground beetles (Carabidae), plants, lichens, 
butterflies and birds.  Protocols were developed for each group of plants and animals.  These are summarised 
below and are described in detail in the following chapters.  In most cases sampling of each group of plants 
and animals was done at the same locations on a 16-point grid in each site (Figure 6.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.1 One of the BioAssess sampling sites, or Land Use Units (in Switzerland).  Note the 16 sampling 
locations (marked red). 
 
Sampling methods – birds.  Bird data were collected using point counts (Verner 1985).  These were 
undertaken at each of the 16 sampling points per site.  In each year a total of four different counts was made 
at each point, with each count lasting five minutes.  The four counts were undertaken on separate occasions 
(visits) spread throughout the breeding season.  In most countries this was in the months April, May and 
June, but was slightly earlier in the Mediterranean countries and slightly later in Finland. During each count, 
the observer recorded all birds seen or heard as long as they were deemed to be using the square (e.g. for 
nesting, displaying, hunting, roosting etc.).  The locations of these were recorded into distance bands of 0-25 
m, 25-50 m, 50-100 m and >100 m from the point.  Singing birds were noted separately from birds not 
showing any such behaviour.  All counts took place in the morning, starting as near to dawn as possible.  No 
counts were undertaken during excessively wet or windy conditions.  As far as possible, the counts for 
individual visits were undertaken at all 16 points within a site on the same day.  Observers were asked to 
vary the order in which sample points were surveyed on different visits.  Additional data were recorded 
whilst walking between the points to ensure that as large a species list as possible was compiled for each site.   
 
Butterflies.  On each of the six sites in the eight countries butterflies were counted weekly on a line-transect 
(Pollard and Yates 1993).  The transects were divided into sections of a homogeneous vegetation structure. 
The total length of a transect was 1 km per km-square, which took the recorder 20-40 minutes dependent on 
field conditions, the season and the number of butterflies. Butterfly counts were made on a weekly basis in 
standardized weather conditions from April to September. 
 
Lichens. Lichen surveys were carried out within a circular area of 1 ha (56.41 m radius) around the 16 
sampling plots of each site.  Within each sampling plot 12 collecting points were selected randomly and 
lichen relevés were carried out on three different substrates, namely soil, rocks and trees.  All lichens which 
occurred inside a 50x40 cm frequency grid (mesh size 10 cm) of the relevés on soil or inside four frequency 
ladders (each 50x10 cm, mesh size 10 cm) of the relevés on rocks or relevés on trees were considered, unless 
smaller than 5 mm.  Lichenicolous fungi and non-lichenised fungi were not included.  For soil relevés, all 
lichens growing on the ground, on rotten wood, on shrubs and small trees (= 12 cm Ø, up to a height of 150 
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cm above ground), on pebbles and rocks (size <50x40 cm) or on any other substrate were considered.  For 
rock relevés, starting from the centre of the collecting location, the nearest saxicolous object within the 
border of the sampling plot with a size larger than 50x40 cm was selected. Four frequency ladders were 
placed on the object in a way that the epilithic and terricolous (if the saxicolous object is partially or 
completely covered with soil) lichen species diversity were sampled as completely as possible.  For tree 
relevés, sampling was done to ensure representative coverage of tree species with acidic bark and trees more 
or less neutral bark, and both small (young) trees and thick (old) trees.  The four sectors of the compass were 
marked on the trunk, 150 cm above ground, and four sampling ladders were fixed on the trunk. In the case of 
cork oaks where the bark of the trunks was harvested in regular intervals, the ladders were set up on the main 
branches above the upper limit of the cork harvest. 
 
Plants. At each of the 16 sampling points within each site, a rectangular plot of 100 m2 (20 x 5 m), inscribed 
within a circular plot of 25 m radius around the central point of the sampling point, was laid down and 
sampled. The rectangular plot comprised two sets of nested areas of 1, 5, 12.5, 25 and 50 m2 that were 
sampled successively for species richness. Cover of each species, cover of the different vegetation layers and 
litter and stone cover were estimated within the 12.5 m2 quadrats; tree crown cover was also estimated over 
the area of the rectangular plot.  The diameter of living and dead trees was measured both in the rectangular 
and the circular plots. An exhaustive sampling of woody species richness, including low shrubs, was also 
done in the circular plots.  
 
Carabidae.  At each sampling plot, four pitfall traps (8 cm in diameter, 10.5 cm in depth) were placed 4-5 m 
apart in a regular 2 × 2 grid. The traps were partly filled with propylene or ethylene glycol, and a pla stic roof 
was placed a few centimetres above the trap to prevent flooding from rain. In Spain, large stones were placed 
above the traps to minimize either flooding and damages from wild animals. Sampling was carried out from 
May to October, according to beetle activity. 
 
Soil macrofauna comprise all the invertebrates groups visible to the naked eye. They contain a great variety 
of taxa, including Mollusca, Arthropoda and Annelida.  The extraction of the soil macrofauna was performed 
once at each sampling location with an application of 1.5 l of 0.2% formalin solution followed by hand 
sorting of soil dug down to 15 cm. In some places where formalin application was not efficient (e.g. damp 
soils) or legal, soil was hand sorted down to 25cm. 
 
Soil Collembola .  At each sampling point Collembola were collected with a sample core (5cm diameter) 
including the organic horizon (when present) plus 5cm of the mineral soil. From each core sample, the 
organic and mineral fractions were separated into two samples. Collembola were extracted from the soil in 
the laboratory using Berlese or MacFadyen funnels. 
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Summary 
Birds were surveyed across a gradient of land use in eight European countries (Finland, France, 
Hungary, Ireland, Portugal, Spain, Switzerland, United Kingdom) in two breeding seasons, 2001 and 
2002. Surveys were carried out in six 1-km squares in each country, each square being assigned a 
land-use unit (LUU) ranging from LUU1 (predominantly forest) to LUU6 (predominantly arable 
farmland).  Each LUU was measured for vegetation structure, landscape structure and the extent of 
different land classes, the latter two derived from remote-sensed data.  There were three broad aims of 
the study: (i) to determine whether avian community responses to the land-use gradient were 
consistent across countries; (ii) to assess whether attributes of bird communities were associated with 
the spatial arrangement of habitat patches, the extent of particular habitat types and the physical 
complexity of vegetation; (iii) to provide information that could be used to assess whether changes in 
the diversity of birds were correlated with those in other taxa and, therefore, whether birds have the 
potential to act as biodiversity indicators.  This work was undertaken as part of the EU-funded project 
on ‘Biodiversity assessment tools’ (BIOASSESS). 

There was only weak evidence of consistent patterns in diversity, abundance and species richness with 
respect to LUU across countries.  Diversity and richness tended to be higher in the more open habitats 
(LUU4-6) and these also made the greatest overall contribution to diversity.  LUU2 (managed forest) 
had consistently the lowest diversity.  However, for most measures of bird diversity, abundance and 
species richness, patterns were country-specific.  There were consistent patterns with respect to LUU 
across countries when species were grouped according to diet type, nest type and migratory status.  
Omnivorous and herbivorous species richness and abundance increased along the gradient, but 
invertebrate feeders decreased.  Similarly, ground nesters increased and hole nesters decreased. The 
number of migrant species and individuals increased from LUU1 to 6, but the number of resident 
species and individuals decreased.  There were no consistent patterns in the number of species unique 
to each LUU, nor to the number of species of conservation concern per LUU across countries.   

Vegetation structure was significantly associated with species abundance.  Typically, the number of 
individuals (of all bird species) was higher at intermediate levels of vegetation cover.  These patterns 
were consistent between countries.  Species diversity and species richness were significantly 
associated with landscape structure.  Generally, bird diversity, evenness and species richness were 
positively associated with more complex, heterogeneous landscapes.  There was little evidence for 
associations between landscape structure and abundance.  Bird diversity and abundance were 
associated with the cover of forest and farmland (particularly arable).  Generally, diversity and 
abundance showed opposing trends, so diversity increased with arable cover but decreased with forest 
cover, whereas abundance decreased with arable cover and increased with forest cover.  However, 
forest type was important.  Species diversity and species richness declined with increasing coniferous 
forest cover; species diversity, species richness and abundance increased with increasing broad-leaved 
forest cover.   
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The LUU gradient did not provide a good predictor of bird biodiversity.  All parts of the gradient 
contribute to overall avian biodiversity.  All stages of the gradient should be regarded as 
complementary in terms of avian biodiversity.  Habitat heterogeneity was consistently associated with 
bird diversity and species richness.  Conservation of a diversity of landscapes, encompassing all parts 
of the land-use gradient, is therefore necessary to maintain bird diversity.  Vegetation structure, 
habitat structure and landscape composition were significantly associated with bird diversity, species 
richness and abundance and therefore provide potential tools for assessing landscapes in terms of 
avian biodiversity. 

There is evidence of considerable regional variation in the population trends and habitat associations 
of birds within Europe.  Among woodland birds in particular there appears to be considerable 
geographical variation in population trends since 1970.  Major geographical variation exists in the 
extent to which species have adapted to human cultural landscapes, their relative use of broadleaved 
and coniferous forest, and their use of lowland and mountain forests.  There are also many examples 
of geographical variation in the occupancy of vegetation structures and foraging niches within forest 
and scrub habitats.  This geographical variation may be important in explaining the general lack of 
consistency among countries in the patterns of avian diversity, abundance and species richness across 
the land-use gradient.  It would, therefore, be valuable to develop the gradient approach adopted 
within BIOASSESS at a regional level within Europe.        
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7.1 Introduction 
Declines in biodiversity are occurring in many parts of the world as a result of the loss and 
fragmentation of habitat through human activities (Groombridge 1992, Lawton & May 1995).  The 
exact consequences for species, communities and ecosystems are complex and are not necessarily the 
same in different parts of the world.  In Europe these processes have a long history, dating back 
hundreds, even thousands of years.  Landscapes created by man in historical times, and maintained 
through some form of traditional management (i.e. cultural landscapes) can be of high conservation 
importance in Europe because a high proportion of species have become adapted to them.  To 
understand the full effects on biodiversity of landscape change within Europe, it is therefore necessary 
to consider simplification of long established mosaics as well as the fragmentation of extensive 
habitat tracts. 

One approach to understanding implications of landscape changes is to examine biological 
communities across gradients of landscape disturbance (e.g Matson 1990, McDonnell & Pickett 1990, 
Blair 1996, 1999, O’Connell et al. 2000, Ribera et al. 2001, Coppedge et al. 2001).  If constructed in a 
consistent manner, gradients can provide insights into the generality of responses of communities to 
environmental change.  Such an approach is used in this paper to assess how the abundance, diversity 
and community composition of breeding birds change across gradients of land use in eight European 
countries.  The gradients represent shifts from old continuous forest at one extreme, through mosaics 
of forest and agricultural land, to arable land at the other extreme.   

The work reported here was conducted as part of a project funded by the European Union: 
‘Biodiversity assessment tools’ (BIOASSESS). There were three broad aims of the bird component of 
BIOASSESS. The first was to provide information that could be used to assess whether changes in the 
diversity of birds were correlated with those in other taxa and, therefore, whether birds have the 
potential to act as biodiversity indicators.  The idea that diversity within specific taxa may be used as 
a valid surrogate for assessing wider biodiversity is attractive because it opens the possibility of 
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creating shortcuts in conservation planning, both in reserve selection and in predicting the 
consequences of changes in land-use.  However, attempts to identify simple biodiversity indicators – 
either taxonomic groups or species – have generally proved elusive, especially when applied across 
widely different taxa (Prendergast et al. 1993, Prendergast & Eversham 1997, Oliver et al. 1997, 
Chase et al. 2000, Rubinoff 2001, Vessby et al. 2001, MacNally et al. 2002).  Nonetheless, birds 
continue to have considerable intuitive appeal as environmental indicators because they are relatively 
easily counted, their ecology is well documented and they occupy a wide range of habitats and niches 
(Furness et al. 1993).  Bird populations are now monitored systematically in many European 
countries.  They are widely regarded as valuable for conservation assessment, especially in identifying 
temporal trends in environmental conditions that may have wider implications for biodiversity 
(Greenwood 1999).   

Secondly, we aimed to determine whether avian community responses to the land-use gradient were 
consistent across countries.  Consistent responses would give reason for optimism in developing 
general predictions about effects on bird communities of broad shifts in landscape structure and land-
use.  In this respect it is useful to have some understanding of the extent to which there is 
geographical consistency in the patterns of habitat selection by birds and, therefore, a short review of 
this subject is included in this report.  If responses to the gradient appear to be country-specific, then 
the application of land-use models to predict bird communities would be inappropriate over large 
geographical areas.  Our expectation is that the intermediate stages of the gradient should support the 
highest avian species richness and diversity.  This is because habitat diversity (at least with respect to 
the forest: agriculture ratio) should be highest in the intermediate stages and suitable 7.conditions 
should be present both for forest and open-country specialist species.  Andrén (1994) predicts that 
beta diversity will be highest when the two habitats are present in equal proportions.  This prediction 
is broadly in line with the Intermediate Disturbance Hypothesis (Connell 1978).  With increasing 
openness of habitat we also expect changes in the composition of avian communities with respect to 
guilds and life history strategy.  These might include: (1) a lower representation of long-distance 
migrant species in closed mature forest than in landscapes with more open habitats (Helle & Fuller 
1988), and (2) an increase in corvids (Andrén et al. 1985, Andrén 1992).  These trends may not be 
linear across the gradient; some groups, such as corvids may be expected to reach peak abundance in 
landscapes of intermediate fragmentation (Andrén 1992).   

The third aim was to assess whether attributes of bird communities were associated with, and 
therefore could potentially be predicted by: (a) the spatial arrangement and complexity of habitat 
patches, (b) the relative extent of particular habitat types and (c) the physical complexity of 
vegetation.  Relationships between birds and habitat are scale -dependent and there are many 
published examples at all scales (see review by Wiens 1989).  In the context of the present study it is 
especially interesting to ask what is the relative role of the spatial arrangement of habitat patches and 
the extent of individual habitat types.  The relative importance of habitat loss and habitat 
fragmentation is a controversial but important issue (Harrison & Bruna 1999).  Several recent North 
American studies have addressed the issue for forest birds (Drolet et al. 1999, Trzcinski et al. 1999, 
Schmiegelow & Mönkkönen 2002, Cushman & McGarigal 2003).  With the exception of the last 
study, which examined community rather than species responses, these provide an indication that 
forest loss alone is sufficient to account for many changes in species abundance.  However, these 
studies should be interpreted cautiously because responses of birds may be landscape-specific. As 
Cushman & McGarigal (2003) point out, the results obtained from work in forest-dominated 
landscapes, where the fragmentation derives from clear-cutting creating varying amounts of seral 
stages, will be different to work conducted in forest-farmland mosaics.  We are unaware of relevant 
work in the historically fragmented European landscapes but BIOASSESS has the potential to provide 
important insights.    

The detailed analysis of the responses of birds to the BIOASSESS gradient is presented in Part 1 of the 
Results.  To aid the interpretation of these results, contextual information is presented in Part 2 of the 
Results.  The fieldwork for BIOASSESS represents a snapshot in time in that it was undertaken in two 
years: 2001 and 2002.  There can be considerable temporal variation in the populations of breeding 
birds.  This includes year-to-year fluctuations in response to environmental conditions and long-term 
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trends in response to factors such as changes in agricultural practices and climate change.  The likely 
representativeness of bird populations in 2001 and 2002 in terms of recent years was examined using 
bird census data from the United Kingdom.  Long-term trends may vary among geographical regions 
and habitats (Tucker & Heath 1994).  To put the measures of abundance collected for BIOASSESS in 
the context of broader-scale population changes, we reviewed trends in European bird populations 
from a number of sources.  This information, coupled with the review of geographical differences in 
habitat occupancy by birds, will assist the design of appropriate monitoring projects in future. 

7.2  Methods 

7.2.1 Study design and field methods 
The study was conducted in eight European countries: Finland, France, Hungary, Ireland, Portugal, 
Spain, Switzerland and the United Kingdom.  A total of six sample sites, termed Land Use Units 
(LUUs), was selected in each of the eight countries.  Each LUU consisted of a 1-km square.  The 
LUUs were numbered from 1 (predominantly mature forest) through to 6 (predominantly arable 
agriculture).  Within each LUU, 16 points were located on a regular 200 x 200 m grid with the 
outermost points positioned 200 m from the edge.  Hence, 12 points were located 200 m from the 
edge of the square and four points were 400 m from the edge of the square.  The proportions of arable 
land, broad-leaved forest and coniferous forest in each LUU in each country are given in Table 7.1.  
The number of patches of different habitat types (according to remote sensing data) are also given.  

Table 7.1.   Summary of selected landscape structure and land class cover variables per country 
per LUU.  These data are derived from remote-sensed data (defined at Level 2 at the LUU scale – see 
Methods). 

Country LUU Patch 
Richness 

Arable 
cover (%) 

Broad-leaved 
forest cover (%) 

Mixed forest 
cover (%) 

Coniferous 
forest cover (%) 

Spain 1 6 5.7 44.3 0 0 
Spain 2 3 0 0 0 99.9 
Spain 3 5 23.1 0 0 0 
Spain 4 9 0 38.3 0 0 
Spain 5 4 0 11.4 0 0 
Spain 6 3 58.9 0 0 0 
Finland 1 6 0 3.8 85.8 10.4 
Finland 2 5 0 3.9 66.7 29.3 
Finland 3 8 2.6 7.8 56.2 32.6 
Finland 4 9 6.9 7.7 54.1 21.3 
Finland 5 9 24.8 0 36.8 19.9 
Finland 6 10 57.2 11.1 20.1 9.0 
France 1 4 0 67.8 31.8 0.4 
France 2 3 0 1.6 4.5 94.0 
France 3 6 3.4 31.3 4.5 15.5 
France 4 6 4.9 7.7 1.0 5.2 
France 5 4 0 17.9 0 1 
France 6 2 15.6 0 0 0 
Hungary 1 5 0 96 3.8 0 
Hungary 2 6 0 83.3 0 10.2 
Hungary 3 6 27.3 34.2 0 25.5 
Hungary 4 7 31.6 40.4 0.1 15.1 
Hungary 5 4 0.2 8.9 0 0 
Hungary 6 5 77.5 7.3 0 0 
Ireland 1 8 2.5 53.8 7.0 19.8 
Ireland 2 2 0 0 0 89.4 
Ireland 3 4 3.4 23 23.6 0 
Ireland 4 6 45.9 15.6 9.5 12.7 



 30 

Country LUU Patch 
Richness 

Arable 
cover (%) 

Broad-leaved 
forest cover (%) 

Mixed forest 
cover (%) 

Coniferous 
forest cover (%) 

Ireland 5 3 0.4 0 0 0 
Ireland 6 4 89.8 0 1.3 0 
Portugal 1 4 0 77.8 0 0 
Portugal 2 2 0 100 0 0 
Portugal 3 4 0 89.7 0 5.5 
Portugal 4 3 0 99.9 0 0 
Portugal 5 3 0 99.8 0 0 
Portugal 6 3 0 0.2 0 0 
UK 1 1 0 0 0 100 
UK 2 2 0 0 0 88.5 
UK 3 6 0 7.2 16.2 41.5 
UK 4 7 17.3 15.9 0 34 
UK 5 5 35 1.0 0 6.4 
UK 6 6 50.1 0.8 0.8 0 
Switzerland 1 10 0 1.0 89.7 0 
Switzerland 2 8 0 7.4 29.0 56.7 
Switzerland 3 5 0 0 13.2 40.7 
Switzerland 4 8 0 2.9 4.6 17.5 
Switzerland 5 7 0 0 5.8 10.7 
Switzerland 6 11 0 11.6 6.8 2.7 
 

Bird data were collected using point counts (Verner 1985).  These were undertaken at each of the 16 
sampling points per LUU.  In each year a total of four different counts was made at each point, with 
each count lasting five minutes.  The four counts were undertaken on separate occasions (visits) 
spread throughout the breeding season.  In most countries this was in the months April, May and June, 
but was slightly earlier in the Mediterranean countries and slightly later in Finland. During each 
count, the observer recorded all birds seen or heard as long as they were deemed to be using the 
square (e.g. for nesting, displaying, hunting, roosting etc.).  The locations of these were recorded into 
distance bands of 0-25 m, 25-50 m, 50-100 m and >100 m from the point.  Singing birds were noted 
separately from birds not showing any such behaviour.  All counts took place in the morning, starting 
as near to dawn as possible.  No counts were undertaken during excessively wet or windy conditions.  
As far as possible, the counts for individual visits were undertaken at all 16 points within an LUU on 
the same day.  Observers were asked to vary the order in which sample points were surveyed on 
different visits.  Additional data were recorded whilst walking between the points to ensure that as 
large a species list as possible was compiled for each LUU. 

The survey took place over two years, 2001 and 2002.  In 2001, there were some problems with 
identification and/or access of certain LUUs in certain countries.  In Spain, LUU1 was not covered.  
In Portugal, LUU2 was not covered.  In Ireland, LUU4 and 5 were not covered, but an extra managed 
forest site (LUU2a) was included.  In 2002, 6 LUUs were covered in each country. 

7.2.2 Analysis of bird community patterns in relation to the LUU 
gradient  
For bird abundance, the maximum number of individuals per point across the four visits was 
determined.  This is a common way of extracting data based on breeding observations.  The method 
may overestimate breeding numbers, but it ensures that all likely breeders are analysed.  The over-
estimation of all species recorded may be more problematic, but the majority of analyses were 
concerned with birds showing evidence of breeding only (unless otherwise stated in the text). 
Abundance was expressed both as the total per LUU (i.e. counts summed across points within each 
LUU) and the mean count per point per LUU. Species richness was determined in a similar way.  
Both relative abundance and relative richness were determined where count or number of species per 
LUU was expressed as a proportion of the total recorded per country.  Species abundance and richness 
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were determined at different sampling radii and analyses were carried out to determine the most 
appropriate sampling radius to use.  In most cases, years were analysed separately, although results 
for only one year are often presented where patterns were similar across the two years. 

Several indices of diversity were calculated.  Species diversity was expressed using log-series alpha 
index, Margalef index, Shannon index and Simpson’s index.  Beta diversity was determined at the 
whole country level.  Species evenness was determined using the Pielou index.  The number of 
species unique to a given LUU within each country was also determined.  Bird species were placed 
into functional groups according to diet, nest type and migratory status.  All of the above measures are 
to a greater or lesser extent correlated, but there are subtle though nonetheless important differences in 
the way they express diversity (Magurran 1988).  In the text, the generic term ‘bird diversity’ is used 
to cover all measures of diversity, abundance, richness and evenness.  Often only one or two bird 
diversity variables are presented in the results where patterns were similar according to different 
diversity measures.  More comprehensive results can be  found in the Appendices.  

The initial analytical approach was a simple comparison of patterns across LUU, expressing bird 
diversity in different ways in order to identify common patterns across countries.  Concordance 
analysis (Zar 1984) was used to analyse the consistency of rank order of bird diversity with respect to 
LUU across countries.  In 2001, there were three countries with missing LUUs.  These countries were 
not included in the concordance analysis for this year.  Bird diversity was also analysed in more 
complex ways.  Analysis of variance, with country and LUU as factors, was used to see whether 
diversity at the point level differed significantly geographically and in relation to the LUU gradient.  
This used a repeated measures model, where data were recorded at the point level and LUU was the 
subject factor nested within country (n = 16 per LUU).  Rarefaction curves were compared to look for 
differences in the expected number of species at given levels of abundance (James & Rathbun 1981).  
The overall contribution of each LUU to bird diversity within each country was determined by 
calculating the percentage change in bird diversity when each LUU was dropped in turn.  Bird 
abundance was also analysed using Principal Components Analysis by entering all LUUs into the 
analyses.  Bi-plots were then used to look for patterns in the data (e.g. whether clusters according to 
sites or countries could be identified).  The representativeness of the species pool in the survey with 
respect to the regional (within 100-km radius) and national bird communities were assessed by 
comparison with European bird distributions (Hagemeijer & Blair 1997).  The number of species of 
conservation concern per LUU per country was also determined.  Relative species richness of 
functional groups was analysed with respect to LUUs using logistic regression using an events/trials 
model syntax, where the events were the number of species in a given LUU in each functional group 
and the trials were the total species per country per functional group.  More detailed analytical 
methods are given in the results section where appropriate. 

7.2.3 Vegetation structure, landscape structure and habitat type  
Diversity and abundance estimates were analysed in relation to vegetation structure and to a large 
number of remotely sensed landscape variables.  Vegetation structure was recorded for each of the 16 
points within each LUU simply by visual estimation of the % cover of vegetation within six pre-
determined height classes on a geometrical scale.  The height classes were: 0–0.5 m, 0.5–2 m, 2–4 m, 
4–8 m, 8–16 m, >16 m.  For each height class a visual estimation was made, to the nearest 5%, of the 
cover of all vegetation by a projection on horizontal plane. Estimation of the cover profile was made 
in summer for a fixed area of 50 m radius around each point.   

Satellite remote sensing was used to describe the LUUs on the landscape scale. A Landsat 7 ETM 
satellite image with good spectral information and an IRS (1C or 1D, depending on the availability) 
image with good spatial resolution (5 m resampled) were selected as standard dataset. Both the 
multispectral and panchromatic images were chosen such that they covered the main vegetation 
period between end of May and September. The images were fused to combine the spectral 
information with the higher spatial resolution. The 5 m resolution fused product was visually 
interpreted and digitised with the software Arc View to extract the following habitats (hereafter 
termed land classes): coniferous, broadleaved, mixed forest with closed, open, and very open stands, 
agro forestry, artificial surfaces like cities and roads, open spaces with no vegetation, arable land, 
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agricultural and natural grassland, shrub land and heath land, wetland, and water bodies.  These land 
classes were arranged in a hierarchy (see Table 7.2). The extraction of land classes followed a 
standardised interpretation key developed for the BIOASSESS project to ensure comparability of the 
results across the countries. To quantify the landscape structure, landscape indices for fragmentation, 
connectivity, or habitat extent were calculated with the software Fragstats, version 3.3. Landscape 
indices can be derived on the patch, class, and landscape level. For this study the landscape level 
metrics were used for the description of the LUUs.  

Table 7.2.  Variables derived from Remote Sensing that were used in the analysis of bird diversity.  
Level indicates the level of resolution at which the variable was derived (for further information see 
Ivits et al. in the BIOASSESS report). 

Variable type Level Variable name Variable definition 
Landscape 1 & 2 AI Aggregation index 
  CIRCLE Patch elongation 
  COHESION Connectedness of patch types 
  CONTIG Contiguity distribution 
  ENN Euclidean nearest neighbour distance 
  IJI Interdispersion and juxtaposition index 
  MSIEI Modified Simpson’s evenness index 
  PR Patch richness 
  SHAPE Patch shape complexity 
    
Land class 1 ARAB Arable  
  FARM Arable, pasture and unspecified farmland 
  FOREST Forest 
  GRASS Semi-natural grassland 
  OPEN All other open land (urban, unspecified, bare earth etc.) 
    
 2 ARAB Arable  
  BR_C Broad-leaved forest, closed canopy 
  BR_O Broad-leaved forest, open canopy 
  BROAD BR_C + BR_O 
  CON_C Coniferous forest, closed canopy 
  CON_O Coniferous forest, open canopy 
  CONIF CON_C + CON_O 
  FARM Arable, pasture and unspecified farmland 
  MIX_C Mixed forest, closed canopy 
  MIX_O Mixed forest, open canopy 
  MIX MIX_C + MIX_O 
  PAST Pasture 
  URBAN Buildings, roads 
 

A very large number of landscape variables were potentially available from the remote sensed data.  
Factor analysis and RDA was used to select a subset of nine variables (Ivits et al. in prep.) listed in 
Table 7.2.  Cover of land class types were available at different levels of resolution.  Based on expert 
knowledge, a subset of these (out of a total of 13 types at Level 1 resolution and 21 types at Level 2 
resolution) were selected for analysis (Table 7.2).  Those classes not present in at least half of all 
samples and at least five to eight countries were not considered.  Land class diversity was also 
calculated using the Shannon index.  These variables derived from remote-sensing were available for 
the LUUs themselves and for the LUU plus a surrounding buffer zone of 1-km squares (i.e. a block of 
nine 1-km squares).  The rationale of using a buffer zone was that some birds may be influenced by 
the surrounding landscape structure and composition, for example for dispersal or feeding. 
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Bird diversity, richness and abundance were initially analysed with respect to each of the above 
independent variables in turn and the quadratic of that variable.  Year and country were entered as 
class variables in the model and both year and country interactions were included to test for 
homogeneity of slopes.  The goal was to identify variables that were consistent significant predictors 
of diversity across countries and years.  Where interactions were not significant, mean diversity index 
was determined across the two years and a reduced model was fitted incorporating the independent 
variable (and quadratic if significant) and country as a class variable. 

7.2.4  Assessing the representativeness of the BIOASSESS years  
The estimates of abundance of bird species in this project are based on data collected in two years 
(2001 and 2002) and from eight European countries.  In order to assess the potential influence of the 
years (seasons) when data were collected, we analysed independent sources of data on bird 
abundance.  Data from the BTO’s Common Bird Census (CBC) and the BTO/JNCC/RSPB Breeding 
Bird Survey (BBS) were used to assess the influence of collection year. The CBC is a territory 
mapping census carried out by volunteers across the UK since 1962.  Observers make 8-10 visits to 
their chosen site throughout the season recording all birds and evidence of breeding. These 
registrations are analysed to generate an estimate of the number of territories on each plot (Marchant 
et al. 1990). The BBS is a line transect survey carried out in the UK since 1994.  During two visits per 
season, observers record all birds seen or heard along a 2-km transect line in randomly-selected 
squares across the UK.  Using the territory estimates (CBC) or counts (BBS) respectively, annual 
indices of abundance are generated using log-linear models with Poisson error terms (Baillie et al. 
2003). To assess the potential influence of year, we estimated the percentage difference (median, 
quartiles and range) in the indices for 2001, and for 2002, in relation to the average index for 1995 to 
2000 (for the CBC data) and for 1994 to 2000 (for the BBS data).  

7.2.5 Scientific names of birds 
See Appendix 2 for a list of both English and scientific names of birds 

7.3 Results part 1: analysis of the BIOASSESS gradient 

7.3.1 Sampling radius 
Use of DISTANCE (Buckland et al. 1993) would be the most ideal method to estimate abundance as 
it can model detection functions for different habitats (or LUUs). However, DISTANCE requires data 
sets with relatively large numbers of non-zero observations (between 40-60 per sample is the 
recommended minimum). With the BIOASSESS data, there were very few individual species in any 
country that reached these numbers in a given LUU and in many cases counts were below 10.  Use of 
DISTANCE at the LUU level (the most appropriate for this project) was, therefore, not possible. 

The crucial question was therefore: from which sampling distance should data be used, i.e. should 
there be a cut-off point at a given distance band?  At small distances, a significant proportion of the 
community may not be sampled and there may also be a negative effect of observer presence 
(especially in open habitats) resulting in birds being less likely to occur close to the sampling point.  
At large distances, differences in detectability between habitats (e.g. forest vs farmland) could be 
maximized. 

The total abundance of all species and species richness obviously increases as the cut-off point 
increases from 25 m to >100 m.  For relative total abundance (in relation to the maximum abundance 
per square at >100 m), this increase is approximately linear, i.e. increasing the sample radius leads to 
a proportionate increase in total abundance for each successive added distance band (Fig. 7.1).  
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Fig. 7.1.  Cumulative relative abundance with increasing sampling radius (species, countries and 
LUUs combined).  The outer distance band (>100 m) was not bounded in the methods, but here we 
use a value of 300 m for presentational purposes. 

(Note that the outer distance band of >100 m was not bounded in the methods, but for the purposes of 
this analysis we bound this at 300 m). However, for species richness, the additional distance band of 
>100 m added a relatively low proportion of species to the total species richness (Fig. 7.2).   

 

Fig. 7.2.  Cumulative relative species richness with increasing sampling radius (countries and LUUs 
combined).  The outer distance band (>100 m) was not bounded in the methods, but here we use a 
value of 300 m for presentational purposes. 

We conclude that for the present study, where there is a need to balance the objectives of maximising 
species richness and reducing biases between habitats due to differences in detectability and 
behaviour of species across such a wide range of habitats, 100 m is an appropria te cut-off point.  
Using the >100 m band would add few species and such a large (unbounded) radius would cause very 
large biases between habitats due to detectability.  We acknowledge that a detectability bias at 100 m 
undoubtedly still exists for some species, especially for small cryptic species such as some warblers in 
dense scrub habitats.  However, we think that this bias is less than that which would be experienced 
by using unlimited counts across such a wide range of habitats. Furthermore, use of the >100 m band 
would also sample birds present at other count points so increasing the likelihood of sampling the 
same individuals more than once.  All the following analyses are, therefore, based on counts within a 
100 m radius of each sampling point.  
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7.3.2 Richness and diversity measures 

7.3.2.1 Patterns at the national scale  
Species richness at national scale varied considerably (Fig. 7.3).   

Fig. 7.3.  Species richness per country for breeding (light bars) and all (dark bars) species recorded 
within a 100 m sampling radius in 2001 and 2002. 

For all species recorded, the highest richness was in Finland (81 species in 2001) and the lowest in 
Ireland (33 species in 2001).  For breeding species, France had the greatest species richness (56 
species in 2002) and Ireland the lowest (22 species in 2001).  Generally, rank order was similar 
between years and between the two measures (i.e. all or breeding).  One exception was Hungary, 
which ranked third and second highest for all species in the two years, but only seventh and sixth 
highest for breeding species. 

Beta diversity was calculated for each country for both breeding birds and all species recorded.  There 
were very similar patterns for breeders and all species (Fig. 7.4).  Beta diversity was fairly consistent 
in both years, with Hungary, UK (Scotland) and Spain having the highest indices and Portugal, 
Finland, Ireland the lowest. 
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Fig. 7.4.  Beta diversity per country for breeding (light bars) and all (dark bars) species recorded 
within a 100 m sampling radius in 2001 and 2002. 

For each country, the potential species pool was determined at a national scale and at a regional scale 
defined as within 100 km radius of the study area.  The proportion of this total that was recorded 
during the survey was determined.  In 2001, all species recorded varied between 24% (Spain) and 
34% (Finland and Hungary) of the national pool and between 35% (Ireland) and 50% (France) of the 
regional pool (Fig. 7.5).   
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Country 

Fig. 7.5.  Species recorded in the survey within a 100 m sampling radius (light bars = all species, dark 
bars = breeding species) as a proportion of the national and regional (within 100 km radius of the 
study site) breeding populations (derived from Hagemeijer & Blair 1997). 

Breeding birds were considerably lower, with a range of 14% (Hungary) to 22% (France) of the 
potential national pool detected and a range of 18% (Hungary) to 38% (France) of the regional species 
pool detected (Fig. 7.5).  In 2002, figures were very similar (all species: national 20-37%, regional 34-
53%; breeding species: national 17-22%, regional 22-37%). 

7.2.2.2 Inter-correlation of bird diversity variables 
Several diversity, richness and abundance measures were used.  Most of these variables were 
significantly positively correlated (Table 7.3).  A notable 7.exception was the number of unique 
species, which was not significantly correlated with any other variable.  Mean abundance per point 
was also generally weakly correlated or not significantly correlated with several variables.  For the 
remainder of this report, results are often illustrated  only for a sub-set of bird diversity variables 
where one variable can act as representative of a range of other variables due to the high level of 
intercorrelation.  Full details of all relationships are, however, summarised in the text or Table 7.s.  
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Table 7.3.  Correlation matrix between different measures of diversity, species richness and 
abundance for breeding birds within 100 m sampling radius, where rich = species richness, %rich = 
the number of species per LUU expressed as a proportion of the total per country, Est20 and Est50 are 
species richness estimates from rarefaction curves at respective abundance levels of 20 and 50 (these 
have lower sample sizes due to observed abundance not reaching the required level in certain LUUs), 
alpha = log-series alpha diversity, Ma= Margalef diversity index, Sha = Shannon diversity index, Sim 
= Simpson’s diversity index, Pie = Pielou evenness index, uniq = number of species unique to an 
LUU within each country, abun = number of individuals.  One of the above followed by PT indicates 
a mean of values determined at the point level.  + P < 0.05, ++ P < 0.01, +++ P < 0.001, ns = not 
significant.  

(a) 2001, n= 45 for all except Est20 and Est50 where n=40.   

a %rich Est50 Est20 Alpha M a Sha Sim Pie Uniq Abun ShaPT MaPT RichPT AbunPT 

rich +++ +++ +++ +++ +++ +++ +++ ns ns +++ +++ +++ +++ +++ 

%rich  +++ +++ +++ +++ +++ +++ ns ns ++ ++ + ++ + 
Est50   +++ +++ +++ +++ +++ +++ ns +++ +++ +++ +++ + 

Est20    +++ +++ +++ +++ ++ ns +++ ++ +++ +++ ++ 

Alpha     +++ +++ +++ +++ ns +++ ++ +++ ++ + 

Ma      +++ +++ + ns ++ ++ +++ ++ + 

Sha       +++ + ns +++ +++ +++ +++ +++ 

Sim        + ns +++ +++ + +++ + 

Pie         ns ns ns ns ns ns 

Uniq          ns ns ns ns ns 
Abun           +++ +++ +++ +++ 

ShaPT            +++ +++ +++ 

MaPT             +++ +++ 

RichPT              +++ 

 

(b) 2002, n= 48 for all except Est20 and Est50 where n=46. 

B %rich Est50 Est20 Alpha M a Sha Sim Pie Uniq Abun ShaPT MaPT RichPT AbunPT 

Rich +++ +++ +++ +++ +++ +++ +++ ++ ns +++ +++ +++ +++ ++ 

%rich  +++ +++ +++ +++ +++ +++ +++ ns ++ + +++ + ns 

Est50   +++ +++ +++ +++ +++ +++ ns ns +++ +++ +++ ns 

Est20    +++ +++ +++ +++ +++ ns + ns +++ +++ ns 

Alpha     +++ +++ +++ + ns ns ns +++ ns ns 
Ma      +++ +++ + ns + + + ++ ns 

Sha       +++ +++ ns ++ +++ +++ +++ + 

Sim        +++ ns +++ +++ +++ +++ + 

Pie         ns ns ns ++ ns ns 

Uniq          ns ns ns ns ns 

Abun           +++ +++ +++ +++ 

ShaPT            +++ +++ +++ 
MaPT             +++ +++ 

RichPT              +++ 

 

7.2.2.3 Bird diversity at the LUU level 
Similar patterns of species richness were evident for all birds detected within 100 m radius of the 
sampling point and birds showing evidence of breeding within 100 m of the sampling point, where 
richness was determined at the whole LUU level.  There was significant concordance between ranks 
for breeding species (χ2

5 = 17.72, P < 0.005), with intermediate peaks in species richness in Spain, 
Finland, France, Portugal and UK (Scotland).  The two measures for breeding species and all species 
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recorded showed similar overall patterns, with a few fairly minor differences (e.g. Ireland and 
Hungary) (Fig. 7.6), and there was significant concordance for all species (χ2

5 = 16.52, P < 0.005).  
Patterns of species richness within countries were consistent between years, the most notable 
difference being in Finland, where there was a clear peak in 2002, but an even distribution (breeding 
birds) or an increase (all species) in 2001 (additional figures are given in the Report Annex). 

LUU 

Fig. 7.6.  Species richness of breeding species (white bars) and all species recorded (dark bars) per 
country per LUU in 2002 within 100 m radius of the sampling points.  

Mean species richness calculated per point did not always show consistent patterns with species 
richness determined at the level of the LUU (Fig. 7). Most notably, Spain (breeding), Finland 
(breeding and all species for 2001 only), France (both measures in both years), Hungary (all species in 
both years) and Ireland (both measures in 2001) showed sometimes quite different patterns at the 
point level than at the LUU level.  So for some countries the variation in species recorded between 
points can be quite high and can lead to differences in mean richness per LUU not detected when all 
species in the square are pooled.  (This implies that evenness is high where patterns are similar at 
different scales and low where patterns are different).  At the point level, patterns were very similar 
between breeding species and all species.  Patterns were also broadly similar between years (the 
Report Annex).  Similar patterns were evident for relative species richness and species richness per 
point (the Report Annex).  Note that these variables were highly correlated (Table 7.3).  There was no 
significant concordance in rank mean breeding species richness (χ2

5 = 10.44, NS), but there was 
significant concordance for mean richness of all species recorded (χ2

5 = 18.23, P < 0.001).  However, 
repeated measures analysis of variance found no significant difference between LUUs for any species 
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richness measure, indicating a high level of variation with each LUU (although there were significant 
differences between countries).  

 

LUU 

Fig. 7.7.  Mean ± SD species richness of breeding species (white bars) and all species recorded (dark 
bars) per sampling point per LUU in 2001 within 100 m radius of the sampling point. N = 16 

Maximum abundance across all survey visits of both breeding and all species was determined for each 
LUU.  There were marked differences in abundance between countries (Fig. 7.8).  There was a 
general tendency for abundance of breeders to decrease from LUU1 to 6, and there was significant 
concordance for the five countries with complete coverage (χ2

5 = 28.09, P < 0.001).  There were no 
consistent patterns for abundance of all species with respect to LUU (χ2

5 = 10.10, NS).    
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LUU 

Fig. 7.8.  Total maximum bird abundance per LUU for breeding species (light bars) and all species 
recorded (dark bars) in 2001 

In 2002 there was a weak degree of concordance between ranks for breeders (χ2
5 = 13.89, P < 0.025), 

but no significant concordance for all species (χ2
5 = 6.16, NS), with respect to LUU across countries 

(Fig. 7.9) with Spain, Finland, France, Portugal and Switzerland showing some indication of an 
intermediate peak.  There were some clear differences in abundance between years.  For breeders, 
Ireland showed the greatest differences between years, 2002 having many more individuals than 2001.  
Differences were especially marked for all species in several countries (e.g. compare years for Spain, 
Finland and Hungary).  Consideration of relative abundance (as a percentage of the total number 
recorded) rather than absolute abundance did not reveal any consistent patterns.  Repeated measures 
analysis of variance found no significant differences between LUUs. 
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LUU 

Fig. 7.9.  Total maximum bird abundance per LUU for breeding species (light bars) and all species 
recorded (dark bars) in 2002. 

Diversity indices were derived for breeding birds at 100m radius for 2001 and 2002 at the LUU level.  
Fig. 7.10 shows the variation in log-series alpha and Pielou index.  Log-series alpha showed a clear 
peak at intermediate LUUs (3 and 4) in Spain, Finland, France and UK (Scotland) (Fig. 7.10).  There 
was significant concordance between the five countries with complete coverage countries in 2001 (χ2

5 
= 20.07, P < 0.001) and all countries in 2002 (χ2

5 = 21.70, P < 0.001).  There were fewer clear 
patterns for the Pielou index (Fig. 7.11), although concordance was significant for the five countries 
with complete coverage in 2001 (χ2

5= 30.59, P < 0.001), but not for all countries in 2002 (χ2
5= 11.04, 

P < 0.10).  Diversity measures were analysed at the point level, comparing means between LUUs with 
repeated measures ANOVA.  In all cases there was no significant variation in diversity/richness 
between LUUs within countries.  This included log-series alpha, Margalef index, Shannon index, 
Simpson’s index, and Pielou index.   
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LUU 

Fig. 7.10.  Log-series alpha diversity ± SD estimates per country per LUU for breeding species.  Light 
bars = 2001, dark bars = 2002.   
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Fig. 7.11.  Pielou evenness index per country per LUU for breeding species.  Light bars = 2001, dark 
bars = 2002.   

 

7.2.3 Rarefaction 
Rarefaction curves for birds showing evidence of breeding within 100 m generally showed LUUs 4-6 
to have the highest species richness at a given level of total abundance and LUU 1-2 the lowest.  In 
2001 (Fig. 7.12), LUU 4-6 was highest in five countries (Finland, France, UK (Scotland), Spain and 
Switzerland).  LUU1 or 2 was lowest in six countries (Finland, France, Ireland, UK (Scotland), Spain, 
Switzerland).  LUU 6 in Portugal was a notable 7.outlier and, unlike other countries, had very low 
species richness for a given abundance in 2001 yet this situation was reversed in 2002.   
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Total abundance 

Fig. 7.12.  Estimated species richness per LUU at different levels of total abundance for breeding 
species derived from rarefaction: open squares LUU1,  open triangles LUU2, open circles LUU3, 
filled squares LUU4, filled triangles LUU5, filled circles LUU6.   

In 2002 (Fig. 7.13), the patterns were generally stronger.  The highest richness estimates were in LUU 
4-6 in seven countries (all except Hungary were there was little difference between LUUs).  LUU2 
was lowest in five countries (Finland, France, Portugal, UK (Scotland), Spain).  LUU1 was lowest in 
Switzerland.  
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Total abundance 

Fig. 7.13.  Estimated species richness per LUU at different levels of total abundance for breeding 
species in 2002 derived from rarefaction.  Open squares LUU1, open triangles LUU2, open circles 
LUU3, filled squares LUU4, filled triangles LUU5, filled circles LUU6.   

7.2.4 Contribution to biodiversity 
The contribution of each LUU to overall biodiversity was determined by calculating a biodiversity 
index for all LUUs combined in each country, then dropping each LUU in turn and measuring the 
percentage change in diversity (for breeding birds within 100 m radius). 

Similar trends were evident for all bird diversity measures (see the Report Annex) so the Margalef 
index is used here as an example.  The biggest contribution to the Margalef diversity index in 2001 
tended to be in LUU4-6 (Fig. 7.14), in agreement with the rarefaction results.  The biggest change in 
diversity in 2001 was caused by dropping LUU5 or 6 in Finland, France, Hungary, Ireland and 
Switzerland and dropping LUU4 and 5 in UK (Scotland).  Diversity decreased most when LUU6 and 
LUU1 were dropped in Portugal.  In Spain, LUU2 made by far the highest relative contribution to 
diversity index. 
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LUU 

Fig. 7.14.  The effect of omitting each LUU on Margalef diversity index in relation to measures 
derived from all LUUs for breeding species in 2001 (light bars) and 2002 (dark bars). 

In 2002 there were fewer consistent patterns across countries (Fig. 7.14).  LUU5 and/or 6 still had the 
biggest contributions to diversity in France, Ireland, Hungary, UK (Scotland) and Switzerland, but in 
some cases dropping other LUUs made almost as much difference.  In Spain, LUU1 and 2 showed the 
highest change in diversity when dropped.  In Portugal LUU1 and 3 showed the greatest change.  

The number of species unique to each LUU in each country was highest in LUU6 for Spain, France, 
Ireland, UK (Scotland) and Switzerland in 2001 (Fig. 7.15). In 2002, patterns were less clear and the 
proportion of unique species was generally lower than in 2001, although there was still a general 
increase in the proportion of unique species per LUU along the gradient in UK (Scotland) and 
Switzerland (Fig. 7.15).  There was no significant concordance between ranks in 2001 (χ2

5 = 6.03, 
NS) or 2002 (χ2

5= 5.93, NS). 
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LUU 

Fig. 7.15.  The number of breeding species within 100 m sampling radius unique to each LUU within 
each country expressed as a percentage of the total number of species per country.  Light bars = 2001, 
dark bars = 2002. 

7.2.5 Principal components analysis 
PCA was carried out on breeding species abundance per LUU.  In 2001, the first axis explained 
12.2% of variation in the data and represented a clear latitudinal gradient.  The second and lower axes 
were less readily interpretable 7..  A bi-plot showed clear clustering by country (Fig. 7.16a).  There 
was no evidence of clustering according to LUU across countries (Fig. 7.16b).  A very similar pattern 
was evident in 2002, although the clustering by country was less tight (Fig. 7.16c & d) and the axis 
explained slightly less variation – 11.1%. 
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Fig. 7.16.  Bi-plots of the first two axes (PRIN1 and PRIN2) derived from Principal Components 
Analysis of abundance of breeding species in 2001 (Fig. 7.16a & b) and 2002 (Fig. 7.16c & d).  Data 
points represent individual LUUs in different countries.  Scores have been plotted by country (Fig. 
7.16a & c) and by LUU (Fig. 7.16b & d). (NB the shaded symbol in Fig. 7.16b is an extra LUU 
covered in Ireland). 

The PCA approach was repeated for abundance at the genus, family and order level.  The above 
patterns were repeated (with clustering at the country level but not at the LUU level), but clustering at 
the country level became less evident at higher taxonomic levels (Fig. 7.17, 18 & 19). Similarly when 
considering species richness per genus, family and order, and considering number of genera per 
family and number of families per order, there was little evidence of clustering by LUU.  

Fig. 7.17.  Bi-plots of the first two axes (PRIN1 and PRIN2) derived from Principal Components 
Analysis of abundance of breeding genera (i.e. individuals summed according to genus) within 100 m 
sampling radius in 2001 (Fig. 7.17a & b) and 2002 (Fig. 7.17c & d).  Scores have been plotted by 
country (Fig. 7.17a & c) and by LUU (Fig. 7.17b & d). 
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Fig. 7.18.  Bi-plots of the first two axes (PRIN1 and PRIN2) derived from Principal Components 
Analysis of abundance of breeding families (i.e. individuals summed according to family) within 100 
m sampling radius in 2001 (Fig. 7.18a & b) and 2002 (Fig. 7.18c & d).  Scores have been plotted by 
country (Fig. 7.18a & c) and by LUU (Fig. 7.18b & d). 

 

Fig. 7.19.  Bi-plots of the first two axes (PRIN1 and PRIN2) derived from Principal Components 
Analysis of abundance of breeding orders (i.e. individuals summed according to order) within 100 m 
sampling radius in 2001 (Fig. 7.19a & b) and 2002 (Fig. 7.19c & d).  Scores have been plotted by 
country (Fig. 7.19a & c) and by LUU (Fig. 7.19b & d). 

7.2.6 Functional groups  
Species were placed into groups according to diet and nest type based on reference to Snow and 
Perrins (1998) and expert knowledge (a full classification is given in Appendix 2).  For diet, all 
species recorded were analysed, as any species detected is likely to be using food resources within the 
LUU.  For nest type, only breeding species were analysed.  Relative abundance of invertebrate feeders 
declined from LUU1 to LUU6 (Fig. 7.20) in both years, as did relative species richness (Report 
Annex).  Analysis with logistic regression (with an events/trials syntax where events = 
abundance/richness per LUU/diet type and trials = total abundance/richness per LUU for all diet 
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types), taking LUU as a continuous variable, showed this to be highly significant (P < 0.001) in both 
years.  Conversely, there was a significant increase in the proportion of omnivorous species richness 
and abundance in both  years.  The relative abundance of herbivorous species increased along the 
gradient in 2002 only.  There was no significant pattern in carnivorous species.  These results imply 
that each LUU can be characterised by the proportion of the community of particular dietary types.  

 

LUU 

Fig. 7.20.  Relative abundance of all species recorded per LUU per country where species have been 
grouped according to diet type. 

Relative abundance of ground nesters increased significantly from LUU1 to LUU6 in 2002 (Fig. 
7.21).   These measures significantly decreased from LUU1 to LUU6 for hole nesters in both years, 
but significance levels were low (0.05 < P < 0.01).  Relative species richness showed similar patterns, 
except the association between ground-nester relative abundance and LUUs in 2002 was more highly 
significant (P < 0. 01).  
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LUU 

Fig. 7.21.  Relative abundance of breeding species per LUU per country where species have been 
grouped according to nest type. 

Species were also grouped according to migratory status as residents, short-distance migrants and 
long-distance migrants according to Hagemeijer & Blair (1997) (full classification in Appendix 2).  In 
both years, the relative abundance of migrants and short-distance migrants increased significantly (P < 
0.01) from LUU1 to LUU6 (using the same logistic regression approach as outlined above), but the 
relative abundance of residents declined over the same gradient (Fig. 7.22).  Similar patterns were 
shown for species richness, except that there was no significant trend in short-distance migrants in 
2001 (see the Report Annex).   
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LUU 

Fig. 7.22.  Relative abundance of breeding species per LUU per country where species have been 
grouped according to migratory status. 

7.2.7 Conservation importance 
The number of Species of European Conservation Concern (SPECS) in SPEC categories 1-3 species 
(Tucker & Heath 1994) was determined for each LUU in each country.  For all species detected 
within 100 m in 2001, Spain had the highest number of SPEC 1-3 species and Ireland the lowest (Fig. 
7.23).  Generally, there was an increase in number of SPEC 1-3 species from LUU1 to LUU6 when 
all countries were combined, but this pattern was evident in  Hungary, France and to some extent 
Spain and Finland.  In 2002, the combined total across countries increased from LUU1 to LUU6, but 
again patterns were less evident for individual countries (Fig. 7.23).  Simila r patterns were shown for 
breeding species (Fig. 7.23).  

As another measure of the conservation importance of individual species, we also considered the 
number of species listed in Annex 1 of the EU Wild Birds Directive.   These showed no discernible 
pattern across countries in 2001 (Fig. 7.24).  In 2002, LUU1 and LUU2 tended to have fewer Annex 1 
species than LUU3 to LUU6.  For breeding species, the numbers were very low (range 0-4 in 2001, 0-
5 in 2002) and there were no discernible patterns (Fig. 7.24). 
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LUU 

Fig. 7.23.  The number of species listed as SPEC 1-3 (Tucker & Heath 1994) in each LUU in each 
country. 

LUU 

Fig. 7.24.  The number of species listed in Annex 1 of the Wild Birds Directive detected within 100 m 
sampling radius in each LUU in each country. 

7.2.8 Vegetation structure 
Diversity measures were considered in relation to mean vegetation cover in each LUU at six separate 
height categories.  Those variables showing significant associations with cover but no interaction 
between cover and country/year (i.e. so associations were homogenous across countries/years) are 
shown in Table 7.4.  Due to skewed distributions, three variables (vegetation stages 3, 4 and 6) were 
log-transformed prior to analysis. There was a significant positive (or non-linear) association between 
vegetation cover and abundance at all but the lowest height category (e.g. Fig. 7.25a ).  There were 
also significant linear associations between vegetation cover and Pielou evenness index at 
intermediate height categories (Fig. 7.25b). Shannon diversity index showed a non-linear relationship 
with increasing vegetation cover at the highest vegetation height category (Fig. 7.25c). No other 
variable, including species richness, showed a significant association with vegetation cover.  
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Fig. 7.25.  Examples of associations between abundance and bird diversity indices and vegetation 
cover at different canopy levels.  Trends fitted from linear regression.  See text and Table 7.4 for a 
summary of all results.  (a) Abundance vs vegetation cover at 2-4 m; (b) Pielou evenness index vs 
vegetation cover at 2-4 m; (c) Shannon diversity index vs vegetation cover at >16m.  Open diamonds 
Spain, open squares Finland, open triangles France, open circles Hungary, filled diamonds Ireland, 
filled squares Portugal, filled triangles UK (Scotland), filled circles Switzerland.   
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Table 7.4.  Species diversity and abundance measures showing significant associations with % 
vegetation cover at six different height categories.  Note that all measures of species richness, 
diversity and overall abundance were examined in relation to vegetation structure.  Associations are 
only shown in the Table 7.where there was no significant interaction between index and country when 
country was entered into a GLM as a class variable .  * P < 0.05, ** P < 0.01, ** P < 0.001.  Sign 
indicates direction of association between cover and index.   

 

 

 

 

 

 

 

 

 

 

 

 

7.2.9 Associations with remote sensing data  

7.2.9.1 Landscape associations  
Significant associations of Level 1 interpretation landscape variables (including quadratic terms) and 
country with bird diversity/abundance indices at the LUU scale are shown in Table 7.5.  For several 
indices, there was a significant interaction between the index and country (and with year for fewer 
indices) indicating that the relationship varied between countries/years.  Where there was no 
interaction, significant associations are shown in Table 7.5 (so these variables should have similar 
effects on diversity regardless of location).  Bird diversity and richness significantly increased with 
MSIEI (evenness) and PR (patch richness).  Diversity measures showed similar patterns with respect 
to PR (an example is shown in Fig. 7.26a). It should be noted that PR had a very narrow range (1-6).  
Associations with MSIEI were positive, but the distribution of MSIEI values was skewed with several 
zero values, which may have affected the significance (Fig. 7.26b). There was a positive linear 
association between AI (aggregation) and evenness, but on this occasion, the data were right skewed 
which again may have distorted the association (Fig. 7.26c). Logarithmic transformations made very 
little difference to the significance or distribution of these associations. There were significant 
differences between countries for alpha and Margalef diversity and significant differences between 
years for Margalef and species richness.  Interestingly, unlike vegetation cover, there were no 
significant associations with bird abundance. 
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Table 7.5.  Species diversity and abundance measures showing significant associations with Level 1 
interpretation landscape variables at the LUU scale.  The six variables were selected using Factor 
Analysis (see methods).  Associations are only shown in the Table 7.where there was no significant 
interaction between index and country when country was entered into a GLM as a class variable.  * P 
< 0.05, ** P < 0.01, *** P < 0.001. Sign indicates direction of association between cover and index. 
AI = aggregation index; MSIEI (modified Simpson’s evenness index); PR = patch richness; SHAPE = 
patch shape complexity. 

Landscape Index Linear Quadratic  Country 
MSIEI Alpha 

Margalef 
 

+ 
++ 

 *** 
*** 

PR Alpha 
Pielou 
Margalef 
Simpson 
Spp richness 
 

+++ 
++ 
+++ 
+ 
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 *** 
 
*** 
*** 
*** 

AI Pielou --  
 

 

 

Table 7.6.  Species diversity and abundance measures showing significant associations with Level 1 
interpretation landscape variables at the buffer scale.  AI = aggregation index; COHESION = 
connectedness of patch types.  Other details as Table 7.5. 

Landscape Index Linear Quadratic  Country Year 
AI Pielou 

Unique 
 

- 
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COHESION Unique 
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Table 7.7.  Species diversity and abundance measures showing significant associations with Level 2 
interpretation landscape variables at the LUU scale.  AI = aggregation index; PR = patch richness.  
Other details as Table 7.5. 

Landscape Index Linear Quadratic  Country 
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Margalef 
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Spp richness 
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Fig. 7.26.  Scatter plots of example associations between bird diversity indices and landscape 
variables derived at the LUU scale, level 1.  Trends fitted from linear regression.  See text and Table 
7.5 for full results.  (a) Log-series alpha vs patch richness; (b) Pielou evenness index vs aggregation 
index; (c) Margalef diversity index vs modified Simpson’s (landscape) evenness index.    Open 
diamonds Spain, open squares Finland,  open triangles France, open circles Hungary, filled diamonds 
Ireland, filled squares Portugal, filled triangles UK (Scotland), filled circles Switzerland.   

These procedures were repeated for Level 1 landscape indices derived for the buffer scale (Table 7.6).  
There were few significant associations.  The number of unique species per LUU decreased with 
increasing AI (aggregation) and COHESION.  Pielou index showed a negative association with AI 
(Fig 27).  
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Fig. 7.27.  Scatter plots of example associations between bird diversity indices and landscape 
variables derived at the buffer scale, level 1.  Linear fitted from linear regression. See Table 7.6 for 
summary of full results.  (a) Pielou evenness index vs aggregation index; (b) Number of species 
unique to each LUU within a country vs patch cohesion index.    Open diamonds Spain, open squares 
Finland,  open triangles France, open circles Hungary, filled diamonds Ireland, filled squares 
Portugal, filled triangles UK (Scotland), filled circles Switzerland.   

The above analyses were repeated for the Level 2 interpretation.  For the LUU scale analyses, PR 
(patch richness) was the variable significantly associated with most diversity/abundance measures 
(that didn’t also have a significant interaction with country) (Table 7.7).  Several diversity indices,  
and species richness significantly increased with an increase in PR.  As Level 2 analyses are more 
detailed, there was a greater range of PR (1 –16).  An example of the linear associations shown is 
given in Fig. 7.28a.  At the LUU scale, only AI (aggregation index) was significantly associated with 
any bird diversity measures.  Margalef index (Fig. 7.28b) showed a quadratic association with AI.  
Simpson’s index and abundance (Fig. 7.28c) showed a weak negative association with AI. 
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Table 7.8.  Species diversity and abundance measures showing significant associations with Level 2 
interpretation landscape variables at the buffer scale. CIRCLE = patch elongation; MSIEI (modified 
Simpson’s evenness index); PR = patch richness.  Other details as Table 7.5. 

 

 

 

 

 

 

 

Table 7.9.  Species diversity and abundance measures showing significant associations with Level 1 
land class cover and diversity at the LUU scale.  Other details as Table 7.5. 
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Fig. 7.28.  Example scatter plots of selected associations between bird diversity indices and landscape 
variables derived at the LUU scale, level 2.  Linear fitted from regression. See Table 7.7 for a 
summary of the full results.  (a) log-series alpha diversity vs patch richness; (b) Margalef diversity 
index vs aggregation index; (c) combined species abundance per LUU vs aggregation index.    Open 
diamonds Spain, open squares Finland,  open triangles France, open circles Hungary, filled diamonds 
Ireland, filled squares Portugal, filled triangles UK (Scotland), filled circles Switzerland.   

At the buffer scale (Table 7.8), evenness and Margalef diversity index increased with increasing patch 
richness, abundance showed positive quadratic associations with habitat evenness but decreased 
linearly with patch elongation (Fig. 7.29).  All diversity measures differed significantly between 
countries. Only one (Margalef) differed significantly between years. 
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Fig. 7.29.  Scatter plots of example associations between bird diversity indices and landscape 
variables derived at the buffer scale, level 2.  Trends fitted from regression. See Table 7.8 for a 
summary of the full results.  (a) Margalef diversity vs patch richness; (b) combined species abundance 
per LUU vs modif ied Simpson’s evenness index; (c) combined species abundance per LUU vs patch 
elongation.    Open diamonds Spain, open squares Finland,  open triangles France, open circles 
Hungary, filled diamonds Ireland, filled squares Portugal, filled triangles UK (Scotland), filled circles 
Switzerland.   

7.2.9.2  Land class associations  
Relationships between of areas of Level 1 land classes area and habitat land class Shannon diversity 
index (termed habitat diversity) on bird diversity indices were considered using GLM.  Significant 
associations where there was no significant country interaction at the LUU scale are shown in Table 
7.9.  Forest cover had the most consistent significant effects for different measures of diversity.  
However, with the exception of abundance, all showed a significant interaction with country. 
Diversity (alpha and Margalef) increased with increasing arable cover.  Abundance decreased with 
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arable and farmland cover. Scatter plots showed that for associations with arable, farmland and 
grassland cover, linear trends may not have been especially good descriptors of the associations as the 
data distributions were skewed with many zero values (e.g. Fig. 7.30a).  Log-transforming the data 
made little difference to the association. Abundance increased quadratically with increasing forest 
cover (Fig. 7.30b).  Evenness and Margalef diversity index increased significantly with increasing 
habitat diversity (e.g. Fig. 7.30c).  There were significant differences between countries in most 
diversity/abundance measures, but only the Margalef index differed significantly between years.   

Fig. 7.30.  Scatter plots of example associations between bird diversity indices and land class cover 
derived at the buffer scale, level 1.  Trends fitted from linear regression.  See Table 7.9 for a summary 
of the full results.  (a) log-series alpha diversity vs arable land cover; (b) combined species abundance 
per LUU vs forest area cover; (c) combined species abundance per LUU vs habitat diversity.    Open 
diamonds Spain, open squares Finland,  open triangles France, open circles Hungary, filled diamonds 
Ireland, filled squares Portugal, filled triangles UK (Scotland), filled circles Switzerland.   
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This analysis was repeated for the buffer scale (Table 7.10).   Seven classes could be analysed: arable, 
artificial (built habitat), farmland, forest, open land, grass and wetland.  Results were similar to Table 
7.9 with increasing diversity but decreasing abundance with increasing arable/farmland cover, but 
opposing patterns with respect to forest cover.   

Table 7.10.  Species diversity and abundance measures showing significant associations with Level 1 
land class cover and diversity at the buffer scale.  Other details as Table 7.5. 

Class Index Linear Quadratic  Country 
ARAB Alpha 

Abundance 
 

+ 
--- 

 *** 
*** 

FARM Abundance 
Unique 
 

--- 
+ 

 *** 
 

FOREST Margalef 
Abundance 
Alpha 
Unique 
 

--- 
+++ 
--- 
- 

 
 

*** 
*** 
*** 

 

Significant associations between Level 2 land cover and diversity/abundance are shown in Table 7.11 
for the LUU scale.  Thirteen land cover classes were analysed (Table 7.2).  Each of these variables 
apart from combined farmland cover was log-transformed. Unlike previous analyses this was 
worthwhile as the skew to the data distribution was dominated by small values rather than zero values 
in most cases.  Transforming farmland cover made little difference to the results.  Habitat diversity 
was also analysed.   

 Table 7.11.  Species diversity and abundance measures showing significant associations with Level 2 
land class cover and diversity at the LUU scale.  Other details as Table 7.5. 

Class Index Linear Quadratic  Country 
ARAB Abundance 
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Class Index Linear Quadratic  Country 
FARMLAND Abundance 

 
---  ** 

Habitat diversity Margalef 
 

+ 
 

 *** 

 

Abundance decreased with arable cover, combined farmland cover (Fig. 7.31a) and pasture cover 
(Fig. 7.31b).  Diversity, species richness and abundance increased significantly with increasing 
combined broad-leaved forest cover and species richness increased with broad-leaved open forest 
cover (Fig 31c). There was a non-linear association between total coniferous cover and/or closed 
coniferous forest cover for several variables (e.g. Fig. 7.31d). There was a positive association 
between Margalef diversity index and habitat diversity (Fig. 7.31e). 

Table 7.12.  Species diversity and abundance measures showing significant associations with Level 2 
land class cover and diversity at the buffer scale.  Other details as Table 7.5. 

 

 

 

 

 

 

Table 7.13.  Remotely sensed variables predicting bird diversity/abundance at different levels of 
landscape resolution and at different scales.  Bird variables have been divided into broad categories 
where Diversity = log-series alpha, Shannon, Simpson and Margalef; richness = species richness, 
relative richness; Unique = species unique to each LUU within a given country; Evenness = Pielou 
index; Abundance = abundance and relative abundance.  Variables are listed in order of frequency of 
significant associations or, where equal, significance level. AI = aggregation index; CIRCLE = patch 
elongation; COHESION = connectedness of patch types; MSIEI (modified Simpson’s evenness 
index); PR = patch richness.  Superscripts: + = positive association, - = negative association, n = 
positive quadratic association, u = negative quadratic association.  Superscript numbers refer to the 
number of significant associations in Table 7.5-8. 
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Fig. 7.31.  Scatter plots of example associations between bird diversity indices and land class cover 
derived at the LUU scale, level 2.  Trends fitted from linear regression.  See Table 7.11 for a full 
summary of the results. (a) combined species abundance per LUU vs farmland cover; (b) combined 
species abundance per LUU vs log (pasture cover); (c) species richness vs log (open broad-leaved 
forest cover); (d) log-series alpha diversity vs log (total coniferous forest cover); (e) Margalef 
diversity index vs Shannon land class diversity index.    Open diamonds Spain, open squares Finland,  
open triangles France, open circles Hungary, filled diamonds Ireland, filled squares Portugal, filled 
triangles UK (Scotland), filled circles Switzerland.   

For analyses at the buffer scale there were relatively few significant associations (Table 7.12). The 
number of unique species per LUU per country increased with increasing arable cover (Fig. 7.32a).  
Pielou evenness index increased with cover of both closed coniferous and mixed forest (Figs. 32b & 
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c). These associations were only weakly (P > 0.03) significant.  There was no significant difference 
between countries for these variables. 

Fig. 7.32.  Scatter plots of example associations between bird diversity indices and land class cover 
derived at the buffer scale, level 2.  Trends fitted from linear regression. See Table 7.12 for a full 
summary of the results. (a) number of unique species per LUU vs arable land cover; (b) Pielou 
evenness index vs closed coniferous forest cover; (c) Pielou evenness index vs closed mixed forest 
cover.    Open diamonds Spain, open squares Finland,  open triangles France, open circles Hungary, 
filled diamonds Ireland, filled squares Portugal, filled triangles UK (Scotland), filled circles 
Switzerland.   

7.2.9.3 Summary of landscape -level associations  
The results from Table 7.s 5-8 are summarized in Table 7.13.  PR (patch richness) was a consistent 
predictor of several measures of bird diversity, but not abundance.  PR was the single variable that 
was most frequently significant (with no interaction with country or year) in the analysis.  This was 
especially the case at the LUU scale, but even at the buffer scale, diversity and species richness were 
significantly associated with PR.  AI (aggregation index) was the next commonest variable emerging 
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as related to attributes of bird communities, which was significantly associated with all types of bird 
diversity measures in at least one level/scale.  Cohesion, habitat evenness (MSIEI) and patch 
elongation (CIRCLE) were also significantly associated with bird diversity, but less consistently so 
relative to PR and AI. 

This was repeated for land cover variables (Table 7.s 9-12).  For Level 1 data, habitat diversity was 
consistently associated with all diversity measures at the LUU scale, but not at the buffer scale (Table 
7.14).  Arable, farmland and forest cover were significantly associated with several measures of 
diversity/abundance at both scales.  Grass cover was also significantly associated with diversity at the 
LUU scale only.  For Level 2 data, cover of both broad-leaved and coniferous woodland were the 
most consistent predictors of bird diversity at the LUU scale (Table 7.14).  These variables were 
closely correlated. Habitat diversity, arable, pasture and farmland cover were also significant 
predictors of bird diversity.  There were relatively few significant predictors of bird diversity at the 
buffer scale: arable cover was significantly associated with unique species, and coniferous and mixed 
closed-canopy woodland cover were significantly associates with evenness. 

 Table 7.14.  Land cover variables predicting bird diversity/abundance at different levels of landscape 
resolution and at different scales.  Other details as Table 7.13. 

Level Scale  Diversity Richness Unique Evenness Abundance 
1 LUU ARABLE+1 

GRASS+1 
HDIV+1 

HDIV+1  ARABLEn1 
HDIV+1 

ARABLE-1 
FARM-1 
FORESTn1 
 

 Buffer ARABLE+1 
FOREST-2 

 FARM+1 
FOREST-1 

 ARABLE-1 
FARM-1 
FOREST+1 

       
2 LUU BROAD+1 

CONIF-2 
CON_Cn3 
HDIV+1 

BROAD+1 
BROAD_O+1 
CONIFn1 
CON_Cn2 

 CONIFn1 
CON_Cn1 
CON_On1 

ARABLE-1 
BROAD+1 
PAST-1 
FARM-1 
 

 Buffer   ARABLE+1 CON_C+1 
MIX_C+1 

 

 

 7.3. Results part 2: temporal and spatial variation in bird populations and communities 

7.3.1 Representativeness of 2001 and 2002 
Data from the BTO’s Common Bird Census (CBC) and the BTO/JNCC/RSPB Breeding Bird Survey 
(BBS) were used to assess whether there was any evidence that the BIOASSESS study years were 
atypical in terms of recent population levels of breeding birds (see section 2.4 for details of methods).  
The purpose was therefore to identify whether short-term fluctuations in bird numbers, could have 
influenced the results in any major way. Long-term trends are considered in the following section. 

Monitoring of birds in Britain in 2001 was severely disrupted by the effects of foot-and-mouth 
disease. The smaller number of plots surveyed meant that it was necessary to exclude more than 30 
species, usually monitored, from the calculations of index values. Therefore, the increases seen across 
the three species groups from both surveys may be influenced by the exclusion of scarce species. If 
these species are also those that are declining, this may result in some bias in the measures for that 
year. 

Of those species monitored sufficiently in 2001, slightly higher than average index values were 
recorded for all species, farmland species and woodland species, although BBS values were more 
moderate than those derived from the CBC. Farmland BBS indices for 2001 were exactly the same as 
in the previous five years (0% above average), and CBC indices were only slightly higher (6% above 
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average) than the previous five years. However, woodland CBC and BBS indices for 2001 were both 
higher than normal (16% and 5% above average, respectively). Taking all species together (including 
farmland and woodland birds), CBC indices were 12% higher than in recent years and BBS indices 
were 4% higher.  

In 2002, there were no problems due to foot-and-mouth restrictions. However, because of the small 
samples in 2001, the CBC index values reported are those for the period 2000-2002, and hence 
represent a two-year change measure. This may have inflated the values for individual species, and 
therefore the range but not the median. The BBS 2002 indices were calculated using an annual log-
linear model and are not influenced by the 2001 results. As in 2001, the BBS indices for farmland 
birds in 2002 were exactly the same as during the previous five years, whereas CBC indices for this 
group in 2002 were slightly higher than average (12%). Values for woodland species in 2002 were 
also slightly higher than average (5% for BBS and 19% for CBC) possibly reflecting the general 
increases in many common woodland species in the UK even in the relatively short period from 1994 
to 2002 (Raven et al. 2003). Taking all species together showed a similar pattern in 2002 as for the 
woodland birds alone, with BBS values 4% and CBC values 16% higher than average. 

The changes in population status measured by the CBC or the BBS in 2001 and 2002 are well within 
the range of inter-annual change measures reported annually (see Raven et al. 2003). Therefore, 
although index values were generally higher than average, none of these comparisons suggest that 
2001 and 2002 were unusually good (or bad) years for bird populations in the UK. The values for 
woodland birds, in particular, reflect the generally healthy state of populations of the more widespread 
woodland species during the past six to seven years. For farmland species, the BBS indices indicate 
average years, although the CBC values suggest that populations, albeit on a much smaller sample of 
sites, were slightly higher than average. 

In summary, there is no evidence from the UK monitoring data that 2001 and 2002 were exceptional 
years in terms of the overall pattern of change in bird populations.  Whilst individual species may 
have shown some unusually high or low abundances in these years, the overall impression is that they 
were average years.  As BIOASSESS has concentrated on general patterns in communities, rather than 
detailed analyses of particular species, this suggests that, at least for western Europe, the results 
obtained should be broadly comparable to what might have been expected from other recent years.   

7.3.2 Geographical variation in trends in european bird populations 
Approximately 15 European countries have annual bird monitoring schemes and trials have been 
undertaken using data for farmland birds to assess whether valid indices can be produced across 
countries (Van Strien et al. 2001).  However, this method has not yet been applied to other groups of 
birds but some indication of trends in other European countries can be gauged from Tucker & Heath 
(1994) who presented qualitative trends based mainly on expert judgements.  Unfortunately, for many 
species they only provide information on population declines but a complete summary of the 
estimated national population trends is available in BirdLife International / European Bird Census 
Council (2001).  Hagemeijer & Blair (1997) give much useful additional information on general 
population trends in Europe including both declines and increases. These assessments of trend, which 
relate mainly to the period 1970 -1990, are likely to vary in accuracy from country to country.  We 
provide general summaries of the trends in Appendix 3.  We have summarised the trends in relation to 
those documented for the United Kingdom where there has been an especially long history of 
monitoring birds.   

It is evident from Appendix 3 that whereas most farmland species appear to show similar patterns of 
change across Europe, population trends for many woodland species differ markedly among 
countries. Farmland specialists such as Grey Partridge, Turtle Dove, Skylark and Corn Bunting have 
declined throughout Europe, but corvids (Jackdaw, Rook and Crow) and pigeons (Stock Dove and 
Wood Pigeon) show broad scale increases. However, Linnet declines appear to be restricted to 
northern Europe, and Lapwings also show regional differences.  In contrast to the relatively consistent 
trends in farmland species, the steep declines in many British woodland species (such as Willow Tit, 
Dunnock, Lesser Whitethroat, Tree Pipit, Hawfinch, Bullfinch and Lesser Redpoll) are unique to the 
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UK.  The increase in Green Woodpeckers in the UK appears to run counter to the trend in many other 
parts of Europe.  It should be noted that recent analyses of quantitative bird monitoring data from 
different parts of Europe do in fact indicate regional differences in trends of farmland birds (D. Noble 
pers comm.).  There is a general pattern of declines in western and southern Europe but of relative 
stability in farmland bird populations in eastern Europe.   

Closer examination of four selected species confirmed regional differences in trends (Table 7.15). 
Willow Tit declined only in the UK and Skylark declined most steeply in the UK, relative to other 
BIOASSESS countries. Kestrels show steep declines in Finland, moderate declines in France, Portugal, 
Spain and Switzerland, but appear to be stable in the UK, Ireland and Hungary. Chaffinches appear to 
be faring well everywhere. 

 Table 7.15.  Population index values for 2001 and 2002 in UK populations of wild birds, in 
comparison to the average trend over the period 1995-2000. Data is based on all species recorded on 
equal to or greater than ten plots for the Common Birds Census (CBC), and 30 plots for the Breeding 
Bird Survey (BBS).  See section 2.4 for more details of methods. 

 Survey Year   Statistic  All species Farmland Woodland 

Median 11.9% 5.9%  15.8%  
N 48 11 24 
Quartile 1 1.4%  -6.5%  3.5%  
Quartile 3 19.8%  24.8%  24.8%  
Range-min -29.7%  -29.7%  -21.6%  

2001 

Range-max 58.9%  58.9%  45.3%  

Median 15.7%  12.8%  19.0%  
N 64 15 27 
Quartile 1 0%  -3.3%  5.3%  
Quartile 3 29.7%  17.1%  30.7%  
Range-min -54.7%  -54.7%  -27.4%  

CBC 

2002 

Range-max 67.6%  67.6%  51.0%  

Median 4.3% 0.4% 4.7% 
N 67 17 24 
Quartile 1 -11.9% -7.0% -4.7% 
Quartile 3 15.3% 19.6% 16.5% 
Range-min -42.8% -38.19% -42.8% 

2001 

Range-max 86.0% 30.6% 48.0% 

Median 2.3% -0.7% 4.7% 
N 105 21 34 
Quartile 1 -11.9% -10.7% -8.8% 
Quartile 3 13.4% 8.7% 12.1% 
Range-min -61.6% -36.3% -61.6% 

BBS 

2002 

Range-max 104.3% 50.7% 34.4% 
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Table 7.16.  General trends in breeding populations of four selected bird species across the eight 
European countries in BIOASSESS, for the period since approximately 1970.  Based on information in 
Tucker & Heath (1994), Hagemeijer & Blair (1997) and BirdLife International/EBCC (2000), where –
2 = large decrease, -1 = small decrease, 0 = stable . Figures in parentheses indicate a lack of 
quantitative data.  

Country Skylark Willow Tit Chaffinch Kestrel 
FINLAND -1 Stable? 10-20% increase -2 
FRANCE -1 >20% increase ? (-1) 
HUNGARY -1 >20% increase ? 0 
IRELAND (-1) Stable? ? (0) 
PORTUGAL -1 Stable? ? -1 
SPAIN -1 Stable? Increase -1 
SWITZERLAND -1 Stable? ? -1 
UK -2 >20% decrease 10-20% increase 0 
 

7.3.3 Geographical variation in habitat occupancy by breeding birds in 
europe   
For many bird species, the processes of habitat selection differ according to spatial scale. A 
comprehensive model of habitat requirements may need to embrace a hierarchy of features at 
landscape, habitat patch, territory and micro-habitat scales. Even when studies are conducted at both 
relatively large and small scales, they are rarely replicated across regions and the underlying 
assumption is that results will have wide generality. This section addresses the validity of this 
assumption by considering the extent to which geographical variation may occur in bird-habitat 
relationships. A scale -specific approach is taken, drawing on a range of examples and discussing 
potential mechanisms.  The focus is on breeding birds associated with woodland and scrub habitats 
because a relatively large amount of information is available for these species.   

The term ‘habitat selection’ is used here to signify the process by which an individual bird recognises 
its habitat; this may involve cues such as certain vegetation structures, food, microclimate etc. The 
actual habitat in which a bird settles may be influenced not just by these cues but by a range of 
environmental factors (Wiens 1989). ‘Habitat occupancy’, therefore, refers to the actual habitats that 
are used within a defined area. In the present context, the term ‘habitat use’ is used more or less 
interchangeably with habitat occupancy. The examples that follow embrace a range of scales but we 
have tried to distinguish between spatial variation in use of broad habitat type (macrohabitat) and use 
of particular structures within these habitats. Whilst the emphasis is on habitat, it is worth noting that 
spatial variation may also occur in nest site selection. For example in Bia lowieza Forest, Poland, 
Robin and Blackbird make more frequent use of holes for nesting than in forests further west 
(Tomialojc et al. 1984, Tomialojc 1993), while Marsh Tit uses nest sites that are higher than those 
reported in other studies (Wesolowski 1996). 

7.3.3.1 Examples of regional differences in habitat and landscape associations  
Several types of large-scale, essentially biogeographical, variation in habitat associations can be 
identified within Europe. Major geographical variation exists in (1) the extent to which species have 
adapted to human cultural landscapes, (2) their use of broadleaved and coniferous forest and (3) their 
use of lowland and mountain forests. Some of the species concerned are listed in Table 7.17. One of 
the most striking patterns is that differences are frequent between east and west Europe in the types of 
landscapes used by some species (Fuller, 1995). Species that are widespread in anthropogenic habitats 
and landscapes in western Europe are often confined to large forest tracts in parts of central and 
eastern Europe.  This applies to some of the species regarded in Britain as the most widespread habitat 
generalists – Wren, Robin and Blackbird.  
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Table 7.17.  Examples of variation in habitat use by birds at a biogeographical scale in Europe (see 
Fuller 1995 and Snow & Perrins 1998 for further details of habitat distribution). 

(1)  Species mainly confined to extensive forests in eastern Europe but using a wider range of 
habitats in western Europe including small woods, gardens and parks. 

Wood Pigeon Columba palumbus, Wren Troglodytes troglodytes, Dunnock Prunella 
modularis, Robin  Erithacus rubecula , Blackbird Turdus merula , Song Thrush Turdus 
philomelos, Mistle Thrush Turdus viscivorus, Chiffchaff Phylloscopus collybita , Jay Garrulus 
glandarius. 

(2)  Species showing large-scale spatial variation in their relative use of broadleaved and 
coniferous forest.  This variation is largely species-specific, but two broad contrasts can be 
identified for some of the species that occur in Britain: 1 species strongly associated with 
conifers in Britain but that use broadleaves in some other parts of Europe, 2 species mainly 
associated with broadleaves in Britain but that make increasing use of conifers in mainland 
Europe, especially towards the north and east, which may involve complete dependency on 
conifers or a broadening of habitat use.    

Black Grouse Tetrao tetrix, Capercaillie  Tetrao urogallus1, Stock Dove Columba oenas2, 
Dunnock Prunella modularis2, Robin Erithacus rubecula , Mistle Thrush Turdus viscivorus2, 
Wood Warbler Phylloscopus sibilatrix2, Treecreeper Certhia familiaris2, Redstart 
Phoenicurus phoenicurus2, Chiffchaff Phylloscopus collybita, Goldcrest Regulus regulus, 
Firecrest Regulus ignicapillus1, Red-brested Flycatcher Ficedula parva, Pied Flycatcher 
Ficedula hypoleuca2, Coal Tit  Parus ater2, Willow Tit  Parus montanus2, Crested Tit Parus 
cristatus1, Nuthatch Sitta europaea2, Lesser Redpoll Carduelis cabaret, Bullfinch Pyrrhula 
pyrrhula 2, Pine Bunting Emberiza leucocephalos. 

(3)  Species mainly confined to mountain ranges in certain regions, especially southern 
Europe, but using lowland areas elsewhere within their ranges. 

Great Spotted Woodpecker Dendrocopos major, Three-toed Woodpecker Picoides 
tridactylus, Wren Troglodytes troglodytes, Dunnock Prunella modularis, Robin Erithacus 
rubecula , Garden Warbler Sylvia borin. 

 

Forest birds show much complex geographical variation in the use of broadleaved and coniferous 
forest (Table 7.17). Several species become increasingly dependent on conifer forest towards the east 
and north. For example, Goldcrest, Coal Tit and Bullfinch use a range of woodland types in Britain 
but they are almost exclusively birds of conifer forest in eastern Poland. Some other species are 
strongly dependent on broadleaves in the extreme west of their range but in the east or north use both 
broadleaves and conifers e.g. Wood Warbler, Willow Tit, Redstart and Pied Flycatcher.  In much of 
mainland western Europe, Treecreeper becomes a species of conifers, especia lly on higher land, 
whereas in Britain it uses a wider range of woodland and generally reaches highest density in 
broadleaves. Several species also show the opposite pattern, with a greater dependency on conifers in 
Britain than in parts of mainland Europe.   

Other examples of large-scale regional differences in habitat use occur among several scrub species 
and open country species. Tree Pipit will use marshes in Switzerland (Meury 1989) but in Britain is 
exclusively associated with dry habitats. Nightingale depends on denser scrub thickets in north-west 
Europe than in the south. The southern race of Bluethroat mainly uses bushy sites close to water 
except in Spain where it occurs on dry stony slopes with scrub. In some parts of its range, Common 
Rosefinch appears to show a stronger association with dry scrub whereas wet scrub is apparently 
preferred elsewhere. In the west, Skylark avoids trees and bushes, but this is not necessarily the case 
in eastern Germany (Schaefer 2001). 

There have been rather few attempts to compare detailed habitat structures for species within Europe 
using data collected from different geographical locations although there are several North American 
examples. Cody (1978) identified detailed differences in habitat selection by Phylloscopus and Sylvia 
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warblers in England and Sweden. Several studies have recorded geographical differences in foraging 
site selection by tits, reviewed by Alatalo (1982). In the Mediterranean, habitat shifts between islands 
and the mainland are well documented; examples include forest birds using scrub habitats on some 
islands, and warblers showing spatial variation in habitat occupancy  (e.g. Martin & Thibault 1996, 
Prodon et al. 2002 and references therein). The general tendency is towards niche expansion on 
islands but there are exceptions (Prodon et al. 2002). 

7.3.3.2 Potential causes of geographical differences in habitat occupancy 
Apparent differences in habitat selection and occupancy can be merely a consequence of study design 
and method. This can occur where the compared studies are conducted at different scales, habitat is 
measured in different ways or birds are counted using different techniques.  Possible biological 
explanations are listed in Table 7.18.       

 

Table 7.18.  Some hypotheses that could account for geographical variation in habitat use by birds. 
Insularity is not regarded as a hypothesis in its own right but is discussed in the text.   

1. Hypotheses mainly relevant to macrohabitat and landscape scales 

1.1 Interspecific competition. Species may occupy different habitats or niches in different 
locations according to the level of competition from other species. This is perhaps the most popular 
explanation of geographical niche and habitat differences (see text). 

1.2 Historical landscape change. In regions with a long history of anthropogenic change, 
species will have either become extinct or adapted to new landscape structures. Differences of timing 
of landscape change may be responsible for the broad habitat amplitude shown by several species in 
western Europe relative to the east (Fuller 1995). 

1.3 Migratory connectivity. Populations from different parts of the breeding range may winter in 
different regions (Bairlein 2001) which may offer different types of wintering habitat. If species 
occupy similar habitat structures in summer and winter, different patterns of regional habitat selection 
may have evolved.  

1.4 Edge of range effects.  One might expect that a species would occupy fewer, or more 
specific, habitats towards the edge of its range as conditions become less suitable 7.(Hildén 1965). I 
am unaware of any analyses that have addressed this directly. This may be related to hypotheses 1.5, 
3.1 and 3.2. 

1.5 Microclimate requirements.  Physiological sensitivity is a critical factor in microhabitat 
selection (Walsberg 1985). Microclimate will covary spatially with microhabitat such that optimum 
conditions will occur in different vegetation structures in climatically different locations.       

2.  Hypotheses relevant at the within-habitat scale concerning habitat availability 

2.1 Variation in habitat structure. Spatial differences in the types of vegetation and vegetation 
structure probably underlie some differences in habitat use. This appears to be the case in the studies 
of Collins (1983) and James et al. (1984).  

2.2 Habitat complementarity.  Relative availability of resources may influence perception of 
habitat needs. For example Bonasa bonasia needs both Picea and Alnus for cover and winter food 
respectively.  Relative availability of these trees differs regionally and this may affect perceptions of 
habitat associations – where Picea is relatively scarce and Alnus relatively abundant, distribution of 
the species will appear to be linked with Picea and vice versa (Fuller 1995). 

3. Hypotheses potentially relevant at both large and small scales 

Density-dependent habitat selection and buffer effects.  Occupancy of habitat may depend on 
population density. Individuals may therefore be distributed differently across habitats and 
microhabitats in regions differing in density (Chamberlain & Fuller 1999).  

3.2 Environmental stability. Populations in areas with relatively unstable environments may use 
habitats in different ways to populations in more stable environments. Regional differences in 



 74 

habitats in different ways to populations in more stable environments. Regional differences in 
weather, vegetation or food resources may lead to spatial and temporal variation in bird-habitat 
relationships (e.g. Sherry & Holmes 1985). 

 

There have been numerous attempts to explain spatial differences in habitat occupancy and niche 
shifts in terms of interspecific competition. In his classic review, Hildén (1965) gives examples of 
species pairs where one species may limit the range of habitats occupied by the other; an additional 
example of a potentially interacting species pair are the Treecreepers Certhia brachydactyla and C. 
familiaris. Island-mainland differences are widely interpreted in terms of ecological release linked 
with interspecific competition. However, a raft of other mechanisms could be involved including 
relative climatic stability, density-dependent habitat shifts, predator release and palaeohistorical 
events (Prodon et al. 2002). Interspecific competition remains a strong candidate for explaining many 
spatial differences in habitat selection but there have been few critical tests and the difficulties of 
demonstrating competition are great (Wiens 1989). Alternative hypotheses, such as those listed in 
Table 7.18 should not be overlooked.  

Regional differences in availability of vegetation structures, perhaps in quite subtle ways, probably 
underlie many of the observed patterns (Collins 1983, James et al. 1984). Collins (1983) suggests that 
some species with broad ranges may exhibit behavioural plasticity enabling them to exploit various 
habitat structures. Some species also exhibit morphological plasticity. As an example, there is much 
variation in foraging niches within and between the European tit species. Some tit species show niche 
shifts depending on which other tit species are present in the assemblage and interspecific competition 
is a plausible explanation for many of these patterns (Alatalo 1982). In parallel with the ability to shift 
niches, the bill size and shape of tits can vary substantially according to the exact niches occupied 
which may be a function of intra- as well as interspecific competition (Gosler 1987, 1989).  

7.4. Discussion 
Avian species richness and diversity varied widely between countries.  Generally, bird diversity 
showed similar between-country patterns for breeding birds and all birds detected.  The most notable 
7.exception was in Hungary where the breeding diversity and richness were low relative to the 
richness of all birds detected.  Compared with other countries, the sample sites for Hungary also 
supported a relatively low proportion of the species on the regional and national bird list, so the LUUs 
in Hungary may have been less representative for birds than in other countries.  It should be noted that 
basing the representativeness of LUUs on regional and national species pools derived from atlas data 
(Hagemeijer & Blair 1997) is likely to over-estimate the effective species pool.  This is because 
species of very restricted habitat requirements (these habitats may not be present in the BIOASSESS 
sites) and very rare species are included in the totals.  However, all species were included in the 
species pool because excluding species (with the exceptions of seabirds) would have entailed a 
subjective judgement.  Given these caveats, the representativeness of terrestrial species can be 
considered acceptable 7., particularly for all species recorded at the regional scale.  Furthermore, there 
is no reason to believe that 2001 and 2002 were unrepresentative years, at least in western Europe, in 
terms of recent population levels of breeding birds. 

7.4.1 Patterns of bird diversity across the land-use gradient 
One of the main aims was to assess whether avian community responses to the land-use gradient were 
consistent across countries.  There was weak evidence from concordance tests of an intermediate peak 
in species richness, abundance, alpha diversity and Pielou evenness that was consistent across 
countries.  There was no evidence of consistent patterns across the gradient in the number of unique 
species per LUU when compared with concordance analysis.  However, concordance analysis only 
really provides weak evidence for consistent patterns.  In many cases, the actual magnitude of 
differences between LUUs was very small and, despite significant concordance, it was often difficult 
to visually identify consistent patterns.  Furthermore, for abundance, alpha diversity and Pielou 
evenness, the most significant results were from analysis of 2001 data which was not a complete 
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sample.  There was no evidence of consistent patterns with respect to LUU across countries in any 
measure of species richness, abundance or diversity according to the more robust repeated measures 
ANOVA.  Generally, therefore, the patterns must be regarded as country-specific.  The principal 
components analysis, based on abundances of individual species also reinforced this conclusion - 
variation in community composition was associated more with country than with LUU.  Given the 
wide range of latitudes and landscape types, this is perhaps not surprising.  Strong country-specific 
patterns persisted even when species were grouped at higher taxonomic levels (e.g. genus, family and 
order). 

More complex analyses did reveal some subtle patterns in bird diversity with respect to the gradient.  
There were some indications of higher species richness in LUUs 4 to 6.  Rarefaction indicated that, 
for a given level of species abundance, richness was greater in the more open, farmland-dominated 
LUUs and lowest in LUU2, managed (commercial) forest, in the majority of countries.  This pattern 
was consistent between years.  There was also an indication that LUU5 and 6 had the greatest 
contribution to overall biodiversity, particularly in 2001.  However, we stress that these patterns were 
fairly subtle and the magnitude of differences between LUUs was often small.   

There was no consistent support for the notion that highest levels of avian richness and diversity 
would occur in the intermediate LUUs; the patterns did not match the intermediate disturbance 
hypothesis.  Although there were individual cases (i.e. particular combinations of countries and 
diversity measures) where an intermediate peak was evident, there was certainly no general pattern of 
this type.  We suggest that this may be partly because of geographical variation in the habitat 
composition of landscapes.  For historical, economic and climatic reasons, it is extremely difficult to 
identify landscape gradients that are exactly the same in different parts of Europe.  Variations in the 
landscape structure and composition are evident among the same LUUs in different countries (Table 
7.1).  Even where the landscape structure is similar within LUUs, there could be differences of habitat 
quality for birds within patches that are ostensibly the same; within forests for example these may 
come about as a consequence of differences in foliage profile, tree species composition, quantities of 
dead wood etc.   

7.4.2 Contribution to biodiversity and conservation importance of 
different LUUs 
All stages of the land-use gradient supported unique species.  In one year there was a tendency 
(evident in five of the eight countries) for a relatively high number of unique species in LUU6.  It also 
appeared that overall avian biodiversity was affected most by LUUs 4 to 6; removal of these LUUs 
produced the greatest negative effect on whole -gradient diversity. 

The incidence of endangered or threatened species was examined across the LUU gradient.  There 
was some indication that of an increase in numbers of species of conservation importance from LUU1 
to 6.  This was only evident for SPECs and not for Annex 1 species.  Furthermore, this pattern was not 
evident in all countries and all LUUs supported species of conservation importance.  This indicates 
that, at a European scale, any landscape type can be of conservation importance for birds.  Clearly all 
parts of the gradient contribute, to a greater or lesser extent, to overall avian biodiversity. All stages of 
the gradient should be regarded as complementary in terms of avian biodiversity. 

7.4.3 Patterns in bird community composition across the land-use 
gradient 
When species were grouped according to ecological criteria, some patterns emerged with respect to 
the LUU gradient.  There were fewer invertebrate feeding species and individuals as LUUs became 
less forested, but more omnivorous and herbivorous species.  The finding for omnivorous species 
(which includes most corvids) is broadly consistent with the prediction that these should increase as 
forest cover diminishes (see introduction). Similarly, ground-nesting species increased and hole -
nesting species decreased along this gradient. These are unsurprising associations given the likely 
resources available across the LUU gradient.  A more interesting result was detected when 
considering species grouped according to migratory status.  The number of migrant species and 
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individuals increased from LUU1 to 6 but the number of resident species and individuals decreased.  
These findings for migrants are broadly in line with the expected results (see introduction).     

Although the patterns in the abundance and richness of functional groups showed some statistically 
significant patterns, the magnitude of the differences was often small.  For example, on average there 
was an estimated difference of only 2.3 individuals between LUUs for omnivorous species.  For other 
groups, the difference was even lower (e.g. 1.3 individuals for hole nesters, 1.25 individuals for 
herbivores).  Use of the LUU gradient to make biologically meaningful predictions about the bird 
community is questionable for groups where the differences in the predicted abundance and richness 
between LUUs are small. 

7.4.4 Associations with vegetation structure, landscape structure and 
composition  
Direct measures of vegetation and landscape proved to be more useful in predicting components of 
bird communities than was the land-use gradient itself.  A considerable number of significant results 
were obtained for vegetation and landscape variables that were independent of country effects.   

It is not surprising that strong relationships were obtained with vegetation structure because it is well 
established that bird communities and abundances of individual species can be predicted from 
measures of vegetation structure at various scales (e.g. MacArthur & MacArthur 1961, Moss 1978, 
James & Wamer 1982, Verner & Larson 1989, Fuller & Henderson 1992).  In this study, we found 
that bird abundance was closely associated with vegetation cover at most height levels.  Furthermore, 
this association was usually non-linear, abundance showing a peak at intermediate levels of cover.  
Associations with measures of bird diversity and evenness were relatively weak and infrequent.   

We also found evidence that both landscape structure and landscape composition affected bird 
communities.  This finding is interesting because relatively few previous studies have examined how 
the make-up of European landscapes on a large-scale affects the nature of bird communities within 
them.  Most work with a landscape focus has centred on the effects of landscape context on the 
occupancy of particular patches by particular species (e.g. Hinsley et al. 1995, Bellamy et al. 1996).  
Exceptions include Fuller et al. (1997) who showed how the habitat composition of English 
agricultural landscapes could have a major influence on breeding bird communities.  Intuitively, one 
would expect the diversity of bird communities to be greater in landscapes which have a higher 
diversity of structure or habitats, yet we are unaware of any previous studies that demonstrate this to 
be the case.  Our analyses provide evidence that such relationships do occur, at least on a large scale 
when diverse landscape structures are considered.     

Generally, bird diversity, evenness and species richness were positively associated with more 
complex, heterogeneous landscapes.  Of the nine remotely sensed variables describing landscape 
structure analysed, patch richness was the most consistently associated with bird diversity, species 
richness and evenness.  Patch richness is a simple measure of habitat diversity, so a more diverse and 
rich bird community can be found in more heterogeneous sites.  Bird diversity also showed positive 
associations with habitat diversity based on land-classes.  There was no evidence that bird abundance 
was associated with patch richness. Bird diversity increased significantly with increasing landscape 
evenness.  Bird abundance showed a peak at intermediate levels of landscape evenness.   

For this analysis, the independent data set was restricted to a small number of variables.  There are 
many other landscape variables potentially available for analysis, some of which may be good 
predictors of bird diversity.  A dedicated study, conducted at a range of spatial scales and habitat 
grains would further our understanding of the influence of landscape structure on bird diversity. 

Bird diversity and abundance were associated with the cover of forest and farmland (particularly 
arable).  Generally, diversity and abundance showed opposing trends, so diversity increased with 
arable cover but decreased with forest cover, whereas abundance decreased with arable cover and 
increased with forest cover.  Level 1 associations with forest cover, however, proved to be somewhat 
more complex when the more detailed Level 2 land cover variables were analysed, as forest type 
became crucial to the form of the associations.  Bird diversity, species richness and abundance appear 
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to show different relationships with broad-leaved and coniferous forest cover.   It would be valuable 
to examine these relationships with a project specifically designed to elucidate the effects of tree 
species composition on bird communities at a European scale (cf. Donald et al. 1998).   

We did not combine the remote sensed variables on landscape structure and land cover in the same 
models but it appears that both have predictive value for birds.  Interestingly, several landscape 
structure variables that were especially relevant to the description of fragmentation (e.g. COHESION, 
CONTIG, ENN, IJI) did not feature as strongly as bird predictors as measures of patch richness.  We 
do not claim that this is evidence that fragmentation is unimportant – fragmentation may well be a 
crucial issue within particular landscapes for certain species.  We do suggest, however, that the make-
up of landscapes has a strong influence on the attributes of European bird communities.  Two broad 
relationships are apparent: (a) the diversity of patch or habitat types appears to have a strong influence 
on avian diversity and (b) the extent of particular habitats influences both diversity and overall 
abundance.   

For both landscape structure and landscape composition, there were some differences in results 
according to the scale of the analysis.  There were more significant associations detected at the LUU 
scale than at the buffer scale and the significance of these associations tended to be greater.  
Therefore, the broad characteristics of bird assemblages appear to be shaped mainly by landscape 
structure and composition at a relatively local scale.   

7.4.5 Regional variation in population trends and habitat occupancy 
Bird population trends are by no means uniform within Europe (section 4.2).  This is unsurprising 
given the large variation in land-use and climate.  Whilst it is difficult to identify specific implications 
for the interpretation of the BIOASSESS results, it is important to recognise that the dynamics of 
populations and communities within similar habitats will differ regionally across Europe and that 
these differences may be habitat-specific.  In terms of the types of community measures presented in 
this report, this is less likely to affect species richness than measures of diversity which utilise 
estimates of abundance of individual species.    

Regional differences in habitat occupancy by birds are also common (section 4.3). These differences 
occur in the occupancy of broad habitat types, the use of specific vegetation structures within habitats 
and the use of fine-grained foraging niches. Hence, there is a continuum of examples of geographical 
differences in habitat occupancy from macro- to microhabitat. Differences of macrohabitat use tend to 
be evident mainly over large spatial scales whereas differences of microhabitat use may occur across a 
wider range of spatial scales.  With reference to the BIOASSESS results, regional differences in habitat 
occupancy by birds may well have contributed to the variation evident in the patterns of bird diversity 
across the LUU gradient.   

Much of the knowledge of regional variation in habitat use by birds in Europe remains essentially 
anecdotal. There is much scope for quantifying the extent of these variations among forest birds and 
to identify the processes involved. In particular there is a need for studies of spatial variation in the 
vegetation structures used by birds, such as those by Collins (1983) and advocated by Chamberlain 
and Fuller (1999).  A potential severe difficulty in assessing habitat selection is that of density-
dependent habitat use (Chamberlain & Fuller 1999, and references therein). Unless one can control 
for spatial and temporal variation in overall population density, differences in habitat occupancy are to 
be expected. Ideally, therefore, studies should consider whether there are spatial differences in the 
dynamics of habitat occupancy over periods of time.  

This leads to a concluding thought concerning the processes involved in spatial differences of habitat 
use. Few of the processes identified in Table 7.18 concern fundamental differences in habitat 
selection. It seems probable that the large differences of landscape and macrohabitat selection shown 
by several species in east and west Europe are based on evolved differences of habitat selection. 
However, most of the factors are essentially acting as constraints or modifiers of underlying habitat 
preferences. This applies to interspecific competition, habitat availability, microclimate, population 
density and environmental stability. Although habitat occupancy may be different between areas or 
regions, the habitat selection process may be fundamentally the same.    
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7.4.6 Monitoring of European bird biodiversity: a new initiative1  
It is relevant to conclude this report on the bird work undertaken within BIOASSESS with an outline of 
recent developments concerning bird monitoring at a European scale.  The Pan-European Common 
Bird Monitoring project (PECBM) was initiated in 2002 with funding from RSPB, and with scientific 
support from the European Bird Census Council (EBCC), BirdLife International, BTO, SOVON and 
Statistics Netherlands. Its broad aims are to (i) set up a network of participating organisations and 
individuals across Europe, (ii) use country-specific population trends provided by participating 
national schemes to create Pan-European indices for a group of common and widespread species for 
as many countries as possible, (iii) use these indices to create Pan-European indicators, (iv) produce a 
report on the State Of Europe’s Birds, and (v) produce a plan of action for future bird monitoring 
across Europe.  

There has been a steady increase in the number of national bird monitoring schemes operating across 
Europe over the past 30 years (Vorisek & Marchant 2003). Since a PECBM workshop held in Prague 
in 2002 (Gregory & Vorisek 2003), population trends generated using protocols established by a 
Technical Advice Group were received from approximately 20 countries. Combining these trends in 
ways that account for differences in the population sizes of bird species in different countries, the 
PECBM team has produced provisional Pan-European Indicators for Farmland and Woodland Birds 
for four different regions of Europe. Because the period of data collection varied among regions, not 
all of these indicators provide a historical context to current trends. However, these early results 
illustrate marked regional differences in the fortunes of farmland birds, and highlight the potential 
value of this initiative in summarising species trends across countries in relation to broad regional 
differences in drivers such as agricultural policy and woodland management.  

It was clear at the outset that a comprehensive Pan-European common bird monitoring scheme (one 
that involved every European country in some capacity of data collection and provision) will take a 
considerable amount of time and resource to develop. The provisional indicators are one of the first 
steps in plans to build a Pan-European scheme for common breeding birds by combining data from 
the pre-existing schemes. The program also aims to encourage the initiation of new schemes in those 
countries with the relevant capacity to do so, and establish a sample of survey plots in the remaining 
countries.  

7.5. Some general conclusions 
(1) Patterns in the diversity and species composition of bird assemblages with respect to trends in 
general land-use appear to be country-specific.  There is a strong case for similar studies to 
BIOASSESS that focus on the effects of land-use within particular regions using large numbers of 
replicates.  This conclusion is reinforced by the existence of substantial regional variation in 
population trends and patterns of habitat occupancy by birds. 

(2) All stages of the land-use gradient are important for birds, both in terms of overall diversity 
and species of conservation importance.  From a bird perspective, the cultural landscapes of Europe, 
created by human activity over long periods of history, deserve as much conservation attention for 
birds as the more heavily forested landscapes.  A diversity of landscape patterns will sustain the 
highest diversity of birds at a regional scale.  Although we found that habitat diversity within LUUs 
was correlated with bird diversity, maximisation of habitat diversity within landscapes is not 
advocated as a general policy for enhancing avian biodiversity. 

(3) Remote sensing has considerable potential as a tool for predicting attributes of bird 
communities.  There is a need to test some of the findings of the current study in terms of landscape 
structure and composition with larger sample sizes within particular regions of Europe.  However, 
ground-based and remote sensing techniques have complementary roles in quantifying key elements 
of avian habitats.  Ground-based techniques are important in identifying foliage structures that may be 

                                                 
1 For further information about PECBM contact EuroMonitoring@birdlife.cz. 



 79 

linked to variation in within-habitat quality.  Remote sensing has a special role to play in identifying 
large-scale spatial patterns in landscapes that affect bird diversity and abundance. 

(4) In seeking to develop models for prediction of how land-use and habitat management may 
affect birds, it is important to understand regional differences in habitat associations.  These may arise 
from a variety of processes.  There is a need to better understand these regional variations. 

(5) Different diversity indices can produce different results.  Many relationships identified in this 
study were specific to certain diversity indices.  The ecological meaning of such indices can be 
difficult to interpret (e.g. James & Rathbun 1981) and we suggest that relatively simple measures of 
species richness (standardised by area or by total count of individuals) are more understandable.    
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Summary 
By using comparative data from eight European countries in six of the major biogeographical zones in 
Europe, the BIOASSESS (Biodiversity Assessment Tools) project examined how land-use and 
landscape fragmentation affects biodiversity and how each group of species contributes to the 
development of biodiversity assessment tools in human altered landscapes.  

At the landscape scale the gradient approach was used to study species assemblages across the 
gradient of land-use intensity from forest through mixed forest-agricultural landscape to agricultural 
dominated ones, divided in so-called Land Use Units (LUUs). In this report the results for butterflies 
are presented. 

Butterflies were counted weekly on a line-transect. Line-transect counts have proven to be an easy 
and effective way to monitor diversity and abundance of butterflies. The total length of a transect was 
1 km per LUU. Butterfly counts were made on a weekly basis in standardized weather conditions 
from April to September.  

In the project 30,445 butterflies were counted representing 135 species. Monitoring the butterflies by 
using the transect method proved to be easy applicable and cost-efficient. 

• There was no trend in species richness across the land-use gradient, but the highest number of 
species was often found in old growth forest (LUU 1) and mixed use landscapes (LUUs 3, 4 and 
5). 

• The lowest number of butterfly species was found in intensively used areas: managed forest (LUU 
2) and arable fields (LUU 6). 

• Across the gradient 

o The number of species hibernating as larvae decrease 

o The number of generalist species, of whom the larvae use many species of hostplants, 
increase 

o There was no significant relationship with habitat preference 

o The number of Browns and Fritillaries decreases, the number of whites increases. 

• Butterfly communities are mainly influenced by the amount of forest and arable land. 

• Species richness was related to the area of forest (optimum 34%) and arable land (optimum 12%). 

• There were more butterfly species when, in the 1 km2 LUU, patches have several larger, well 
connected and distributed core areas with preferably a non-circular shape. This was also one of 
the reasons for the low number of butterflies in managed forest (LUU 2) and arable land (LUU 6), 
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often characterized by small patches of suitable butterfly habitat divided by large patches of 
unsuitable habitat. 

• Species of high conservation value can be found at all stages of the gradient. 

Diverse landscapes with a low intensity of management have a higher diversity than large-scale, 
intensively managed landscapes. The LUU gradient did not provide a good predictor of butterfly 
diversity, and all stages of the gradient should be regarded as complementary for overall diversity.  
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8.1  Introduction 

Although most insects are rarely used as indicators for biodiversity, butterflies are the big exception. 
Contrary to other insects they are appealing, easy to recognise in the field and there are a lot of data 
on distribution and ecology. Many butterflies have shown a decline in the last decades. 

The rapid economic development of the twentieth century has brought about profound changes in the 
European environment. Agricultural intensification has been a major cause of the loss of remaining 
natural habitats and biodiverse semi-natural habitats. Similarly, forestry expansion and intensification, 
urbanization, industrialization and increasing recreational demands have caused widespread damage 
through habitat loss, degradation and pollution (Van Swaay & Warren, 1999).  

It is expected that changes in land use will continue to increase in Europe. The changing economic 
importance of agriculture will lead to marginalization of some habitats and intensification of others. 
Without intervention these changes will cause abandonment and loss of traditional farming practices 
on which many butterflies depend (Van Swaay & Warren, 1999). 

To assess the biotic effects of landscape changes, and for the development of tools for minimising 
adverse impacts (Andersen, 1999; Niemelä et al., 2000), it is important to know the effects of 
landscape fragmentation and habitat loss. Research could foster collaboration between researchers and 
managers. Because a very small proportion of the world’s landmass is allocated to nature reserves, 
understanding and managing changes in biodiversity in altered landscapes is a pressing priority for 
conservation. 

Gradients can be used very well to assess the impact of human activity on the environment 
(McDonnell & Picket, 1990). They can provide a framework in which human-induces landscape 
changes can be examined and compared internationally to unravel generalities in community 
responses. A land-use gradient can provide useful understanding about landscape changes on 
biodiversity. 

Without any doubt insects are the group of animals with by far the most species. Some authors 
estimate that more than 70% of the animal species belong to this class. The order Lepidoptera is one 
of the most important and species-rich groups of insects. The total number of butterfly species in the 
world is expected to exceed 160,000, far more than the almost 10,000 birds or 5,000 mammals (Van 
Nieukerken & Van Loon, 1995).  
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Europe is relatively poor in butterflies. A recent overview of the status of the butterflies in Europe 
(Van Swaay & Warren, 1999) showed that our continent (including Turkey and the Azores) has 576 
butterfly species, 189 of them being endemic (33%).  

By using comparative data from eight European countries in six of the major biogeographical zones in 
Europe, this report examines: 

3. How land-use and landscape fragmentation affects butterflies and 

4. How butterflies contribute to the development op biodiversity assessment tools in human 
altered landscapes.  

At the landscape scale the gradient approach is used to study butterfly assemblages across the gradient 
of land-use intensity from forest through mixed forest-agricultural landscape to agricultural dominated 
ones.  

 

Hungary 
Switzerland 

France 

Spain 

Portugal 

Ireland 

United 
Kingdom 

Finland 

  
Fig. 8.1. The BIOASSESS project assessed biodiversity along a land use gradient in eight European 
countries. 

8.2 Method  

8.2.1 Fieldwork 
The BIOASSESS project assesses biodiversity in a gradient with six major Land Use Units (LUUs) in 
eight European countries representing six of the seven main biogeographical zones in Europe (Fig. 
8.1): Finland (Boreal zone), Ireland and the United Kingdom (Atlantic zone), Portugal and Spain 
(Mediterranean zone), France (Continental zone), Switzerland (Alpine zone) and Hungary (Pannonian 
zone). Six sampling sites (Land Use Units: LUUs) were chosen on a gradient from old-growth forest 
to an agricultural landscape: 

1. old-growth forest 

2. managed forest 

3. mixed-use landscape dominated by forest of woodland 

4. mixed-use landscape not dominated by a single land use 

5. mixed-use landscape dominated by pasture 

6. mixed-use landscape dominated by arable crops. 
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On each of the six LUUs in the eight countries butterflies were counted weekly on a line-transect. 
Line-transect counts have proven to be an easy and effective way to monitor diversity and abundance 
of butterflies (Pollard & Yates, 1993). Monitoring schemes using this method are currently being used 
in the UK, The Netherlands, Finland, Flanders (N-Belgium) and Catalonia (NE-Spain).  

The transects are divided into sections of a homogeneous vegetation structure. The total length of a 
transect was 1 km per km-square, which takes the recorder 20-40 minutes dependent on field 
conditions, the season and the number of butterflies. Butterfly counts were made on a weekly basis in 
standardized weather conditions from April to September.  

For this analysis the butterfly data are summarized by LUU per country. Counts were made in 2001 
and 2002. In the analysis only one of these years was used. The choice of which year to use was based 
on: 

• The completeness of the LUUs counted (for example in Ireland the 2001 counts could not be 
made in all LUUs due to access restrictions because of the foot-and-mouth disease). 

• The number of visits: in case all LUUs were counted in both years, the year with the highest 
number of visits was used. 

As a result the 2001 data were used for Hungary, the UK and Spain. For the other countries the 2002 
data were more suitable. 

 

Figure 2 shows the centres of butterfly diversity 
in Europe (based on Kudrna, 2002). Especially 
the Alps (with BIOASSESS sites in Switzerland), 
the Pyrenees and the southern part of the 
Balkans are rich in butterflies. The Atlantic 
region is poor in species, with the UK and 
Ireland having even less species because they 
have been separated from the mainland since a 
few thousand years (Dennis, 1977). 

For each country the average species class 
(using Kudrna, 2002) of the nine squares at and 
surrounding each of the research locations was 
calculated. Kudrna (2002) distinguished nine 
classes, where 1=1-25 species, 2=26-50, 3=51-
75, 4=76-100, 5=101-125, 6=126-150, 7=151-
175, 8=176-200 and 9=200-225 species.  

 

Fig. 8.2. Centres of butterfly diversity in Europe, based on Kudrna (2002).  In the non-coloured area 
the number of species is less than 100. 

8.2.2 Biodiversity parameters 
Using the program EstimateS v. 6.0b1 of Robert K. Colwell (http://viceroy.eeb.uconn.edu/estimates) 
the following parameters were calculated for each LUU of 1 km2 in each country: 

• The number of species: S 

• The total number of individuals: N 

• Alpha: Log series Alpha (Fisher’s Alpha): α = [N(1-x)]/x, where x is calculated by iterations 
using S/N = [(1-x)/x]*[-ln(1-x)] 

• Shannon: H'=-Σ [pi*ln(pi)] 

• Simpson: expressed as 1/D, where D=S[(ni(ni-1))/(N(N-1))] 

  

Number of species 
101-125 
126-150 
151-175 
more than 175 
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Next to this the following additional parameters were calculated: 

• Margalef: D = (S-1)/ln(N) 

• Pielou Evenness: J' = H'/Hmax 

To investigate the relationship between these biodiversity parameters and the gradient across the 
LUUs, a general linear model was run with country as class variable.  

ß-diversity is a measure how different (or similar) a range of habitats or samples are in terms of the 
variety of species found in them (Magurran, 1988). The ß-diversity is calculated using Whittakers’s 
measure ßw = S/ α? - 1, where S is the total number of species and α the average number of species per 
LUU.  

8.2.3.1  Rank abundance plots 
Rank abundance plots are one method of presenting species abundance data. In this case plots were 
made for each LUU per country, with the species sequence at the x-axis and the relative abundance 
(%) at the y-axis. 

Functional diversity and habitat associations  

• Hibernation stage: adult, egg, larvae, pupae or not-hibernating. 

• Hostplant specialization: 

• Species (monophagous): the larvae only eat one species of hostplant 

• Genus (oligophagous): the larvae can feed on several species of one genus 

• Family: the larvae can use several genera of one family 

• Polyphagous: the larvae feed on plants of several families. 

• Habitat preference: grassland, woodland and scrub, heath, bog and fen and others. 

• Species groups. All species were assigned to one of the following species groups: Admirals, 
Apollos, Blues, Browns, Coppers, Fritillaries, Hairstreaks, Skippers, Swallowtails, 
Tortoisehells, Whites and Yellows. 

8.2.3.2  Habitat types 
Habitat types were distinguished at two levels using satellite image interpretation on fused image data 
from Landsat TM and IRS. The first level is restricted to the broad descriptions. The second level 
goes into much more detail. For example forest is not only divided into broad leaved, mixed and 
coniferous forest, but also if these types are very open, open or closed.  

Using Canoco 4 (Ter Braak & Šmilauer, 1998) a Canonical Correspondence Analysis (CCA) was 
performed with the number of butterflies per LUU and the area of the habitat at level 1 in the 1 km2 
LUU square. 

After this a more detailed analysis was performed at two scales: for the 1 km2 square alone, as well as 
for the 1 km2 square plus a buffer zone of 1 km wide. A stepwise backward multiple regression of the 
butterfly parameters number of species and Pielou Evenness was performed versus the landscape 
indices (including their quadratic form to identify non-linear relationships). Country is included as a 
class variable. All models with the number of species were significant for the country values. 

8.2.3.3  Landscape parameters 
Landscape parameters were calculated from the Landsat TM and IRS data with the program 
FRAGSTAT at two levels. The first level is restricted to the broad descriptions. The second level goes 
into much more detail. For example forest is not only divided into broad leaved, mixed and coniferous 
forest, but also if these types are very open, open or closed. Analysis was performed at two scales: for 
the 1 km2 square alone, as well as for the 1 km2 square plus a buffer zone of 1 km wide. A stepwise 
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backward multiple regression of the butterfly parameters Sobs and Pielou Evenness was performed 
versus the landscape indices (including their quadratic form to identify non-linear relationships): 

For the landscape statistics six variables were identified by factor analysis: 

• MSIEI (modified Simpson’s Evenness Index) 

• AI (Aggregation index) 

• PR (Patch Richness) 

• CONTIG_MN (contiguity distribution) 

• ENN_MN (Euclidean nearest neighbour distribution) 

• IJI (interdispersion and juxtaposition index) 

Furthermore four extra variables were considered as well: 

• SHAPE_MN (Patch shape complexity) 

• CIRCLE_MN (Patch elongation) 

• COHESION (Connectedness of patch types) 

• DCAD (Disjunct Core Area Density) 

Country is included as a class variable. The factor IJI had to be removed because of too many missing 
variables. All models with the number of species were significant for the country values. 

8.2.3.4 Site descriptions 
At each LUU a site description was made. The following parameters were collected: 

• Mean yearly temperature 

• Degree Days (sum of the daily temperatures > 5°C) 

• Yearly precipitation 

• Potential evapotranspiration (Year) 

• Water balance (precipitation - pot. Evapotransp.) (Months) 

• Continentality index after Gams (Year) 

• Forests 

• Pastures, seminatural shrubland and greenland 

• agricultural land 

• Total N input 

• Total P input 

• Same management type since >50 years;  

In a multiple regression analysis these parameters were analyzed for their effect at the number of 
species. 

8.2.3.5  Species of high conservation value 
For each plot the percentage of butterflies belonging to ‘Species of European Conservation Concern 
(SPECs)’ were calculated. The SPEC status of a species is determined by Van Swaay & Warren 
(1999) according to the global and European status of the butterfly, and to the proportion of its total 
distribution that occurs in Europe.  

All data were analysed using JMP 5 of the SAS company (JMP, 2002). 
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8.3 Results  

8.3.1 Species richness in the eight countries 
 

Ireland and the United Kingdom had the 
lowest number of species (12 and 13), 
Switzerland the highest number (62 
species).  The number of species in the six 
LUUs was highly correlated with the 
location in Europe and the number of 
species that can be found in the 
surroundings (Fig. 8.2). Fig. 8.3 shows 
the relation between the number of 
species in each LUU and the species class 
of the location in Kudrna (2002).  

 

Fig. 8.3. Relation between the number of species on each LUU and the average Species Class as 
calculated from Kudrna (2002). 

8.3.2  Patterns in butterfly diversity across the gradient 

8.3.2.1 Species richness  
 

In total 125 butterfly species were recorded. 
The number of species per plot varied from 
3 (United Kingdom, LUU 2) to 43 
(Switzerland, LUU 5).  Fig. 8.4 shows an 
overview of the number of species for each 
plot. There was not a significant relationship 
between the number of species and the LUU. 
On the average LUUs 2 and 6 have the 
lowest numbers of species, and LUUs 4 and 
5 the highest number.  

 

 

8.3.2.2 Abundance 
Altogether, 17,126 butterflies of 125 species 
were recorded over the 48 plots. The highest 
number of butterflies was reported on LUU 1 
in Spain (1509 individuals). LUU 2 in the 
United Kingdom had the lowest number (only 
four individuals).  Fig. 8.5 presents the 
number of butterflies per plot. There was no 
significant relationship between the number of 
butterflies and the LUU. On the average most 
butterflies were seen in LUU 4, where the 
managed forest of LUU 2 had the lowest 
number of individuals. 

Fig. 8.5. Number of butterflies per LUU 
in each country 
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Fig. 8.4. Number of species per LUU in each country. 
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8.3.3  Relationship between species number and abundance 
 

There was a clear relationship between 
the number of species on a plot and the 
number of butterflies (Fig. 8.6). 

 

 

 

 

 

 

Fig. 8.6. Relationship between the number of butterflies and the number of species. 

8.3.4 Number of Unique Species 
Most LUUs only had a few species which 
were unique for that LUU in that country.  
Notable exceptions were LUU 1 in Spain 
(eight unique species), LUU 4 in France 
and LUU 5 in Switzerland (both six 
unique species).  As Fig. 8.7 makes clear 
there was little variation in the number of 
unique species. The average number of 
unique species was the highest in LUU 1 
and lowest in LUUs 2 and 3. 

 

 

 

Fig. 8.7. Number of unique butterfly species per LUU in each country. 

8.3.5  Shannon index 
LUU 5 in Switzerland showed the highest 
Shannon diversity index, the lowest 
diversity index was found on LUU 2 in the 
United Kingdom (Fig. 8.8). There was no 
significant relationship between the 
Shannon index and the LUU. On the 
average the index was the highest for 
LUUs 1 and 3, and lowest for LUU 6. 
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R2=0.33, p<0.001
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8.3.6  Margalef index 
Again LUU 5 in Switzerland had the highest Margalef index, the lowest was LUU 2 in the United 
Kingdom (Fig. 8.9).  

There was no significant relationship between the Margalef index and the LUUs. On the average the 
index was the highest for LUU 5, and lowest for LUU 6. 

 

 

 

 

 

 

 

 

 

Fig. 8.9. Margalef index per LUU in each country. 

8.3.7  Log alpha 
LUU 5 in Switzerland had the highest 
Log alpha, the lowest was LUU 2 in 
Ireland (Fig. 8.10).  There was no 
significant relationship between the Log 
alpha index and the LUUs. On the 
average the index was the highest for 
LUU 5, and lowest for LUU 6.   When 
LUU 5 in Switzerland and France were 
omitted from the analysis, then there was 
a significant relationship between log 
alpha and the gradient across the LUUs 
(ANOVA with country as class variable: 
F=4,62, p=0,038). 

Fig. 8.10. Log alpha per LUU in each country. 

8.3.8  Simpson index 
 

The highest Simpson index was found at LUU 5 
in Switzerland, the lowest at LUU 2 in Portugal 
(Fig. 8.11). There was no significant relationship 
between the Simpson index and the LUUs. On 
the average the index was the highest for LUUs 1 
and 3, and lowest for LUU 6.  Like for Log alpha 
there was a significant relationship if LUU 5 
from Switzerland was omitted from the analysis 
(ANOVA with country as class variable: F=6,06, 
p=0,019). 

 

 

Fig. 8. 11. Simpson index per LUU in 
each country. 
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8.3.9 Pielou Evenness 
 

Fig. 8.12 shows Pielou’s Evenness on the 
LUUs of the BIOASSESS project. Evenness 
varied from 0.55 (LUU 3 in the United 
Kingdom) to 0.92 (LUU 1 in the United 
Kingdom). 

There was no significant relationship 
between the Evenness and the LUUs. On 
the average the highest evenness was found 
in LUU 1, the lowest in LUUs 4 and 5. 

  

Fig. 8.12. Pielou Evenness per LUU in each country. 

8.3.10  ß-diversity 
Table 8.1 gives an overview of the ß-diversity for each country. The highest ß-diversity was found in 
France, the lowest in Portugal. This implies that in France the species composition shows large 
changes over the gradient, while in Portugal much more butterflies occur all over the gradient. 

 
 

 

 

 

 

 

 

 

8.3.11  Relationships between the butterfly diversity indices 
There was a strong correlation between most variables. Only the number of individuals and the Pielou 
Evenness were clearly different (Table 8.2). 

Table 8.2 . correlation matrix from the butterfly variables. 
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Table 8.1. Beta-diversity per country. 

Country Beta-diversity 

Finland 0,71 

France 1,23 

Hungary 0,57 

Ireland 0,53 

Portugal 0,43 

Spain 0,63 

 Sobs Individuals Alpha Shannon Simpson Margalef 
Pielou

Evenness
Sobs 1 0,5773 0,8367 0,8842 0,7147 0,955 -0,0365
Individuals 0,5773 1 0,121 0,2547 0,0361 0,3373 -0,5436
Alpha 0,8367 0,121 1 0,874 0,8187 0,9574 0,3482
Shannon 0,8842 0,2547 0,874 1 0,8784 0,9321 0,3183
Simpson 0,7147 0,0361 0,8187 0,8784 1 0,8038 0,5596
Margalef 0,955 0,3373 0,9574 0,9321 0,8038 1 0,167
Pielou_Evenness -0,0365 -0,5436 0,3482 0,3183 0,5596 0,167 1
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After this a principal components analysis on the correlations was done to distinguish the main 
variables (Table 8.3). The two main factors are: 

• Number of species (Sobs), Alpha, Shannon, Simpson and Margalef: since the number of species 
Sobs was the most simple and direct variable representing this factor. 

• Individuals and Pielou_Evenness. 

 

Table 8.3. Results of the Principal Components analysis on the correlations in Table 8.2. 

Eigenvalue 4,6386 1,7895 0,339 0,1425 0,075 0,0149 0,0004 
Percent 66,2652 25,565 4,8427 2,0358 1,0715 0,2135 0,0063 
Cum Percent Eigenvectors 66,2652 91,8302 96,6729 98,7087 99,7802 99,9937 100 
              
Sobs 0,43188 -0,26536 -0,03975 -0,00221 0,01031 -0,73846 -0,44277 
Individuals 0,13982 -0,65004 0,64579 0,27237 -0,06623 0,24181 0,06179 
Alpha 0,43862 0,08807 -0,38163 0,50654 -0,24795 0,45551 -0,35868 
Shannon 0,44932 0,02614 0,04804 -0,36961 0,73443 0,3275 -0,10897 
Simpson 0,41557 0,23707 0,27692 -0,55965 -0,60589 0,11126 0,04153 
Margalef 0,4551 -0,08 -0,25964 0,17121 0,02702 -0,17745 0,81089 
Pielou_Evenness 0,14086 0,6603 0,53789 0,436 0,16375 -0,19389 0,01838 
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8.3.12  Rank abundance  
Fig. 8.13 shows the rank abundance plots for all LUUs per country. In most countries there was a 
strong resemblance in the form of the graphs. Main outlier was Portugal with a big difference between 
the shape of LUU 6 and LUU 1 and 3.  

Fig. 8.13. Rank abundance plots for all LUUs per country.  

 

Finland

0,1

1

10

100

0 10 20 30

Species sequence

A
b

u
n

d
an

ce
 (

%
)

LUU 1
LUU 2
LUU 3
LUU 4
LUU 5
LUU 6

France

0,1

1

10

100

0 10 20 30

Species sequence

A
b

u
n

d
an

ce
 (

%
)

LUU 1
LUU 2
LUU 3
LUU 4
LUU 5
LUU 6

Hungary

0,1

1

10

100

0 10 20 30

Species sequence

A
b

u
n

d
an

ce
 (

%
)

LUU 1
LUU 2
LUU 3
LUU 4
LUU 5
LUU 6

Ireland

1

10

100

0 5 10

Species sequence

A
b

u
n

d
an

ce
 (

%
)

LUU 1
LUU 2
LUU 3
LUU 4
LUU 5
LUU 6

Portugal

0,1

1

10

100

0 10 20

Species sequence

A
b

u
n

d
an

ce
 (

%
)

LUU 1
LUU 2
LUU 3
LUU 4
LUU 5
LUU 6

Spain

0,01

0,1

1

10

100

0 10 20 30

Species sequence

A
b

u
n

d
an

ce
 (

%
)

LUU 1
LUU 2
LUU 3
LUU 4
LUU 5
LUU 6

Switzerland

0,01

0,1

1

10

100

0 10 20 30 40

Species sequence

A
b

u
n

d
an

ce
 (

%
)

LUU 1
LUU 2
LUU 3
LUU 4
LUU 5
LUU 6

UK

0,1

1

10

100

0 5 10

Species sequence

A
b

u
n

d
an

ce
 (

%
)

LUU 1
LUU 2
LUU 3
LUU 4
LUU 5
LUU 6



 96 

8.3.13  Functional diversity and habitat associations  

8.3.13.1  Hibernation stage 
Fig. 8.14 shows the distribution of 
the hibernation stages over the LUUs 
summed over the countries. There 
was no overall relationship. 
Considered separately the number of 
butterfly species hibernating as 
larvae declines significantly across 
the gradient (p<0.05). 

 

 

 

 

 

Fig. 8.14. Distribution of the hibernation stage over the LUUs. 

8.3.13.2  Hostplant specialization 
Fig. 8.15 presents the distribution of the hostplant 
specialization over the LUUs summed over the 
countries. There was no overall relationship. 
Considered separately the number of butterfly 
species using several genera of one family 
increases significantly across the gradient 
(p<0.05). 

 

 

 

8.3.13.3  Habitat preference 

Fig. 8.16 shows the distribution of the 
habitat preferences of the butterfly species 
over the LUUs summed over the 
countries. There was no overall 
relationship and no relationship with a 
separate factor.  

 

 

 

Fig. 8.16. Distribution of the habitat preferences of butterfly species across the gradient. 
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8.3.13.4  Species groups 
 

Fig. 8.17 shows the distribution of the 
butterfly species over the species groups 
and across the gradient. There was no 
overall relationship. Considered 
separately there was a significant decline 
(p<0.05) of the number of Browns and 
Fritillaries and a significant increase 
(p<0.05) of the number of Whites. 

 

 

Fig. 8.17. Distribution of the species groups across the gradient. 

8.3.13.5  Habitat types 
8.3.13.5.1  CANONICAL CORRESPONDENCE ANALYSIS 

 

Fig. 8.18 shows the results of the CCA 
analysis. Axis has an eigenvalue of 0.40, 
axis 2 of 0.30.  The first axis is related 
with the area of forest, grassland and 
arable land. The other habitat types show 
a much smaller effect. 

 

 

 

 

 

Fig. 8.18. Biplot of the first two axis of the CCA analysis with the number of butterflies per species 
and the area of habitat at level 1 in the 1 km2 LUU plot. 

8.3.13.5.2  MULTIPLE REGRESSION – LEVEL 1 

There was a high R2 for the relationships of the area of habitat with the Number of Species (Table 
8.4), resulting in a significant relationship with the quadratic forms of the area of forest and the area 
of arable land. These relationships have the form of an inverse parabola, with an optimum of 34% of 
forest and 12% of arable land.  If the buffer zone of 1 km was included also the area of artificial 
ground was significant.  With or without the buffer zone there was no significant relationship between 
the number of habitats and the number butterfly species.  There was no significant relationship 
between the area of habitat and Pielou’s Evenness. 
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Table 8.4. Significant relationships in a multiple backward regression between the area of the habitat 
types and the number of butterfly species. 

Number of species Level 1 Level 1 
 no buffer with buffer 
R2 0.86 0.89 
Forest (quadratic form) P<0.01 P<0.01 
Arable land  P<0.05 
Arable land (quadratic form) P<0.01  
Artificial  P<0.05 
Artificial (quadratic form)  P<0.05 
 

8.3.13.5.3  MULTIPLE REGRESSION – LEVEL 2 

At level 2 there were many significant relationships between the area of the habitat types and the 
number of species, but a pattern was unclear.  There was a strong relationship (R2=87%) between the 
habitat diversity without the buffer zone and the number of butterfly species (p<0.01). Since there was 
a non-significant relationship with the interaction as well this means that habitat diversity had a 
similar effect regardless of the country. 

8.3.2  Landscape indices 
There was a high R2 (between 87 and 92%) for the relationships with the Number of Species (Table 
8.5), much lower R2 (between 34 and 51%) for the relationships with the Pielou Evenness (Table 8.6).  
In Table 8.7 the relationships between the landscape indices and the number of species at level 1 
without the buffer zone is shown in more detail. 

Table 8.5. Significant relationships in a multiple backward regression between the landscape indices 
and the number of butterfly species. The class variable country was always significant as well. 

Number of species Level 1 Level 1 Level 2 Level 2 
Landscape Variable no buffer with buffer no buffer with buffer 
R2 0.89 0.87 0.85 0.92 
ENN_MN  x  x 
SHAPE x   x 
DCAD x  x x 
CIRCLE x x   
COHESION x  x  
MSIEI x   x 
AI     
PR  x x  
CONTIG_MN     
Table 8.6. Significant relationships in a multiple backward regression between the landscape indices 
and Pielou’s Evenness 

Pielou Evenness Level 1 Level 1 Level 2 Level 2 
Landscape Variable  no buffer with buffer no buffer with buffer 
R2 0.51 0.42 0.37 0.34 
ENN_MN     
SHAPE x    
DCAD     
CIRCLE x x  x 
COHESION     
MSIEI x x   
AI   x  
PR x    
CONTIG_MN     
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Table 8.7. Significant relationships in a multiple backward regression between the landscape indices 
and the number of butterfly species at level 1 without the buffer zone. The class variable country was 
always significant. 

Index Estimate p Means more butterfly species when 
Cohesion 18.5 <0.01 patches are less subdivided and better 

connected 
Disjunct Core Area Density 0.40 <0.05 there are larger core areas 
Circle 25.0 <0.05 patches have non-circular shapes 
MSIEI (Landscape evenness index) 11.3 <0.05 patches are evenly distributed 
Shape  ns  
Euclidian distance  ns  
Aggregation index  ns  
Patch richness  ns  
Contiguity distribution  ns  
Interdispersion and juxtaposition 
index 

 ns  

8.3.3  Species of high conservation value  
Table 8.8 shows the number of Species of European Conservation Concern (SPECs) according to Van 
Swaay & Warren (1999). There was no significant relationship between the number of SPECs and the 
LUUs on the gradient. Switzerland, Spain and Portugal hold most of the SPEC species, while Finland, 
Ireland and the UK have no SPECs at all.  

Table 8.8. Number of threatened butterfly species per LUU per country 

8.4 Discussion 
Butterfly species richness and diversity varied widely between countries. The number of butterfly 
species was very much determined by the location in Europe. The highest numbers of butterfly 
species were found in the Alps, the Pyrenees and the southern part of the Balkans. Comparing the 
number of butterflies on the sampling plots with the results of the number of species in the 
Distribution Atlas of Butterflies in Europe (Kudrna, 2002) shows a strong relationship.  

One of the main aims was to assess whether butterfly community responses to the land-use gradient 
were consistent across countries.  

There was no significant relationship between the number of butterfly species and the place of the 
LUU on the gradient. On the average most butterfly species were found in the mixed used landscapes 
of LUU 3, 4 and 5, and to a lesser extend in LUU 1 (old growth forest). The LUUs 2 (managed forest) 
and 6 (dominated by arable crops) have the lowest numbers of species. 

No significant relationship between the abundance of the butterflies and the LUUs on the gradient can 
be found. On the average the highest numbers of butterflies were found on LUU 4. 

There was a relationship between the number of species and the abundance of butterflies (p<0.001), 
with the species rich LUUs also having a high abundance of butterflies. 

 
Country 1 2 3 4 5 6 
Finland       
France 1    2  
Hungary 2 3 2 2 3 1 
Ireland       
Portugal 5 2 4 5 5 2 
Spain 9 4 8 5 6 6 
Switzerland 7 10 9 8 11 5 
UK       
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Also the other diversity measures (Shannon, Margalef, Log alpha and Simpson) showed no clear 
relationships with the gradient. They showed a strong correlation with the number of species. 

It can be concluded that there was no evidence of consistent patterns with respect to LUU across 
countries in any measure of species richness, abundance or diversity. 

11.4.1  Functional diversity and habitat associations 
When species were grouped to ecological criteria, some patterns emerged with respect to the LUU 
gradient. There were fewer species hibernating as larvae as LUUs became less forested, but the 
number of species hibernating in another stage did not rise significantly. Similarly, the number of 
species feeding as larvae on several genera of one family (so the more generalist species) increased 
along the gradient, but the number of specialist species (feeding on one species or several species 
from one genus) did not decline significantly. 

Surprisingly there was no significant change in habitat preference of the butterfly species along the 
gradient. This was probably due to the fact that the habitat preferences for butterfly species at a 
European scale are broad, since they have been extracted from all over the continent. Butterflies, 
being cold-blooded animals, often have a preference for cool, wooded places at the southern edge of 
their range, and for open, sunny spots at the northern edge of their range. 

The number of species belonging to the species groups of the browns and fritillaries declined across 
the gradient, whereas the number of whites increased. This can be explained by the fact that many of 
the fritillaries have a habitat preference for woodland, while the whites are often found in agricultural 
land. 

11.4.2  Habitat types 
Direct measures of vegetation and landscape proved to be more useful in predicting butterfly species 
diversity, than was the land-use gradient itself. A very interesting result was that the number of 
butterfly species in the 1 km2 square of the LUU was the highest with 34% of forest and 12% of 
arable land, if a buffer zone of 1 km was included as well. The area of artificial land had a significant 
relationship as well. If the habitat types are subdivided into more detailed types, many relationships 
can be found without a pattern becoming clear. If the buffer zone of 1 km was excluded, there was a 
strong relationship between the number of habitat the more detailed habitat types and the species 
richness.  

11.4.3  Landscape indices 
Many different relationships between the landscape indices coming from the remote sensing data, and 
the number of butterfly species, were found for the two levels of detail and if the buffer zone was 
included in the calculation or not. If the relationship in the 1 km2 of the LUU was used with the broad 
habitat descriptions, more butterfly species were found when patches have several larger, well 
connected and distributed core areas with preferably a non-circular shape. This stresses the negative 
effect of landscape fragmentation caused by intensive farming, often leading to a strong decline in the 
area of suitable habitat for butterflies, which are also not connected. 

11.4.4  Species of high conservation value  
If Species of European Conservation Concern were found was mostly determined by the location in 
Europe, with species rich countries, like Switzerland, Spain and Portugal, having much more of these 
species than Ireland and the UK.   Across the gradient there was no significant relationship, which 
means that species of high conservation value can be found at all stages of the gradient.  

8.5 General Conclusions 
• There was no trend in species richness across the land-use gradient, but the highest number of 

species was often found in old growth forest (LUU 1) and mixed use landscapes (LUUs 3, 4 and 
5). 
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• The lowest number of butterfly species was found in intensively used areas: managed forest (LUU 
2) and arable fields (LUU 6). 

• There was apparent trend between several butterfly diversity indices across the gradient. 

• Across the gradient 

• The number of species hibernating as larvae decrease 

• The number of generalist species, of whom the larvae use many species of hostplants, increase 

• There was no significant relationship with habitat preference 

• The number of Browns and Fritillaries decreases, the number of whites increases. 

• Butterfly communities were mainly influenced by the amount of forest and arable land. 

• Species richness was related to the area of forest (optimum 34%) and arable land (optimum 12%). 

• There were more butterfly species when, in the 1 km2 LUU, patches have several larger, well 
connected and distributed core areas with preferably a non-circular shape. This was also one of 
the reasons for the low number of butterflies in managed forest (LUU 2) and arable land (LUU 6), 
often characterized by small patches of suitable butterfly habitat divided by large patches of 
unsuitable habitat. 

• Species of high conservation value can be found at all stages of the gradient. 
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Summary  
The aim of the floristic study was to compare lichen diversity indices and species composition 
within and among land-use gradients. All major lichen substrates which could be affected by 
land-use were considered, i.e. trees, rocks and soil.  

In total, 757 lichen species were found during the project. The highest species richness (352 
species) was reported from the Swiss study region, the lowest from Hungary (52 species). Spain, 
the United Kingdom and France had a medium  number of species (around 200 species each), 
whereas Finland, Portugal and Ireland had somewhat lower species numbers (around 120 species 
each). 

Lichen diversity and composition significantly depended on landscape structure, climate and 
land-cover, which were well represented by the BIOASSESS gradients. Furthermore, lichens were 
able to indicate past land-use continuity such as wooded pastures, as well as changes and 
catastrophic events that occurred several hundred years ago. 

High beta diversity was generally found in the agriculturally dominated landscapes (LUU6) and, 
to a lesser degree, also in mixed-used landscapes (LUU3-5), while high species numbers were 
usually found in natural forests (LUU1) and in mixed-used landscapes (LUU3-5). Cyanobacterial 
lichens were nearly exclusively reported from natural forests, where also the highest number of 
unique and exclusive, as well as the highest number of rare species were found.  

ANOVAs for the effects of land-use intensity on various species diversity indices  showed 
significant differences among the LUUs for total species richness, species density, Margalef 
diversity, and beta diversity. Further, species density and beta diversity signif icantly differed 
between the two forest-dominated land-use types and those with open land (LUU 1-2 vs. 3-6). 
Natural forests had a significantly higher species richness, species density, Shannon diversity, and 
Margalef diversity compared to managed forests, and species richness on pastures was higher 
than on arable land.  

A partial canonical correspondence analysis with the countries as covariables and LUU1-6 as 
constraining variables revealed a significant overall effect of the land-use intensity gradient on 
species composition. The perfect ordering of LUU 1 to 6 on axis 1 was good evidence for the 
interpretation of this axis as a forest – non-forest gradient. Axis 2 clearly reflected the effect of 
forest type on species composition by the clear separation of natural from managed forest. 
Variables related to land-cover types explained by far the largest amount of variance (approx. 
40%), whereas other variables explained only between 5.4% and 11.1% of the total variance each. 

The analyses of our data clearly showed that macrolichens alone were highly correlated with the 
number of all lichen species. Because macrolichens were  easier to recognise in the field and 
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responded with the same levels of statistical significance to landscape structure, climate and land-
cover, we suggest that the effects of land-use gradients on lichen biodiversity can be monitored 
using macrolichens only.  
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9.1 Introduction1 
Lichens are mutualistic symbiotic organisms. They consist of two unrelated components, a fungus 
(the mycobiont) and one or more algae or cyanobacteria (the photobionts).  

The indeterminate pattern of growth of multicellular fungi has enabled lichen fungi to adopt an 
astonishing array of growth forms, and, as poikilohydric organisms, to occupy niches not 
available to most other life forms. Many species have evolved a requirement for substrates (e.g., 
sheltered tree bark, large old logs, dry decaying wood) that are themselves by-products of 
advanced succession in more dominant ecosystems. Such species are often sensitive to various 
forms of anthropogenic disturbance, including agricultural and forestry management. 

                                                 
1 Excerpt from Scheidegger & Goward (2002) , slightly modified 
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As lichens secure nutrients mostly from their immediate environments, e.g., atmospheric dust or 
rainwash, they are highly efficient accumulators of environmental impurities. Therefore, many 
species are highly sensitive to air, water, and soil pollution. Some species have suffered 
catastrophic decline in industrialised regions as a result of these pollutants. With the introduction 
of industrial smokestacks in the 1970s, these declines have lately become established over large 
geographic areas (Wolseley 1995). The incidence of circumpolar distributions is much higher in 
lichens than in most other macroscopic organisms, including vascular plants, mammals, and birds. 
At boreal latitudes, nearly 70% of all macrolichens occur more or less around the world in 
suitable habitats (Ahti 1977).  

The tendency of many rare lichens to have long generation times, coupled with inefficient 
mechanisms of dispersal, makes them dependent on habitats with a low intensity and frequency of 
disturbance (Rose 1976; Rose 1992). Favoured habitats include rock outcrops, talus slopes, and 
primeval forests with a low incidence of fire and other stand-replacing events. Yet extensively 
managed habitats can also sometimes support such species dependent on ecological continuity 
(Wirth 1999). Examples include wooded pastures with a low tree harvesting intensity, and xeric 
terricolous habitats with low levels of competition from vascular plants as well as low grazing 
pressure from animals feeding on lichens. 

Fragmentation of forested landscapes can lead to dramatic declines in many forest-dwelling 
lichens. Widespread and common species have become discontinuous, especially during the past 
century. Conditions permitting the original establishment of such species may no longer exist. In 
Europe, the relict status of both the medieval landscape and its characteristic epiphytic lichen 
cover is now evident ; and even the most stringent efforts to preserve the remaining old stands are 
unlikely to prevent the loss of yet more old-growth-associated lichens. 

One of the most important questions was therefore, how the BIOASSESS land-use gradient affects 
various aspects of lichen species diversity. Given the limited resources and time, it was beyond 
the scope of the project to collect complete species lists. The focus was rather to gather high-
quality quantitative floristic data in a standardised way that were robust against various types of 
sampling errors. We considered all major lichen substrates which could be affected by changes of 
the agricultural and forestry management. Further, our survey aimed at giving identical weight to 
the different substrate types.  

This was the first project where lichen diversity data were collected with a standardised protocol 
among the different European biogeographical zones.  

9.2 Material and methods 

9.2.1 Selection of Land-Use Units (LUU) 
The country co-ordinators evaluated 6 land-use units (LUU) along the BIOASSESS gradient of 
land-use intensity (see General Introduction, this volume) in the study area of their country 
leading to a total of 48 LUUs (6 LUUs x 8 countries)  Each LUU had an area of 1 km2 (quadrat 
with side length of 1 km).  

9.2.2 Selection of sampling plots 
Sixteen sampling plots were marked in each of the 48 LUUs according to the BIOASSESS 
sampling design (Fig. 9.1) by the country co-ordinators. Distances between sampling plots and 
between sampling plots and the border of the LUU were 200 m. Lichen surveys were carried out 
on these 16 sampling plots on a circular area of 1 ha (56.41 m radius). Information about land use 
types, the age of the oldest trees or shrubs, and direct impact of untypical landscape elements (e.g. 
big roads, incinerators) was gathered for each sampling plot. The core data set shown in this 
report consists of the complete information from 8 sampling plots within each LUU.  

 



 

 

 

106 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.1. Array of the 16 sampling plots in each LUU.  

9.2.3 Selection of collecting sites 
Within each sampling plot, 12 collecting sites were selected randomly (Table 9.1). Starting from 
the centre of the sampling plot the locations of the collecting sites were defined by means of a 
compass and a measuring tape or an infrared distance measuring device. For each of the 12 
collecting sites the azimuth (given in 400° gradation and 360° gradation) and the distance from 
the centre of the sampling plot are specified in Table 9.1. Collecting sites were numbered 
clockwise from 1 to 12, starting in the north (azimuth = 0) as shown in Fig. 9.9.2. Collecting site 
number 3 was identical with the starting point of the vegetation survey (see Fernandez et al., this 
volume). 

Table 9.1. Number, azimuth and distance of the 12 collecting sites as measured from the centre of 
the sampling plot. 

 Azimuth  
Collecting 

site number 
400° 

gradation 
360° 

gradation 
Distance from 

centre [m] 
1 0 0 43,78 
2 33 30 23,80 
3 67 60 11,30 
4 100 90 49,37 
5 133 120 19,96 
6 167 150 33,10 
7 200 180 8,08 
8 233 210 51,78 
9 267 240 53,17 

10 300 270 26,13 
11 333 300 47,24 
12 367 330 36,41 
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Fig. 9.2. Sampling plot (1 ha) with the 12 collecting sites (?). The boundary of the sampling plot 
is defined by a circle with r = 56.41m. The collecting sites are numbered clockwise starting in the 
north (azimuth = 0). Azimuth and distance for the 12 collecting sites are listed in Table 9.1.  

9.2.4 Lichen relevés 
At each of the 12 collecting sites, lichen relevés were carried out on three different substrates, 
namely soil, rocks and trees. 

All lichens which occurred inside a 50x40 cm frequency grid (mesh size 10 cm) of the relevés on 
soil or inside four frequency ladders (each 50x10 cm, mesh size 10 cm) of the relevés on rocks or 
relevés on trees were considered (further details see below), except if the species were smaller 
than 5 mm. Thus, the area investigated in one relevé was always the same, namely 0.2 m2. 
Lichenicolous fungi and non-lichenised fungi which are often treated by lichenologists (e.g. 
Arthopyrenia) were not studied. For each lichen species the number of grid cells (10x10 cm) 
where the species occurred was counted (a value ranging from 1 to 20 for both the frequency grid 
and the four frequency ladders). Since delimitation of individuals is often difficult or even not 
possible in lichens, we used the number of occupied grid cells as abundance measure. For 
simplicity we will use the terms individual or frequency for the number of occupied unit areas 
from now on. Since lichen species diversity does not depend on season, each lichen relevé was 
carried out only once during the project (not several times as e.g. in the butterfly or in the carabid 
survey). 

9.2.4.1 Relevés on soil 
In the centre of each collecting site, a frequency grid (50x40 cm, mesh size 10 cm, see Fig. 9.3) 
was placed on the ground with the longer side of the grid oriented to the north.  

All lichens growing on the ground, on rotten wood, on shrubs and small trees (= 12 cm Ø, up to a 
height of 150 cm above ground), on pebbles and rocks (size <50x40 cm) or on any other substrate 
were considered in this relevé. 
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Fig. 9.3. Frequency grid used for soil relevés. 

9.2.4.2 Relevés on rocks 
Starting from the centre of the collecting site, the nearest saxicolous object with a size larger than 
50x40 cm was selected within the border of the sampling plot. Four frequency ladders (Fig. 9.4) 
were placed on the object in a way that the epilithic and terricolous (if the saxicolous object is 
partially or completely covered with soil) lichen species diversity were sampled as completely as 
possible. In cases where less than 12 objects were found on the sampling plot, the number of 
"missing objects" was marked on the protocol. Any saxicolous object was only investigated once. 

 
Fig. 9.4. The four frequency ladders used for rock relevés. 

9.2.4.3 Relevés on trees 
In forests, but also in open areas, one tree species often dominates and other tree species are rare. 
However, also rare tree species can contribute considerably to the lichen species richness of the 
sampling plot. A second important tree characteristic influencing epiphytic lichen biodiversity on 
the sampling plot is the diameter of the stem. Small (young) trees often have a different lichen 
vegetation than thick (old) trees. We therefore decided that species diversity and size class 
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diversity of the trees on the sampling plot should be considered in the selection of the trees. The 
epiphytic lichen vegetation is most influenced by the bark pH. Based on this knowledge, the 
lichen specialists defined two groups of tree species, one with acidic bark, the other with more or 
less neutral bark. Concerning the diameter of the tree stem, the following two classes were 
defined: diameter at breast height between 12 and 36 cm, and diameter greater than 36 cm.  

For Central Europe it is appropriate to set the limit diameter at breast height to 36 cm. However, 
in Finland the threshold value between the two diameter classes has been shifted to 25 cm. 

Starting from the centre of a collecting site the nearest tree within the border of the sampling plot 
which belonged to the tree species group and diameter class indicated in Table 9.2 was selected. 
The four sectors of the compass were marked at the trunk, 150 cm above ground, and the four 
frequency ladders were fixed at the trunk as shown in Fig. 9.5. The lichen diversity was recorded 
as indicated below. This procedure was continued for collecting sites 2 - 12. In case no more 
objects of the required tree species group and diameter class were found in the sampling plot, 
another object of the alternative diameter class but belonging to the required tree species group 
was selected. If no tree of the indicated tree species group was present on the sampling plot, a tree 
of the alternative tree species group and the required diameter class was selected. Otherwise a tree 
of the alternative tree species group and the alternative diameter class was selected. In case an 
alternative tree had to be selected, the reason for the alternative choice was specified (tree species 
group, tree diameter class or both). If there were less than 12 trees growing on the sampling plot, 
the number of "missing trees" was noted in the protocol. Any particular tree was only investigated 
once. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.5. The four frequency ladders of a tree relevé are fixed between 100 and 150 cm above 
ground. The centre of each frequency ladder is oriented to N, E, S, W, respectively. 
 
In the case of cork oaks where the bark of the trunks was harvested in regular intervals, the 4 
narrow frequency grids were set up on the main branches above the upper limit of the cork 
harvest. 
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Table 9.2. Preferred trees of collecting sites 1 – 12 (see text for further details). 

Collecting  site no. Preferred object 
1, 5, 9 Group A, > 36 cm 
2, 6, 10 Group A, = 12= 36 cm 
3, 7, 11 Group B, > 36 cm 
4, 8, 12 Group B, =12= 36 cm 

9.2.5 Identification of lichen specimens 
Specimens which could not directly be identified in the field were collected and analysed 
according to standard microscopical procedures and if necessary with thin layer chromatography 
analyses of the managed chemical compounds. Specimens are going to be kept in the following 
herbaria BM, BP, H, LISU, MAF (Holmgren & Keuken 1974) and at the Swiss Federal Research 
Institute WSL in Switzerland. 

9.2.6 Additional information for each lichen species 
We have compiled information concerning growth form, diaspore type, type of photobiont, and 
type of rarity for each lichen species as well as pH and nitrogen requirements (Table 9.3). This 
information is included in The Report Annex.  

Table 9.3. Description of additional information compiled for each lichen species (see also 
Report Annex) 

Code Growth forms Code  Type of photobiont 
1 crustose-endosubstratal 1 green algal 
2 crustose-episubstratal 2 Trentepohlia 
3 foliose-adpressed 3 Trebouxia s.l. 
4 foliose-ascendent 4 Myrmecia? 
5 fruticose-erect 5 Stichococcus  
6 fruticose-pendulous 6 Dictylochloropsis 
  7 Nostoc 
 Types of rarity 8 Micareoid 
1 wide distribution, high abundance in 

most areas 
9 Coccomyxa 

2 wide distribution, high abundance in 
some areas, rare in others 

  

3 narrow distribution, high abundance  pH requirements  
4 narrow distribution, rare 1 grows only on neutral 

substrates 
5 European Red List species 5 grows on subacidic substrates 
  9 grows only on acidic 

substrates 
 No. of spores per meiosporangium   
1 mostly sterile   N requirements  
2 1 or 2 spores 1 grows only on nutrient poor 

substrates 
3 4-spores 5 grows on slightly enriched 

substrates 
4 8-spores 9 grows only on N enriched 

substrates 
5 more than 8 spores   

 
A conservation value was attributed to each lichen species as a function of the type of rarity. The 
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weights given to the types of rarity 1,2,3,4 and 5 were 0, 10, 20, 50 and 100, respectively. 
Different weighting led to similar patterns among the land-use types (results not shown). 

9.2.7 Data 
The lichen data are stored in a  relational data base (Access) at the Federal Research Institute 
WSL at Birmensdorf in Switzerland.  

For each of the 48 LUUs we calculated the following diversity indices (Magurran 1989): species 
richness, species density (= mean number of species per sampling plot), Shannon index (H’), 
Simpson index (S), Margalef index (DMg), Pielou J, Fisher’s alpha, and beta diversity after 
Whittaker (1972). For calculating the Shannon index, Simpson index and Fisher’s alpha, we used 
the software EstimateS Version 5.0.1 (Colwell 1997, available at: 
http://viceroy.eeb.uconn.edu/EstimateS). Correspondence analyses (CA), canonical 
correspondence analyses (CCA) and partial canonical correspondence analyses were calculated 
with the R package (available at: http://cran.r-project.org/ ), using the function cca of the package 
vegan, written by Jari Oksanen, and the program CANOCO 4.5 (ter Braak & Smilauer 1997-
2002). To reduce the number of explanatory variables (see Tab. 4 for all explanatory variables) in 
the multivariate analyses we used the CANOCO procedure of 'forward selection of environmental 
variables'. Statistical significance of explanatory variables was tested by subsequent Monte Carlo 
permutation tests (999 unrestricted permutations, sequential Bonferoni correction). 

For both, the diversity indices and the CCA we used the same species x sample (=LUU) matrix 
with frequencies as entries. 

Multiple regressions of the effects of several explanatory variables on species richness were 
calculated with GENSTAT 5.0 program, release 3.2 (Payne et al. 1993). To find the most 
parsimonious regression model explaining variation in species richness, we used the forward 
selection strategy after Payne et al. (1993) with the in- and the outratio set to 4 (criterion for 
including or excluding a variable in the multiple regression equation). 

We used analysis of variance (ANOVA) with orthogonal, linear contrasts for testing the effects of 
LUUs on the various diversity indices. In order to account for the different species pools, we used 
‘country’ as a blocking factor. All ANOVAs were carried out with the GENSTAT 5.0 program, 
release 3.2 (Payne et al. 1993). 

For evaluating the similarity structure of the data set we constructed a similarity matrix for the 8 
countries and 8 matrices for the LUUs within each country. As similarity measure we used the 
Jaccard coefficient. The Jaccard coefficient was calculated with the R package (package ade4, 
procedure dist.binary). Further, we used cluster analysis (comple te linkage agglomerative 
clustering, distance measure: Soerensen) to get a more detailed picture of the relationships 
between countries and LUUs. The cluster analysis was carried out with the PC-ORD program 
(McCune & Mefford 1997). 

Satellite remote sensing data were used to describe each LUU. A Landsat 7 ETM satellite image 
with good spectral resolution and an IRS (1C or 1D, depending on the availability) image with 
good spatial resolution (5m resampled) were selected as standard datasets. Both the multispectral 
and panchromatic images were chosen such that they covered the main vegetation period between 
end of May and September. The images were fused to combine the spectral information of 
Landsat with the higher spatial resolution of IRS. The 5m resolution fused product was visually 
interpreted and digitised with the software Arc View to extract the following land-use classes: 
coniferous, broadleaved, mixed forest with closed, open, and very open stands, agro forestry, 
artificial surfaces like cities and roads, open spaces with no vegetation, arable land, agricultural 
and natural grassland, shrub land and heath land, wetland, and water bodies. The extraction of 
land-use classes followed a standardised interpretation key developed for the BIOASSESS project 
to ensure comparability of the results across the countries (Ivits et al., this volume). To quantify 
landscape structure, landscape indices for fragmentation, connectivity, and habitat extent were 
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calculated with the software Fragstats, version 3.3 (McGarigal 1999-2000). For more details on 
remote sensing parameters and algorithms used for their calculation see Ivits et al. (this volume). 

Table 9.4. Abbreviations and explanations of all environmental variables derived from site 
descriptions, remote sensing variables and climatic variables 

1. BIOASSESS site description 
PRIMFOR Number of plots per LUU covered with primary forest 
TRADTREE Number of plots per LUU having a traditional tree cover, e.g. wooded pastures 
ARTTREE Number of plots per LUU having planted trees  
SDFERTIL Number of plots per LUU, which are fertilised 
SDPESTIC Number of plots per LUU, where pesticides are applied 
SDCROP Number of plots per LUU planted with agricultural crops 
SDFOREST Number of plots per LUU covered with forest 
SDPASTUR Number of plots per LUU covered with pasture 
SDAGRI Number of plots per LUU used by agriculture 
2. Lichen field data site description 
LINATFOR Number of plots per LUU covered with natural forest (natural tree species) 
LISECFOR Number of plots per LUU covered with managed forest (non-natural tree species) 
LIPASWOO Number of plots per LUU covered with wooded pasture 
LIPASTUR Number of plots per LUU covered with pasture 
LIGRASSL Number of plots per LUU covered with grassland 
LIFIELD Number of plots per LUU covered with agricultural fields 
AVTREEA Average of the estimated maximum tree age per plot 
MAXTREEA  Maximum of estimated tree age per LUU 
NOTREE Number of plots without trees 
3. Ecological continuity 

ECOLCONT 

Naturalness of the habitat at LUU level. Sum of the plot-level values of lack of 
anthropogenic disturbance of the three lichen substrate types trees, rocks, soil. Only 
in primary forests all three substrate types are unchanged. In wooded pastures one 
substrate (soil) is changed, the other two are unchanged. In grasslands two are 
changed and rocks are unchanged and in agricultural fields all three substrate types 
are disturbed. In managed forests rocks and soils are disturbed and the tree-cover is 
changed according to the present age of the stand relative to the maximum possible 
age of the tree species.  

4. Land-cover variables (analysis by Eva Ivits) 
FFCPLAND CPLAND parameter of Level 1 
FFCPD CPD parameter of Level 1 
FFFPLAND FPLAND parameter of Level 1 
FFFPD FPD parameter of Level 1 
FFGPLAND GPLAND parameter of Level 1 
FFGPD GPD parameter of Level 1 
FFOPLAND OPLAND parameter of Level 1 
FFOPD OPD parameter of Level 1 
FFNDVIIusd NDVIlusd parameter of Level 1 
FFNDVIusdq Quadratic term of NDVIlusd parameter of Level 1 
FFNDVIume NDVIume  parameter of Level 1 
FFNDVIumeq Quadratic term of parameter of Level 1 
5. Climate variables 

MYT Mean yearly temperature (long-term average) at LUU 
YPREC Sum of yearly precipitation (long-term average) at LUU 
COLDEST Mean temperaure of coldest month at LUU 
WARMEST Mean temperature of warmest month at LUU 
PREMIN Monthly precipitation of driest month at LUU 
PREMAX Monthly precipiutation of wettest month at LUU 
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1. BIOASSESS site description 

COLDq Quadratic term of COLDEST  
WARMq Quadratic term of WARMEST 
PMINq Quadratic term of PREMIN 
PMAXq Quadratic term of PREMAX 

9.3 Results 

9.3.1 Impact of land use intensity on species diversity 
In total, 757 lichen species were found during the project (see Report Annex) . The analysis of the 
core dataset (i.e. the data, which will be discussed in the analyses presented here and which 
consists of 8 plots per LUU) revealed 698 lichen species with more than 160,000 individuals 
(Table 9.5). The majority of the species (487 taxa) were crustose lichens, while 211 species 
belong to the foliose and fruticose macrolichens. The trees observed in the project carried 385 
taxa and around 100,000 individuals. Rocks added about the same number of taxa, but with less 
than 50% of the individuals found on trees. Soil lichens were less abundant in the project, but 
made an important contribution to the species number reported for some countries like Finland 
and Portugal. 

Table 9.5. Lichen species richness and number of individuals for different substrates, 
macrolichens and crustose lichens. 

Substrate type Species richness Individuals 
All substrates 698 160525
Trees 385 100146
Rocks 389 45938
Soil 247 14441
Macrolichens 211 14396
Crustose lichens 487 146129
 

The number of lichen species found in the 8 countries differed considerably (Fig. 9.5). The 
highest species richness (352 species) was reported from the Swiss study region, the lowest from 
Hungary (52 species). Spain, the United Kingdom and France had a medium  number of species 
(around 200 species each), whereas Finland, Portugal and Ireland had somewhat lower species 
numbers (around 120 species each) 
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Fig. 9.5. Number of lichen species found in each country. 
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The species richness of the LUUs varied between 0 (LUU6 in Portugal) and 179 (LUU4 in 
Switzerland).  No general pattern along the gradient in the  different countries could be observed 
(Fig.6). 
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Fig. 9.6. Number of lichen species found in the land-use gradients of the 8 countries. 
LUU1 (natural forests) had the highest pooled number of species (Fig 7a). The mosaic -like land-
use types (LUU3-5) had an intermediate species richness, while managed forests (LUU2) as well 
as arable land (LUU6) had the lowest lichen species richness. A similar pattern can be observed 
taking into account only the epiphytic lichens (Fig 7b). The difference between natural forests and 
managed forest was even more pronounced. Concerning terricolous lichens, natural forests 
harboured also the most species (Fig 7c). For saxicolous lichens, however, there was hardly any 
difference between natural and managed forests (Fig 7d). Their species richness rather increased 
with increasing openness of the landscape, but considerably decreased in arable land. 

There was a highly significant positive relationship between species richness and number of 
individuals (r = 0.63, p < 0.01, n=48). This relationship seemed also to hold within countries (Fig. 
9.8).  

The number of unique species, i.e. species which occurred in only one LUU type and  in only one 
country, clearly depended on LUU type and country (Fig. 9.9a,b). The highest number of unique 
species was found in LUU1 (99). The other land use units had markedly lower numbers of unique 
species which varied between 26 and 52. Looking at exclusive species (i.e. species, which were 
found in more than one LUU, but always in the same LUU type or country) of the different land 
use units a different pattern emerged (Fig. 9.9c). Exclusive species were restricted to natural 
forests (LUU1) and landscapes dominated by forests (LUU3). The high number of unique and 
exclusive species in LUU1 stresses the floristic importance of natural forests for lichens. 
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Fig. 9.7. Pooled species richness of the 6 land-use types for all lichen species (a), epiphytic lichen 
species (b), terricolous lichen species (c) and saxicolous lichen species (d). 
 

0

50

100

150

200

0 4000 8000 12000 16000
number of individuals

nu
m

be
r o

f s
pe

ci
es

FIN

FRAN

HUN
IRE

POR

SPA

SWI

UK

 
 
Fig. 9.8. Relationship between the number of species and the number of individuals. 
 
Switzerland had the highest number of unique (159) and exclusive species (52), whereas Hungary 
had only 4 unique and no exclusive species (Fig. 9.9b). 

a

0

100

200

300

400

500

LUU1 LUU2 LUU3 LUU4 LUU5 LUU6

nu
m

be
r 

of
 s

pe
ci

es
 (a

ll 
lic

he
ns

)

c

0

100

200

300

400

500

LUU1 LUU2 LUU3 LUU4 LUU5 LUU6

n
u

m
b

er
 o

f t
er

ri
co

lo
u

s 
sp

ec
ie

s
b

0

100

200

300

400

500

LUU1 LUU2 LUU3 LUU4 LUU5 LUU6

nu
m

be
r 

of
 e

pi
ph

yt
ic

 s
pe

ci
es

 

d

0

100

200

300

400

500

LUU1 LUU2 LUU3 LUU4 LUU5 LUU6

nu
m

be
r 

of
 s

ax
ic

ol
ou

s 
sp

ec
ie

s 



 

 

 

116 

 
Fig. 9.9: Number of unique species of land use types and countries (a, b) and number of exclusive 
species of land use units and countries (c, d). Note different scales of y axis. 
 
Species richness, Species density, Shannon index (H), Simpson index (S), Margalef index (DMg), 
Pielou index (Pielou J) and beta diversity were calculated for each of the 48 land use units (see 
Report Annex for values). Most of these diversity indices were highly and positively correlate d 
(Table 9.6). The different aspect of diversity measured by beta diversity (dissimilarity) after 
Whittaker (1972) is clearly indicated by the negative correlations of beta-diversity with all other 
indices. 

Table 9.6. Correlation matrix of diversity indices (H’ = Shannon Index, S = Simpson index, DMg 
= Margalef index). ** = p<0.01 

 Species 
richness 

Species 
density 

H’ S DMg Pielou 
J 

Beta 
diversity 

SPECIES 
RICHNESS  

1       

Species density 0.88** 1      
H’ 0.89** 0.78** 1     
S 0.75** 0.66** 0.94** 1    
DMg 0.99** 0.82** 0.90** 0.77** 1   
Pielou J 0.45** 0.39** 0.71** 0.72** 0.48** 1  
Beta diversity -0.46** -0.59** -0.49** -0.53** -0.39** -0.01 1 
 
High beta diversity was generally found in the agriculturally dominated landscapes (LUU6) and, 
to a lesser degree, also in mixed-used landscapes (LUU3-5), while high species numbers were 
usually found in natural forests (LUU1) and in mixed-used landscapes (LUU3-5; Fig. 9.10-11). 
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Fig. 9.10. Species richness of the land-use units in the different countries. 
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Fig 11. Beta diversity of the land-use units in the different countries. 
 
The lichen taxonomy above the species level is still in a state of flux. We have used a traditional 
genus concept which uses a very broad genus concept (e.g. using the genus Parmelia  in its very 
broad, Zahlbrucknerian delimitation). With this approach the higher taxon richness showed a high 
average genus number for LUU 1 and comparably low numbers for LUU 2 and 6 (Fig. 9.12). This 
was a similar pattern as described for the pooled species richness. 
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Fig. 9.12. Average number of genera found in the land-use types. 
 
When species which were widely distributed in Europe and had a high abundance in most 
biogeographical areas (type of rarity 1, see Report Annex) were excluded from the analysis, the 
outstanding importance of natural forests as habitats for rare lichen species became even more 
evident, both for all lichens (Fig 13a) and, even more pronounced, for the epiphytic lichens (Fig. 
9.13b). Even a pooled conservation value showed the same pattern among the land-use types (Fig. 
9.13 d), confirming the high value of natural forests and traditional land-use types such as 3, 4 
and 5, and the low levels of arable land. 

 
Fig 13. Relationships between number of rare species and land-use intensity considering all 
species (a), only epiphytic species (b), only terricolous species (c) and relationship between 
pooled conservation value and land-use intensity (d). 
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9.3.2. Functional and community analyses – describing patterns in functional 
diversity and species composition across the BIOASSESS gradients 
Epiphytic, saxicolous and terricolous lichens revealed different patterns of species richness within 
functional groups across the land-use units (Fig. 9.14). While the pattern of epiphytic lichen 
species richness was quite similar to the overall pattern, saxicolous and terricolous lichen species 
diversity across the land-use units was different. Saxicolous lichen species richness peaked in the 
mixed land-use units but not in the natural forests (LUU1). Terricolous species richness, on the 
other hand, declined gradually from the natural forests to the agricultural dominated land-use 
units. Trends of species richness of lichens with different photobionts, growth-forms, mode of 
propagation and species richness of rare species (species belonging to type of rarity 2-5) followed 
the trend of the overall richness of epiphytic, saxicolous, and terricolous lichens, respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 14. Species richness within functional groups of lichens across land-use units. all: all lichens, 
cy: cyanobacteria as photobionts, tr: Trentepohlia sp. as photobionts, frut: fruticose lichens, mac: 
macrolichens, veg: mainly vegetative propagation, gen: generative propagation frequent, rar: rare 
lichens (type of rarity 2-5, see Methods). 
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Epiphytic lichens with Trentepohlia or cyanobacteria as photobiont revealed a close relation to 
natural forests (Fig. 9.15). In fact, cyanobacterial lichens were nearly exclusively reported from 
this land-use type. The much rarer occurrence of both types of photobionts in managed forests 
than in natural forests shows that managed forests are by no means an adequate substitute for 
natural forests. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.15. Pooled number of trentepohlioid (a) and cyanobacterial species (b) per LUU. 
 

Similarity of species composition of countries based on the Jaccard coefficient varied between 
0.10 and 0.31 (Table 9.7). France and Switzerland, and France and the UK had the most similar 
lichen floras, while Finland and Ireland, Spain and Ireland, and Hungary and Switzerland were 
the pairs of countries with the smallest similarity in their flora. Mean floristic similarity between 
countries was 0.18, while the mean floristic similarity between LUUs within countries was 0.35. 
This shows clearly the effect of the different biogeographical regions.  Although larger, the 
similarity between LUUs within countries was still not very high. This can be interpreted as a first 
indication of the relevance of the chosen gradient for lichen species distribution.  

 
Table 9.7. Similarity of species lists between all countries based on the Jaccard coefficient. 

 Finland France Hungary Ireland Portugal Spain Switzerland 
France 0.24       
Hungary 0.17 0.18      
Ireland 0.10 0.18 0.16     
Portugal 0.14 0.18 0.19 0.22    
Spain 0.15 0.23 0.15 0.10 0.19   
Switzerland 0.19 0.31 0.10 0.12 0.13 0.19  
UK 0.26 0.30 0.16 0.13 0.16 0.20 0.20 
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                      Distance (Objective Function) 
          .019           2.762           5.504           8.247          10.989 
          |-------+-------+-------+-------+-------+-------+-------+-------+ 
Fin1      |                                                                
Fin3      |----------|                                                     
Fin2      |          |--------|                                            
Swi2      -|---------|        |                                            
Swi3      -|                  |-------|                                    
Fin4      |-|                 |       |                                    
Fin5      | |-----------------|       |----------------------|             
Fin6      --|                         |                      |             
UK1       ---------|------------------|                      |             
UK2       -----|---|                                         |             
UK3       -|---|                                             |             
UK4       -|                                                 |-----|       
Por1      |                                                  |     |       
Por4      ||                                                 |     |       
Por3      ||-------------------------------------------|     |     |       
Por5      -|                                           |     |     |       
Spa1      -----------------|--------|                  |-----|     |       
Spa2      -----------------|        |---------------|  |           |       
Spa3      |---|                     |               |  |           |       
Spa6      |   |---------------------|               |--|           |       
Spa4      |---|                                     |              |       
Spa5      |                                         |              |       
UK5       |-----------------------------------------|              |       
UK6       |                                                        |--|    
Fra1      --|----|                                                 |  |    
Fra3      --|    |--------|                                        |  |    
Fra4      ---|---|        |-----|                                  |  |    
Fra5      ---|            |     |--------------|                   |  |    
Swi1      ----------------|     |              |                   |  |    
Fra2      ----------------------|              |----------|        |  |    
Fra6      -------------------|----------|      |          |        |  |    
Swi4      ----|--------------|          |------|          |        |  |    
Swi6      ----|                         |                 |-----|  |  |-|  
Swi5      ------------------------------|                 |     |  |  | |  
Ire1      ----------|--|                                  |     |  |  | |  
Ire4      ----------|  |------------------|               |     |--|  | |  
Ire3      -------------|                  |---------------|     |     | |  
Ire2      --------------------------------|                     |     | |  
Ire5      -----------------------------------|------------------|     | |  
Ire6      -----------------------------------|                        | |  
Hun1      ------|-----------------|                                   | |  
Hun2      ------|                 |---------------|                   | |  
Hun6      ------------------------|               |-------------------| |  
Hun3      |-------------|                         |                     |  
Hun4      |             |-------------------------|                     |  
Hun5      --------------|                                               |  
Por2      --------------------------------------------------------------|  
 
Fig. 9.16. Results of a complete linkage agglomerative clustering (farthest neighbour, distance 
measure: Soerensen) for 47 LUUs (LUU 6 of Portugal was excluded since it contained no 
species). 
 
A cluster analysis (Fig. 9.16) largely confirmed the pattern revealed by the similarity analysis 
based on the Jaccard coefficient: LUUs of the same country  often clustered together, while this 
was rarely the case for LUUs of the same type from different countries. LUU2 of Portugal 
(Eucalyptus-forest) and all LUUs of Hungary were quite isolated. Both Ireland and Spain had all 
LUUs clustered together.  In other countries, however, the LUUs were more often split into two 
(e.g. Finland) or more groups (e.g. Switzerland). 

9.3.3  Habitat diversity and intensity analyses – explaining patterns in biodiversity, 
functional diversity and species composition across the BIOASSESS gradients 
In most cases, there was no consistent relationship between species richness or epiphytic species 
richness and land-use intensity, remote sensing variables and land-cover variables as revealed by 
concordance analyses (Table 9.8). However, a significant relationship was found between total 
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core area and total species richness and epiphytic species richness. Further, epiphytic species 
richness was non-randomly arranged within the land-use gradient. 

 
Table 9.8. Concordance analyses of land-cover variables, remote sensing variables and land-use 
intensity with total species richness  and species richness of epiphytic species only. 

 
ANOVAs for the effects of LUUs on various species diversity indices  showed significant 
differences among the LUUs for total species richness, species density, Margalef diversity, and 
beta diversity. Further, species density and beta diversity significantly differed between the two 
forest-dominated land-use types and those with open land (LUU 1-2 vs. 3-6) . Natural forests had 
a significantly higher species richness, species density, Shannon diversity (H’), and Margalef 
diversity (DMg) compared to managed forests, and species richness on pastures was higher than 
on arable land (Tables  9, 10). 

 
Table 9.9. Summary of ANOVAs for the effects of land use on total lichen species diversity 
(species richness, species density, H’ = Shannon index, S = Simpson index, DMg = Margalef 
index, Pielou J, and beta diversity after Whittaker). The number of replicates is normally 48. 
However, for H’, S and J the number of replicates is 47 due to undefined values of these indices 
for zero entries in the data matrix. To get approximately normally distributed residuals, several 
variables were transformed (quadratic transformation: H’, Pielou J; logarithmic transformation: 
beta diversity). Effects on S have to be interpreted with caution since the error variance was not 
constant. + = p < 0.1, * = p < 0.05, ** = p < 0.01, *** = p < 0.001 

 Species 
richness 

Species 
density 

H’ S DMg Pielou J Beta 
diversity 

LUU ** *   *  * 
1-2 vs. 3-6  *     * 
1 vs. 2 * * *  *   
3-4 vs. 5-6 +       
3 vs. 4        
5 vs. 6 * +   +   
 

Parameter All lichen species epiphytic lichen species
X Chivert W X Chivert W

Gradient among LUU 9.929 0.077 0.25 13.07 0.023 0.33
Proportion of forest F_PLAND 6.429 0.267 0.16 5.50 0.358 0.14
Total Core Area TA 13.14 0.022 0.33 13.00 0.023 0.33
Cohesion COHESION 1.214 0.943 0.03 3.86 0.570 0.10
Euclidean distance ENNMN 0.929 0.968 0.02 5.21 0.390 0.13
Shape Shape_MN 1.643 0.896 0.04 1.71 0.887 0.04
Fractal dimension index PAFRAC 3.714 0.591 0.09 7.50 0.186 0.19
Contiguity index CONTIG_MN 5.286 0.382 0.13 8.50 0.131 0.21
Circle CIRCLE_MN 2.929 0.711 0.07 3.93 0.560 0.10
Traditional trees TRADTREE 2.5 0.776 0.06 0.57 0.989 0.01
Average tree age AVTREEA 10.86 0.054 0.27 6.71 0.243 0.17
Maximal tree age MAXTREEA 10.5 0.062 0.26 6.86 0.231 0.17
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Table 9.10. Means of diversity indices for all species.  

 Species 
richness 

Species 
density 

H' S DMg Pielou J Beta 
diversity 

LUU 1 86.1 37.9 3.26 0.92 10.23 0.75 1.44 
LUU 2 61.1 27.2 2.67 0.85 7.32 0.70 1.54 
LUU 3 72.5 27.6 2.95 0.89 8.82 0.72 1.86 
LUU 4 80.9 26.3 3.03 0.89 9.92 0.73 2.36 
LUU 5 73.9 26.9 2.95 0.87 9.13 0.72 2.82 
LUU 6 50.5 16.7 2.76 0.88 7.38 0.74 2.79 
 
Effects of land-use type on epiphytic lichen diversity indices were very similar to those on total 
lichen diversity. However, the effects of forest type on species diversity indices were more 
pronounced and more indices differed significantly between forest types (Table 9.11). This was as 
expected since many epiphytic lichens are sensitive to the chemical and physical characteristics of 
and, thus, are often found on a limited range of host trees only. Species diversity indices were 
consistently lower in managed forests than in primeval forests (Table 9.12). 

 
Table 9.11. Summary of ANOVAs for the effects of land use on epiphytic lichen species 
diversity (species richness, species density, H’ = Shannon index, S = Simpson index, DMg = 
Margalef index, Pielou J, and beta diversity after Whittaker). The number of replicates is 
normally 48. However, for H’, S and J the number of replicates is 47 due to undefined values of 
these indices for zero entries in the data matrix. To get approximately normally distributed 
residuals, Pielou J and beta diversity were log-transformed. Effects on H’ and S have to be 
interpreted with caution since the error variance is not constant. + = p < 0.1, * = p < 0.05, ** = p 
< 0.01, *** = p < 0.001 

 Species 
richness 

Species 
density 

H’ S DMg Pielou J Beta 
diversity 

LUU ** ** +  * *** * 
1-2 vs. 3-6  *    *** ** 
1 vs. 2 ** ** ** * ** ***  
3-4 vs. 5-6 * +    *** + 
3 vs. 4        
5 vs. 6 + +      
 
Table 9.12. Means of diversity indices for epiphytic species. 

 Species 
richness 

Species 
density 

H' S DMg Pielou J Beta 
diversity 

LUU 1 60.5 26.1 3.37 0.94 9.32 0.83 1.39 
LUU 2 35.5 14.8 2.77 0.90 6.45 0.78 1.60 
LUU 3 45.3 17.7 3.01 0.92 7.21 0.82 1.72 
LUU 4 48.1 16.8 3.13 0.93 7.92 0.84 2.16 
LUU 5 41.5 15.5 3.05 0.93 7.05 0.88 2.87 
LUU 6 26.4 8.7 2.83 0.92 5.69 0.89 3.06 
 
We found a large number of climatic, remote sensing and land-cover variables significantly 
correlated with the total lichen species richness and species richness of epiphytic, terricolous and 
saxicolous lichens and macrolichens (see Report Annex). These results, however, have to be 
interpreted with care since we did not correct significance levels to account for the large number 
of tests. The number of significant correlations was quite different for the various lichen groups 
and varied between 9 (epiphytic lichens) and 52 (saxicolous lichens). Overall, most of the 
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correlations were rather weak and rarely exceeded 0.45. The highest correlations were found 
between epiphytic lichen species richness and average tree age (r = 0.662) and ecological 
continuity (r = 0.602), and between saxicolous lichen species richness and one measure of patch 
complexity (CIRCLE_MN, r = 0.623). For all groups beside the macrolichens we found climatic 
variables significantly affecting species richness. Total lichen species richness and epiphytic 
species richness showed significant positive correlations to variables related to precipitation. 
Terricolous lichen species richness indicated strong positive correlations with variables related to 
temperature, and negative associations with productivity and precipitation. Saxicolous lichens 
were also negatively correlated to productivity, but positively to minimum precipitation. A large 
number of remote sensing variables revealed a significant relation to the species richness of the 
various lichen groups. However, the variance explained was rather small and rarely exceeded 
20% (range of R2 for significant RS variables: 8.1 - 22.8 %). Except for saxicolous lichens, no 
significant correlations were found between isolation or proximity metrics and species richness of 
any of the lichen groups. This may be seen as an indication of no functional isolation of the lichen 
communities. However, this has to be interpreted very carefully since isolation depends on 
various factors such as taxonomic  group, spatial scale, and time since fragmentation. Furthermore, 
correlations with land-cover variables were not higher than with other remote sensing variables. 

For total species richness, richness of terricolous lichens and macrolichens, the factor 'country' 
explained two to four times more variance than any climatic, remote sensing or land-cover 
variable (Tab. 13). For epiphytic and saxicolous lichens, the effect of 'country' was not that strong. 
Thus, richness of species pools for epiphytic and saxicolous lichens in the different countries 
seemed to be less different than for the other groups. 

 
Table 9.13. Effects of 'country' on species richness of lichens as revealed by regression analyses. 

Species richness Variation explained by 'country' (R2
adj) 

Total 69.9 % 
Epiphytic lichens 36.2 % 
Terricolous lichens 85.5 % 
Saxicolous lichens 21.7 % 
Macrolichens 57.3 % 
 
To get a better model of lichen species richness across the BIOASSESS regions, we applied various 
multiple regressions (see Methods). 

The forward selection procedure selected country as the first or second factor to enter the model 
for four of the five groups (exception: saxicolous lichens) confirming its overwhelming 
explanatory power as revealed by at least some of the simple regressions. For these four groups, 
R2

adj varied between 90.3 % and 94.5 % and the number of explanatory variables between 3 
(terricolous lichens) and 12 (epiphytic lichens). Compared with the simple linear regressions with 
'country' as the only explanatory variable, the multiple regressions explained between 5 % and 
58.3 % more of the species richness variation. Greatest improvements were achieved for 
epiphytic lichens and macrolichens, while for terricolous lichens the fit was not substantially 
better. 

Using the same forward selection procedure for saxicolous species as for the other groups, the 
method broke down, because the number of variables which entered the model exceeded the 
number of observations. To overcome this problem, we choose to increase the in - and the outratio 
to 5 (see Methods). Applying the new in- and outratio, only six variables were chosen excluding 
'country' (Table 9.14). 

Variables chosen for total species richness and richness of macrolichens were quite similar 
suggesting macrolichens as possible indicators for total lichen species richness. 
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Table 9.14. Best multiple regressions including the factor 'country' as revealed by a stepwise 
procedure starting in the forward direction. Saxicolous lichens were not considered here, since for 
these species 'country' were not chosen by the selection procedure. For abbreviations of the 
explanatory variables see Tab. 4. n = 48. 

Total species richness Epiphytes only 
Variable SS Variable  SS 
Country 62763.0 AVTREEA 11505.9 
LIPASWOO 5929.9 Country 6851.8 
SDFERTIL 3949.9 SDFERTIL 1417.8 
NP 3949.4 FFAREAMN 1126.7 
FFGPLAND 1519.5 SHAPEMN 829.4 
ARTTREE 1060.3 CIRCLECV 831.2 
  FRACMN 1029.8 
  FFPROXCV 439.9 
  CONNECT 637.2 
  PORXCV 322.8 
  MAXTREAA 222.0 
  PRD 173.3 
Residuals  5160.5 Residuals 885.2 
R2

adj 91.8 % R2
adj 94.5 % 

 
Terricolous species only Macrolichens only 
Variable  SS Variable  SS 

Country 17908.9 Country 7109.9 
PRIMFOR 670.4 LIPASWOO 1183.0 
FFENNCV 284.1 SDFERTIL 560.2 
  NP 545.9 
  FFGPLAND 483.0 
  COHESION 260.9 
  FRACAM 146.1 
  MYT 117.4 
Residuals  1570.4 Residuals 759.6 
R2

adj 90.5 % R2
adj 90.3 % 

 
The most important biogeographical regions of Europe are included in BIOASSESS and it seems 
therefore possible to construct regression models to predict lichen species diversity of yet 
unstudied regions. However, since 'country' is a categorical and not a continuous variable, a 
multiple regression model including country cannot be used for this purpose. In a next step, we 
therefore tried to substitute 'country' in the above presented multiple regressions by very simple 
climatic variables such as mean yearly temperature, yearly precipitation, temperature of the 
coldest and of the warmest month, and maximum and minimum monthly precipitation. To allow 
for quadratic relationships we also included the quadratic terms of the last four mentioned 
variables. The substitution of 'country' by climatic variables worked very well for total lichen 
species richness, for epiphytes and for macrolichens, but not for terricolous lichens. For 
terricolous lichens, thus, we simply applied the stepwise forward selection procedure with all 
variables but omitted 'country'. 

Variance explained by the best models without 'country' was still very high and varied between 
77.5 % and 87.1 % (Tab. 15). Since we replaced 'country' by climatic variables the models now 
include more variables.  
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Table 9.15. Best multiple regression models without the factor 'country' for the five groups of 
lichens. r is the multiple correlation coefficient. Variables in italics substitute the factor 'country'. 
For abbreviations of the explanatory variables see Tab. 4. n = 48. 

Total species richness Epiphytes only 
Variable SS r Variable  SS r 
MYT 2229.6 -40.2 AVTREEA 11505.9 0.24 
COLDEST 1549.4 23.8 PREMAX 222.9 0.52 
PREMIN 4917.7 -10.4 WARMQ 1577.0 0.83 
PREMAX 2166.7 0.49 PMAXQ 2316.5 -0.001 
COLDQ 2.0 -1.86 WARMEST 1385.9 -28.4 
PMINQ 43112.6 0.07 FFAREAMN 397.6 -0.23 
LIPASWOO 6853.6 3.77 SHAPEMN 537.8 -161.2 
SDFERTIL 2458.3 -38.1 CIRCLECV 1336.6 -2.15 
NP 7218.9 0.91 FRACMN 1007.4 1110.0 
FFGPLAND 5273.1 0.44 FFPROXCV 1172.0 -0.115 
   CONNECT 952.9 -2.53 
   PROXCV 317.9 -0.054 
   PRD 878.0 15.5 
Residuals  8550.8  Residuals 2664.4  
R2

adj 87.1 %  R2
adj 86.0 %  

 
Terricolous species only Macrolichens only 

Variable  SS r Variable  SS r 
WARMQ 6626.5 0.74 COLDEST 122.8 8.21 
WARMEST 5955.7 -24.2 WARMEST 637.7 -15.18 
PRIMFOR 2488.6 1.70 WARMQ 2633.6 0.62 
COLDQ 1193.0 -0.19 SDFERTIL 475.2 -17.2 
FFENNCV 894.4 -0.08 NP 870.1 1.07 
ARTTREE 394.7 1.37 FFGPLAND 515.5 0.11 
CIRCLEMN 321.7 106.2 COHESION 529.9 58.7 
PROXMN 292.5 -0.008 FRACAM 544.1 -264 
   MYT 3097.6 -15.2 
Residuals  2266.8  Residuals  1739.5  
R2

adj 86.6 %  R2
adj 80.7 %  

 
Saxicolous species only 

Variable  SS r 
CIRCLEMN 5449.2 263.1 
LIPASTUR 1553.1 5.29 
FFNDVmeq 1548.6 -0.001 
SDPESTIC 1602.4 -22.6 
NP 698.4 0.19 
AVTREEA 677.9 -0.13 
Residuals  2497.9  
R2

adj 77.5 %  
 
Although the partial correlation coefficients of all variables seemed to be significant when they 
were compared to their t-value, this must not be the case, since we did not account for 
dependencies between variables. Since our explanatory variables are not orthogonal, the 
individual significance tests are not independent. Therefore, the above results must be seen as 
first indications of the possible predictability of lichen species diversity using combinations of 
climatic, remote sensing and field data. 
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The relationship between productivity and species richness has been widely debated, in particular 
during the last decade (Waide et al. 1999, Grace 1999), and productivity has been considered as 
one of the most important determinants of species richness (Grime 1973, Rosenzweig & 
Abramsky 1993). While hump-shaped relationships have thought to be the 'true' patterns (Tilman 
& Pacala 1993), it becomes now evident that at least at continental or global scales continuously 
increasing functions prevail (Waide et al. 1999, Chase & Leibold 2002).  

So far, this relationship has not been studied for lichens. We used a remotely sensed vegetation 
index (NDVI) as measure for productivity. Regression models with and without the factor 
'country' as covariable were applied. Both linear and quadratic terms of NDVI were fitted to 
explain species richness data. 

Both with and without the covariable 'country' in the regression models, we found good evidence 
for a unimodal relationship between productivity and lichen species richness (Tab. 16). Only in 
the model for the terricolous species without the covariable 'country' a linear relationship was 
evident. Thus, our results are at least in part contradictory to the view that relationships between 
productivity and diversity at continental scales are best described by linearly increasing functions. 

However, the relationships we found were not particularly strong, and productivity was not very 
important in the multiple regressions presented above. Thus, productivity (measured as NDVI) 
seems to play a minor role in describing lichen species richness despite its prominent place in the 
ecological literature (Waide et al. 1999, Grace 1999). 

 
 
 
Table 9.16. Quadratic regressions for the relationship between productivity and lichen species 
richness. r is the multiple correlation coefficient. (*) = p < 0.1, * = p < 0.05, ** = p < 0.01, *** = 
p < 0.001. For abbreviations of the explanatory variables see Tab. 4. 

  Total species richness 
  Without covariable  With covariable  
 d.f. SS F r SS F r 
country (7) - - - 62763 17.94***  
FFNDVIume 1 2731 1.98 5.56 603 1.21 2.60 
FFNDVIumeq 1 19485 14.12*** -0.0176 1974 3.95(*) -0.0076 
Residuals  45 (38) 62117   18993   
  Epiphytes only 
 d.f. SS F r SS F r 
country (7) - - - 12005 4.89***  
FFNDVIume 1 494 0.98 2.26 563 1.60 1.23 
FFNDVIumeq 1 3227 6.44* -0.0072 368 1.05 -0.0033 
Residuals  45 (38) 22552   13336   
  Terricolous species only  
 d.f. SS F r SS F r 
country (7) - - - 17909 44.43***  
FFNDVIume 1 2282 5.69* 0.228 10.4 0.18 0.947 
FFNDVIumeq 1 108 0.27 -0.00131 327 5.67* -0.0031 
Residuals  45 (38) 18044   2188   
  Saxicolous species only  
 d.f. SS F r SS F r 
country (4) - - - 4558 3.19*  
FFNDVme 1 1286 3.16 2.40 4.4 0.01 2.67 
FFNDVmeq 1 1750 4.30* -0.0081 1236 3.46(*) -0.0082 
Residuals  27 (23) 10991   8228   
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  Total species richness 
  Without covariable  With covariable  
  Macrolichens only 
 d.f. SS F r SS F r 
country (7) - - - 7110 10.78***  
FFNDVIume 1 220 1.10 1.78 56.8 0.60 1.164 
FFNDVIumeq 1 1982 9.95** -0.0056 418 4.43* -0.0035 
Residuals  45 (38) 8963   3581   

9.4  Impact of land use intensity on species composition 
A correspondence analysis (CA) largely confirmed the results of the similarity analyses: the 
LUUs of Spain, Portugal, Hungary and Ireland were forming more or less distinct clusters, while 
the LUUs of France, the UK, and Switzerland formed together one larger cluster (Fig. 9.17). On 
the first two CA axes there was no tendency observable for LUUs of the same type to cluster 
together. The eigenvalues declined gradually from axis 1 to 4 (Table 9.17) and even for axis 4 the 
eigenvalue was still large, indicating therefore the existence of several, uncorrelated gradients 
explaining species composition.  

In a further CA, in which we eliminated the effects of the biogeographical regions by using the 
countries as covariables revealed a quite different picture (Fig. 9.18). There was a considerable 
drop in the sum of all eigenvalues (- 40%, Table 9.17) showing the effect of the biogeographical 
regions quite clearly. However, percent variance explained by the first four axes was even larger 
now (32.1% in comparison to 30.9% of the former analysis). Again, the gradual decline of the 
eigenvalues of the first four axes pointed to a more complex gradient structure with several 
gradients explaining similar amounts of variation. 
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Fig. 9.17. CA ordination diagram of 47 LUUs (LUU6 of Portugal omitted due to lack of species) 
in relation to axis 1 and 2.  
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Fig. 9.18. CA ordination diagram of 47 LUUs (LUU6 of Portugal omitted due to lack of species) 
with countries as covariables in relation to axis 1 and 2 
 
Table 9.17. Eigenvalues of indirect (CA) and direct (CCA) ordinations of 47 LUUs (LUU6 of 
Portugal omitted due to lack of species) based on frequencies of species. For the CA and the CCA 
with countries as covariable the sum of all eigenvalues is after fitting covariables. 

 Axis 1 Axis 2 Axis 3 Axis 4 Sum of all 
eigenvalues  

Sum of all canonical 
eigenvalues 

CA 
(%-variation explained) 

0.702 
(9.1) 

0.689 
(8.9) 

0.527 
(6.8) 

0.480 
(6.2) 

7.754 - 

CA, countries as 
covariables  
(%-variation explained) 

0.423 
 

(9.1) 

0.369 
 

(8.0) 

0.357 
 

(7.7) 

0.341 
 

(7.4) 

4.633 - 

CCA, countries as 
covariables, LUU 1-6 as 
constrained variables 
(%-variation explained) 

0.303 
 
 

(6.5) 

0.246 
 
 

(5.3) 

0.093 
 
 

(2.0) 

0.060 
 
 

(1.3) 

4.633 0.757 

 
A partial CCA with the countries as covariables and LUU1-6 as constraining variables revealed a 
significant overall effect of the land-use intensity gradient on species composition (Monte Carlo 
permutation test, 999 permutations, p = 0.025). The eigenvalues were considerably smaller than 
in the indirect analyses and there was a sharp drop between axis 2 and 3, suggesting two major 
compositional gradients (Table 9.17). The perfect ordering of LUU 1 to 6 on axis 1 is good 
evidence for the interpretation of this axis as a forest – non-forest gradient. Axis 2 clearly reflects 
the effect of forest type on species composition by the clear separation of primeval from managed 
forest (Fig. 9.19). 

Taken together, however, LUU 1 to 6 explained only about 16% of the total variation remaining 
after fitting the covariables. 
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Fig 19. CCA ordination diagram of 47 LUUs (LUU6 of Portugal omitted due to lack of species) 
with countries as covariables and LUU 1-6 as constrained variables in relation to axis 1 and 2. 
 
The amount of variation explained by several groups of remote sensing variables in various CCAs 
was quite different and varied between 5.4% and 41.1%. Variables related to land-cover types 
explained by far the largest amount of variance (approx. 40%). The other variables explained only 
between 5.4% and 11.1% of the total variance each (Table 9.18). 

 
Table 9.18. Effects of remote sensing variables on lichen species composition revealed by 
separate, partial CCAs (countries as covariables). + = p < 0.1, * = p < 0.05, ** = p < 0.01, *** = p 
< 0.001, ns = not significant 

Constrained variables in separate, partial CCAs Explained variance Overall significance 
Climate 9.7 ** 
Patch area 5.4 ns 
Perimeter-area ratio 5.5 ns 
Proximity index 11.3 *** 
Euclidean nearest neighbour distance 8.7 *** 
Landscape diversity metrics 11.1 ** 
Land-cover types 41.1 + 
Percentage of land-cover types 38.1 *** 
Patch density of land-cover types 40.5 * 
NDVI 9.0 *** 
 
To find a best model explaining variation in species composition we performed several CCAs 
including all remote sensing variables, climatic variables and environmental variables derived 
from site descriptions (see Report Annex for a list of all variables). We reduced the number of 
these variables by the CANOCO procedure of 'forward selection of environmental variables' to 
find a minimal model (see Methods). Furthermore, we performed the forward selection with and 
without the factor 'country' as covariable. 

In a CCA without 'country' as covariable we found 7 variables significant in explaining variation 
in the species composition (Tab. 19). Five of these were climatic variables which were strongly 
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correlated with the first CCA axis. Eigenvalues of the first and the second axes were rather high. 
Although there was a considerable drop of the eigenvalues between axis 2 and 3, the eigenvalues 
of the third and the fourth axis were still high. The total amount of variation explained by the 
seven variables was 38 %. As in the indirect ordination (CA) presented above, countries rather 
than LUUs clustered together reflecting the very strong influence of the biogeographical regions 
on species composition (Fig. 9.20). Thus, as for species richness in the multiple regressions, it 
seems possible to substitute 'country' by climatic variables without loss of explanatory power in 
explaining species composition.  

 
Fig. 9.20. CCA ordination diagram of 47 LUUs (LUU6 of Portugal omitted due to lack of species) 
without 'country' as covariable based on frequencies of species in relation to axis 1 and 2. For 
abbreviations of the explanatory variables see Tab. 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 9.19. Summary of a CCA without country as covariable and a minimal set of 
environmental variables as revealed by the CANOCO procedure of 'forward selection of 
environmental variables'. Eigenvalues, percent variation explained and inter-set correlations for 
the first 4 canonical axes are presented. For abbreviations of the explanatory variables see Tab. 4. 

 Axis 1 Axis 2 Axis 3 Axis 4 
Eigenvalues 0.653 0.572 0.373 0.306 
%-variation 
explained 

10.7 9.4 6.1 4.9 

Inter-set correlations  

COLDEST -0.81 0.25 0.22 -0.26 
CONNECT -0.12 -0.32 0.41 0.01 
FFFPLAND 0.24 0.50 -0.31 0.29 
MYT -0.95 0.10 0.01 -0.06 
PREMIN 0.81 0.00 -0.12 -0.48 
TEMPDIFF -0.17 -0.57 -0.54 0.47 
WARMEST -0.91 -0.19 -0.20 0.10 
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In a CCA with the countries as covariables, UK1 was separated on the first axis from all the other 
LUUs due to a very high value for AREAMN and a rather special species composition. Since this 
strong relation with the first CCA axis hampers the interpretation of the species-environment 
relationships of the other LUUs, however, we omitted UK1 from further analyses. 

In a CCA performed with country as covariable and without UK1, we found only three variables 
significantly explaining the species data (Tab. 20, Fig. 9.21). Presence (or absence) of trees, 
number of plots with planted trees (ARTTREE), and difference in temperature between the 
warmest and the coldest month turned out to be the most important variables. Eigenvalues were 
considerably lower than in the CCA without the covariable, and the variation explained dropped 
to 21.4 %. Taken the covariables and the three selected variables together, however, we could 
explain 59.3 % of the total variation in the species data. 

 
Table 9.20. Summary of a CCA with country as covariable and a minimal set of environmental 
variables as constrained variables as revealed by the CANOCO procedure of 'forward selection of 
environmental variables'. UK1 has been omitted (see text). Eigenvalues, percent variation 
explained and inter-set correlations for the first 4 canonical axes are presented. For abbreviations 
of the explanatory variables see Tab. 4. 

 Axis 1 Axis 2 Axis 3 
Eigenvalues 0.243 0.225 0.187 
%-variation 
explained 

7.9 7.4 6.1 

Inter-set correlations  

ARTTREE -0.50 -0.06 0.81 
NOTREE 0.59 0.66 0.34 
TEMPDIFF 0.76 -0.56 -0.13 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.21. CCA ordination diagrams of 46 LUUs (LUU6 of Portugal omitted due to lack of 
species, LUU1 of UK omitted due to deviant properties) with 'country' as covariable based on 
frequencies of species in relation to (A) axis 1 and 2, and (B) axis 1 and 3. For abbreviations of 
the explanatory variables see Tab. 4.  
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9.5  Development of biodiversity assessment tools 
Because lichens are a very species rich group and rather tedious and cost-intensive to determine, 
they are rarely included in biodiversity studies. This is especially true for crustose lichens, for 
which thinlayer chromatography analyses of the managed chemical compounds are often 
necessary for correct identification. However, the macrolichens are much easier to sample and to 
determine, even for non-experts. Therefore, we focus in this section on the suitability of 
macrolichens as indicators of total lichen species richness. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.22. Relationship between number of species without macrolichens and the number of 
macrolichens for both total species richness and richness of functional groups. All relationships 
were significant at p< 0.01. Omitting the six highest numbers of  terricolous species richness still 
revealed a significant relationship (R2=0.2803, p<0.01). 
 
We found macrolichens to be highly correlated with total lichen species richness and with species 
richness of different functional groups like epiphytic, saxicolous and terricolous lichens (Fig. 
9.22). The predictive value of macrolichens, however, may be rather limited due to highly 
variable responses. Even for the closest relationship (correlation of number of macrolichens and 
total species richness without macrolichens) there may be a difference of up to 60 species for the 
same number of macrolichens (Fig 20). 

However, the comparison of the total number of lichen species and the number of macrolichens 
across the LUUs showed a very similar pattern (Fig. 9.23). This was also true for the saxicolous 
species.  

Effects of LUU type on the total number of macrolichens and on the number of macrolichens 
within the functional groups were not constant (Table 9.21). While the effects of LUU type on the 
total number of macrolichens and on the number of epiphytic macrolichens were quite the same 
as on the total species richness, the terricolous macrolichens showed a different pattern of 
significant effects. No effect of LUU type could be found on the number of saxicolous 
macrolichens.  
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Fig. 9.23. Relationship between number of species without macrolichens and the number of 
macrolichens for both total species richness and richness within functional groups across the 
BIOASSESS gradient. u = number of species without macrolichens, X = number of macrolichens. 
 
Table 9.21. Comparison of effects of LUUs on total species richness and of number of 
macrolichens within different functional groups revealed by ANOVAs with linear, orthogonal 
contrasts. The number of replicates is 48, except for saxicolous lichens (n=30, due to lack of 
stones in Ireland, Hungary and Portugal). Results for saxicolous lichens have to be interpreted 
with caution since the residuals do not appear to be distributed at random and /or the error 
variance is not constant. + = p < 0.1, * = p < 0.05, ** = p < 0.01 

 All lichens Epiphytic lichens Saxicolous lichens  Terricolous lichens 
 total only 

macro-
lichens 

total only 
macro-
lichens 

total only 
macro-
lichens 

total only 
macro-
lichens 

LUU * * ** *   + * 
1-2 vs. 3-6       * * 
1 vs. 2 * + ** *   +  
3-4 vs. 5-6 + + *     + 
3 vs. 4        + 
5 vs. 6 * * + *     
 

9.6 Conclusions 

9.6.1 Major factors explaining the diversity and composition of lichens 
Lichens have generally large geographic distribution areas and have therefore a rather low 
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biogeographical turnover. This means that a comparably high percentage of species can be found 
among remote study areas such as the regions investigated in BIOASSESS. This allows a direct 
comparison of species composition among regions, and not only between growth forms or guilds. 
The major factors explaining the diversity and composition of lichens are the following:  

1. Regions: the inclusion of different biogeographical regions and land-use gradients was 

included in the design in order to provide an efficient tool to study the combined effects of 
environmental factors and land-use intensity on species richness and composition at a European 
level. 

2. Climate: analyses showed that it was possible to substitute regions (i.e. countries) by a set of 
climatic variables collected in this project. It will therefore be possible to develop predictive 
models of lichen diversity for European areas, which were not included in the BIOASSESS project, 
in order to make predictions on how lichen diversity will change under changing climatic 
conditions and under different land-use scenarios. 

3. Land-use gradients: highest species numbers were found in primary forests and wooded 
pastures emphasizing the importance of traditionally managed land-use types. Fertilisation had a 
strong negative impact on total lichen diversity and diversity of macrolichens. Remote sensing 
parameters, which characterise landscape structure, habitat diversity and ecosystem productivity , 
significantly influenced lichen species composition and diversity within land-use gradients and 
demonstrated the high sensitivity of lichens to land-use changes.  

Natural forests and traditional land-use types revealed the highest species diversity and 
conservation value in the gradient. A high species number is favoured by  ecological continuity 
and naturalness, i.e. the lack of stand replacing events and strong shifts in land-use management 
during the past couple of hundred years. Because many rare species are dependent on long 
ecological continuity, this affected species diversity more than species composition of frequent 
and common taxa. Nevertheless, when only macrolichens were considered, the ecological 
continuity had a significant contribution also on species composition (data not shown). 

The strong dependence on a high ecological continuity can be explained both by the dependence 
of epiphytic lichens on their host tree species and tree age, as well as on the fact that many lichen 
species, especially epiphytic taxa, are strongly dispersal limited. After a local extinction these 
species can come back only after a considerable time lag of up to several hundred years. This 
makes lichens excellent indicators of past severe disturbance events such as forest fires, clear-cuts 
or drastic changes of land-use which interrupt the cycle of tree cover in different developmental 
stages, or the availability of rock or soil patches in unchanged light and moisture conditions. 

9.6.2 Other factors determining the diversity of lichens 
Lichens have also proven strengths as indicators of environmental health and air pollution. The 
BIOASSESS gradient did not consider environmental pollution. However, there is strong evidence 
(see Nimis et al. 2002) that environmental pollution and eutrophication influences lichen diversity 
and composition. 

9.6.3 Environmental data, remote sensing data to and the diversity of lichens 
Our analyses showed that lichen diversity and composition significantly depended on landscape 
structure, climate and land-cover, which were well represented by the BIOASSESS gradients. 
Furthermore, lichens are able to indicate past land-use continuity such as wooded pastures, as 
well as changes and catastrophic events which occurred several hundred years ago. 

Lichens should therefore be part of a biodiversity assessment tool, which aims at predicting short- 
and long-term consequences of land-use change on biodiversity. Although the effects f landscape 
structure, climate and land-cover on lichen diversity and composition were statistically significant, 
a prediction of lichen diversity or even composition might be difficult on a intermediate spatial 



 

 

 

136 

level (LUU) over the whole of Europe. However the high correlation in each region between 
species numbers and the average yearly precipitation indicates that lichen species numbers could 
be predicted on a larger spatial scale.  Further analyses of the BIOASSESS lichen data are planned.  

9.6.4 Monitoring the diversity of lichens and the target to halt the loss of 
biodiversity 
The protocol developed for BIOASSESS is suitable to monitor lichen diversity and species 
composition at the regional and landscape level. Although it was clear from the beginning that 
this protocol will not allow to collect all species living in a LUU, the method proved to be optimal 
to monitor lichen diversity and composition both on a landscape and regional level. In rather 
homogeneous LUUs the 16 sampling plots were sufficient to make robust estimations of the 
species number and to calculate the common diversity indices with reasonable accuracy. Only in 
extremely complex, mosaic -like LUUs the estimations were probably too low.  

When lichen species richness from the BIOASSESS dataset is compared with other taxa studied, 
the strengths of lichens is their high local species richness and that they can be observed during 
all seasons. Further, only one site visit is needed to sample all lichen species present at the site. 
Although a specialist can recognise a high percentage of all lichen species in the field, laboratory 
analyses are regularly needed to confirm field observations, especially of crustose taxa. We have 
therefore tested if the information content of the crustose species merits the high effort required to 
assess this species group. The analyses of our data clearly showed that macrolichens alone are 
highly correlated with the number of all lichen species. Because macrolichens are  easier to 
recognise in the field and respond with the same levels of statistical significance to landscape 
structure, clima te and land-cover, we suggest that the effects of land-use gradients on lichen 
biodiversity can be monitored using macrolichens only. 

Lichens are amongst the most threatened organisms and it is an urgent task to protect threatened 
species and their habitats, as well as to monitor the (conservation) status of the entire lichen 
diversity. Important actions to halt the loss of lichen biodiversity in Europe by 2010 are therefore 
to:   

• continue improving air quality 
• protect existing lichen diversity hotspots such as:  

o Natural forests, especially old-growth developmental stages, and 
(sub)Mediterranean shrublands,  

o Coppice with standards, 
o Wooded pastures and -meadows,  
o Cliffs and rock outcrops and stonewalls in traditional landscapes  

It is important to note that habitat restoration will not bring back locally extinct lichens because of 
their atypically low dispersal potential. 
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Summary 
The changes in vascular plant diversity patterns and species composition along a land-use 
intensity gradient were studied in eight European countries (Finland, France, Ireland, Hungary, 
Portugal, Spain, Switzerland and United Kingdom). At each country a set of six squared 1 km2 
landscape use units (LUUs) were selected forming a gradient that included old-growth forests, 
managed forests and woodlands, mixed landscapes and grassland- and agriculture-dominated 
landscapes. Vascular plant diversity was sampled at the plot scale and at the landscape scale, the 
coupling between both scales being achieved by placing 16 sampling points (plots) 200 m apart 
in each LUU. Plant diversity sampling included measures of vegetation structure at several 
nested spatial scales, and measures of the species richness and abundances. Detailed analyses of 
landscape diversity and structure (based on remote sensing data) were also carried out for each 
landscape unit.  

In the 48 LUUs sampled, 1467 vascular plant taxa (species or subspecies) were recorded, 
belonging to 545 genera and 124 families. Hence more than 10% of the European vascular flora 
was captured in the sampling. Four fifths of the species were herbaceous plants. The taxonomic 
and biogeographical patterns of the flora sampled in each study site indicate that the sampling 
was representative, as well as the species-area correlations with the respective country species 
richness.  

The analyses carried out on the variables describing vegetation structure show: 1) a ± monotonic 
decreasing gradient from LUU1-2 to LUU6 in: forest area; complexity of vertical structure; 
cover of the higher vegetation strata; tree cover, basal area and density; amount of dead wood; 
litter cover and lichen cover; 2) a ± monotonic increasing gradient from LUU1 to LUU6 in: 
grassland area and cover of the herb layer (peaking in LUU5), and agricultural area (peaking in 
LUU6); 3) no significant gradients were detected for other environmental factors (stoniness, 
slope, aspect, altitude) or land cover types. Among the differential trends of LUU2 against 
LUU1 are: a higher landscape homogeneity, litter cover, tree area and density, dead wood and 
cover of the highest strata in detriment of the lower ones. 

The main patterns of plant diversity found at the LUU scale are the following. Herbaceous 
species richness is significantly lower in forested landscapes (LUU1-2) and reaches a clear peak 
in LUU4 (mixed land use). Average species richness is also significantly higher in LUU4-5 
(mixed and grassland-dominated land use). Total species richness follows a similar pattern but it 
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is not significant according to Friedman test. Woody plant species richness reaches its minimum 
in open landscapes (LUU5-6), although differences are not significant according to Friedman 
test due to the high among-country variation. Nevertheless, average species richness for woody 
plants decreases significantly from LUU1 to LUU6, while beta diversity increases in the same 
direction. Hence, species richness tends to show an unimodal pattern across the land-use 
gradient, with lower values in forested areas and agricultural landscapes, and a peak centered in 
mixed landscapes and extended to moderately managed landscapes. When total richness is split 
up into plant life forms, herbaceous species richness show the same pattern, that is even more 
clear for perennial herbs. Annuals behave in a way similar to perennials in Mediterranean 
countries, but in northern countries their maximum richness is in agricultural habitats.  

Exclusive species richness did not show significant patterns. Diversity indices based on species 
abundances exposed patterns similar to species richness, that were significant for herbaceous 
and all species in the case of Margalef index and Fisher’s alpha, and not significant for Shannon 
and Simpson’s diversity indices nor for Pielou’s evenness. 

Particular analyses have been carried out on the relationships between the land-use gradient and 
trends of floristic homogenization and alien species. The former indicates that the increase in 
species richness in the deforested LUUs is made at the expense of doubling the floristic 
similarity or tripling the number of shared species on average across Europe. Trends for alien 
species are significant for richness and abundance of herb species, either spontaneous or 
cultivated, as well as for the whole of alien species. Non cultivated alien herbs belong mainly to 
annuals and are favored by recurrent and severe disturbances, combined with fertilization, like 
those derived from the agricultural land use. Woody alien species did not show significant 
patterns excepting for the abundance of planted trees, peaking in managed forests. Non 
cultivated woody aliens do not show significant patterns across the land use gradient. The 
abundance of aliens is strongly conditioned by their intentional introduction with agricultural or 
forestry purposes. The later aim should be severely controlled because of the large proportion of 
alien species found among woody plants, particularly trees. In almost all cases, old growth 
forests are the lands less prone to aliens. Stable grazing is also a land-use resistant to invaders. 
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11.1  Introduction 
Land-use change is considered to be one of the main forces of global change (Turner & al. 
1990, Vitousek 1992, Sala & al. 2000). The importance of land-use change comes from its role 
as the main driver of landscape change and, at the same time, its effects on biodiversity decline, 
through processes like habitat reduction and fragmentation, intensification of the extractive uses 
(cropping, logging and grazing) or even land abandonment. Simulation exercises at a world 
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scale focused on biodiversity change for the year 2100 puts land-use change as the driver with 
the largest effect on biodiversity in most of the terrestrial ecosystems, including the 
Mediterranean among them (Sala & al. 2000, Sala & Chapin 2000). In Boreal and Alpine 
ecosystems land-use change would be just after climate change at the time scale considered, 
while in Temperate ecosystems of the Northern Hemisphere land-use change effects on 
biodiversity would follow in importance to eutrophication. Hence, to improve our knowledge of 
the effects of changing land-uses on biodiversity is needed for assessing and tailoring the 
modalities of these uses that could minimize or mitigate such impacts. This deals with the 
objectives of the EU-funded project BIOASSESS, to which this report belongs. 

The interest of vascular plants as indicators of biodiversity is based on their role in ecosystems: 
as primary producers, they constitute the overwhelming majority of the biomass and dominate 
most of the nutrient fluxes in terrestrial communities and landscapes. Moreover, plants 
influence, furnish or modulate a variety of ecological conditions and resources for other 
organisms. They furnish forage for primary consumers, habitat conditions and physical support 
for many animals and also for lichens, or litter and necromass for decomposers and soil-
dwelling organisms (Morrison & al. 1998). Plants also establish other multiple interactions, 
most of them mutualistic, with pollinators, dispersers, symbionts or pathogens, including 
microbial, fungal and animal components of ecosystems (Willson 1996).  

After vertebrates, vascular plants are the best known taxonomic group, both at World and 
European scales (Hawksworth & Kalin-Arroyo 1995, Purvis & Hector 2000), and their 
identification by trained personnel in the field is not difficult for most species groups. With 
some phenological constraints for herbaceous species, plant sampling is relatively easy and 
cost-efficient in comparison with other components of biodiversity (Obrist & Duelli 1998), 
excepting for certain abundance measures involving counts of individuals that are hardly 
applicable to many plant species able to multiplicate vegetatively or with a modular growth 
system. Nevertheless, simple and non-destructive measures of abundance (cover, diametric 
structure of trees) can be gathered for many species with a moderate sampling effort (Morrison 
& al. 1998). Species richness can be easily measured across a range of area scales, although 
exhaustive sampling of very large areas (>100-1000 m2) may be too time-consuming. A 
weakness concerns measures of abundance and species richness of annuals and of seedlings of 
woody species, that may vary largely from year to year in response to interannual climatic 
variations, among other factors (Peco & al. 1998). In the same way, growing plants are only a 
part of the total plant diversity existing at any site, although the most important in terms of 
indicator value; there is other “dark” component of plant diversity difficult to assess and 
integrated by the soil reservoir of dormant seeds and dispersules (Fenner 1985, Baskin & Baskin 
1998).  

Owing to these facts, plants are promising candidates to be used as predictors of biodiversity in 
terrestrial ecosystems. Hence, assessing the effects of land-use on plant diversity can be a 
helpful task to understand the corresponding effects on other components of biodiversity. 

The main variables commonly used to describe plant communities for biodiversity purposes are 
those related to vegetation structure (horizontal and vertical) and to vegetation texture or 
composition (species abundances and species richness) (Van der Maarel 1988). These two main 
groups of descriptors can report valuable information either for the analysis of plant diversity 
itself or as indicators of the diversity of other components of biodiversity.  

Parameters related to vegetation structure are probably the most commonly applied to the 
research of relationships among plants and other components of biodiversity (Morrison & al. 
1998), and to plant diversity itself. Vegetation structure usually reacts in a fast way to human 
management pressures, and in fact the standardized definitions of land-use/land cover types 
(e.g. Corine, Eunis) are largely based in types of vegetation structure. Moreover, the 
characteristics of plant cover furnish a substantial part of the signal used in landscape analysis 
by means of remote sensing techniques. When structural aspects of the vegetation are expected 
to be the determinant factors for the diversity of other taxonomic group, the importance of plant 
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diversity will probably be minor, because plant community structure is usually controlled only 
by a few dominant species (Grime 1998). 

As it happens with any other component of biodiversity, plant diversity can be estimated in 
different ways (Magurran 1988, Gaston 1996, Purvis & Hector 2000). Species richness (or 
species density in a given area) remains the most frequently and widely applied measure. 
Another type of estimators derived from the relative abundance values of the species are those 
included in the vast repertoire of evenness indices (Magurran 1988, Smith & Wilson 1996) or 
“ecological diversity” or “proportional diversity” indices (Magurran 1988). Despite their 
common application, they know some weaknesses regarding to the high correlation of many of 
them with total species richness, the interpretability of their mathematical properties or their 
sensitivity to the type of measures of abundance used (Smith & Wilson 1996, Guo & Rundel 
1997). In fact, simple and non-destructive measures of abundance like cover do not seem to be 
the best measures for the performance of such indices. 

Species richness or additive measures of species abundances can be alternatively used to 
evaluate the incidence or the (relative) abundance of groups of plant species defined according 
to their biological attributes. Among these we can use: biogeographical attributes, based on the 
types of distribution ranges of the species, including their native or exotic status; phylogenetic 
attributes, based on their taxonomic relationships and degree of phylogenetic isolation; 
ecological attributes, based on their habitat preferences; or functional attributes, related to the 
response mechanisms of plants to disturbances, environmental factors and biotic interactions. 
Using functional attributes leads to the concept of plant functional types (PFTs): “a non-
phylogenetic classification leading to a grouping of organisms [species or life-history stages 
within a species] that respond in a similar way to a syndrome of environmental factors” (Gitay 
& Noble 1997; also Westoby & Leishman 1997, Lavorel & al. 1999, Grime 2001). Although 
working with PFTs does not preclude the classical identification of species during field 
sampling, at least initially, it facilitates to carry out comparative analyses among areas not 
related biogeographically and hence with a very different floristic composition. (Hobbs 1997, 
Lavorel & al. 1997).  

In fact, an alternative approach to tackle the indicator role of plant species is to search for those 
of their biological attributes which could be hypothetically behind the investigated relationships, 
taking as predictor variables the (abundance or) diversity of the species groups defined 
according to these attributes. This approach, which is being currently applied to the research of 
the impacts of global change on plant diversity (Hobbs 1997), faces two paradoxical problems: 
the huge repertory of attributes available for use (Lavorel & al. 1999, Smith & al. 1997), 
particularly with regard to functional attributes, and the insufficient knowledge for many plant 
species about some of these attributes (especially those concerning ecophysiological processes) 
relevant for the interpretation of their interactions. A rule of thumb at this respect is working 
with the best available data sets expecting that the main relationships will emerge in any case. In 
this approach, the objectives will be to search for those attributes defining species groups that 
could be more sensitive to specific stressors, or that could show stronger relationships to other 
components of biodiversity. Species richness (also abundances) of these groups could be used 
as indicator values, but also the group richness for a particular attribute or set of attributes 
(functional diversity) could be used in a complementary way (Jones & Riddle 1996). 

The issue of the spatial scales is crucial in research about biodiversity. What is the scale at 
which plant diversity can be “perceived” by other given component of biodiversity? What is the 
scale at which plant diversity is more affected by a specific stressor or land-use factor? 
Obviously, this scale will not be the same for different organisms (e.g.: birds, butterflies or 
Collembola) or factors. A lot of research on these kinds of relationships is based only on large 
area scales (e.g., 10 x 10 km2) or alternatively on small plots (point diversity), with varied and 
even disparate results (Gaston 2000). Working in wrong scales may mask latent relationships, 
but a multiscale approach is not feasible for many components of biodiversity. Nevertheless, 
sampling plant diversity across a range of area scales is relatively easy, at least up to area sizes 
not too far from the smallest landscape units discernible by conventional remote sensing 
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techniques. The rate of increase in plant species richness with increasing area can be modelled 
and adjusted to mathematical functions for comparison purposes (Gitay & al. 1991, Rosenzweig 
1995, Leitner & Rosenzweig 1997, Kunin 1998, Bartha & Ittzes 2001, Crawley & Harral 2001, 
He & Legendre 2002). It is known that such species-area relationships are different among 
different plant functional groups in the same community, and among different communities, 
successional stages or management pressures for the same functional group (Rosenzweig 1995, 
Harte & Kinzig 1997). An implication of these facts is that the area size at which species 
density could give significant indicator values is depending upon each plant species group. The 
other implication deals with modelling of species-area relationships, that could allow us to 
bridge the gap between the scales of stand (plot) and landscape (Stohlgren & al. 1997, Harte & 
al. 1999). This gap has a particular importance, because if land-use changes are a main driving 
force affecting biodiversity in our countries, the tools for amending current trends are connected 
to landscape management and land-use planning. 

In this report the patterns of plant diversity are examined across a land-use gradient replicated in 
eight European countries (Finland, France, Hungary, Ireland, Portugal, Spain, Switzerland and 
the United Kingdom). The selected gradient includes old-growth forests, managed forests and 
woodlands, mixed landscapes and grassland- and agriculture-dominated landscapes. According 
to the principles of gradient-based approaches (McDonnell & Pickett 1990), each country 
gradient was located so that the effects of environmental factors (substrates, climate, 
topography) not induced by land-use were minimized. Vascular plant diversity was sampled at 
the plot scale and at the landscape scale, the latter represented by units of 1 km2 and squared 
shape (landscape use units, LUUs). The coupling between both scales is achieved by placing 16 
sampling points (plots) 200 m apart in each LUU. According to the previous exposition, plant 
diversity sampling included measures of vegetation structure at several nested spatial scales, and 
measures of the species richness and abundances. Details of the sampling protocols are exposed 
in Section 11.2. Additional information regarding landscape composition and pattern, based on 
remote sensing data, was collected for each LUU. Hence, the main questions addressed in this 
European scale study were: What are the major factors explaining plant diversity? Which of 
these factors are exposed by the land-use gradient and up to what extent are they contributing to 
the explanation of the observed plant diversity patterns? And, in the measure that remote 
sensing data serve to quantify characteristics of plant cover, land-use cover and landscape 
structure, can they be applied to the prediction of plant diversity?  

The frame of hypotheses to tackle conceptually these questions is certainly complex. Palmer 
(1994) enumerated as much as 120 hypotheses applied to the interpretation of species diversity 
variations in different study cases. Concerning plants and the BIOASSESS gradient, a first source 
of plant diversity variation comes from differences in the regional species pools, related to 
different factors like latitude, altitude, climate, insularity, substrates, etc. (Eriksson 1993, 
Ricklefs & Schluter 1993, Partel & al. 1996, Zobel 1997, Bartha & Ittzes 2001). These factors 
are intricately connected in Europe, due to the historical effects of glaciations on the recent 
extinction and migration patterns (Grubb 1987).  

A second fact important for plant diversity is the high species turnover among habitats, even 
when their representations are close together in space. The strong floristic differentiation among 
habitat types has promoted very detailed classifications of plant communities, particularly 
developed in Europe along the last century (see Mucina 1997 and references therein). An 
implication of this fact is that habitat diversity contributes greatly to plant diversity, particularly 
at spatial scales larger than the community or plot scale. Hence, habitat-rich landscapes 
resulting from mixed land-uses are expected to held high levels of plant diversity, while 
homogeneous landscapes largely dominated by the same habitat type should be poorer in 
species. It should be noted that interactions between regional species pools and habitat species 
pools are also important and again complex. The same assertion is also applicable to the 
regional species pools of the different plant functional types. 

Given a regional species pool and a habitat, disturbance, dispersal and colonization, competence 
and other succession-related processes are supposed to make up the dynamics of species 
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richness. Many attempts to synthesize the effects of these processes on diversity have been 
proposed, among which are the intermediate disturbance hypothesis (Grime 1973, Connell 
1978), the intermediate environmental stress hypothesis (Grime 1973), the dynamic equilibrium 
model (Huston 1979, 1994), the humped-back model (Grime 1979, 2001) and some other more 
(see reviews e.g. by Tilman 1988, Palmer 1994, Grace 1999, Grime 2001).  

According to the predictions of these models and hypotheses, maximum plant species richness 
and diversity should be expected in the mixed use landscapes, where moderate disturbance acts 
reducing dominance and competitive interactions, allowing migration and establishment of less 
competitive species and particularly of small-size plants, that increase individual density and 
then species density. As it was exposed above, the combination of different land-uses and post-
disturbance ages would also promote beta-diversity, enhancing species richness at the landscape 
scale. 

As disturbance increases its extent and severity in the more intensively managed landscape 
units, it would be expected a decrease in species richness, weaker in the grassland-dominated 
LUU and stronger in the agriculture-dominated LUU. In the former, although plant individual 
density is still enhanced by exclusion or reduction of more potential dominant species, habitat 
diversity is reduced as a consequence of grazing extension. Grazing is mainly an aboveground 
disturbance that can remove some intolerant species but that does not affect most plant 
subterranean organs and soil seed banks. Agricultural practices represent the most severe 
disturbances included in the BIOASSESS gradient, because affect the underground organs of 
plants and seed banks and remove almost all perennia l species. Under this kind of extreme 
disturbances with high recurrence, individual density is reduced and only short-lived plants, 
with high potential growth rates and producing large numbers of seeds are able to live. Such 
trends negative to plant diversity are accentuated when herbicides or fertilisers are involved in 
the agricultural management. Moreover, the impacts of extensive grazing and agriculture on 
woody plant diversity and hence on structural complexity of vegetation are expected to be more 
negative than on herbaceous plant diversity. 

In forested landscapes it is expected a lower plant diversity at least at the plot scale, but a higher 
richness of potential dominant species and obviously a higher structural complexity. This is 
related to lower disturbance rates but also to higher competitive interactions (mainly asymmetric 
competence by light and other resources), lower individual density, larger mean size of the 
plants, and higher standing biomass and litter. For herbs, the dominant tree canopy can be 
considered as an intensification of stress (by limitation of available resources) reducing also 
potential biomass and plant diversity. For woody plants, on the contrary, higher diversity should 
be in these landscapes, but conditioned by the management practices and their effects on 
vegetation structure. For instance, in managed forests the increase of standing phytomass (due 
to too high tree density or productivity, or too low logging frequency), the introduction of exotic 
tree species, the application of logging practices aggressive to the understorey, as well as 
periodic understorey cleaning can reduce plant diversity compared to natural forests. But if 
forest management only implies a moderate increase of the disturbance regime, it could even 
increase plant diversity. When plant diversity issues are considered it must be taken into account 
that woody plants are less diversified in the European flora than herbaceous plants, but that, as 
engineer species, they contribute in a higher degree to structural diversity, important for other 
components of biodiversity.  

Results of the analyses carried out until now concerning the addressed questions are exposed in 
the third part of this report. In Section 11.1 the dimensions and the main characteristics of the 
vascular flora sampled across the eight countries are presented. Section 11.2 analyses the 
changes in vegetation structure reflecting the land-use gradient. Section 11.3 does the same with 
respect to plant diversity, for a set of diversity estimators applied to different plant functional 
groups, and for some additional relevant issues dealing with plants like floristic homogenisation 
and alien species. In Section 11.4, the relationships between plant diversity for the two main 
plant groups, herbs and woody species, and the structural components of vegetation and 
landscape at the LUU scale are analysed. Section 11.5 documents the main patterns of plant 
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diversity at the plot scale. Additional issues about plant sampling for biodiversity assessment 
and monitor ing are commented in the pertinent sections. 

11.2  Methods 
The sampling design for vascular plants is aimed to gather measures of vegetation structure, 
species abundances and species richness across a range of area scales. 16 sampling points are 
located in the nodes of a regular 200 m grid of 4x4 points centered in each of the 6 landscape 
use units of 1 km2 (LUUs). In each sampling point a rectangular plot (RP) of 100 m2 (20 x 5 m), 
inscribed within a circular plot of 25 m radius (CP1) around the central point of the site, is laid 
down and sampled. The rectangular plot comprises two sets of nested areas of 1, 5, 12.5, 25 and 
50 m2 that are sampled successively for species richness. Cover of each species, cover of the 
different vegetation layers and litter and stone cover are estimated on the 12.5 m2 quadrats; tree 
crown cover (TCC) is also estimated over the area of the rectangular plot. Diametric structure of 
living and dead trees is measured both in the rectangular and the circular plots.  

The protocol was completed on 2002 by adding two new tasks. The first task included an 
exhaustive sampling of woody species richness, including also the low shrubs or the subshrubs, 
in the circular plot CP1 (25 m radius) around each sampling point. The aim was to sample in  a 
large area a subset of plant species that may be easily monitored during long periods across the 
year. A number of plant diversity assessments (e.g. many National Forest Inventories; European 
Commission 1997) are based on such subsets of plant species. The second task consisted of the 
estimation of vegetation stratification profiles. A visual estimation was made, to the nearest 5%, 
of the cover of 6 vegetation strata defined by height (<0.5, 0.5-2, 2-4, 4-8, 8-16 and >16 m) on a 
50 m radius circle (CP2) around each sampling point. This measure reports additional 
information on vegetation structure at a larger scale and is particularly useful for the analyses of 
bird diversity. 

The general strategy of sampling followed in BIOASSESS is schematized in Fig. 11.1. The 
different plots used for vascular plant sampling and the measurements gathered in each of them 
are schematized in Fig. 11.2.  

Sampling was carried out during the warm season of years 2001 and 2002. Concrete sampling 
periods covered adequately the best time of year for identifying plants, and have been indicated 
in Table 11.1, along with some other characteristics of the sampling carried out in each country. 
In general, the sampling performance was within the expectations, but in some countries the 
high density of trees in many sampling points suggested to apply short cuts in the tree 
measuring activities that have been also indicated in Table 11.1. 

According to the reports sent by the country teams in charge of the field sampling of plants, the 
first campaign of sampling, devoted to the measurements in the rectangular plot and the tree 
structure, required between 25-35 days of field work. Differences among teams are mainly due 
to the degree of accessibility to the sampling points and the distance from the home office to the 
study sites. Hence the sampling time needed for sampling one complete LUU was around one 
week (5 days of fieldwork). The second field campaign for recording woody species richness 
and estimating vegetation profiles took an average of between half a day and two days per LUU. 
The bigger differences among teams seem to be due to the fact that some teams did this task at 
the same time than other pending tasks (vegetation mapping, completion of other data, etc). 
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Fig. 11.1. General design of the sampling approach in the BIOASSESS project. 
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Fig. 11.2. Scheme of the sampling design for vascular plants in BIOASSESS. 
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Table 11.1. Plant sampling activities, sampling periods and methodological comments 

Data   /   Country FI FR HU IR PO SP SW UK 
LUUs sampled in 
2001 
(nº of sampling 
points) 

1-6 
(96) 

1-6 
(96) 

1-6 
(96) 

1 (16) 
2 (16) 
4 (16) 
6 (16) 
 

1 (16) 
3 (16) 
4 (16) 
5 (16) 
6 (16) 
 

1-6 
(96) 

1-6 
(48) 

1-6 
(95) 
(15 in 
LUU4) 

LUUs sampled in 
2002 
(nº of sampling 
points) 
 

--- --- --- 3 & 5 
(16+16
) 
 

2 (16) --- 1-6 
(48) 

--- 

Sampling period for 
species richness and 
cover in RP 

02Jul-
07Sep 

19Jun-
28Sep 

Jun-Jul 19Jun-
28Aug 

11Jun-
27Jul 

07May-
09Jul 

10May-
16Aug 
(only 1 
subplot
) 

14May-
12Jul 

Woody species 
richness in CP1 
 

Jun-Jul 
2002 

Jul 
2002 

Aug 
2002 

Jul-
Aug 
2002 

Jun-Jul 
2002 

Jul 
2002 

Jun 
2002 

Jun-Jul 
2002 

Profiles of 
vegetation structure 
(CP2) 
 

Jun-Jul 
2002 

Jul 
2002 

Aug 
2002 

Jul-
Aug 
2002 

Jun-Jul 
2002 

Jul 
2002 

Jun 
2002 

Jun-Jul 
2002 

Tree structure (CP1) 4 RPs CP1 
 

Only in 
RP 
 

2 RPs CP1 CP1 CP1 CP1 

 

It is not available an estimation of the time of laboratory working needed to complete the 
identification of plant specimens collected in the field, but taking into account the characteristics 
of the botanical work, when fieldworkers have a good knowledge of the sampled vascular flora 
most of the identifications are decided in the field. Hence we should expect that laboratory work 
took a minor fraction in relation to the total time amount invested in fieldwork.  

Field sampling protocols for vascular plants were accompanied by forms for fieldwork 
recording and Excel spreadsheets for data computerization. As data files from the country teams 
were being received, they were checked for mistakes and consistency and revised for 
homogenizing the nomenclature of taxa. This activity was carried out in permanent consultation 
with the sampling teams of each country.  

The taxonomical references used in each country for the identification and nomenclature of the 
recorded plant taxa are summarized in Table 11.2. Local and regional floras were followed for 
the updated nomenclature of some taxa of restricted distribution; European floras and checklists 
and modern taxonomic monographs were also consulted in the aim of adopting the more recent 
taxonomic status for the plants identified. The same sources were used to define the distribution 
range of the recorded taxa and their native or alien status at each study site. 

The basic variables derived from the sampling carried out for vascular plants are listed in Table 
11.3. Once this basic variables were calculated, new variables were derived from them: average 
values per LUU, diversity indices, etc. The statistical analyses applied to the different objectives 
under research are commented in the corresponding sections.  
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Table 11.2. Taxonomic sources for vascular plant identification and nomenclature 

Country Taxonomic references for plants 
Finland Hämet-Ahti L., Suominen J., Ulvinen T. & Uotila P. (1998) Retkeilykasvio . 656 

pp. Yliopistopaino, Helsinki. 
Alanko P. & Räty E. (1996). Viljelykasvien nimistö. 154 pp. Helsinki. 
 

France Kerguelen M. (1993) Index synonymique de la Flore de France. Secrétariat de la 
Faune et de la Flore, Collection Patrimoines Naturels, vol. 8, sér. Patrimoines 
scientifiques. Muséum National d'Histoire Naturelle , 197 pp. Paris. 
Robbe G. (1993) Les Groupements végétaux du Morvan. Soc. Hist. Nat. Amis 
Mus. d'Autun, 159 pp. 
 

Hungary Simon T. (2000) A magyarországi edényes flóra határozója. Harasztok - virágos 
növények. Nemzeti tankönyvkiadó, 976 pp. Budapest. 
 

Ireland Webb D.A., Parnell J. & Doogue D. (1996) An Irish Flora. Dundalgan Press 
Ltd., Dundalk. 
 

Portugal Franco, J.A. (1971) Nova Flora de Portugal (Continente e Açores), vol. 1. 
Author's edition. 
Franco, J.A. (1984) Nova Flora de Portugal (Continente e Açores), vol. 2. 
Author's edition. 
Franco, J.A. & Afonso, M. L. R. (1994) Nova Flora de Portugal (Continente e 
Açores), vol. 3, fasc. 1. Lisboa, Escolar Editora. 
Franco, J.A. & Afonso, M. L. R. (1998) Nova Flora de Portugal (Continente e 
Açores), vol. 3, fasc. 2. Lisboa, Escolar Editora. 
Coutinho, A.X.P. (1913) A Flora de Portugal. Lisboa/Paris, Livrarias Aillaud e 
Alves. 
Sampaio, G. (1988) Flora Portuguesa - Fac-simile. Lisboa, Instituto Nacional 
de Investigação Científica. 
Castroviejo, S. & al. (Eds.) (1986-2001) Flora Iberica. Vol. 1-8, 14. CSIC - Real 
Jardín Botánico, Madrid. 
 

Spain Castroviejo, S. et al. (Eds.) (1986-2001) Flora Iberica. Vol. 1-8, 14. CSIC - Real 
Jardín Botánico, Madrid. 
Devesa J.A. (1995) Vegetación y flora de Extremadura. Universitas Ed., 
Badajoz. 
 
 

Switzerland Hess H.E., Landolt E. & Hirzel R. (1976) Bestimmungsschlüssel zur Flora der 
Schweiz. Birkhäuser, Basel. 
 

United 
Kingdom 

Stace C (1991) New flora of the British Isles. Cambridge University Press, 
Cambridge. 

 
General 

Tutin T.G. et al. (Eds.) (1964-1980) Flora Europaea. Vol. 1-5. Cambridge Univ. 
Press, Cambridge. 
Greuter W., Burdet H.M. & Long G. (1984-1986). Med-Checklist. Museum et 
Jardin Botaniques de la Ville de Genève, Genève. 
Higher taxa: 
Takhtajan A. (1996). Diversity and classification of flowering plants. Columbia 
University Press, New York. 
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Table 11.3. Basic vegetation variables derived from the sampling of vascular plants 

Variable group Variable (units) Area scale of 
measurement 

Vegetation Cover of stones (%) RP 100 m2 
structure Cover of ground lichens (%) RP 100 m2 
 Cover of litter (%) RP 100 m2 
 Cover of ground mosses (%) RP 100 m2 
 Cover of herbs (%) RP 100 m2 
 Cover of low shrubs (%) RP 100 m2 
 Cover of tall shrubs (%) RP 100 m2 
 Tree crown cover (TCC) (%) RP 100 m2 
 Total plant cover (%) RP 100 m2 
 Cover by vegetation strata (%) 

     Str1: height <0.5 m  
     Str2: height 0.5-2 m 
     Str3: height 2-4 m 
     Str4: height 4-8 m 
     Str5: height 8-16 m 
     Str6: height >16 m 

CP2 (0.785 ha) 

 Landscape composition by land cover types (%) LUU (1 km2) 
Structure of tree 
populations 

Tree density (total and by species) (indiv/ha), for: 
     adult and young living trees 
     adult and young snags 
     adult and young logs  
     stumps 

CP1 (0.196 ha) 

 Tree basal area (total and by species) (m2/ha), 
for: 
     living trees 
     snags 
     logs 

CP1 (0.196 ha) 

 Tree dominant height (by species) (m) CP1 (0.196 ha) 
Species 
abundances 

Species cover (%) 
     total, by species and by species groups 

RP 100 m2 

Species richness Species richness (nº) 
     total and by species groups 

1, 5, 12.5, 25, 50 
& 100 m2 

 Species richness of seedlings and saplings of 
trees and tall shrubs (nº) 
     total and by species groups 

1, 5, 12.5, 25, 50 
& 100 m2 

 Woody species richness (nº) 
     total and by species groups 

CP1 (0.196 ha) 

 

Calculation of diversity indices and related variables were performed with the programs 
ESTIMATES (Colwell 1997) and DIVER (Ganis 1991). Parametric and non-parametric statistical 
analyses were performed with the packages SPSS and STATISTICA. Multivariate analyses have 
been carried out by using several packages: CANOCO for Windows v. 4.5 (ter Braak & Smilauer 
1998), PC-ORD (McCune & Mefford 1999), SYN-TAX 2000 (Podani 1997, 2000) and MULVA-
V (Wildi & Orloci 1996). Both the original datasets resulting from the vascular plant sampling 
and the files containing the derived sets of variables are available for the EU Commission in 
Excel format. 
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11.3. Results 

11.3.1. The vascular flora sampled in BIOASSESS: general issues 

11.3.1.1  The whole catalog of vascular plants recorded in BIOASSESS sampling 
The eight country datasets compiled include 48 LUUs and 767 sampling points. One sampling 
point in LUU4 of UK could not be sampled due to admittance problems. Likewise, LUU2 was 
duplicated in Ireland, but in the present analyses we have considered only one LUU2 from this 
country (the one sampled in 2001). The 48 LUUs sampled have reported an amount of 1467 
vascular plant taxa (species or subspecies, but there are also included 4 varieties and 7 hybrids), 
belonging to 545 genera and 124 families. Only 25 species (2%) were represented by more than 
one subspecies in the whole catalog, a proportion lower than the average in the European flora 
but probably due to the sampling strategy followed, with LUUs very concentrated in study sites 
that are far away among them. 

Although the precise dimensions of the European vascular flora are not well known, Flora 
Europaea (Tutin & al. 1980) listed 11557 species and around 13100 species and subspecies, 
belonging to 1541 genera and 203 families. Other references (Greuter 1991, Stanners & 
Bordeau 1995) estimate the European flora at around 12500 species. Hence between 11-12% of 
the European plant species have been recorded in the BIOASSESS sampling, as well as a 35% of 
the genera and 61% of the families. These percentages would be considerably higher if only the 
countries involved in the BIOASSESS study sites were taken into account. 

In the distribution of species by genera, Carex stands out by its 46 species. Trifolium and Rubus 
have more than 20 species and other 16 genera have more than 10 species each. Quercus and 
Prunus are the following main genera of woody plants, with 10 species each. 40 genera (less 
than 10% out of the total) account for 35% of the total number of the species. 

The distribution of species by families follows also usual patterns in the European flora. 
Compositae and Gramineae are the richest families, with 194 and 166 species respectively. Ten 
families (listed later in Fig.  11.2) hold near 60% of the species. Some patterns in the species 
diversity of families can be recognized among countries and biogeographical regions. Despite 
the overall greater richness of Compositae, in most countries excepting, surprisingly, Hungary, 
Gramineae are the family having more species. Ranunculaceae and Orchidaceae reach their 
main diversity in Switzerland, Cistaceae, Leguminosae, Crassulaceae, Papaveraceae and 
Oleaceae in Mediterranean sites, Umbelliferae, Cruciferae and Caryophyllaceae in 
Mediterranean and Pannonian sites, Aceraceae and Boraginaceae in Hungary, Salicaceae in 
Boreal and Alpine sites, Cyperaceae and Rosaceae in Continental and Boreal sites, etc. 

Concerning higher plant taxa, 75% of the recorded species are dicots and 21% monocots. The 
catalog is completed by 36 ferns and 17 gymnosperms, all of them conifers but one (Ephedra). 

About plant life forms, 20% of the recorded species are woody plants, among which tall shrubs 
are the predominating group. The sampling has captured 90 tree species. The whole catalog is 
dominated by herbaceous plants (80%), of which a bit more than 50% are perennials (including 
5% of geophytes) and the remaining 30% annuals. Fig. 11.8 illustrates the general pattern as 
well as the country patterns.  

11.3.1.2. Taxonomic accuracy of the sampling of vascular plants 
Biodiversity indicators should fulfill several criteria among which cost-effectiveness of 
measuring is commonly included. Compositional indicators are usually among those less 
adapted to this requirement, because censusing large numbers of species is a time-consuming 
task. Vascular plants, like vertebrates, are a well known taxonomic group, both at World and 
European scales, and their identification by trained personnel in the field is thought to be 
accurate. With some phenological constraints for herbaceous species, plant sampling is 
relatively easy and cost-efficient in comparison with other components of biodiversity. The 
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sampling carried out in the frame of BIOASSESS shows in more detail the efficiency of working 
with plants at this respect. 

Among the 1467 plant taxa identified by the BIOASSESS botanists, 17 (5 of them occurring in 
more than one country) could not be identified at the species level, and one (a woody plant in 
the seedling phase) even at genus level. That means a bit more than 1% of the total catalog. As 
much as 26000 occurrences of plant species were recorded across the 767 sampling points 
sampled, that still can be accounted as more than 39000 if we consider the sampling procedures 
followed, by which two subplots were censused independently within each rectangular plot. 
Hence more than 40000 decisions about plant identities have been taken across the sampling. 
Plants not identified at the species level add up to 130 occurrences in the sampling points. 
Hence the uncertainty at the species-level identification remains below 0.5%. This uncertainty 
comes mainly from plant individuals in early stages of development or in vegetative stages, 
lacking organs essential for taxonomic identification. Moreover, in many cases they belong to 
taxonomically complex genera (Alchemilla, Carex, Hieracium, Narcissus, Rosa, Rubus, Salix, 
Taraxacum, etc), in which the species adscription is more difficult even when good specimens 
are available. Probably part of the plants not identified at the species level belong to species 
already recorded in the sampling, while other could be new species for the catalog. In any case, 
their influence in the estimations of species richness would be clearly non significant. 

Other source of uncertainty comes from the taxonomically complex genera like some of those 
above mentioned and other (Centaurea, Festuca). In ten cases (0.7% of the catalog) the 
taxonomic adscription has been stopped at the level of “species group” or “species aggregate”. 
They all are either groups with variability insufficiently known or groups taxonomically split 
into many microspecies on the base of characters difficult or impossible to recognize in the 
field. This kind of uncertainty acts probably reducing our estimations of the total species 
richness, but again its influence should be considered very minor. 

11.3.1.3. Among-country patterns in plant species richness 
As expected, total plant species richness was very different among country study sites (Fig. 
11.1). Spain holds the highest species richness, with 432 species, followed by France, Hungary 
and Switzerland, with similar values, then by Finland and Portugal. The species-poorer sites 
were those located in the islands (Ireland and UK). 

The distribution of plant species by families (Fig. 11.2) and higher taxa (Fig. 11.3) in the 
countries shows similarities as well as differential patterns that in some cases have a 
biogeographical meaning, like the examples of the families already commented. The relative 
importance of conifers in France and UK (8 species) is obviously related to forestry plantations 
in the study sites. The highest richness of ferns is reached in Boreal and Alpine sites, with 15 
species. The proportion of monocots is around 20% in most countries, but reaches to 25-28% in 
Switzerland, Portugal and Ireland. 

The differences in plant species richness among countries should reflect the effect of the 
regional species pools. In fact, a kind of latitudinal gradient is suggested by the sequence of 
decreasing species richness SP>FR≅SW≅HU>FI, and an insularity effect of floristic 
impoverishment could be behind the low species richness in Ireland and UK.  

The proportion of the total flora of each country captured in the BIOASSESS sampling is shown 
in Fig. 11.4. Proportions are clearly larger in small countries (<100000 km2), and lower in large 
countries, as it would be expected, but the low rate from Portugal is outstanding.  
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Fig. 11.1. Total number of species detected per study site (country); the proportion of species 
exclusive of each country is marked in light-brown. 
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Fig. 11.2. Number of species of the ten families of vascular plants with more species per study 
site (country). 

A confirmation of this trend has been carried out on the basis of the species-area relationships. 
Because complete local floras are not available in the study sites, the total species richness of 
the corresponding country was taken as a crude estimation of the regional species pool. To 
evaluate in a comparable way the species richness reported by the sampling, an estimation of the 
species richness in the 1 km2 of each LUU was calculated by jackknifing on the species lists of 
the 16 rectangular plots sampled per LUU. Jackknifing was performed with ESTIMATES. The 
average of the 6 LUUs species richness obtained was taken as the mean species richness in 1 
km2 for the study site. The prediction based on the country species pool was calculated by using 
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a conventional slope value for the power or log-log species-area function (S=cA0.23) 
(Rosenzweig 1995). 

The species-area relationships (Fig. 11.4) show fine adjustments for six countries, but strong 
divergences for Portugal and particularly for Spain (point SP1). 

 

 

 

 

 

 

 

 

Fig. 11.3. Left: total number of species per country distributed among higher plant taxa (dicots, 
monocots, conifers and ferns). Right: the same as proportions of the total flora recorded at each 
study site.  

 

 

 

 

 

 

 

 

 

Fig. 11.4. Left: percentage of the total country species richness captured in the BIOASSESS 
sampling. Right: expected species richness in 1 km2 (derived from the total plant species 
richness of the respective country and the species-area relationship, calculated as S=cA0.23) 
versus observed species richness in 1 km2  (average of the 6 LUUs of each country, the species 
richness of each LUU estimated by jackknifing). The line corresponds to the coincident values 
between both axes. Two estimates of expected species richness have been calculated for Spain 
(SP1 and SP2, see text). 

In the case of Spain, a local flora is available for the National Park of Cabañeros, where in an 
area of 400 km2 around the BIOASSESS study site near one thousand of species have been 
recorded (UCLM team, unpublished data). The point SP2 is based on this estimation and the 
new predicted value fits well with the observed species richness. The divergence between the 
two predictions could come from the heterogeneities in the patterns of species richness across a 
large and varied country, as it is Spain. Moreover, it is known that in the Mediterranean region 
and in other temperate European countries plant species richness is lower in areas of siliceous 
substrates, like the selected study site, than in areas dominated by basic substrates. 
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Fig. 11.5. Left: number of species detected in only one study site (Co1), in two sites (Co2), …, 
and in the eight study sites (Co8). Right: distribution within the total flora of each study site of 
the species recorded in only 1, 2, …, 8 countries. 

The divergences between expected and observed species richness in Portugal could also be due 
to soil peculiarities of the study site, located on poor, sandy soils rather unfavorable for plants. 
Even though quantitative data are not available to confirm this appreciation, these substrates are 
known to be very selective for plants and there are a number of species endemic to the SW of 
the Iberian Peninsula exclusive from them. In any case, the divergent position of the two 
Mediterranean countries in the scatter plot of Fig. 11.4 suggests that the species-area 
relationship is probably different in this biogeographical region, and a similar impression can be 
extracted from the Hungarian site. 

Plant species turnover among countries is extremely high, with only 1 species in common for 
the 8 countrie s (the annual ruderal Stellaria media ) and only 4 species shared by 7 countries 
(also wide ruderals and grassland species: Agrostis stolonifera, Dactylis glomerata subsp. 
glomerata, Elymus repens and Galium aparine). Moreover, 29 out of the 32 species shared by 6 
countries are also widely distributed grassland and ruderal species, the other three being 
Calluna vulgaris, Rosa canina and Pinus sylvestris. On the contrary, the number of exclusive 
species from one of the countries is close to two thirds of the total flora and shows interesting 
patterns (Fig. 11.1 and 1.5). Spain and Hungary have the largest proportions of exclusive flora 
(more than 50% of the taxa), with a steep decline in species shared with other countries. 
Switzerland show a similar but less marked pattern. Portugal has also many exclusive species 
but an even higher proportion of its flora is shared with only one other country (Spain in almost 
all cases). France and Finland show a intermediate and more regular pattern of declining species 
as they are shared with more countries. Finally, Ireland and UK have few exclusive species, 
their floras being dominated by species shared by 3-5 countries. These patterns will be 
commented again in Section 11.3. 

Fig. 11.6 summarizes the floristic affinities among study sites by means of a clustering that 
separates first the two Mediterranean countries (Spain and Portugal), then the Pannonian site 
(Hungary), and finally the Boreal (Finland) and Alpine (Switzerland) sites from the Continental 
(France) and Atlantic (Ireland and UK) ones. This pattern confirms the biogeographical 
meaning of the floristic ensembles recorded in the study sites. 
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Fig. 11.6. Clustering (Jaccard distance, complete linkage) calculated on the total flora 
(presence/absence) of each country.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.7. Plant richness in the different study sites measured at three taxonomic levels (species, 
genera and families). 

Concerning phylogenetic patterns, there is a strong relationship between species richness and 
higher taxa richness, as shown in Fig. 11.7. The slightly divergent slopes of the lines indicate 
that the increase of richness at one level is associated to proportional increases at the lower 
level. The genus richness gradient among countries is more marked than the species richness 
gradient. From here, some countries like Switzerland and France show a stronger gradient of 
increase towards the species level, while in the less diverse countries (UK and Ireland) the trend 
is the opposite. 
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Fig. 11.8. Left: distribution by life forms of the total plant species richness of each study site 
(country). Right: the same, expressed as proportions and including the whole flora of the eight 
study sites (bar “all co”). Abbreviations for life forms: P: phanerophytes (trees); N: 
nanophanerophytes (tall shrubs); C: chamaephytes (low shrubs); H: hemicryptophytes 
(perennial herbs); G: geophytes (perennial herbs with underground buds); T: therophytes 
(annuals) (Table 11.5). 

Besides the general patterns already commented, life forms are unevenly distributed among 
countries (Fig. 11.8). The proportion of woody species is slightly lower in the southern 
countries (SP, PO, HU and SW). Tree diversity has its minimum in Mediterranean countries, 
and its maximum in FR and HU, where part of the tree species richness is nevertheless 
originated by forestry management. The absolute species richness of tall shrubs is higher in FR 
and SP, in the former case linked to woodlands and thickets and in the latter to Mediterranean 
shrublands. Low shrubs are poorly represented also in Atlantic sites (IR and UK), as well as in 
FR; their richness peaks being in Mediterranean shrublands and in the Boreal study site.  

Among herbs, geophytes are always a minor group, with richness peaks in SW and SP. 
Perennial herbs (hemicryptophytes) account for 50-75% of total plant species in non-
Mediterranean countries, with an outstanding maximum in the Swiss site. Even the more 
species-poor sites (IR and UK) have more perennial herb species than Mediterranean countries. 
The role of perennial herbs is played in the Mediterranean countries by annuals, that account for 
55-60% of the floras of the respective study sites. The absolute and relative importance of 
annuals declines progressively in HU and in Atlantic and Continental sites, reaching its 
minimum in the Boreal and Alpine study sites. These patterns prove that species pools are 
different among countries not only for the whole flora but also for its components. 

11.3.2. Vegetation structure and the land use gradient 
The land-use gradient selected for the BIOASSESS approach, and represented by the six 
landscape use units (LUUs), determines changes in the structure of vegetation as well as in its 
composition and diversity. To evaluate the structural changes, which in turn may affect other 
components of biodiversity influenced by vegetation structure, apart from the plants themselves, 
several measurements were included in the sampling protocols. The characterization of 
horizontal structure, vertical structure at two area scales, and population structure of trees were 
the main objectives of this measurements. The effects of the land-use gradient on the different 
variables describing vegetation structure have been evaluated by applying two connected non-
parametric tests, the Friedman ANOVA by ranks and Kendall concordance coefficient. 

11.3.2.1. Horizontal structure: land cover 
Landscape properties will be analyzed in detail in other chapters of the Final Report by the 
respective specialists, namely the FELIS team, but from a vegetational point of view it is 
interesting to comment the main trends observed. The results of the landscape analysis 
performed in the 48 LUUs sampled for biodiversity are summarized in Fig. 11.9 with respect to 
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landscape composition, i.e. percentage of cover of the different classes considered. The figure 
requires some comments. 

LUU1 and LUU2 correspond to forest-dominated landscapes. The differences in forestry 
management have not been detected at this level of the landscape interpretation. The relatively 
low forest cover of the LUU1 in SP is because the selected site includes remnants of old forest 
connected by tall and dense Mediterranean shrublands, in a scree-spotted slope. LUU3 appears 
in almost all countries less dominated by forest land (or by woodlands or Mediterranean 
shrublands) in favour of openings (grasslands or crops, depending upon the countries). The 
mixed use searched for LUU4 has been solved in different ways, but forest cover is even more 
reduced and grasslands and crops are both represented in most countries, excepting SW (the 
agricultural use is lacking from this study site) and PO. LUU5 is rather clearly dominated by 
grazing, excepting the Finnish case, where this land use is not well developed in the study site. 
The same occurs in LUU6 with the cover of crops, that becomes dominant in six countries. The 
landscape interpretation failed in PO because in this study site, LUU1 and LUU3-LUU5 are 
homogeneously covered by “montado” forests, submitted to different management practices. 
These differences will be reflected in other aspects of vegetation structure but not in landscape. 

Despite the differences among countries in the land cover values of each class, the gradient 
reveals to be sound at least in the three main variables considered by the BIOASSESS approach, 
according to the results of the Friedman test (Fig. 11.10). Grassland cover shows the weaker 
pattern, but still significant. Shrubland or heathland cover was also in the limits of significance, 
with a peak in LUU3. As expected, the other variables describing land cover did not report 
significant differences among LUUs. 

11.3.2.2. Vertical structure: vegetation profiles 
This approach to the analysis of vegetation structure was implemented as a large scale measure 
(CP2, 0.8 ha) based on a visual estimation of cover. Nevertheless, results are also clear and help 
to understand some patterns less obvious in the landscape analysis.  

The main gradient detected is again the loss in cover of the higher strata (woodland and forest) 
from LUU1-LUU2 to LUU6. The decline affects similarly to the four higher strata but is more 
pronounced in the subdominant one (8-16 m). The structural simplification of the landscape is 
accompanied by an increase in cover of the lower stratum peaking commonly at LUU5, and 
with a minimum located in most cases in LUU2. Differences between LUU1 and LUU2 are not 
the same among countries: in FI, FR, IR and SW, LUU2 shows less cover in the higher strata as 
a consequence of forest management; while in the other countries the managed forests from 
LUU2 are higher than the corresponding old-growth forests. In the Portuguese site a gradient 
towards less forest cover and increasing cover of the lower stratum becomes evident from 
LUU1 to LUU3-LUU5  



 160 

 

Fig. 11.9.  Percentage of cover in each LUU (1 km2) of the different classes considered in the 
landscape analysis (level 1). F: forest; S: shrublands and heathlands; G: grasslands and pastures; 
C: crops (arable fields); A: agro-forestry areas; H: water bodies; O: open spaces with no or 
scattered vegetation; W: wetlands; X: artificial surfaces. 
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Fig. 11.10.  Friedman test applied to some land cover variables: percentage of arable land, 
grassland, forest area and shrubland/heathland areas in the LUUs. Average rank (concordance 
analysis) and mean values (± standard deviation) are shown for every variable. One to three 
asterisks indicate the probability level (<0.05, <0.01, <0.001) of the Friedman test (n=8, df=5). 

Friedman test applied to cover of the strata reveals significant differences for the four upper 
strata and a weaker significance for the lower stratum. The intermediate stratum 0.5-2 m did not 
reflect differences, probably due to the fact that in several countries some tall crop fields were 
included here. If they had been considered separately, this stratum probably had shown a 
significant peak in LUU3, where shrublands and thickets are abundant at least in four out of the 
eight countries. Hence a methodological improvement in the estimation of vegetation profiles 
for future monitoring protocols should include as an additional criterion the woody or 
herbaceous nature of the lower strata. 
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Fig. 11.11.  Vegetation profiles: average cover (± 1 SE) by country and LUUs of each of six 
vegetation strata defined by height. 
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Fig. 11.11 (cont.).  Vegetation profiles: average cover (± 1 SE) by country and LUUs of each of 
six vegetation strata defined by height. 
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Fig. 11.12.  Left: Friedman test applied to vegetation profiles. Average rank (concordance 
analysis) and mean values (± standard deviation) are shown for every variable. One to three 
asterisks indicate the probability level (<0.05, <0.01, <0.001) of the Friedman test (n=8, df=5). 
Right: average va lues of cover of the six vegetation strata defined by height. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.13.  Vegetation layers: average cover (estimated in the rectangular plots, 100 m2) by 
LUU and country of low shrubs, tall shrubs, tree crowns, and total cover of vascular plants. 
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11.3.2.3. Vertical structure: vegetation layers 
Cover of the different vegetation layers was estimated in the rectangular plots (100 m2). Hence 
the corresponding variables, some of them related to those just before commented, are coming 
from a different, more detailed spatial scale which allows quantitative estimations of certain 
vegetation layers as ground lichens and mosses and litter, as well as other habitat conditions 
important for plants, like stoniness. The corresponding average values per LUU and country are 
exposed in Fig. 11.13-14, and the results of Friedman tests applied to them in Fig. 11.15. 

As expected, total plant cover does not show differential trends among LUUs (average rank 
0.037, p<0.28), because woody and herbaceous cover play strongly complementary roles. 
Important reductions of plant cover only occur in a few cases, like the Eucalyptus plantation in 
LUU2 from PO or the effect of some crop fields with scarce vegetation in HU and SP. Tree 
crown cover has similar patterns to those already commented about the vegetation profiles. The 
contrasting differences between LUU1 and LUU2 among countries are also evident here, but on 
average LUU2 reaches a bit higher tree cover values. Tall and low shrub strata give also 
significant trends, with cover peaks in LUU1 and LUU3; extreme values for the former are in 
the Mediterranean sites, notably in SP, and for the later in the Caledonian pine forests of UK. 

Herbaceous cover increases from LUU1 to LUU6 with a major step between LUU3 and LUU4. 
The trend is more significant than in the case of vegetation profiles, apparently due to the 
unambiguous definition of the stratum in this sampling. Litter cover follows a pattern very 
similar to tree crown cover. Despite their very low cover, ground lichens are significantly more 
abundant in the forested LUUs, reaching maximum values on the sandy soils of the old forests 
of LUU1 in PO, and high values on soils of similar texture from Hungarian LUU1, and, in 
general, in the Boreal conifer forests. Ground mosses are also more abundant in forests, but they 
are almost completely absent from the study sites with drier climates (SP, PO, HU) and 
therefore the trend is not significant. Both lichens and mosses tend to become more abundant in 
LUU2 with respect to LUU1 in those countries whose managed forests are lower and clearer 
than the old-growth forests. 

Finally, despite a few extreme values in some LUUs, stone cover does not differ significantly 
among LUUs. The same results (not shown) have been obtained for other environmental 
variables like altitude, slope and aspect. 

11.3.2.4. Structure of the tree populations 
The measurements of tree population structure were carried out at two spatial scales, the circular 
plot 1 (CP1, 0.2 ha) (excepting for the Hungarian site, see Table 11.1) and the rectangular plot 
(RP, 100 m2). Despite the modifications introduced in the common protocol in some study sites 
having very high tree densities (see Table 11.1), the data show good agreement among 
countries. Measurements from the circular plot are more exhaustive and less fluctuating than the 
ones from the rectangular plots, but both do also agree in the significant trends reflected, at least 
those concerning to total tree population, that will be the only commented in this Section. 
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Fig. 11.14.  Vegetation layers: average cover (estimated in the rectangular plots, 100 m2) by 
LUU and country of herbaceous vegetation, ground mosses and lichens, litter and stones. 
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Fig. 11.15.  Friedman test applied to the cover of different vegetation layers (litter, ground 
lichens, ground mosses, herbs, low shrubs, tall shrubs, and tree crowns). Average rank 
(concordance analysis) and mean values (± 1 standard deviation) are shown for every variable. 
One to three asterisks indicate the probability level (<0.05, <0.01, <0.001) of the Friedman test 
(n=8, df=5). 
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The average values of total density of trees and total basal areas by LUUs and country 
(including all the tree species recorded) are shown in Fig. 11.16 and 2.9, respectively. In several 
of the graphs, adult trees (dbh>10 cm) have been handled separately from young (or thin) trees 
(higher than 130 cm but with dbh<10 cm). Likewise, densities and areas are also provided 
separately for dead wood: snags, logs and stumps. Fig. 11.90 includes the most relevant results 
of the Friedman tests applied to these variables and the corresponding average values by LUU. 

The patterns in tree density are similar to those already commented for other forest-related 
variables. With minor variations, densities peak at LUU1-2 and decreases from here to LUU6, 
the main step being between LUU2 and LUU3 (Fig. 11.16). The gradient is significant in almost 
all cases (Fig. 11.90), but stronger in adults than in young trees and, in general, in living than in 
dead trees. It was not significant for young snags. In most countries, but not always the same 
countries for every variable, the highest densities are reached in LUU2. In this cases, the 
gradient of decreasing tree density would become purely monotonic if LUU2 is placed before 
LUU1, at the extreme of the gradient. The differences in the relative position of LUU1 and 
LUU2 with respect to the tree structure variables could be related in more or less complex ways 
to the characteristics of the management applied to the forests of LUU2, including rotation 
periods, age of plantations, thinning, clearing of the understorey, techniques of wood extraction, 
etc. 

The variables derived from tree basal areas behave in a closely similar way to densities, 
showing even more accentuated trends (Fig. 11.17-18). Old-growth forests from LUU1 show a 
gradient in basal area of living trees from the highly productive climates to the drier 
(Mediterranean sites) or colder (Caledonian pine forest, UK) ones. This gradient vanishes 
completely in the managed forests of LUU2, that even in the drier climates can reach basal areas 
among the highest. Dead wood shows similar gradients among countries, with minimum values 
in Mediterranean forests. Contrary to some expectations, managed forests have in general more 
dead wood, excepted for logs that in most countries tend to become more abundant in old-
growth forests. 

In summary, the main trends emerging from the analyses carried out on the vegetation structure 
are the following: 

• A ± monotonic decreasing gradient from LUU1-2 to LUU6 in: forest area; complexity of 
vertical structure; cover of the higher vegetation strata; tree cover, basal area and density; 
amount of dead wood; litter cover; lichen cover, etc. 

• A ± monotonic increasing gradient from LUU1 to LUU6 in: grassland area and cover of the 
herb layer (peaking in LUU5), and agricultural area (peaking in LUU6). 

• LUU3 and LUU4 show intermediate characteristics in vegetation structure, with minor 
peaks in LUU3 for the shrub layers.  

• Among the differential trends of LUU2 against LUU1 are: a higher landscape homogeneity, 
litter cover, tree area and density, dead wood and cover of the highest strata in detriment of 
the lower ones. These differences are quantitatively moderate and even reversed in some 
countries. They seem to be related to the intensification of forestry management proper of 
this LUU. 

• No significant gradients have been detected for other environmental factors (stoniness, 
slope, aspect, altitude) or land cover types. 
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Fig. 11.16.  Average densities of trees by LUU and country: adult and young (dbh<10 cm) 
living trees, adult and young snags, logs and stumps.  
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Fig. 11.17.  Average basal areas of trees by LUU and country: adult and total living trees, adult 
snags and logs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.18.  Densities and basal areas of trees. Average rank, Friedman test and average values 
per LUU (± 1 standard deviation) for basal areas of trees (above) and for tree densities (below). 
One to three asterisks indicate the probability level (<0.05, <0.01, <0.001) of the Friedman test 
(n=8, df=5). 
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11.3.3. Plant diversity patterns and the land use gradient (LUU scale) 

11.3.3.1. Diversity estimators 
One of the problems related to the assessment of biodiversity is the variety of measures that can 
be applied to evaluate or compare its levels. The BIOASSESS consortium agreed a minimum set 
of diversity estimators to be applied to the seven groups of organisms included in the project. 
The estimators selected for being applied at the LUU scale, plus other that were specifically 
explored in the context of vascular plants and that will be commented in this Section, are listed 
in Table 11.4. 

Among the selected estimators, some of them are derived only from species (or higher taxa) 
presence/absence in the sampling units, while other take into account also species abundance. In 
the case of plants, the sampling unit considered for calculating diversity estimators has been the 
largest one at which all plant species are recorded both for presence and for abundance, that is, 
the 100 m2 rectangular plot (RP). The measure of abundance for plant species has been their 
percent of cover in the RP. All calculations are based on 16 sampling points by LUU, excepting 
UK4, where only 15 points could be sampled. Depending upon the estimator formula, the values 
recorded at the sampling points were aggregated or averaged by LUU in the corresponding 
calculation. The formulas of the estimators are the usual ones and may be consulted in 
Magurran (1988). 

The values of species richness (absolute and relative), average species richness per sampling 
point, unique and exclusive species, genus and family richness and Whittaker beta-diversity, 
were calculated in the Excel spreadsheets of the data corresponding to the plant species present 
in the rectangular plots. Species richness and derived estimators were calculated for all species 
and also separately for herbaceous and woody species and for life forms (see Table 11.5). 

Values of Shannon, Simpson, Pielou’s J and Fisher’s alpha indices, as well as Jack Knife 
estimates were calculated using ESTIMATES (Colwell 1997) on the data matrices of species 
cover. Some of these indices were also calculated using the software package DIVER (Ganis 
1991, 1992), for checking results with those obtained from ESTIMATES. Margalef index was 
calculated on the corresponding values reported by ESTIMATES. As this program only manages 
integers, percentage values were multiplied to transform them to integers. This way of 
proceeding do not affect the results for most of the diversity indices, but some of them (like 
Margalef index) are sensitive to such transformations and their values have in that case only a 
relative value (but still useful for comparisons). As cover had been estimated in part of the area 
of the rectangular plot, some species present in the rectangular plot had not estimation of cover. 
On average, around 20% of the species recorded in each rectangular plot were not present in the 
subplots where cover estimations were taken. Hence, a new run of ESTIMATES was carried out 
by assigning a minimum value of cover to those species lacking cover estimation. The new 
indices generated are identified in Fig. 11.19 by adding 'Z' to the first abbreviation of the name.  

Diversity indices based on the relative abundances have been calculated using cover as the 
measure of plant species abundance, therefore having a different meaning than if values were 
based on individual counts (or on biomass; Guo & Rundel 1997). Moreover, mixing cover for 
plants of very different sizes in the same index has little sense, therefore we have calculated 
separately these diversity indices also for the two main plant strata: herbaceous plants and 
woody plants. 

Table 11.4. Diversity estimators applied at the LUU scale  

Abbr. Description 
SR100 Plant species richness in the 16, 100 m2 rectangular plots of each LUU 
SR%100 Proportional plant species richness (% relative to the total country species pool) 
ASR100 Average plant species richness in the 16, 100 m2 rectangular plots of each LUU 
BW100 Beta diversity index of Whittaker 
Uniques Number of unique species (species detected in only 1 sampling point of the 
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Abbr. Description 
country) 

Exclusive Number of exclusive species (species detected in only 1 LUU out of the six of 
each country) 

GenR Genus richness 
FamR Family richness 
Abundance Total abundance (expressed as the sum of species cover) 
Margalef Margalef diversity index 
Shannon Shannon diversity index 
Simpson Simpson diversity index 
JP Pielou's J (evenness) 
AF Fisher or log series alpha 
AFSD Standard deviation of log series alpha 
JK1 Jack Knife 1st order 
JK1SD Standard deviation of Jack Knife 1st order 
 

Table 11.5. Abbreviations for plant species groups (life forms) considered in the calculation of 
plant diversity estimators 

#P phanerophytes (trees) 
#N nanophanerophytes (tall shrubs) 
#C chamaephytes (low shrubs) 
#H hemicryptophytes (perennial herbs) 
#G geophytes (perennial herbs with underground buds) 
#T therophytes (annuals) 
#wo woody species (P+N+C) 
#hb herbaceous species (H+G+T) 
#to total (all plant species) 
 

The combination of the different diversity estimators and plant species groups produced an 
amount of more than one hundred variables. As many of these could be highly correlated, we 
performed single-linkage and complete-linkage clustering of them, using as distance measure 
the complementary of the absolute value of the bivariate coefficients of correlation. This method 
shows the correlation structure of the variables in a easily interpretable  form. The clustering 
diagram (single linkage) is showed in Fig. 11.19. The main conclusions about it and the 
corresponding implications are the following: 
• Diversity indices calculated on the abundance (cover) values of only those species with 

cover values (no ‘Z’ indices) and of all species present in the rectangular plot (‘Z’ indices) 
are very similar. ‘Z’ indices are preferred and will be the only used hereafter. 

• Diversity indices calculated for all species (#to) are highly correlated (as expected) with 
those calculated for herbaceous species (#hb), as it could be expected given the strong 
dominance of this group in the whole flora sampled. In the same way, the estimators 
calculated for each life form are moderately correlated among them and with the 
corresponding upper group (herbaceous or woody plants) 

• Relative species richness (SR%100) is statistically equivalent to species richness (at least 
concerning non-parametric tests), unless it is “corrected” for among-country effects due to 
the different levels of richness of the local floras. The correction based on the total species 
pool of each study site may be applied also to other species-richness derived estimators. 

• . Unique and exclusive species richness are strongly related for most species groups (r ∼ 
0.8-0.9). As exclusive species richness always shows a better distribution of values, it will 
be retained for most of the subsequent calculations. 
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Fig. 11.19.  Correlation clustering (single linkage, d=1-|r|) of 102 plant diversity estimators 
based on 48 LUUs. Abbreviations as indicated in Table 11.4 and text. 

• Unique and exclusive species richness are strongly related for most species groups (r ∼ 0.8-
0.9). As exclusive species richness always shows a better distribution of values, it will be 
retained for most of the subsequent calculations. 

• Fisher’s alpha (and its standard deviation), Jack Knife estimates (and their standard 
deviation) and Margalef index are always highly correlated (r>0.9) for each plant group. 
Among these indices, all of them also highly correlated to species richness, the one of 
Margalef is the more easily calculable. 

• Shannon, Pielou’s evenness and Simpson indices are also highly correlated among them. 
Shannon and Simpson indices are logarithmically related. 

• The correlation structure of the selected set of diversity estimators suggests high levels of 
redundancy and hereafter that the similarities in their responses to the land use gradient will 
be conditioned by this fact. 

Next the patterns showed by each diversity estimator against the land use gradient analyzed will 
be commented. The effects of the land-use gradient on the different variables describing 
vegetation structure have been evaluated by applying two connected non-parametric tests, the 
Friedman ANOVA by ranks and Kendall concordance coefficient. 

11.3.3.2. Species richness and related estimators 
The mean number of species richness by LUU was 128, with extreme values ranging from 32 to 
247 species. Total plant species richness and herbaceous species richness look very similar (Fig. 
11.20 and 3.3), as it was expected from the comments about the correlation cluster of Fig. 
11.19. They show a more or less unimodal pattern (more obvious in Fig. 11.21, by placing 
LUU2 to the left of LUU1 and plotting relative species richness) peaking in LUU4 in four 
countries, or in LUU5 (SP) or LUU6 (FI) with the second maximum in LUU4. The main 
exception to this rule is IR, whose maximum species richness is reached in LUU1. From this 
peak, species richness tend to decrease towards LUU6 and more pronouncedly towards the 
forested LUU1 and LUU2; the left part of the bell is steeper in herb species richness than in 
total species richness. According to the Friedman test, this pattern is significant for the 
herbaceous flora, but not for the total flora. 
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Richness of woody species follows a somewhat different pattern, with higher values in LUU1-4 
and a blurred peak, shared by 3 countries (IR, SP, PO), in LUU1 (Fig. 11.20-21). Five countries 
(FI, FR and SP excepted) show a marked decline in woody species richness in LUU5 or LUU6 
or both. Nevertheless, the pattern is out of the limits for significance. 

Concerning life forms, herbaceous species richness decomposes in two main subgroups. 
Hemicryptophytes follow approximately the general trend (Fig. 11.21), with peaks in LUU4 or 
LUU5 in most countries excepting the Mediterranean (PO, SP) and IR. Therophytes show a 
quasi-monotonic increasing trend from LUU2-LUU1 to LUU6 (Fig. 11.21). The peak in LUU6 
is not due to Mediterranean countries, in which annual species richness is higher in LUU4-5, but 
to the non Mediterranean countries, in which annuals are clearly linked to arable lands. The 
pattern of annual species richness is the only significant among life forms. Geophytes, a minor 
component of the herbaceous flora, have a pattern of species richness remembering the one of 
woody species, but it is just out of the limits of significance. Many geophytes are ecologically 
linked to the forest understorey. 

The woody plant life forms did not show significant gradients of species richness, but they are 
clearly impoverished in deforested landscapes (Fig. 11.21). Their sensitivity to deforestation 
seems to be negatively related to their longevity, as suggested by the different behaviour of the 
relative species richness of low shrubs, tall shrubs and trees (Fig. 11.21). The case of trees is 
detailed in Fig. 11.20 and illustrates the strongly divergent patterns among countries concerning 
woody life forms. 

Average species richness in 100 m2 (rectangular plots) introduces a different spatial scale at 
which some expected patterns become more evident (Fig. 11.22). Differences between LUUs 
for herbaceous species maintain their significance. Nevertheless, LUU5 reaches values close to 
those of LUU4 in this case. The loss of woody species at the plot level across the gradient of 
land use intensification is clearly significant in this case. Concerning life forms, the trends look 
very similar to those previously exposed but now are significant in all cases excepting for tall 
shrubs and perennial herbs, that despite this lack of significance show clear patterns. 

The beta-diversity index proposed by Whittaker is a quotient of the total species richness in a 
set of plots by their average species richness. As expected, the plant groups having significant 
differences in average species richness but not in total species richness at the LUU scale, show 
also significant trends in their values of beta diversity. Hence, the beta-diversity of woody 
species increases markedly in the LUU4-6, where their average species richness is lower (Fig. 
11.23). Despite the great variability in beta-diversity values among countries, the trend is highly 
significant. The same occurs with life forms presenting similar patterns in species richness (not 
shown). Beta diversity of herbaceous species only peaks in LUU3, where grasslands are 
represented in almost all countries but only as a minor component of landscape. 

The divergent behavior of total species richness, average species richness and beta diversity 
confirms that an important proportion of the species of a plant group can be maintained at the 
landscape level even if the proportion of habitat favorable for them is small. In this case, 
exemplified by woody plants, average species richness suffers from a strong reduction, but total 
(LUU) species richness is only moderately reduced, and the beta diversity quotient 
proportionally increases.  

Unique species (s. str.) and exclusive species (definition in Table 11.4) are also diversity 
measures related to beta-diversity (among sampling points or among LUUs, in this case) and to 
complementarity in diversity. Both measures appear highly correlated for all plant groups in the 
cluster of Fig. 11.19 (r ≈ 0.8-0.9), but the number of exclusive species is always higher than 
unique species and has a better statistical distribution. Hence, it will be the only commented 
here. The total number of exclusive species in the 6 LUUs of each country accounts for 30-40% 
(44.5% in UK) of the total flora recorded in the study site. The range is somewhat larger for 
woody (27-51%) than for herbaceous species. 
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Fig. 11.20.  Plant species richness (SR) by country and LUU. Total plant species richness, 
species richness of herbaceous and woody plants, and species richness of three life forms: 
annuals, perennial herbs and trees. Based on the data from the 100 m2 rectangular plots. 

There are no significant differences among LUUs in the number of exclusive species, neither for 
total plant species nor for woody or herbaceous species (Fig. 11.24). The proportion of 
exclusive species with respect to the total flora of each LUU does not show either remarkable 
trends. For woody plants, the maximum number of exclusive species is in LUU1 in the drier 
countries (HU, PO, SP) and in IR, but this trend, mainly due to shrub species, is not shared by 
the other countries. Concerning life forms, only annuals present a consistently higher number of 
exclusive species in LUU6 (not showed), as it could be expected from their richness pattern. 
Hence it must be concluded that for plants there are not significant differences among LUUs 
concerning to their contribution to the total flora of the study sites. 
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Fig. 11.21.  Average (± 1 SE) relative species richness by LUU of all species (to) and of the 
woody (wo) and herbaceous (he) plant species (above), and of each life form (see Table 11.5) 
(in the middle). Note that LUU2 has been placed to the left of LUU1. Bottom: average ranks 
and probability of the Friedman test (n=8, df=5) for plant species richness. 

Mean (± SE) of the relative SR by LUU for woody, herbaceous 
and total plant species

10

20

30

40

50

60

LUU2% LUU1% LUU3% LUU4% LUU5% LUU6%

S
R

%

w o he tot

Mean (± SE) of the relative SR of woody plants by LUU:
trees (P), tall shrubs (N) and low shrubs (C)

0

10

20

30

40

50

60

70

LUU2% LUU1% LUU3% LUU4% LUU5% LUU6%

S
R

%

C (ns) N P

Mean (± SE) of the relative SR of herbaceous plants by LUU:
perennial herbs (G, H) and annuals (T)

0

10

20

30

40

50

60

70

LUU2% LUU1% LUU3% LUU4% LUU5% LUU6%

S
R

%

G H T

Average ranks & Friedman test for species 
richness (total and by life forms)

0

1

2

3

4

5

6

LUU1 LUU2 LUU3 LUU4 LUU5 LUU6

av
er

ag
e 

ra
n

k

to .053 he .017
wo .12 P .07
N .26 C .45
H .099 G .06
T .002



 177 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.22.  Average species richness in 100 m2. Top: average rank (concordance analysis) and 
mean values (± 1 standard deviation) for herbaceous and woody species. One to three asterisks 
indicate the probability level (<0.05, <0.01, <0.001) of the Friedman test (n=8, df=5). Bottom: 
average ranks and probabilities of the Friedman test and mean average species richness for all 
species (left only) and for each life form. 

 

 

 

 

 

 

 

 

Fig. 11.23.  Beta diversity of Whittaker calculated for the 16, 100 m2 plots of each LUU. 
Average rank (concordance analysis) and mean values (± 1 standard deviation) for herbaceous 
and woody species. One to three asterisks indicate the probability level (<0.05, <0.01, <0.001) 
of the Friedman test (n=8, df=5). 
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Fig. 11.24.  Number of species exclusive of each LUU at each study site. Top: exclusive 
herbaceous and woody species by LUU and country. Bottom: average rank (concordance 
analysis) and mean values (± 1 SD) for exclusive herbaceous and woody species. Probability 
level of the Friedman test (n=8, df=5) is not significant (ns). 

11.3.3.3. Higher taxa richness 
The richness of plant families and genera by LUU is highly correlated to the corresponding 
species richness (r = .88 and .98, respectively). The gradient of genus richness (Fig. 11.25) is 
significant according to the Friedman test, and similar to the one of total species richness (Fig. 
11.21), with a peak in LUU4 and decreasing trends towards LUU1-2 and LUU5-6. LUU2 has 
values lower than LUU1 in most countries, and even holds the minimum values in three 
countries (FR, SP, UK). Differences among LUUs in family richness were not significant, the 
pattern being somewhat different because the poorer values on average correspond to the highly 
intensified LUUs (2, 5 and 6), while LUU1 has intermediate values among these and LUU3-4.  

The general pattern of phylogenetic diversity is illustrated by Fig. 11.26. LUUs appear grouped 
in three pairs. Intermediate LUUs (3-4) have the highest average richness at the three taxonomic 
levels. Forested LUUs (1-2) have less species and genus richness than agricultural and livestock 
LUUs (5-6), but this trend reverses at the family rank. This would mean that the species 
diversification of LUU5-6 originates from a more reduced number of families containing groups 
well-adapted to the disturbance regimes proper of these LUUs (Grime 2001). The differences 
within these pairs increase towards the higher rank in the case of LUU1-2 and LUU5-6, with 
higher values for LUU1 and LUU5. In LUU3 and LUU4 the number of families is similar 
among them but the number of species declines in the former. 
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Fig. 11.25.  Higher taxa richness. Top: relative richness (proportion to the total number in the 
study site) of families and genera by LUU and country. Bottom: average rank (concordance 
analysis; n=8, df=5) and mean values (± 1 SD) for family and genera richness. 

 

 

 

 

 

 

 

 

 

Fig. 11.26.  Relationships between average species, genus and family richness by LUU. Left: 
average number of families, genera and species by LUU for the 8 study sites. Right: average 
proportion of the richness of the same taxonomic ranks with respect to the corresponding total 
of each country. 
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Fig. 11.27.  Total abundances (sums of species cover). Left: average rank (concordance 
analysis) and probability values of the Friedman test (n=8, df=5) for total abundances of all 
species (to), herbaceous (he) and woody species (wo). Right: average cover of the same plant 
groups. 

11.3.3.4. Diversity indices based on species abundances 
As it was already exposed, cover was the measure of abundance used for plant species. 
Consequently, the sum of the cover values of the individual species represents in this case the 
estimator of the total abundance. But cover sums are very related to vegetation strata or layers, 
and their trends are similar. As total plant cover, total abundance does not show significant 
differences among LUUs because woody and herbaceous cover play complementary roles. Total 
abundance of herbs and woody species are highly significant (Fig. 11.27) and reproduce the 
same gradient already commented in Section 11.2. The gradient is even more pronounced here, 
because adding up species cover does not take into account the overlapping in cover, unlike the 
estimation of cover by strata does. Similar trends are observed for total abundance of the several 
life forms (not showed). 

Margalef index of diversity, Fisher or log series alpha and its standard deviation, and the 
estimation of total species richness by Jack Knife 1st order and its standard deviation, are 
diversity indices highly correlated among them and with total species richness. The values of 
the Margalef index by LUUs and countries are plotted in Fig. 11.28 for all species and for 
woody species. The values for herbaceous species look similar to the plot for all species, as in 
other cases. The close similarity with total species richness can be appreciated by comparing 
these plots to those of Fig. 11.20. Average values by LUU for all these diversity indices and the 
corresponding average ranks are plotted in Fig. 11.29. Again, the similar patterns of the values 
for herbaceous species and for all species become evident. The parallel behavior of the three 
indices is also obvious, although Margalef index and Fisher’s alpha differ significantly among 
LUUs for total and herbaceous species, while Jack Knife does not. The standard deviation of 
Fisher’s alpha behaves similarly to the same index, while the standard deviation of Jack Knife 
shows trends partially inverse to the index that are not significant among LUUs. In this group of 
diversity indices the higher discriminating power among LUUs is showed by the Margalef 
index. It is interesting to note also that Margalef and Fisher indices for all species report 
significant differences among LUUs, while total species richness was just out of the limits for 
significance. Behind this behavior is the correction due to total abundance (Fig. 11.27), that 
reduces slightly the average rank of LUU1 and LUU2 increasing the one of LUU4. The same 
effect can be observed in the average ranks of LUU5 and LUU6, opposite to their mean values 
of the diversity indices. 

The other group of diversity indices highly correlated is composed of the Shannon (Fig. 11.30) 
and Simpson indices of diversity and the evenness index of Pielou (J’) (Fig. 11.31). None of 
them reported significant differences among LUUs neither for all species nor for herbaceous 
and woody species separately (Fig. 11.32). According to these indices, maximum diversity (and 

Average ranks & Friedman test for total 
abundances

0

1

2

3

4

5

6

7

LUU1 LUU2 LUU3 LUU4 LUU5 LUU6

av
er

ag
e 

ra
n

k

to (p<.22) he (p<.00002) wo (p<.00001)

Average abundances of plant species (woody 
and herbaceous species and all species)

10

30

50

70

90

110

130

150

LUU1 LUU2 LUU3 LUU4 LUU5 LUU6

%
 c

o
ve

r



 181 

evenness) is reached in LUU4, followed by LUU5 (LUU6 for Simpson’s index), while 
minimum diversity is in LUU2, followed by LUU1. The pattern is similar on average for 
herbaceous species, and only differs from the corresponding species richness patterns in the 
more marked minimum in LUU2 and the closer values of LUU5 and LUU6. Concerning woody 
species, diversity values of LUU4 are close to those of LUU1, and even higher in the case of 
evenness. Unlike the trend in species richness (Fig. 11.21), LUU4 shows here a higher average 
rank than LUU1 in all cases. Within the forested LUUs, the minimum in LUU2 is more marked 
than in other diversity estimators. LUU6 tends to reach higher average values of diversity than 
LUU5, this trend being also more pronounced for evenness. 

Simpson’s index behaves similarly with respect to the other two indices of this group in the 
concordance analysis, but shows somewhat erratic trends in its average values, particularly for 
herbs and all species together, that seem to be due to abnormally high values in some LUUs. 
Simpson’s diversity was calculated as the inverse of Simpson’s concentration, less sensitive 
than the complementary to changes in abundance of the few very abundant specie s (Hill 1973). 
Nevertheless, it seems that very low concentration values may produce deviant results in the 
quotient. May (1975) showed the strong sensitivity of Simpson’s diversity to highly uniform 
distributions of the species abundances, like the broken stick model. Such sensitivity does not 
affect to Shannon’s diversity index, which in the other hand is linearly correlated to the 
logarithm of the Simpson’s diversity (Hill 1973). 

Shannon’s diversity (H’), Pielou’s evenness (J’) and species richness (S) are also diversity 
estimators mutually related (H’ = J’·lnS). Among them, species richness is the more sensitive to 
the effect of rare species, while evenness would deal mainly with the proportional abundance of 
the more abundant species. Hence both indices are expected to be less correlated between them 
than to Shannon’s diversity. Fig. 11.21 and 3.14 show the divergences among species richness 
and evenness at the scale of LUUs. These divergences are relevant for some LUUs in certain 
countries, affecting particularly to the ranking of LUU values within countries. It is also 
noteworthy in the evenness graphs how the behavior of herbaceous species strays from the 
whole species. The high abundance values proper of many woody species exert more influence 
on the whole species pattern than in the case of species richness. Despite the among-country 
variability in LUU ranking, evenness stresses a high similarity of values in LUU4 for all 
species, and also in LUU3 for woody species.  

Evenness and species richness are positively and significantly correlated, but their relationships 
change depending upon species number (Fig. 11.34). Evenness increases as species richness 
increases up to 120-140 species per LUU for herbs and 20-25 species for woody plants. From 
these numbers on, evenness stabilizes or even decreases. Hence, the correlations between 
evenness and species richness are positive for some LUUs and non significant for other; among 
the latter are typically those having higher species richness, like LUU1-4 for woody plants and 
LUU3-5 for herbs. In this way, the behavior of evenness tends to reduce variability in the 
species-rich LUUs, but also to modify the ranking of LUUs with respect to species richness, 
reducing the significance of the Friedman test. 

Shannon’s diversity behaves in an intermediate way in relation to evenness and species 
richness, as it can be observed by comparing Figs. 3.3, 3.12 and 3.13. Nevertheless, evenness is 
a component of Shannon’s diversity quantitatively more important than species richness, as 
indicated by the bivariate correlations, the standardized coefficients of the regression of 
Shannon’s diversity on evenness and species richness, and the proportions of the variance of 
Shannon’s diversity explained by its two components (Fig. 11.33). A higher contribution of 
evenness to Shannon’s diversity has been hypothesized to indicate a predominance of the effects 
on diversity due to biotic interactions, and seems to be common in plant datasets (Stirling & 
Wilsey 2001). The contrary would indicate the predominance of migration and colonization 
processes in controlling diversity. 

The divergences among the three groups of diversity estimators considered should be related to 
their different sensitivities to the distribution of species abundances. Rank-abundance diagrams 
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for the whole plant species are plotted in Fig. 11.35. Although among-country variation is 
important, the forested LUU1-2 show steeper curves, with a clear role for dominant species 
(interval 1-0.1 of the proportional abundances). In the other LUUs the slope inflection in the 
0.1-0.01 interval of ordinates becomes more pronounced at the same time that an enrichment in 
species of intermediate abundances makes evident. These trends are maximized in LUU4 for 
most countries. The number of rare species is rather variable among countries and among 
LUUs. 

 

 

 

 

 

 

 

 

 

Fig. 11.28.  Margalef index of diversity. Values calculated for LUU and study site, for all plant 
species (left) and for woody species (right). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.29.  Diversity indices. Top: Fisher alpha or log series and standard deviation of alpha. 
Bottom: Margalef index, Jack Knife 1st order and standard deviation of Jack Knife 1st order. 
Indices calculated for all species (to), or only for herbaceous (he) or woody species (wo). 
Average ranks (concordance analysis) and probability values of the Friedman test (n=8, df=5) 
(left), and average values by LUU of the indices (right). 
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Fig. 11.30.  Shannon diversity index. Values calculated for LUU and study site, for all plant 
species (top) and for herbaceous (bottom left) and woody species (bottom right). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.31.  Pielou’s index of evenness (J’). Values for LUU and study site, for all plant species 
(top) and for herbaceous (bottom left) and woody species (bottom right). 
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Fig. 11.32.  Shannon (H’) and Simpson diversity indices and Pielou’s evenness (J’), calculated 
for all species (to), or only for herbaceous (he) or woody species (wo). Left: average ranks 
(concordance analysis) and probability values of the Friedman test (n=8, df=5). Right: average 
values by LUU. 

 

 

 

 

 

 

 

 

 

Fig. 11.33.  Left: bivariate coefficients of correlation (r) between evenness or species richness 
and Shannon’s diversity, and standardized coefficients (b) of the multiple regression of 
Shannon’s diversity on evenness or species richness, for herbaceous (he), woody (wo) and all 
species (to). Right: relative contributions of species richness and evenness to the linear 
explanation of the variance in Shannon’s diversity (species richness is log-transformed). 

Among the diversity estimators considered, species richness is the more sensitive to rare species 
(Magurran 1988, Legendre & Legendre 1998) and this condition seems to be behind its 
limitations to discriminate differences of diversity among LUUs. At the opposite end, evenness 
and proportional diversity indices (Shannon and Simpson’s diversity) are more dependent of the 
abundant species, which in turn determine dominance relationships. The proportion of dominant 
species is in general rather low for plants and their fluctuations limit also the discriminating 
power of these indices. The positive correlations among species richness and evenness are in 
any case evident in the plots of Fig. 11.35. Margalef index of diversity and Fisher’s alpha are 
less sensitive to the influence of rare or dominant species and more dependent upon the number 
of species with intermediate abundance (Kempton & Taylor 1974, Magurran 1988). It is 
noteworthy the fact that these indices showed the best discriminating power between LUUs 
when concordance analysis was applied. 
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Fig. 11.34.  Relationships between species richness and evenness . Top: woody species, bottom: 
herbaceous species. 
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Fig. 11.35.  Rank-abundance diagrams by LUU and country. Number of species (ordered 
according to decreasing abundance) vs relative abundance in each LUU. 
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11.3.3.5. Other patterns: Floristic trivialization 
Despite the high number of plant species recorded in the BIOASSESS sampling, very few of them 
are included in international, national, regional or even local lists of rare, threatened or protected 
species. Exhaustive searching has been carried out in the two more species-rich study sites. In 
France, a list of near 400 species protected or considered as rare at the country and local levels 
was compiled by E. Fedoroff, but only one protected species and one moderately rare species 
were recorded in the BIOASSESS sampling. In Spain, only three species are included in some of 
the available lists of flora protected or with conservation interest, and up to four more species 
could be considered as locally very rare (in fact, two of them were discovered in the area for the 
first time during the present sampling). From the list of rare species in the flora of the British 
Isles compiled by Stace (1991), only one was recorded in the Scottish study site, and none in the 
Irish site. In all cases these species became part of the groups of unique or exclusive species. 
But these numbers and the simila r values obtained from other countries are too reduced to 
expect some kind of response patterns against the BIOASSESS gradient. As the presence of a 
higher number of such species is known from the study areas of several countries, it must be 
concluded that plant species of high conservation value are truly rare and cannot be adequately 
captured by the sampling design adopted. This is not a surprising conclusion because it is 
widely known that studies aimed at issues related to rare plant species require specific sampling 
designs. 

Instead of this type of analysis that would not be statistically feasible, we have carried out other 
analyses dealing with alien species (next section) and trivialization of the floristic composition. 
A further analysis in progress will be based on the distribution ranges of the species. 

It is known from studies on vegetation classification that the flora of severely disturbed habitats 
contains a higher proportion of species characterized by their wide geographical ranges, and 
similar increases of this type of wide range species are also documented in the early stages of 
secondary succession after disturbances. The land-use gradient analyzed in BIOASSESS and the 
large biogeographical coverage of the selected study sites are a good opportunity to evaluate this 
trend. 

The total flora recorded in each LUU is unequally distributed among groups of species with 
different geographical ranges. This is illustrated in Fig. 11.36, taking as total flora of the LUU 
every species present in at least one of the eight homologous LUUs, (representing the same 
position in the land use gradient), and defining the distributional range in terms of the number of 
study sites (countries) in which each species has been recorded. The total flora of the LUUs 
shows a more or less unimodal pattern similar to the commented for average species richness 
per LUU (Fig. 11.21, top), although here the forested LUUs (1 & 2), in particular LUU1, reach 
values closer to the ones of deforested LUUs (5 & 6). As expected from the high species 
turnover among countries (Fig. 11.5), the main component of the flora of each LUU is 
composed of species exclusive from one study site. But at this respect LUU1 differ from the rest 
by its higher proportion (>50%) of species exclusive from just one country. Hence the main 
proportion of biogeographical originality is linked to LUU1, while LUU2 and LUU6 are the 
poorest in species exclusive from one country both in terms absolute and relative. The more 
species-rich LUUs due their differential richness to floristic elements of wider distribution, that 
is, shared by several study sites. It is also noteworthy that the floristic impoverishment of LUU2 
with respect to LUU1 affects only to the group of species exclusive from one country. 

To clarify this general pattern, in Fig. 11.37 the relative proportion of each group of species 
defined by its distribution range being represented in each LUU has been plotted. Species 
exclusive from one country have their higher representations in LUU1, LUU3 and LUU4. 
LUU4 and to a lesser proportion LUU3 show an enrichment in species of intermediate 
distribution range, i.e. present in 2-4 countries. The species of wide distribution (present in more 
than 4 countries) are clearly over-represented in the deforested LUUs (5 and 6) but also in 
LUU4. 
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This pattern indicates an effect of homogenization or trivialization of the floristic composition 
in the more intensively managed LUUs. To confirm it at the country level, the average number 
of shared species among each LUU of every country and the homologous LUUs of the other 
seven countries were calculated, as well as the corresponding similarity indices of Sørensen and 
Jaccard. Similarity values are clearly lower for the Mediterranean countries and Hungary, that 
have the more differentiated floras (Fig. 11.6), but show parallel trends. The proportion of 
shared species and the similarity in floristic composition among countries increases with land 
use intensification, from LUU1 to LUU4-6, for all species and also for herbs (Fig. 11.38). 
Similarity peaks in LUU5 in most countries but also in LUU4 or LUU6 in some of them; the 
minimum values are always in LUU1. Woody plants show a quite opposite trend (Fig. 11.38), 
with minimum values of similarity in the deforested LUUs, attributable to the too few species 
present in these LUUs in some countries. The values of the Jaccard similarity plotted in Fig. 
11.38 are statistically significant both for herbs (coefficient of concordance=0.77, p<.00001) 
and for woody species (coefficient of concordance=0.67, p<.00007). 

On average, and for herbaceous species, Jaccard similarity doubles its value from LUU1 (0.01-
0.03 in Mediterranean sites and Hungary, 0.05-0.08 in the other countries) to LUU4-6 (0.04-
0.08 and 0.10-0.14 respectively). The maximum increase occurs in Hungary (700%) and the 
minimum in Ireland (60%). In terms of number of shared species, the averages are 6 species in 
LUU1 and more than 20 in LUU4-6. Despite such figures may seem moderate, the trend must 
be judged as strong when considering the geographical dimensions of the area prospected (from 
Finland to Portugal and from Hungary to Ireland) and the landscape scale represented in the 
sampling. Moreover, the actual number of species involved is very variable among pairs of 
countries depending upon their floristic affinities. For instance, the number of shared species 
among the study sites in Finland and in Spain are 0 for LUU1-3 and 6-7 for LUU5-6, but among 
France and Switzerland are 13 and 50-70 respectively. These rates are similar when considering 
all species, because the contribution of woody species is very minor. In conclusion, the increase 
in species richness in the deforested LUUs is made at the expense of doubling the floristic 
similarity or tripling the number of shared species on average across Europe. 

 

 

 

 

 

 

 

 

Fig. 11.36.  Total flora recorded in each LUU across the eight study sites, with the proportion of 
species present in only one study site (Co1), in two study sites (Co2), … and in 6 or more study 
sites (Co6-8). Absolute (left) and relative (right) number of species. 

11.3.3.6. Other patterns: Alien species 
The introduction of alien species and the invasion processes they may originate are considered 
as a component of global change of the same entity that habitat destruction or fragmentation 
(Vitousek 1994, Vitousek & al. 1997). Alien species are often responsible for the modification 
of conditions within a biological community. Introductions influence the genetic diversity of 
native species and may alter species composition by causing the extinction of other species, 
influencing the interactions between other species, and altering ecological processes such as 
water chemistry, nutrient cycling and soil structure (Vitousek 1990, McNeely & al. 1995, Parker 
& al. 1999), or even contribute to the homogenization of landscapes (Dukes & Mooney 1999).  
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Fig. 11.37.  Relative representation in the total flora of each LUU (across the eight countries) of 
groups of species defined by the number of study sites (countries) in which they have been 
recorded. The absolute richness of each group is showed in Fig. 11.5 (left). 

 

 

 

 

 

 

 

 

Fig. 11.38.  Mean value of the Jaccard similarity index calculated among each LUU of a 
country and the homologous LUUs of the other seven countries, for herbaceous (left) and 
woody (right) species. 

The invasion success depends upon several processes (Williamson & Fitter 1996): the dispersal 
abilities of the alien species and the human factors that make possible their arrival, either 
accidental, or escaped, or deliberate; the conditions allowing the establishment of the invader, 
including species requirements and characteristics of the invaded community; and the 
subsequent and often fast population growth of the invader. Attributes of alien species 
(Thompson & al. 1995, Rejmanek 1996) and habitat characteristics (including attributes of the 
resident dominant species, Crawley & al. 1999) favoring invasion (“invasibility”; Lonsdale 
1999) are hence considered the main playing factors in biological invasions, combined with the 
role of humans moving species or removing barriers to their dispersal.  

Although Europe is suffering from severe biological invasions, terrestrial plants are not 
considered among the worst invaders. The European flora only contains around 5% of alien 
species (Lovei 1997), most of them being neighbor invaders of Eurasian origin (Stanners & 
Bourdeau 1995). In fact, the balance between exporting and importing aliens seems to be 
favorable for the former in the Old World (Groves & Di Castri 1991). Nevertheless, rates of 
invasion are clearly higher in islands (Brockie & al. 1989, Lovei 1997) and differ markedly 
among countries (Vila 2001, Vila & al. 2002).  

Invasibility is a widely debated subject. The proportion of alien species is higher in islands with 
respect of continents, a fact that has been attributed to the lower degree of species saturation 
proper of the insular floras and faunas (Elton 1958, Lonsdale 1999). Absence of pathogens, 
predators or herbivores able to control the invader populations would also favor the chances of 
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aliens (Mack 1989, Macdonald & al. 1989). Habitat disturbances due to fire, drought, pest 
diseases, overgrazing, clearing or plowing are among the most commonly invoked factors 
promoting invasion (Hobbs & Huenneke 1992). Disturbances act reducing competence and 
increasing the available resource levels. At this respect, the theory of fluctuating resource 
availability as the key factor controlling invasibility in plant communities (Davis & al. 2000, 
Grime 2001) proposes that a plant community becomes more susceptible to invasion when there 
is an increase in the amount of unused resources. Temporal increases of resources may be 
released by disturbances but also by other processes as changes in water or nutrient supply, 
either natural (climate events, flooding, eutrophication) or artificial (irrigation, fertilization). 
The theory predicts higher susceptibility to invasion in communities subject to disturbances or 
to environmental fluctuations, and stresses the intermittent nature of invasive events, that would 
be limited to the periods following such fluctuations until community recovery reduces the 
resource surplus. The effects of grazing on invasibility may be diverse, because introduction of 
grazers, particularly in nutrient-rich communities, would enhance invasibility, but long stable 
grazing could exert a control on invaders (Vila 2001). The theory also predicts a lack of general 
relationships between productivity or native species diversity and invasibility. About the latter, 
it had been invoked that community diversity could be inversely related to invasibility (Elton 
1958, Rejmanek 1989), but evidences are contradictory and prove that species-rich communities 
can be also susceptible to invasions (Knops & al. 1999, Lonsdale 1999, Stohlgren & al. 1999).  

The sampling carried out for BIOASSESS has reported 115 alien species, 16 of them being 
woody plants recorded only in the circular plots (CP1). Out of the remaining 99 (ca. 7% of the 
total catalog), 87 are considered aliens in all countries, and 12 only in some of the countries in 
which they were recorded. 

The subset of alien species do not differ from native species in their distributional pattern (Xw
2 

(Wilks’ likelihood ratio)=5.22, df=7, p=.33), meaning that floristic homogenization is not being 
increased particularly by alien species. In fact, although the percentage of alien species shared 
by 4 or 5 countries is slightly higher than for native species, the percentage for species recorded 
in only one country is higher in aliens than in native species. On the contrary, alien species 
differ significantly from natives in their life forms (Xw

2=89.5, df=5, p<10-5), mainly due to the 
over-representation of trees and the under-representation of low shrubs, geophytes and 
hemicryptophytes. As many as 34 out of the 91 tree species recorded were aliens, and still 5 
more have an exotic origin in some of the study sites. Alien species also differ from native 
species in their taxonomic adscription, either families (Xw

2=81.5, df=13, p<10-5) or higher ranks 
(Xw

2=42.1, df=3, p<10-5). Monocots and ferns are under-represented in aliens with respect to 
natives (13 and 0% vs 21 and 2.5%, respectively), while conifers, and more exactly Pinaceae, 
are over-represented (10% vs 0.4 or 0.2%, respectively). Species selection by forestry 
management is obviously behind these differences. Rosaceae, the family of many fruit trees, is 
also over-represented in the alien flora, as well as some mainly exotic families, like 
Amaranthaceae. On the contrary, other families considered to be main contributors to the alien 
flora (Pysek 1998), like Compositae, Gramineae, Cruciferae or Leguminosae were not 
particularly over-represented. 

The statistics by country (Fig. 11.39) reveal that alien species represent between 1.6% and 9.3% 
of the total flora of each study site. The average (6.25%) is again slightly higher than the 
accepted European proportions of alien flora. Islands are among the study sites with higher 
proportions of aliens (8.6%), but the record corresponds to the Hungarian site both in absolute 
and relative terms (35 species, 9.3%). Switzerland and the Mediterranean countries are the less 
prone to aliens, with proportions lower than 5%. If woody aliens recorded only in the circular 
plots are added to the reckoning then the dominance of HU, FR and FI sites in absolute number 
of aliens is still increased. 

The total abundance of aliens by country is clearly dominated by those alien species 
intentionally cultivated (Fig. 11.39), either for forestry or for agriculture. Only in the Swiss 
study site cultivated aliens are lacking. Non intentionally cultivated or spontaneous alien species 
do not exceed proportional cover values of 1%, excepting in the Hungarian and Irish sites. In 
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the former, real invasions raise up to 4.4% the proportional cover of spontaneous aliens. In 
Ireland the relatively high cover of spontaneous aliens (6.5%) is mainly due to beech (Fagus 
sylvatica), that now plays an important role in many Irish woodlands. 

Excepting for the deviant case of Hungary, alien species richness tends to show minimum 
values in LUU1 and maximum in LUU6, followed by LUU4 (Fig. 11.39). A secondary 
minimum in LUU5 is well-marked in most of the countries. The proportion of alien species to 
the total flora of each LUU does not clarify the patterns exposed but stresses the higher values 
in LUU2 than in LUU3 for most countries. When herbaceous and woody species are split up 
(Fig. 11.40), some differential trends emerge. The former clearly increases their richness in the 
agricultural LUUs (LUU6 and to a lesser extent LUU4 or even LUU5 in some countries). The 
trends are similar when cultivated species (cereals and other crops) are excluded. Woody aliens 
show less clear richness patterns, due to that there are no exotic woody species in some 
countries or very few in others, that exotic trees planted for forestry account for a large part of 
the variation among countries and LUUs, particularly in LUU2, and the very different behavior 
of the Hungarian site.  

Concerning the abundance of alien species by LUUs and countries, the patterns for herbs are 
similar to those exposed about richness. Cultivated species account for most of the alien cover, 
excepting the cases of SW, where agriculture is not represented, PO, where the only crop 
corresponds to a native species (alfalfa, Medicago sativa), and SP, where many crop fields of 
LUU6 lay in fallow during the year of sampling. Woody alien cover is clearly concentrated in 
LUU2, excepting for those countries (FI, SP, SW) whose managed forests are composed of 
native species. The abundance of spontaneous woody aliens shows again the already 
commented deviant patterns of Ireland and Hungary and a minor trend in other countries 
towards an increase in partially deforested LUUs. 

These patterns of alien species are summarized in Fig. 11.42. The gradients are significant for 
richness and abundance of herb species, either spontaneous or cultivated, as well as for the 
whole of alien species, according to the Friedman test. Woody alien species did not show 
significant patterns excepting for the abundance of planted trees and its strong peak in LUU2. 

In conclusion, alien plant species behave differently attending to their origin and life form. Non 
cultivated alien herbs belong mainly to annuals and are favored by recurrent and severe 
disturbances, combined with fertilization, like those derived from the agricultural land use. Non 
cultivated woody aliens do not show significant patterns across the land use gradient. The 
abundance of aliens is strongly conditioned by the ir intentional introduction with agricultural or 
forestry purposes. The later aim should be severely controlled because of the large proportion of 
alien species found among woody plants, particularly trees. In almost all cases, old growth 
forests are the lands less prone to aliens. Stable grazing is also a land use resistant to invaders. 
Some biogeographical patterns attributed to alien species are corroborated in the set of countries 
analyzed, but other remain unclear. Taking into account that the land uses most prone to 
invaders, like urban areas or transport and communications infrastructures, have not been 
included in the BIOASSESS gradient, the actual proportion of alien species in the European flora 
is probably higher than the currently considered values. 
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Fig 3.21.  Top: alien species statistics by country (total number of alien species, percentage of 
alien species with respect of the flora of the study site, mean proportional cover (%) of alien 
species and mean proportional cover of the non intentionally cultivated alien species). Bottom: 
total alien species richness by LUU and country (left), and proportion of alien species to the 
total flora of the corresponding LUU. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.40.  Alien species richness by LUU and country for woody plants (left) and herbs 
(right), considering all alien species (top) or only the non intentionally cultivated aliens 
(bottom). 
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Fig. 11.41.  Abundance of alien species calculated as the sum of individual cover values of the 
species. Herbaceous (bottom) and woody species (top), as well all species (left) and non 
intentionally cultivated species (right) of each group are represented separately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.42.  Alien species and LUUs. Average rank and probability values of the Friedman test 
(n=8, df=5) (top) and average values (bottom) of alien species richness (left) and cover (right). 
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11.4. Relationships among plant diversity at the landscape scale 
and vegetation and landscape structure 

11.4.1. Aims and methods 
The aim of this Section is to evaluate the relationships among the different estimators of plant 
diversity at the LUU (landscape) scale and several sets of possible indicators of the former. The 
estimators of plant diversity considered are those already commented in Section 11.3 (Diversity 
estimators, Table 3.1), plus several additional estimators of floristic homogenization and alien 
species abundance and richness (see Section 11.3). A list of all those specifically considered in 
this Section is in Table 11.6. As possible indicators of plant diversity we have considered three 
groups of field measurements, and the landscape indices derived from remote sensing analysis:  
a) layer structure of vegetation: percentage of cover of herbs, low shrubs, tall shrubs and 

tree crowns, as well as the Shannon diversity index calculated on these values, and total 
plant cover; 

b) vegetation profiles: percentage of cover of each of six vegetation strata defined by 
height, as well as the Shannon diversity index calculated on these values; 

c) tree structure: density and trunk area of living trees, logs, snags and stumps; 
d) landscape indices describing landscape composition and pattern, derived from the remote 

sensing analysis. 

Values for variables belonging to the a), b) and c) groups are averages of field measurements 
gathered at 16 sampling points per LUU. Sampling details are exposed in Section 11.2, and the 
analyses of the corresponding variables were presented in Section 11.2. These measures are 
based on different area scales: rectangular plots of 100 m2 for a), circular plots of 50 m radius 
for b), and circular plots of 25 m radius for c). Sampling effort can be considered larger for c) 
than for b), and also for b) than for a). 

Landscape indices were calculated under the direction of the FELIS team, who provided also the 
corresponding data files. Landscape indices were calculated at two spatial scales: LUU (1 km2), 
and LUU plus a buffer of 1 km around (ca. 9 km2); and at two levels of detail in land cover 
classification (Level 1 and Level 2). Further methodological comments are provided in the 
Subject Report about remote sensing indicators. 

A huge number of landscape indices were produced by the Fragstats analysis carried out on the 
classified landscapes. For Level 1, including the subsets of indices for each land cover class, an 
amount of 1832 indices were generated. A necessary index selection was carried out in several 
steps. Core area indices (435) were analyzed separately to evaluate the effect of different core 
distances. 127 indices were discarded because their formulation makes them redundant with 
respect to other indices. Finally, other ca. 1100 indices, most of them class-related indices, were 
discarded because they are undefined when the number of patches is zero or low (as many 
indices derived from distribution statistics, as well as other like IJI, PLADJ, CLUMPY, etc) or 
because they contain too many zeros even at the LUU+buffer scale. The remaining 177 indices 
were then explored for selecting a minimum subset, using the results of factor analysis carried 
out by the FELIS team, and of additional cluster analysis on the absolute values of the correlation 
coefficient among indices, performed in the aim of identifying groups of indices highly 
correlated. Within a highly correlated cluster we have selected for further analyses only one of 
the indices, discarding the others. The use of the absolute value of the coefficient of correlation 
prevents us against the separation in the clustering process of indices with a high negative 
correlation. The rationale behind is that two highly correlated indices (either positive or 
negatively) have the same explanatory power of the dependent variables. When selecting 
indices, we have preferred those already selected or suggested by other BIOASSESS partners or 
those more easily interpretable. A final subset of 91 indices were checked for their correlation 
with plant diversity estimators. The conventions used for naming these indices follow the ones 
from Fragstats with minor modifications indicated in also Table 11.6. A summary of the 
selected indices for Level 1 of the classification is the following: 
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a) indices related to landscape composition: 2 related to landscape diversity (MSIEI, PRD), 2 
NDVI indices and 9 corresponding to the percent cover of each cla ss type (PLAND) 

b) indices of patch density: 1 for the total landscape and 9 for classes 
c) indices of edge density and shape (7) 
d) indices of proximity, contagion, connectivity, fragmentation (10 for the total landscape and 

3 proximity indices per class) 
e) indices related to patch area statistics (3 for the total landscape and 3 or 4 more per class) 

As it was commented in Sections 1 and 3, plant diversity shows a strong component of its 
variation related to differences among countries. The first column of Table 11.7 shows the 
multiple correlation coefficient of every diversity estimator against the set of dummy variables 
representing countries; the corresponding square value indicates the proportion of the variance 
of the diversity estimator explained by among-country differences. For most of the diversity 
estimators, among-country variation represents between 35-65% of the total variance. Exclusive 
species richness, some indices related to alien species cover and richness, and other related to 
woody species richness (average richness, beta diversity, as well as Shannon, Simpson and 
evenness indices) are the main exceptions. Hence, the evaluation of the power of indicators has 
been based on their partial correlation values against the diversity estimators, after extracting the 
variance already explained by among-country differences. Partial correlations higher than 0.31 
are already significant, but to clarify patterns we have marked in bold only values exceeding 
0.33. The values of the multiple correlation coefficient of every indicator on country are also 
indicated (significant values are marked in bold). Landscape indices without significant partial 
correlations with diversity estimators have been suppressed from the Tables. 

Prior to correlation analyses, bivariate scatterplots were examined for nonlinear trends and 
several numerical transformations of the variables were checked. Arcsine transformations 
improved the correlation coefficients for cover data, log transformations the density values and 
square root transformations the trunk area values. In all cases the improvements were moderate 
but consistent. Landscape indices were not transformed because no consistent improvements 
were appreciated. Transformations of diversity estimators did not improve either the 
correla tions, excepting for log transformations of species richness in a few cases that will be 
commented in text.  

Table 11.6. Variables referred to in Tables 11.7-16 

Abbr. Diversity estimator Suffix 
SR Species richness (RP, 100 m2) 
ASR Average species richness (RP, 100 m2) 
BW Beta diversity (Whittaker) 
EXCL Exclusive species 

C, G, H, N, P, T: life forms  (see Table 3.1) 
HB: herbaceous species  
WO: woody species  
TO: all species 

FAMR Family richness  
GENR Genera richness  
AFZ Fisher’s alpha 
MARGZ Margalef index 
JKZ 1st order Jackknifed species richness 
SHAZ Shannon diversity index 
SIMZ Simpson diversity index 
JPZ Pielou’s evenness index (J) 
JAC Jaccard similarity among homologous 

LUUs 

HB: herbaceous species  
WO: woody species  
TO: all species 
 

XC Alien species cover 
 

XR Alien species richness 

HBA, HBC: herbaceous alien species non 
cultivated (A) or intentionally cultivated (C) 
WOA, WOC: woody alien species non 
cultivated (A) or intentionally cultivated (C) 
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Abbr. Variable Transformation 
 Vegetation layers:  
HERB% Herbaceous cover (%) arcsine 
LSHRUB% Low shrub cover (%) arcsine 
TSHRUB% Tall shrub cover (%) arcsine 
TREE% Tree crown cover (%) arcsine 
LAYERSH Shannon diversity index of vegetation layers n.t. 
TOTCOV% Total vascular plant cover (%) arcsine 
 Vegetation profiles:  
STR1 - STR6 cover (%) of the vegetation strata defined by height arcsine 
STRSH Shannon diversity index of the six height strata n.t. 
 Tree structure:  
YDN Density of young trees  log 
ADN Density of adult trees log 
ATA Adult trunk area square root 
TTA Total trunk area square root 
ASNDN Adult snag density log 
ASNTA Adult snag trunk area square root 
ALODN Adult log density log 
ALOTA Adult log trunk area square root 
STDN Stump density log 
 

Table 11.6 (cont.). Variable names for landscape indices 

Abbr. Landscape index  

AI Aggregation index  

COHESION Cohesion index  

CONNECT Connectance index  

ED Edge density  

LPI Largest patch index  

MESH Effective mesh size  

MSIEI Modified Simpson evenness  

NDVIME NDVI (mean value)  

NDVISD NDVI (standard deviation)  

PD Patch density  

PLAND Percentage of landscape occupied by one class  

PRD Patch richness density  

AREA_ds Area of patches (distribution statistics)  

ENN_ds Euclidean nearest-neighbor distance (distribution statistics)  

FRAC_ds Fractal dimension (distribution statistics)  

PARA_ds Perimeter/area ratio (distribution statistics)  

PROX_ds Proximity index (distribution statistics)  
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Class prefix Class prefixes for landscape 
indices 

 ds (suffix) Distribution statistics 

A_ Agroforestry areas  _M Mean 
C_ Crop fields (arable land)  _A Weighted mean 
F_ Forest  _C Coefficient of variation 
G_ Grassland    
H_ Water bodies    
O_ Open spaces   Scales Area scales for landscape indices 
S_ Shrubland / heathland  Buffer LUU + buffer (ca. 9 km2) 
W_ Wetlands  LUU LUU (ca. 1 km2 ) 
X_ Artificial surfaces    

11.4.2. Layer structure  
The cover of the various vegetation layers is not significantly correlated with countries, 
excepting for total cover. Partial correlations for estimators based on all plant species are similar 
in behavior to herb species or, in certain cases, intermediate between herbaceous and woody 
species. In general, estimators of total plant diversity are less predictable than estimators of herb 
or woody plant diversity, with minor exceptions, like for proportional diversity indices. As 
expected, total plant cover is a bad predictor of species richness, due to the complementary 
relationships between herbs and woody plants. Total plant cover is only moderately and 
negatively correlated to annual species richness (16% of residual variance), as it can be 
expected from the requirements of this kind of species.  

Concerning herbaceous species, their diversity estimators are in general significantly and 
positively correlated to herbaceous cover and negatively to tree crown cover. Hence, herbaceous 
plant diversity is enhanced by increasing the extent of herb cover, and by decreasing woody 
cover, particularly tree crown cover, being the former quantitatively more important than the 
latter. Tree cover affects mainly to the species richness of annual herbs, while geophytic herbs 
are even enhanced under woody cover. The correlations with layer structure indicators are in 
general moderate, ranging from one sixth to one third of the residual variance. Average species 
richness per plot is the estimator with higher partial correlations, followed by species richness 
and other diversity indices; Shannon, Simpson and evenness indices for herbs do not show 
significant correla tions with layer structure. Exclusive herbaceous species show a pattern similar 
to species richness, but more negatively correlated to tree cover and less positively to herb 
cover. Jaccard similarity in floristic composition among homologous LUUs is highly  correlated 
both to herb cover and all covers of woody layers, showing that floristic homogenization is 
enhanced by suppression of woody cover and expansion of the herbaceous layer. Alien herb 
species cover and richness show similar trends.  

About woody species, diversity estimators are positively correlated to cover of the different 
woody strata and negatively to herb cover. Partial correlations are higher than for herbs, 
particularly those with the Shannon diversity index applied to the cover values of the four layers 
considered. Between one half and two thirds of the residual variance in woody species diversity 
can be accounted by layer structure. The highest partial correlation is among woody species 
richness and layer diversity (r=0.782; when the logarithm of woody species richness is 
considered the partial correlation increases up to 0.817). It must be noted that layer evenness is 
also highly correlated to woody species diversity, but partial correlation values are slightly 
lower than for Shannon index in almost all cases. The better partial correlations found are for 
species richness, average species richness and Shannon diversity; for other diversity indices and 
for exclusive species, the amount of residual variance explained is usually lower than 50%. The 
predictability of abundance or richness of woody alien species is also poor. 

Finally, higher taxa richness correlations are varying. Genus richness behaves similarly to 
herbaceous species, but with lower correlation coefficients. Family richness is interestingly 
related to layer diversity and to shrub cover.  
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Table 11.7. Partial correlations among plant diversity estimators and variables describing the 
vegetation layers 

Layer structure  HERB% LSHRUB% TSHRUB% TREE% LAYERSH TOTCOV% 
Diversity 
estimators 

Multiple 
R on Co 0.374 0.467 0.507 0.370 0.359 0.549 

SRHB 0.722 0.511 -0.105 -0.024 -0.395 0.053 -0.148 
SRTO 0.743 0.406 -0.020 0.104 -0.277 0.195 -0.134 
SRWO 0.720 -0.387 0.421 0.675 0.492 0.782 0.023 
SRC 0.797 -0.396 0.572 0.369 0.169 0.459 -0.065 
SRG 0.805 -0.124 0.203 0.320 0.318 0.468 -0.022 
SRH 0.838 0.415 -0.100 0.037 -0.232 0.055 0.143 
SRN 0.775 -0.267 0.299 0.599 0.337 0.653 -0.073 
SRP 0.767 -0.243 0.159 0.515 0.546 0.616 0.165 
SRT 0.874 0.451 -0.101 -0.119 -0.468 -0.026 -0.394 
ASRHB 0.744 0.626 -0.166 -0.174 -0.489 -0.103 -0.118 
ASRTO 0.800 0.423 0.010 0.052 -0.285 0.148 -0.096 
ASRWO 0.490 -0.744 0.555 0.701 0.712 0.754 0.095 
BWHB 0.665 -0.460 0.240 0.356 0.404 0.352 -0.023 
BWTO 0.708 -0.007 -0.058 0.170 0.032 0.178 -0.101 
BWWO 0.481 0.689 -0.620 -0.513 -0.703 -0.675 -0.149 
EXCLHB 0.401 0.447 -0.133 -0.111 -0.410 -0.243 0.043 
EXCLTO 0.415 0.373 -0.070 0.000 -0.320 -0.135 0.072 
EXCLWO 0.325 -0.176 0.237 0.468 0.264 0.410 0.147 
FAMR 0.650 0.013 0.219 0.469 0.176 0.571 -0.016 
GENR 0.731 0.346 0.011 0.188 -0.206 0.279 -0.135 
AFZHB 0.766 0.336 -0.009 0.133 -0.274 0.195 -0.164 
AFZTO 0.743 0.409 -0.032 0.067 -0.327 0.164 -0.201 
AFZWO 0.765 -0.160 0.294 0.527 0.251 0.623 -0.060 
MARGZHB 0.753 0.392 -0.038 0.083 -0.305 0.159 -0.160 
MARGZTO 0.745 0.399 -0.027 0.091 -0.297 0.187 -0.175 
MARGZWO 0.751 -0.230 0.336 0.572 0.329 0.682 -0.046 
JKZHB 0.741 0.465 -0.097 -0.006 -0.363 0.078 -0.181 
JKZTO 0.755 0.383 -0.027 0.101 -0.265 0.196 -0.166 
JKZWO 0.758 -0.223 0.343 0.592 0.359 0.702 -0.007 
SHAZHB 0.725 0.230 0.142 0.183 -0.249 0.182 0.021 
SHAZTO 0.572 0.479 -0.045 0.082 -0.409 0.109 -0.165 
SHAZWO 0.451 -0.261 0.418 0.664 0.282 0.727 -0.097 
SIMZHB 0.734 0.014 0.179 0.299 -0.190 0.202 -0.002 
SIMZTO 0.493 0.431 -0.128 -0.070 -0.456 -0.097 -0.224 
SIMZWO 0.356 -0.061 0.283 0.582 0.076 0.547 -0.064 
JPZHB 0.662 0.057 0.281 0.198 -0.165 0.172 0.100 
JPZTO 0.448 0.495 -0.052 0.048 -0.461 0.044 -0.172 
JPZWO 0.370 -0.240 0.416 0.589 0.218 0.653 -0.121 
JACHB 0.798 0.741 -0.540 -0.425 -0.564 -0.502 0.106 
XC_HBA 0.342 0.354 -0.452 -0.334 -0.263 -0.495 0.036 
XC_HBC 0.441 0.484 -0.443 -0.262 -0.569 -0.479 -0.075 
XC_WOA 0.502 -0.032 -0.014 0.253 0.161 0.255 0.039 
XC_WOC 0.481 -0.456 0.169 0.050 0.476 0.327 -0.223 
XR_HBA 0.460 0.579 -0.457 -0.186 -0.482 -0.349 -0.031 
XR_HBC 0.392 0.514 -0.323 -0.327 -0.546 -0.358 -0.249 
XR_WOA 0.697 0.104 -0.020 0.376 0.102 0.348 0.105 
XR_WOC 0.699 -0.261 -0.015 0.263 0.380 0.365 -0.172 

11.4.3. Vegetation profiles  
The variables derived from the vegetation profiles show higher among-country dependent 
variation than those related to vegetation layers. The general trends of their partial correlations 
to diversity estimators are similar to the commented for vegetation layers, but some changes are 
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interesting. The partial correlations for herb diversity indicators are slightly improved, 
corresponding the higher values again to average species richness and species richness. 
However, woody species diversity estimators show in general lower individual correlation 
coefficients, including also the Shannon diversity index applied to cover values of the different 
strata. At least in part these changes are related to the lack of separation among herbs and 
woody plants in the lower strata. The loss of predictability of low shrub (chamaephyte) or 
annual species richness, as well as the low correlation of stratum 1 with some indicators of herb 
diversity, are attributable to this aspect of sampling. Hence it can be concluded that a reliable 
estimator of herb species richness could be the cover of the herbaceous stratum, but in areas 
larger than the ones used for layer structure. For woody species the improvement represented by 
increasing the sampling area is less clear, but at least for species richness of tall shrubs and trees 
the maximum partial correlations are improved. Probably the lowering of the correlation with 
low shrub species richness is behind the poorer results reflected by vegetation profiles. 

11.4.4. Tree structure  
Variables describing tree population structure show a moderate among-country dependent 
variation, excepting adult tree density and basal areas of living trees. Although herb diversity 
estimators are expected to show only negative correlations with tree structure, geophytes are 
again positively correlated to some variables, indicating that this minor group of herbaceous 
species contains many forest species. In any case, the individual partial correlations for herb 
diversity estimators do never exceed 25% of explanation of the residual variance. The stronger 
negative correlations are in many cases not with living trees but with dead wood (density and 
basal area of snags and logs), suggesting that the persistence of the forest structure is a factor 
influencing the exclusion of herbaceous species. 

Woody species richness and the related diversity indices reach the highest partial correlations 
with density of young trees, as low and tall shrub richness do. Tree diversity is maximally 
related to adult tree density, as it could be expected. Average species richness is more related to 
trunk area of living trees. The maximum partial correlation for exclusive woody species richness 
is also with young tree density. Woody aliens show relationships with young-tree rich stands 
and with log and stump density, suggesting the influence of forest management practices. Non 
intentionally cultivated woody aliens are difficult to predict, because they only show moderate 
relationships with density of young trees. Rates of around 50% of residual variance explained 
are common for woody diversity estimators. 

Table 11.8. Partial correlations among plant diversity estimators and vegetation profile 
variables 

Diversity estimators Vegetation profiles 
 STR1 STR2 STR3 STR4 STR5 STR6 STRSH 
Multiple R on 
Co 0.750 0.643 0.550 0.585 0.412 0.604 0.459 

SRHB 0.583 -0.007 -0.048 -0.099 -0.470 -0.218 -0.102 
SRTO 0.515 0.048 0.093 0.030 -0.353 -0.124 0.039 
SRWO -0.166 0.292 0.737 0.657 0.459 0.427 0.721 
SRC -0.086 0.188 0.277 0.203 0.231 0.199 0.253 
SRG 0.021 -0.078 0.524 0.541 0.102 0.293 0.506 
SRH 0.544 -0.031 -0.027 -0.135 -0.227 -0.159 -0.125 
SRN -0.090 0.261 0.634 0.559 0.251 0.320 0.590 
SRP -0.187 0.201 0.668 0.633 0.522 0.408 0.699 
SRT 0.422 0.031 -0.120 -0.097 -0.572 -0.241 -0.107 
ASRHB 0.663 -0.123 -0.174 -0.164 -0.551 -0.303 -0.224 
ASRTO 0.562 -0.064 0.045 0.040 -0.358 -0.145 -0.009 
ASRWO -0.458 0.201 0.682 0.634 0.696 0.534 0.680 
BWHB -0.275 0.050 0.272 0.261 0.269 0.326 0.329 
BWTO -0.009 0.078 0.113 0.030 -0.045 0.024 0.091 
BWWO 0.166 -0.093 -0.511 -0.584 -0.656 -0.595 -0.637 
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Diversity estimators Vegetation profiles 
 STR1 STR2 STR3 STR4 STR5 STR6 STRSH 
EXCLHB 0.503 -0.076 -0.266 -0.348 -0.540 -0.364 -0.433 
EXCLTO 0.452 -0.019 -0.138 -0.236 -0.455 -0.296 -0.317 
EXCLWO -0.055 0.232 0.492 0.389 0.195 0.181 0.373 
FAMR 0.265 0.067 0.432 0.347 0.075 0.121 0.357 
GENR 0.446 0.080 0.168 0.078 -0.293 -0.093 0.093 
AFZHB 0.465 0.033 0.097 0.023 -0.409 -0.111 0.020 
AFZTO 0.511 0.047 0.045 -0.010 -0.401 -0.139 0.007 
AFZWO -0.020 0.288 0.575 0.474 0.243 0.252 0.553 
MARGZHB 0.506 0.016 0.050 -0.016 -0.417 -0.142 -0.016 
MARGZTO 0.505 0.044 0.071 0.011 -0.373 -0.128 0.025 
MARGZWO -0.054 0.281 0.628 0.539 0.313 0.317 0.618 
JKZHB 0.534 -0.018 -0.034 -0.083 -0.451 -0.191 -0.080 
JKZTO 0.479 0.032 0.088 0.025 -0.356 -0.114 0.041 
JKZWO -0.030 0.273 0.666 0.563 0.298 0.333 0.637 
SHAZHB 0.296 0.237 0.111 0.020 -0.312 -0.107 0.010 
SHAZTO 0.454 0.224 0.002 -0.071 -0.383 -0.136 -0.025 
SHAZWO -0.016 0.438 0.617 0.505 0.291 0.386 0.635 
SIMZHB 0.029 0.346 0.214 0.080 -0.207 -0.042 0.082 
SIMZTO 0.301 0.241 -0.146 -0.203 -0.328 -0.135 -0.103 
SIMZWO 0.044 0.509 0.447 0.272 0.123 0.210 0.416 
JPZHB 0.146 0.297 0.134 0.067 -0.210 -0.043 0.044 
JPZTO 0.410 0.295 -0.038 -0.110 -0.403 -0.138 -0.053 
JPZWO 0.027 0.410 0.539 0.420 0.238 0.359 0.570 
JACHB 0.515 -0.220 -0.423 -0.436 -0.508 -0.480 -0.487 
XC_HBA -0.072 0.096 -0.313 -0.268 -0.231 -0.287 -0.297 
XC_HBC 0.068 0.154 -0.384 -0.553 -0.505 -0.524 -0.512 
XC_WOA 0.157 -0.183 0.115 0.089 0.276 -0.081 0.098 
XC_WOC -0.351 -0.168 0.269 0.523 0.272 0.515 0.427 
XR_HBA 0.287 0.165 -0.261 -0.313 -0.440 -0.404 -0.276 
XR_HBC 0.244 0.104 -0.384 -0.427 -0.540 -0.467 -0.358 
XR_WOA 0.104 0.360 0.362 0.174 0.114 0.019 0.293 
XR_WOC -0.373 0.075 0.387 0.457 0.327 0.392 0.487 
 

Table 11.9. Partial correlations among plant diversity estimators and variables describing tree 
structure 

Diversity estimators Tree structure 
 YDN ADN ATA TTA ASNDN ASNTA ALODN ALOTA STDN 
Multiple R on Co 0.685 0.380 0.391 0.460 0.620 0.612 0.665 0.643 0.531 
SRHB -0.093 -0.142 -0.298 -0.287 -0.431 -0.506 -0.130 -0.151 -0.111 
SRTO 0.048 -0.011 -0.170 -0.156 -0.328 -0.406 -0.022 -0.045 0.009 
SRWO 0.720 0.654 0.582 0.606 0.401 0.359 0.531 0.517 0.602 
SRC 0.268 0.235 0.234 0.237 0.268 0.288 0.172 0.169 0.214 
SRG 0.493 0.439 0.274 0.287 0.065 0.029 0.355 0.373 0.291 
SRH -0.193 -0.060 -0.101 -0.093 -0.232 -0.319 -0.095 -0.128 0.028 
SRN 0.606 0.468 0.380 0.405 0.231 0.167 0.415 0.445 0.465 
SRP 0.669 0.698 0.640 0.661 0.398 0.364 0.544 0.487 0.610 
SRT -0.019 -0.234 -0.435 -0.426 -0.498 -0.530 -0.166 -0.171 -0.253 
ASRHB -0.192 -0.262 -0.395 -0.390 -0.436 -0.512 -0.168 -0.179 -0.193 
ASRTO 0.019 -0.059 -0.180 -0.170 -0.272 -0.361 0.001 -0.001 0.009 
ASRWO 0.660 0.656 0.722 0.737 0.583 0.564 0.534 0.563 0.633 
BWHB 0.262 0.306 0.324 0.331 0.075 0.149 0.157 0.150 0.130 
BWTO 0.127 0.141 0.009 0.019 -0.221 -0.162 -0.095 -0.137 -0.082 
BWWO -0.423 -0.573 -0.752 -0.749 -0.605 -0.689 -0.611 -0.566 -0.623 
EXCLHB -0.284 -0.396 -0.410 -0.408 -0.419 -0.474 -0.417 -0.369 -0.267 
EXCLTO -0.142 -0.287 -0.315 -0.306 -0.330 -0.394 -0.342 -0.289 -0.176 
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Diversity estimators Tree structure 
 YDN ADN ATA TTA ASNDN ASNTA ALODN ALOTA STDN 
EXCLWO 0.549 0.357 0.288 0.318 0.258 0.193 0.197 0.234 0.321 
FAMR 0.365 0.362 0.241 0.257 -0.026 -0.098 0.320 0.288 0.330 
GENR 0.132 0.061 -0.112 -0.095 -0.314 -0.390 0.009 -0.015 0.062 
AFZHB 0.035 -0.034 -0.207 -0.193 -0.366 -0.438 -0.045 -0.071 -0.017 
AFZTO 0.028 -0.042 -0.214 -0.200 -0.351 -0.423 -0.042 -0.074 -0.019 
AFZWO 0.602 0.504 0.376 0.401 0.243 0.180 0.390 0.372 0.472 
MARGZHB -0.001 -0.058 -0.223 -0.211 -0.386 -0.462 -0.069 -0.093 -0.034 
MARGZTO 0.048 -0.018 -0.187 -0.172 -0.339 -0.415 -0.033 -0.062 0.002 
MARGZWO 0.654 0.564 0.450 0.474 0.292 0.240 0.441 0.419 0.523 
JKZHB -0.081 -0.122 -0.270 -0.259 -0.428 -0.505 -0.143 -0.166 -0.097 
JKZTO 0.042 -0.009 -0.164 -0.150 -0.340 -0.419 -0.054 -0.079 0.003 
JKZWO 0.650 0.572 0.455 0.478 0.272 0.224 0.427 0.402 0.509 
SHAZHB -0.013 -0.119 -0.172 -0.173 -0.380 -0.431 -0.087 -0.042 -0.064 
SHAZTO -0.005 -0.154 -0.249 -0.240 -0.362 -0.408 -0.109 -0.127 -0.107 
SHAZWO 0.574 0.466 0.431 0.450 0.236 0.258 0.411 0.381 0.472 
SIMZHB -0.039 -0.128 -0.147 -0.153 -0.184 -0.207 -0.059 -0.058 -0.087 
SIMZTO -0.167 -0.238 -0.263 -0.255 -0.219 -0.261 -0.065 -0.088 -0.131 
SIMZWO 0.396 0.249 0.248 0.273 0.075 0.092 0.259 0.253 0.305 
JPZHB -0.002 -0.124 -0.108 -0.116 -0.321 -0.329 -0.049 0.038 -0.082 
JPZTO -0.043 -0.229 -0.295 -0.290 -0.360 -0.380 -0.149 -0.164 -0.178 
JPZWO 0.529 0.419 0.361 0.378 0.185 0.237 0.327 0.299 0.404 
JACHB -0.390 -0.396 -0.533 -0.534 -0.605 -0.622 -0.508 -0.533 -0.440 
XC_HBA -0.237 -0.312 -0.270 -0.268 -0.178 -0.223 -0.150 -0.120 -0.261 
XC_HBC -0.265 -0.437 -0.603 -0.585 -0.504 -0.513 -0.611 -0.558 -0.519 
XC_WOA 0.169 0.258 0.151 0.150 0.133 0.152 0.237 0.091 0.129 
XC_WOC 0.467 0.530 0.541 0.548 0.572 0.536 0.657 0.607 0.606 
XR_HBA -0.096 -0.311 -0.437 -0.414 -0.510 -0.553 -0.357 -0.374 -0.285 
XR_HBC -0.198 -0.352 -0.547 -0.534 -0.535 -0.516 -0.445 -0.446 -0.423 
XR_WOA 0.368 0.316 0.235 0.264 0.037 0.027 0.326 0.281 0.334 
XR_WOC 0.627 0.549 0.489 0.498 0.335 0.356 0.456 0.349 0.530 
 

11.4.5. Evidences for unimodal patterns in species richness 
As it was exposed in the Introduction, unimodal patterns in species richness may be expected 
according to the different theories proposed for explaining plant diversity. The detection of such 
patterns is important because correlation and regression analyses are sensitive to deviations 
from linearity. This kind of patterns have been explored through the inspection of bivariate 
scatterplots of the diversity estimators versus their potential indicators, and were certainly found 
in several cases. Figure 11.43 illustrates two of them particularly significant: the relationship 
between herb cover and the species richness of herbs, and the relationship between tree cover 
and the species richness of woody plants. In both of them the declining part of the cloud of 
points is less developed than the increasing, left part, and the overall coefficient of linear 
correlation is positive. But a polynomial regression with two terms (quadratic) would increase 
the regression coefficient from 0.51 to 0.68 in the case of herbs, and from 0.49 to 0.65 in the 
case of woody species. 

Similar trends towards more or less developed unimodal relationships have been observed for 
other diversity estimators against the same potential indicators and other more, like basal area of 
trees, density of adult trees and cover of the higher strata in vegetation profiles.  

11.4.6. Landscape indices (classification level 1) 
Although indices quantifying landscape composition and pattern conform a multidimensional 
space certainly complex, many of the trends detected are related to those already commented 
about field-estimated indicators. Hence, trends in the partial correlations with total species 
richness are in general similar, but lower in absolute value, to those with herbaceous species 
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richness. Herb richness is positively correlated to several indices related to fragmentation of 
landscapes, as fractal dimension statistics or edge density, to landscape diversity (MSIEI), and 
to grassland occupancy and grassland area statistics. On the contrary, herb richness is negatively 
correlated with landscape homogeneity (patch area statistics, effective mesh size, aggregation 
index, cohesion) and with forest occupancy. When indices based on the surface of the LUUs or 
on the LUU plus the surrounding buffer are compared, the latter are in general higher, 
confirming that the response of herbaceous species richness to landscape traits operates at larger 
scales, as it was already suggested for field-estimated indicators. The maximum absolute value 
of the individual partial correlations with herb species richness explained around 45% of the 
residual variance, a value close to those obtained from field-estimated indicators. Species 
richness was again the diversity estimator most predictable. Proportional diversity indices reach 
lower values of partial correlation with most predictors. Jaccard similarity for herb species 
confirms its relationship with deforestation indices. Alien herb estimators are negatively 
correlated to forest occupancy and positively with crop area variables, edge dens ity and other 
fragmentation indices.  

Woody species richness is negatively correlated to crop area and, to a lesser extent, to grassland 
area; and positively correlated to forest occupancy and statistics of forest area. Nevertheless, 
maximum absolute values of the single partial correlation coefficients hardly exceed 0.5, a level 
clearly lower than those obtained from field-measured indicators. However, average woody 
species richness is correctly predicted by the percentage of forest in the landscape and forest 
area statistics (partial R around 0.78). This limitation of the landscape indices used could be 
attributable to the lack of remote sensing signals related to the vertical structure of woody 
vegetation, whose importance for woody species richness was revealed by the analysis carried 
out with field indicators. Moreover, the inspection of the behavior of the landscape indices 
shows that in general LUU indices are quantitatively more correlated to woody species richness 
than buffer indices. This fact would also indicate that, concerning woody species, landscape 
indices are accounting mainly for the total area available for these species, but not for other 
components important for a more accurate estimation.  

Proportional diversity indices show again poorer predictability than species richness. About 
woody aliens non intentionally planted, their richness is moderately correlated to fragmentation 
indices (perimeter-area ratio, edge density, fractal dimension) and their abundance shows a 
surprisingly high correlation (.85) with connectance. From the exposed comments and the 
inspection of the attached tables, it cannot be concluded that one or other of the two area scales 
applied is better for predicting plant diversity. Some landscape indices behave better as 
predictors on the LUU scale (e.g., MSIEI, PRD, PD, ED, MESH, crop area indices) while other 
do the same on the buffer scale (some coefficients of variation, like FRAC and PARA; some 
class proximity indices; many agroforestry area related indices). Moreover, many other indices 
do predict better herb diversity on the buffer scale and woody diversity on the LUU scale, as it 
was commented above. 
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Fig. 11.43. Unimodal patterns in species richness. 
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Table 11.10. Partial correlations among plant diversity estimators and landscape indices (NDVI 
and landscape diversity) 
Level 1 NDVIME NDVIME NDVISD NDVISD MSIEI MSIEI PRD PRD 
scale buffer LUU buffer LUU buffer LUU buffer LUU 
Multiple R on Co 0.918 0.861 0.902 0.767 0.587 0.445 0.626 0.490 
SRHB -0.256 -0.175 0.193 0.440 0.265 0.476 0.235 0.453 
SRTO -0.200 -0.112 0.133 0.403 0.244 0.458 0.247 0.425 
SRWO 0.211 0.280 -0.254 -0.043 -0.019 0.069 0.142 0.008 
SRC -0.030 0.033 -0.191 -0.304 -0.153 -0.280 -0.014 -0.419 
SRG 0.081 0.166 -0.282 0.144 -0.127 0.077 0.212 0.200 
SRH 0.052 0.105 0.255 0.197 0.387 0.399 0.254 0.390 
SRN 0.143 0.179 -0.161 0.077 -0.002 0.102 0.131 0.125 
SRP 0.308 0.367 -0.222 0.046 0.071 0.233 0.168 0.181 
SRT -0.497 -0.426 0.098 0.523 0.064 0.383 0.109 0.338 
ASRHB -0.399 -0.255 0.232 0.317 0.177 0.324 0.212 0.284 
ASRTO -0.302 -0.138 0.121 0.223 0.095 0.222 0.228 0.202 
ASRWO 0.379 0.402 -0.379 -0.352 -0.283 -0.378 -0.007 -0.308 
BWHB 0.343 0.320 -0.273 0.079 -0.044 0.079 -0.237 0.123 
BWTO 0.148 0.105 -0.027 0.451 0.250 0.520 0.002 0.496 
BWWO -0.449 -0.494 0.200 0.317 -0.026 0.180 0.130 0.380 
EXCLHB -0.164 -0.174 0.367 0.181 0.120 0.129 0.331 0.283 
EXCLTO -0.108 -0.116 0.337 0.163 0.114 0.121 0.329 0.252 
EXCLWO 0.200 0.202 -0.006 -0.020 0.014 0.010 0.111 -0.036 
FAMR 0.116 0.205 -0.004 0.272 0.202 0.332 0.189 0.338 
GENR -0.166 -0.083 0.102 0.403 0.241 0.485 0.293 0.457 
AFZHB -0.156 -0.102 0.160 0.466 0.232 0.464 0.278 0.472 
AFZTO -0.235 -0.155 0.155 0.443 0.262 0.463 0.237 0.438 
AFZWO 0.070 0.121 -0.117 0.071 0.058 0.164 0.182 0.101 
MARGZHB -0.179 -0.111 0.164 0.452 0.246 0.470 0.256 0.464 
MARGZTO -0.208 -0.122 0.145 0.429 0.256 0.467 0.243 0.437 
MARGZWO 0.111 0.177 -0.161 0.045 0.042 0.149 0.165 0.069 
JKZHB -0.235 -0.165 0.165 0.433 0.262 0.474 0.235 0.474 
JKZTO -0.192 -0.117 0.116 0.407 0.246 0.463 0.243 0.446 
JKZWO 0.121 0.182 -0.188 0.076 0.049 0.185 0.165 0.089 
SHAZHB -0.063 -0.126 0.161 0.302 0.321 0.458 0.411 0.469 
SHAZTO -0.335 -0.258 0.223 0.380 0.319 0.587 0.316 0.483 
SHAZWO 0.026 0.117 -0.133 0.065 0.088 0.276 0.135 0.138 
SIMZHB -0.039 -0.160 0.139 0.149 0.251 0.443 0.462 0.362 
SIMZTO -0.273 -0.243 0.204 0.153 0.292 0.478 0.113 0.287 
SIMZWO -0.070 0.007 -0.032 0.043 0.163 0.382 0.168 0.225 
JPZHB 0.019 -0.115 0.078 0.162 0.286 0.307 0.376 0.344 
JPZTO -0.417 -0.358 0.253 0.361 0.319 0.589 0.338 0.467 
JPZWO -0.014 0.058 -0.087 0.114 0.010 0.260 0.079 0.107 
JACHB -0.195 -0.187 0.393 0.442 0.345 0.510 0.189 0.456 
XC_HBA -0.040 -0.189 0.241 0.156 0.134 0.177 0.108 0.344 
XC_HBC -0.232 -0.338 0.204 0.325 0.021 0.216 0.087 0.403 
XC_WOA 0.049 0.144 0.215 0.153 0.193 0.291 0.023 0.014 
XC_WOC 0.369 0.403 -0.258 -0.149 -0.142 -0.136 -0.018 -0.271 
XR_HBA -0.166 -0.226 0.344 0.510 0.311 0.537 0.118 0.542 
XR_HBC -0.359 -0.408 0.218 0.574 0.202 0.424 0.080 0.461 
XR_WOA 0.106 0.152 -0.021 0.085 0.180 0.351 0.210 0.221 
XR_WOC 0.105 0.206 -0.186 -0.018 -0.107 0.150 0.241 0.003 
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Table 11.11. Partial correlations among plant diversity estimators and landscape indices 
(landscape composition by classes, level 1) 
Level 1 A_PLAN

D 
A_PLAN
D 

C_PLA
ND 

C_PLA
ND 

F_PLAN
D 

F_PLAN
D 

G_PLA
ND 

G_PLA
ND 

S_PLAN
D 

S_PLAN
D 

H_PLA
ND 

scale buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU LUU 
Multiple R on 
Co 

0.556 0.501 0.543 0.324 0.707 0.409 0.675 0.514 0.777 0.632 0.510 

SRHB 0.367 0.344 0.023 0.021 -0.482 -0.397 0.567 0.460 -0.259 0.091 -0.037 
SRTO 0.317 0.308 -0.058 -0.064 -0.374 -0.278 0.499 0.364 -0.199 0.129 0.002 
SRWO -0.138 -0.074 -0.427 -0.448 0.412 0.504 -0.168 -0.353 0.232 0.235 0.196 
SRC -0.287 -0.251 -0.175 -0.392 0.191 0.367 -0.082 -0.137 0.197 0.069 -0.051 
SRG 0.381 0.265 -0.371 -0.359 0.208 0.246 0.026 -0.063 -0.085 0.071 0.194 
SRH 0.076 0.159 -0.039 -0.099 -0.363 -0.317 0.461 0.461 -0.022 0.109 0.042 
SRN -0.068 -0.050 -0.341 -0.364 0.264 0.339 -0.058 -0.235 0.198 0.311 0.217 
SRP -0.013 0.075 -0.404 -0.272 0.441 0.430 -0.226 -0.387 0.137 0.115 0.216 
SRT 0.494 0.384 0.125 0.182 -0.467 -0.376 0.479 0.309 -0.405 0.032 -0.131 
ASRHB 0.442 0.349 0.032 -0.032 -0.546 -0.432 0.668 0.592 -0.402 -0.028 -0.140 
ASRTO 0.360 0.281 -0.125 -0.228 -0.348 -0.200 0.551 0.435 -0.292 0.047 -0.084 
ASRWO -0.344 -0.282 -0.464 -0.562 0.709 0.782 -0.504 -0.601 0.419 0.227 0.198 
BWHB -0.037 -0.014 -0.013 0.054 0.367 0.306 -0.463 -0.485 0.168 0.131 0.097 
BWTO 0.068 0.132 0.229 0.343 -0.075 -0.142 -0.138 -0.166 0.025 0.148 0.084 
BWWO 0.210 0.142 0.446 0.497 -0.641 -0.705 0.454 0.538 -0.387 -0.158 -0.101 
EXCLHB 0.186 0.131 0.104 0.062 -0.498 -0.425 0.531 0.477 -0.123 -0.002 0.314 
EXCLTO 0.132 0.082 0.020 0.002 -0.411 -0.343 0.474 0.397 -0.030 0.075 0.367 
EXCLWO -0.181 -0.179 -0.347 -0.256 0.219 0.224 -0.070 -0.193 0.379 0.350 0.360 
FAMR 0.123 0.197 -0.251 -0.309 0.015 0.126 0.166 0.012 0.034 0.251 0.145 
GENR 0.298 0.296 -0.052 -0.060 -0.336 -0.225 0.446 0.293 -0.190 0.129 0.047 
AFZHB 0.298 0.300 -0.053 -0.055 -0.366 -0.282 0.461 0.334 -0.130 0.203 0.124 
AFZTO 0.334 0.319 -0.036 -0.033 -0.408 -0.312 0.519 0.381 -0.213 0.128 -0.016 
AFZWO -0.077 -0.034 -0.283 -0.304 0.175 0.277 0.010 -0.168 0.128 0.197 0.120 
MARGZHB 0.320 0.316 -0.031 -0.035 -0.402 -0.311 0.499 0.372 -0.181 0.158 0.055 
MARGZTO 0.320 0.312 -0.045 -0.048 -0.390 -0.290 0.504 0.365 -0.203 0.133 -0.004 
MARGZWO -0.081 -0.034 -0.338 -0.357 0.247 0.353 -0.034 -0.222 0.149 0.200 0.131 
JKZHB 0.361 0.325 0.027 0.034 -0.457 -0.381 0.537 0.427 -0.260 0.098 -0.042 
JKZTO 0.321 0.292 -0.045 -0.037 -0.370 -0.284 0.486 0.352 -0.210 0.124 -0.001 
JKZWO -0.038 -0.018 -0.391 -0.382 0.255 0.349 -0.007 -0.198 0.146 0.196 0.204 
SHAZHB 0.017 0.145 0.052 0.058 -0.371 -0.268 0.367 0.219 0.029 0.282 0.180 
SHAZTO 0.210 0.315 0.141 0.139 -0.480 -0.400 0.463 0.332 -0.208 0.180 -0.077 
SHAZWO -0.113 0.051 -0.230 -0.254 0.246 0.332 -0.126 -0.321 0.160 0.284 0.114 
SIMZHB -0.320 -0.099 0.207 0.143 -0.241 -0.205 0.103 0.031 0.226 0.391 0.293 
SIMZTO -0.049 0.121 0.237 0.256 -0.426 -0.426 0.377 0.310 -0.173 0.087 -0.228 
SIMZWO -0.157 0.085 -0.048 -0.035 0.063 0.105 -0.030 -0.200 0.086 0.265 0.030 
JPZHB -0.101 0.034 0.034 0.063 -0.255 -0.163 0.228 0.090 0.134 0.277 0.218 
JPZTO 0.184 0.302 0.219 0.228 -0.503 -0.446 0.420 0.313 -0.204 0.181 -0.088 
JPZWO -0.084 0.080 -0.058 -0.155 0.201 0.304 -0.238 -0.366 0.150 0.250 0.082 
JACHB 0.219 0.258 0.265 0.287 -0.648 -0.690 0.535 0.639 -0.164 0.008 -0.065 
XC_HBA 0.141 0.115 0.202 0.459 -0.239 -0.416 0.151 0.154 -0.165 -0.079 0.033 
XC_HBC 0.052 0.025 0.680 0.739 -0.499 -0.568 0.028 0.124 -0.155 -0.042 -0.040 
XC_WOA 0.001 0.000 -0.030 -0.154 0.028 0.079 0.002 0.031 0.008 0.000 -0.009 
XC_WOC 0.000 0.002 -0.430 -0.285 0.445 0.475 -0.144 -0.383 -0.016 -0.020 0.011 
XR_HBA 0.252 0.267 0.283 0.518 -0.486 -0.568 0.327 0.256 -0.126 0.082 0.002 
XR_HBC 0.342 0.321 0.411 0.607 -0.536 -0.543 0.293 0.210 -0.323 -0.142 -0.059 
XR_WOA 0.043 0.056 -0.147 -0.017 0.005 0.068 0.127 -0.059 -0.059 -0.022 0.023 
XR_WOC 0.009 0.070 -0.257 -0.078 0.347 0.361 -0.169 -0.413 -0.141 -0.045 0.030 
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Table 11.12. Partial correlations among plant diversity estimators and landscape indices (patch 
densities, total and by classes) 

Level 1 PD PD A_PD A_PD C_PD C_PD F_PD F_PD G_PD G_PD H_PD 
scale buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU buffer 
Multiple R on Co0.725 0.601 0.722 0.530 0.543 0.431 0.647 0.549 0.802 0.691 0.413 
SRHB 0.261 0.345 0.402 0.430 0.073 0.058 0.357 0.425 0.305 0.304 -0.005 
SRTO 0.258 0.286 0.367 0.400 0.090 -0.009 0.319 0.380 0.316 0.276 0.060 
SRWO 0.077 -0.193 -0.046 -0.014 0.118 -0.337 -0.079 -0.091 0.163 -0.046 0.347 
SRC -0.077 -0.397 -0.375 -0.289 -0.160 -0.128 -0.058 -0.183 -0.078 -0.501 0.098 
SRG 0.179 0.056 0.376 0.431 0.144 -0.280 0.018 0.376 0.181 -0.004 0.224 
SRH 0.375 0.458 0.222 0.263 0.145 0.235 0.443 0.417 0.325 0.311 0.110 
SRN 0.046 -0.091 0.049 0.020 0.134 -0.252 -0.104 -0.110 0.046 0.002 0.279 
SRP 0.164 -0.026 0.116 0.152 0.215 -0.344 -0.015 0.052 0.340 0.252 0.356 
SRT 0.031 0.103 0.402 0.401 -0.044 -0.110 0.143 0.240 0.157 0.194 -0.151 
ASRHB 0.126 0.284 0.395 0.484 -0.063 0.165 0.302 0.305 0.215 0.190 -0.047 
ASRTO 0.075 0.160 0.310 0.418 -0.076 0.069 0.207 0.206 0.195 0.090 0.058 
ASRWO -0.180 -0.432 -0.345 -0.311 -0.023 -0.318 -0.352 -0.361 -0.111 -0.336 0.317 
BWHB 0.021 -0.033 0.059 -0.079 0.127 -0.233 -0.076 0.091 -0.065 0.127 -0.040 
BWTO 0.345 0.274 0.239 0.110 0.330 -0.141 0.243 0.386 0.207 0.398 -0.032 
BWWO 0.255 0.251 0.182 0.176 0.133 0.043 0.310 0.259 0.078 0.163 -0.159 
EXCLHB 0.252 0.469 0.185 0.198 0.230 0.503 0.280 0.022 0.005 0.191 0.201 
EXCLTO 0.277 0.417 0.146 0.173 0.255 0.428 0.274 -0.027 0.014 0.168 0.292 
EXCLWO 0.207 -0.068 -0.111 -0.044 0.197 -0.164 0.071 -0.218 0.044 -0.039 0.488 
FAMR 0.211 0.131 0.202 0.222 0.176 -0.105 0.163 0.208 0.265 0.177 0.186 
GENR 0.275 0.264 0.358 0.391 0.158 -0.024 0.295 0.358 0.343 0.281 0.102 
AFZHB 0.316 0.328 0.353 0.355 0.176 0.017 0.325 0.406 0.310 0.254 0.133 
AFZTO 0.260 0.290 0.375 0.395 0.075 -0.014 0.331 0.391 0.314 0.278 0.044 
AFZWO 0.141 -0.102 0.018 0.065 0.100 -0.296 0.039 -0.011 0.204 0.017 0.296 
MARGZHB 0.291 0.328 0.373 0.385 0.133 0.028 0.336 0.409 0.311 0.277 0.086 
MARGZTO 0.266 0.289 0.372 0.396 0.090 -0.011 0.330 0.383 0.317 0.281 0.066 
MARGZWO 0.121 -0.128 0.014 0.058 0.098 -0.309 0.012 -0.032 0.194 0.006 0.314 
JKZHB 0.251 0.356 0.387 0.416 0.083 0.038 0.332 0.439 0.292 0.339 0.000 
JKZTO 0.259 0.311 0.356 0.390 0.105 -0.018 0.309 0.404 0.303 0.317 0.059 
JKZWO 0.174 -0.070 0.028 0.068 0.167 -0.294 0.043 0.026 0.211 0.052 0.332 
SHAZHB 0.355 0.310 0.167 0.145 0.181 0.095 0.290 0.253 0.359 0.324 0.236 
SHAZTO 0.267 0.309 0.311 0.351 0.028 0.056 0.333 0.259 0.379 0.415 0.035 
SHAZWO 0.038 -0.108 0.036 0.048 0.030 -0.217 -0.051 -0.135 0.208 0.089 0.252 
SIMZHB 0.358 0.244 -0.114 -0.141 0.368 0.080 0.148 0.190 0.251 0.126 0.261 
SIMZTO 0.128 0.181 0.103 0.149 -0.095 -0.002 0.241 0.115 0.268 0.331 -0.108 
SIMZWO 0.076 0.000 0.052 0.117 0.030 -0.118 0.019 -0.099 0.241 0.204 0.170 
JPZHB 0.289 0.227 0.035 0.001 0.126 0.088 0.193 0.135 0.283 0.272 0.268 
JPZTO 0.249 0.309 0.271 0.314 0.001 0.083 0.305 0.208 0.379 0.434 0.004 
JPZWO 0.001 -0.110 0.057 0.068 -0.067 -0.174 -0.051 -0.126 0.137 0.002 0.225 
JACHB 0.429 0.557 0.304 0.345 0.155 0.307 0.556 0.472 0.246 0.386 -0.019 
XC_HBA 0.110 0.287 0.099 0.048 0.068 -0.044 0.040 0.026 0.168 0.558 -0.161 
XC_HBC 0.230 0.183 0.148 0.126 0.196 0.055 0.209 0.130 0.061 0.139 -0.167 
XC_WOA 0.048 -0.048 0.005 0.005 0.284 -0.076 0.061 0.055 0.014 -0.029 -0.021 
XC_WOC -0.138 -0.262 0.002 0.004 -0.195 -0.287 -0.132 -0.074 0.033 -0.103 0.242 
XR_HBA 0.255 0.360 0.329 0.304 0.163 0.028 0.286 0.188 0.256 0.545 -0.089 
XR_HBC 0.206 0.191 0.388 0.334 0.138 -0.046 0.247 0.267 0.226 0.270 -0.220 
XR_WOA 0.233 0.044 0.184 0.217 0.229 -0.165 0.242 0.090 0.278 0.309 0.081 
XR_WOC 0.136 -0.149 0.102 0.179 0.077 -0.263 0.038 -0.050 0.338 0.140 0.438 
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Table 11.13. Partial correlations among plant diversity estimators and landscape indices (edges 
and shapes) 

Level 1 ED ED 
FRAC_
AM 

FRAC_
AM 

FRAC_
CV 

FRAC_
CV 

FRAC_
MN 

FRAC_
MN 

PARA_
AM 

PARA_
AM 

PARA_
CV 

PARA_
CV 

PARA_
MN 

PARA_
MN 

scale buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU 
Multiple R 
on Co 0.736 0.548 0.727 0.576 0.412 0.745 0.671 0.673 0.739 0.565 0.512 0.424 0.651 0.652 
SRHB 0.294 0.505 0.339 0.591 0.675 0.250 0.390 0.417 0.293 0.497 0.445 0.261 0.437 0.070 
SRTO 0.286 0.475 0.342 0.562 0.661 0.222 0.398 0.405 0.285 0.466 0.409 0.237 0.452 -0.004 
SRWO 0.059 0.014 0.137 0.050 0.160 -0.066 0.175 0.083 0.058 0.008 -0.038 -0.038 0.231 -0.375 
SRC -0.158 -0.366 -0.092 -0.261 -0.019 -0.252 -0.068 -0.233 -0.157 -0.355 -0.293 -0.317 0.007 -0.377 
SRG 0.168 0.242 0.232 0.310 0.341 -0.017 0.157 0.240 0.170 0.249 0.078 0.142 0.330 -0.084 
SRH 0.427 0.484 0.494 0.545 0.699 0.407 0.556 0.400 0.425 0.474 0.405 0.208 0.556 0.157 
SRN 0.021 0.038 0.155 0.076 0.200 -0.081 0.171 0.137 0.020 0.034 0.046 0.089 0.299 -0.289 
SRP 0.210 0.243 0.186 0.208 0.138 0.123 0.230 0.193 0.207 0.228 0.078 0.053 0.163 -0.210 
SRT 0.035 0.323 0.033 0.397 0.376 0.005 0.066 0.261 0.036 0.319 0.325 0.208 0.124 -0.032 
ASRHB 0.156 0.327 0.200 0.457 0.569 0.217 0.274 0.281 0.156 0.323 0.409 0.123 0.396 0.165 
ASRTO 0.093 0.215 0.175 0.359 0.537 0.124 0.266 0.210 0.092 0.210 0.337 0.057 0.428 0.039 
ASRWO -0.223 -0.407 -0.122 -0.395 -0.232 -0.325 -0.092 -0.275 -0.225 -0.408 -0.309 -0.222 -0.005 -0.408 
BWHB 0.029 0.116 -0.141 -0.003 -0.187 -0.118 -0.266 -0.045 0.029 0.117 -0.186 0.140 -0.269 -0.117 
BWTO 0.377 0.547 0.225 0.460 0.214 0.151 0.117 0.347 0.378 0.548 0.212 0.426 0.003 0.011 
BWWO 0.202 0.321 0.144 0.419 0.353 0.130 0.175 0.390 0.207 0.340 0.392 0.299 0.210 0.120 
EXCLHB 0.251 0.248 0.305 0.345 0.494 0.373 0.369 0.326 0.251 0.248 0.351 0.000 0.359 0.368 
EXCLTO 0.266 0.233 0.315 0.335 0.481 0.347 0.414 0.337 0.266 0.233 0.311 -0.018 0.374 0.309 
EXCLWO 0.159 0.019 0.157 0.078 0.121 0.015 0.339 0.168 0.158 0.020 -0.058 -0.084 0.198 -0.134 
FAMR 0.230 0.290 0.305 0.327 0.496 0.075 0.288 0.224 0.229 0.284 0.283 0.199 0.454 -0.128 
GENR 0.305 0.481 0.390 0.576 0.655 0.222 0.402 0.422 0.305 0.474 0.437 0.284 0.476 -0.020 
AFZHB 0.336 0.512 0.380 0.577 0.673 0.240 0.415 0.440 0.335 0.503 0.399 0.235 0.429 -0.026 
AFZTO 0.282 0.484 0.335 0.568 0.681 0.214 0.406 0.414 0.281 0.475 0.409 0.242 0.449 -0.025 
AFZWO 0.112 0.122 0.209 0.206 0.373 -0.018 0.321 0.209 0.111 0.118 0.060 0.009 0.369 -0.341 
MARGZHB 0.319 0.508 0.364 0.581 0.675 0.237 0.406 0.427 0.319 0.499 0.424 0.243 0.432 -0.001 
MARGZTO 0.292 0.485 0.343 0.569 0.670 0.215 0.405 0.412 0.291 0.476 0.416 0.239 0.446 -0.022 
MARGZWO 0.100 0.098 0.184 0.166 0.308 -0.038 0.270 0.166 0.098 0.093 0.031 -0.013 0.315 -0.353 
JKZHB 0.293 0.515 0.341 0.594 0.656 0.235 0.390 0.419 0.293 0.508 0.427 0.298 0.408 0.087 
JKZTO 0.295 0.495 0.350 0.578 0.654 0.219 0.404 0.417 0.294 0.488 0.395 0.273 0.425 0.025 
JKZWO 0.160 0.156 0.226 0.213 0.321 0.033 0.276 0.201 0.159 0.151 0.040 0.012 0.303 -0.301 
SHAZHB 0.388 0.448 0.468 0.474 0.508 0.340 0.422 0.451 0.387 0.440 0.380 0.114 0.327 -0.034 
SHAZTO 0.293 0.499 0.279 0.557 0.444 0.262 0.288 0.398 0.293 0.492 0.355 0.182 0.272 0.055 
SHAZWO 0.038 0.139 0.043 0.147 0.102 -0.013 0.083 0.086 0.036 0.127 -0.045 -0.045 0.074 -0.278 
SIMZHB 0.347 0.340 0.358 0.292 0.261 0.290 0.215 0.356 0.346 0.333 0.080 0.044 0.096 -0.081 
SIMZTO 0.126 0.348 0.062 0.367 0.324 0.124 0.167 0.223 0.126 0.343 0.094 0.043 0.126 -0.050 
SIMZWO 0.090 0.230 0.075 0.225 0.148 0.091 0.121 0.147 0.089 0.221 0.059 -0.009 0.164 -0.163 
JPZHB 0.317 0.313 0.408 0.308 0.356 0.308 0.345 0.349 0.315 0.307 0.257 -0.005 0.217 -0.064 
JPZTO 0.268 0.476 0.242 0.526 0.333 0.280 0.232 0.387 0.268 0.470 0.288 0.149 0.190 0.102 
JPZWO -0.018 0.136 -0.024 0.170 0.085 -0.102 0.061 0.046 -0.019 0.127 -0.123 -0.117 0.004 -0.249 
JACHB 0.474 0.602 0.386 0.614 0.529 0.331 0.429 0.413 0.473 0.596 0.474 0.239 0.286 0.358 
XC_HBA 0.141 0.304 0.121 0.209 0.018 0.261 0.143 0.318 0.141 0.298 0.100 0.278 -0.002 0.109 
XC_HBC 0.163 0.321 0.134 0.430 0.276 0.190 0.189 0.419 0.168 0.339 0.365 0.378 0.231 0.141 
XC_WOA 0.074 0.052 0.042 0.018 0.008 -0.209 -0.124 -0.175 0.071 0.038 0.047 0.239 -0.026 -0.082 
XC_WOC -0.082 -0.150 -0.040 -0.219 -0.131 -0.145 0.118 -0.159 -0.084 -0.162 -0.146 -0.213 -0.101 -0.328 
XR_HBA 0.290 0.565 0.262 0.516 0.354 0.277 0.290 0.463 0.288 0.545 0.443 0.400 0.195 0.122 
XR_HBC 0.204 0.441 0.167 0.484 0.343 0.210 0.182 0.435 0.205 0.441 0.440 0.329 0.124 0.091 
XR_WOA 0.272 0.387 0.310 0.429 0.391 0.303 0.269 0.323 0.271 0.377 0.283 0.274 0.409 -0.172 
XR_WOC 0.191 0.169 0.045 0.129 -0.153 -0.014 0.039 0.072 0.189 0.162 0.028 -0.126 -0.201 -0.236 
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Table 11.14. Partial correlations among plant diversity estimators and landscape indices (area 
statistics) 

Lev1-Partial R 
AREA_
AM 

AREA_
AM 

AREA_
CV 

AREA_
CV 

AREA_
MN 

AREA_
MN 

A_ARE
A_A 

A_ARE
A_A 

A_ARE
A_M 

A_ARE
A_M A_LPI A_LPI 

scale buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU 
Multiple R on Co0.601 0.420 0.600 0.588 0.447 0.470 0.556 0.484 0.558 0.459 0.552 0.491 
SRHB -0.355 -0.482 0.155 0.367 -0.336 -0.541 0.360 0.338 0.347 0.308 0.359 0.344 
SRTO -0.342 -0.456 0.179 0.310 -0.346 -0.506 0.311 0.301 0.298 0.275 0.310 0.307 
SRWO -0.054 -0.027 0.180 -0.180 -0.171 0.003 -0.137 -0.080 -0.141 -0.072 -0.137 -0.080 
SRC 0.230 0.377 0.247 -0.319 -0.037 0.373 -0.270 -0.230 -0.257 -0.216 -0.268 -0.237 
SRG -0.043 -0.148 0.157 0.031 -0.045 -0.153 0.424 0.216 0.401 0.149 0.418 0.235 
SRH -0.467 -0.405 0.237 0.540 -0.417 -0.587 0.065 0.161 0.054 0.157 0.065 0.161 
SRN -0.058 -0.087 0.199 -0.072 -0.202 -0.104 -0.071 -0.068 -0.081 -0.066 -0.071 -0.065 
SRP -0.212 -0.229 -0.005 -0.072 -0.119 -0.146 -0.019 0.066 -0.026 0.071 -0.022 0.068 
SRT -0.112 -0.378 -0.002 0.059 -0.132 -0.290 0.488 0.377 0.480 0.340 0.487 0.385 
ASRHB -0.242 -0.292 0.113 0.396 -0.271 -0.420 0.457 0.346 0.452 0.299 0.454 0.354 
ASRTO -0.159 -0.178 0.169 0.303 -0.262 -0.319 0.378 0.279 0.374 0.237 0.376 0.286 
ASRWO 0.301 0.401 0.137 -0.369 0.091 0.395 -0.339 -0.280 -0.335 -0.256 -0.337 -0.284 
BWHB 0.027 -0.170 -0.332 -0.272 0.457 0.081 -0.066 -0.025 -0.084 -0.015 -0.058 -0.024 
BWTO -0.346 -0.609 -0.135 -0.004 0.001 -0.365 0.035 0.113 0.011 0.120 0.037 0.117 
BWWO -0.103 -0.258 0.188 0.275 -0.198 -0.351 0.211 0.139 0.206 0.118 0.212 0.143 
EXCLHB -0.229 -0.120 0.210 0.613 -0.277 -0.391 0.173 0.153 0.175 0.145 0.178 0.150 
EXCLTO -0.227 -0.099 0.246 0.561 -0.307 -0.359 0.120 0.101 0.121 0.095 0.126 0.098 
EXCLWO -0.071 0.052 0.241 -0.014 -0.238 0.009 -0.178 -0.181 -0.181 -0.173 -0.175 -0.183 
FAMR -0.279 -0.334 0.151 0.142 -0.230 -0.342 0.115 0.186 0.102 0.177 0.113 0.190 
GENR -0.354 -0.478 0.222 0.295 -0.376 -0.527 0.293 0.281 0.277 0.256 0.291 0.288 
AFZHB -0.345 -0.480 0.182 0.309 -0.321 -0.499 0.283 0.298 0.272 0.280 0.284 0.302 
AFZTO -0.351 -0.467 0.177 0.296 -0.360 -0.497 0.323 0.315 0.312 0.292 0.323 0.320 
AFZWO -0.134 -0.118 0.263 -0.061 -0.308 -0.129 -0.072 -0.042 -0.078 -0.042 -0.073 -0.041 
MARGZHB -0.350 -0.482 0.168 0.325 -0.324 -0.515 0.308 0.313 0.296 0.291 0.308 0.317 
MARGZTO -0.352 -0.469 0.176 0.298 -0.355 -0.502 0.310 0.307 0.298 0.284 0.309 0.312 
MARGZWO -0.118 -0.101 0.221 -0.105 -0.261 -0.087 -0.077 -0.041 -0.083 -0.039 -0.078 -0.040 
JKZHB -0.353 -0.493 0.137 0.372 -0.326 -0.555 0.356 0.322 0.342 0.290 0.356 0.328 
JKZTO -0.346 -0.472 0.160 0.325 -0.337 -0.525 0.317 0.290 0.304 0.260 0.318 0.295 
JKZWO -0.143 -0.139 0.198 -0.072 -0.230 -0.115 -0.034 -0.016 -0.036 -0.018 -0.032 -0.016 
SHAZHB -0.406 -0.442 0.267 0.371 -0.429 -0.562 0.006 0.149 0.006 0.158 0.002 0.147 
SHAZTO -0.407 -0.554 0.131 0.306 -0.364 -0.551 0.197 0.302 0.187 0.295 0.190 0.306 
SHAZWO -0.129 -0.214 0.030 -0.171 -0.109 -0.077 -0.132 0.037 -0.137 0.063 -0.138 0.037 
SIMZHB -0.344 -0.404 0.164 0.214 -0.295 -0.428 -0.328 -0.093 -0.327 -0.059 -0.332 -0.100 
SIMZTO -0.306 -0.433 -0.029 0.137 -0.214 -0.360 -0.059 0.083 -0.075 0.095 -0.069 0.090 
SIMZWO -0.210 -0.327 0.019 -0.076 -0.147 -0.205 -0.171 0.019 -0.195 0.044 -0.185 0.030 
JPZHB -0.321 -0.292 0.251 0.300 -0.383 -0.422 -0.104 0.044 -0.095 0.063 -0.109 0.039 
JPZTO -0.394 -0.544 0.123 0.302 -0.359 -0.530 0.174 0.288 0.167 0.285 0.166 0.292 
JPZWO -0.028 -0.195 0.039 -0.200 -0.047 -0.017 -0.104 0.066 -0.108 0.093 -0.111 0.066 
JACHB -0.448 -0.528 0.076 0.522 -0.341 -0.585 0.210 0.259 0.202 0.247 0.208 0.261 
XC_HBA -0.203 -0.285 -0.021 0.220 -0.125 -0.302 0.122 0.130 0.124 0.132 0.124 0.127 
XC_HBC -0.108 -0.291 0.173 0.168 -0.169 -0.308 0.040 -0.017 0.019 -0.019 0.038 -0.007 
XC_WOA -0.160 -0.215 -0.073 -0.147 -0.034 -0.018 0.001 0.000 0.001 -0.001 0.001 0.000 
XC_WOC 0.100 0.150 -0.066 -0.327 -0.057 0.284 0.000 0.002 0.001 0.002 0.000 0.002 
XR_HBA -0.398 -0.591 -0.005 0.268 -0.265 -0.525 0.205 0.272 0.196 0.281 0.207 0.271 
XR_HBC -0.269 -0.456 0.010 0.116 -0.199 -0.378 0.311 0.279 0.290 0.271 0.306 0.291 
XR_WOA -0.300 -0.341 0.122 -0.006 -0.236 -0.274 0.040 0.020 0.024 0.017 0.034 0.028 
XR_WOC -0.104 -0.129 -0.093 -0.291 -0.063 0.105 0.015 0.078 0.024 0.079 0.011 0.076 
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Table 11.15a. Partial correlations among plant diversity estimators and landscape indices (area 
statistics by classes) 

Lev1-Partial R 
F_ARE
A_A 

F_ARE
A_A 

F_ARE
A_C 

F_ARE
A_C 

F_ARE
A_M 

F_ARE
A_M F_LPI F_LPI 

C_ARE
A_A 

C_ARE
A_A 

C_ARE
A_M 

C_ARE
A_M 

scale buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU 
Multiple R on Co0.658 0.378 0.537 0.583 0.657 0.387 0.676 0.381 0.436 0.325 0.390 0.324 
SRHB -0.534 -0.460 0.307 0.384 -0.496 -0.487 -0.517 -0.443 -0.010 -0.022 0.021 0.052 
SRTO -0.448 -0.342 0.335 0.347 -0.472 -0.391 -0.424 -0.325 -0.081 -0.107 -0.023 -0.023 
SRWO 0.279 0.471 0.255 -0.066 -0.044 0.345 0.320 0.478 -0.381 -0.463 -0.228 -0.385 
SRC 0.211 0.392 -0.106 -0.274 0.172 0.401 0.209 0.387 -0.053 -0.372 0.077 -0.236 
SRG 0.101 0.171 0.290 0.356 -0.105 0.076 0.137 0.188 -0.352 -0.370 -0.231 -0.207 
SRH -0.478 -0.386 0.437 0.342 -0.562 -0.425 -0.449 -0.369 -0.034 -0.127 -0.058 -0.094 
SRN 0.156 0.313 0.287 -0.068 -0.157 0.209 0.191 0.316 -0.292 -0.385 -0.149 -0.278 
SRP 0.265 0.371 0.303 0.125 -0.050 0.213 0.314 0.387 -0.446 -0.297 -0.368 -0.339 
SRT -0.423 -0.401 0.031 0.252 -0.245 -0.394 -0.427 -0.392 0.062 0.141 0.125 0.211 
ASRHB -0.551 -0.451 0.150 0.278 -0.402 -0.444 -0.545 -0.445 0.044 -0.064 0.051 -0.002 
ASRTO -0.369 -0.219 0.153 0.179 -0.310 -0.238 -0.357 -0.214 -0.076 -0.254 -0.020 -0.144 
ASRWO 0.663 0.786 -0.029 -0.358 0.366 0.709 0.679 0.783 -0.360 -0.537 -0.219 -0.415 
BWHB 0.310 0.248 0.075 0.090 0.151 0.211 0.324 0.263 -0.105 0.060 -0.063 0.075 
BWTO -0.179 -0.231 0.344 0.398 -0.303 -0.277 -0.154 -0.208 0.032 0.317 0.049 0.315 
BWWO -0.605 -0.684 0.037 0.289 -0.392 -0.638 -0.619 -0.688 0.339 0.478 0.371 0.569 
EXCLHB -0.517 -0.383 0.113 0.085 -0.357 -0.359 -0.519 -0.393 0.118 0.036 0.022 0.003 
EXCLTO -0.457 -0.297 0.146 0.051 -0.341 -0.291 -0.453 -0.309 0.047 -0.025 -0.025 -0.055 
EXCLWO 0.087 0.254 0.193 -0.123 -0.057 0.181 0.115 0.244 -0.284 -0.265 -0.208 -0.264 
FAMR -0.097 0.067 0.443 0.222 -0.335 -0.038 -0.060 0.081 -0.262 -0.343 -0.176 -0.222 
GENR -0.411 -0.291 0.381 0.358 -0.492 -0.363 -0.384 -0.274 -0.091 -0.110 -0.027 -0.018 
AFZHB -0.448 -0.351 0.318 0.386 -0.442 -0.400 -0.425 -0.332 -0.090 -0.100 -0.043 -0.001 
AFZTO -0.475 -0.375 0.333 0.348 -0.473 -0.413 -0.453 -0.358 -0.065 -0.076 -0.013 0.005 
AFZWO 0.046 0.253 0.305 -0.014 -0.209 0.150 0.086 0.258 -0.238 -0.328 -0.086 -0.239 
MARGZHB -0.474 -0.379 0.324 0.383 -0.467 -0.421 -0.452 -0.360 -0.065 -0.080 -0.021 0.015 
MARGZTO -0.463 -0.355 0.342 0.350 -0.476 -0.399 -0.439 -0.337 -0.074 -0.092 -0.018 -0.006 
MARGZWO 0.115 0.324 0.295 -0.023 -0.157 0.214 0.156 0.330 -0.295 -0.382 -0.145 -0.303 
JKZHB -0.508 -0.447 0.310 0.398 -0.487 -0.475 -0.491 -0.429 -0.014 -0.005 0.020 0.070 
JKZTO -0.442 -0.350 0.336 0.369 -0.470 -0.398 -0.419 -0.332 -0.078 -0.078 -0.022 0.001 
JKZWO 0.109 0.312 0.304 0.042 -0.157 0.187 0.150 0.322 -0.365 -0.407 -0.224 -0.350 
SHAZHB -0.448 -0.312 0.321 0.283 -0.521 -0.378 -0.426 -0.299 0.044 0.017 0.126 0.082 
SHAZTO -0.513 -0.446 0.302 0.276 -0.517 -0.486 -0.497 -0.434 0.105 0.096 0.162 0.099 
SHAZWO 0.156 0.294 0.227 -0.074 -0.086 0.186 0.190 0.302 -0.210 -0.286 -0.091 -0.271 
SIMZHB -0.322 -0.236 0.108 0.232 -0.362 -0.321 -0.307 -0.225 0.163 0.115 0.226 0.129 
SIMZTO -0.448 -0.442 0.119 0.082 -0.391 -0.432 -0.437 -0.442 0.228 0.216 0.286 0.174 
SIMZWO -0.011 0.068 0.221 -0.084 -0.201 -0.015 0.019 0.070 -0.066 -0.083 0.040 -0.104 
JPZHB -0.318 -0.186 0.219 0.163 -0.392 -0.245 -0.302 -0.178 0.056 0.034 0.149 0.074 
JPZTO -0.509 -0.479 0.239 0.231 -0.486 -0.509 -0.501 -0.471 0.181 0.191 0.229 0.144 
JPZWO 0.143 0.266 0.144 -0.070 -0.037 0.178 0.169 0.275 0.001 -0.176 0.120 -0.119 
JACHB -0.700 -0.729 0.304 0.505 -0.521 -0.702 -0.691 -0.718 0.163 0.250 0.079 0.199 
XC_HBA -0.228 -0.397 -0.013 0.050 -0.163 -0.395 -0.239 -0.402 0.153 0.449 0.089 0.295 
XC_HBC -0.490 -0.559 0.054 0.122 -0.345 -0.507 -0.493 -0.564 0.549 0.719 0.549 0.799 
XC_WOA 0.042 0.069 0.192 0.233 -0.022 -0.045 0.043 0.070 -0.136 -0.183 -0.240 -0.217 
XC_WOC 0.335 0.450 -0.134 -0.145 0.261 0.433 0.361 0.457 -0.342 -0.290 -0.271 -0.288 
XR_HBA -0.516 -0.595 0.239 0.297 -0.411 -0.626 -0.506 -0.587 0.166 0.456 0.091 0.328 
XR_HBC -0.528 -0.565 0.148 0.299 -0.368 -0.536 -0.526 -0.561 0.243 0.563 0.228 0.551 
XR_WOA -0.119 0.007 0.306 -0.013 -0.259 -0.072 -0.083 0.021 -0.233 -0.111 -0.211 -0.174 
XR_WOC 0.237 0.338 0.114 0.050 0.134 0.268 0.272 0.349 -0.310 -0.122 -0.263 -0.219 
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Table 11.15b. Partial correlations among plant diversity estimators and landscape indices (area 
statistics by classes) 

Level 1 
C_ARE
A_C 

C_ARE
A_C C_LPI C_LPI 

G_ARE
A_A 

G_ARE
A_A 

G_ARE
A_C 

G_ARE
A_C 

G_ARE
A_M 

G_ARE
A_M G_LPI G_LPI 

scale buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU 
Multiple R on 
Co 0.606 0.329 0.472 0.319 0.580 0.490 0.739 0.599 0.595 0.494 0.604 0.497 
SRHB 0.046 0.090 -0.005 -0.013 0.469 0.437 0.361 0.252 0.420 0.427 0.497 0.452 
SRTO 0.023 0.022 -0.080 -0.098 0.396 0.345 0.348 0.224 0.357 0.349 0.422 0.359 
SRWO -0.105 -0.331 -0.401 -0.462 -0.228 -0.336 0.057 -0.063 -0.193 -0.269 -0.226 -0.341 
SRC -0.306 -0.303 -0.091 -0.379 -0.002 -0.044 -0.130 -0.378 -0.037 -0.027 -0.016 -0.067 
SRG -0.002 -0.378 -0.366 -0.376 -0.028 -0.070 -0.010 -0.118 0.158 0.054 -0.024 -0.065 
SRH 0.166 0.213 -0.037 -0.119 0.345 0.436 0.509 0.319 0.140 0.336 0.379 0.451 
SRN -0.125 -0.290 -0.313 -0.380 -0.103 -0.240 0.025 -0.097 -0.058 -0.145 -0.110 -0.242 
SRP 0.126 -0.171 -0.437 -0.294 -0.360 -0.413 0.181 0.233 -0.310 -0.384 -0.338 -0.405 
SRT -0.094 -0.020 0.076 0.149 0.440 0.297 0.086 0.110 0.546 0.368 0.452 0.307 
ASRHB -0.031 0.119 0.038 -0.056 0.607 0.599 0.306 0.188 0.593 0.566 0.625 0.606 
ASRTO -0.104 -0.031 -0.095 -0.248 0.496 0.462 0.278 0.095 0.493 0.452 0.510 0.463 
ASRWO -0.204 -0.467 -0.396 -0.545 -0.469 -0.546 -0.155 -0.317 -0.437 -0.469 -0.488 -0.566 
BWHB 0.005 -0.135 -0.082 0.057 -0.503 -0.540 -0.259 0.045 -0.348 -0.502 -0.493 -0.525 
BWTO 0.198 0.092 0.081 0.321 -0.263 -0.268 -0.004 0.280 -0.170 -0.261 -0.231 -0.237 
BWWO 0.034 0.145 0.352 0.485 0.431 0.484 0.045 0.084 0.408 0.479 0.432 0.495 
EXCLHB 0.211 0.401 0.115 0.046 0.511 0.466 0.367 0.119 0.303 0.458 0.513 0.473 
EXCLTO 0.193 0.333 0.041 -0.015 0.450 0.391 0.360 0.109 0.241 0.389 0.451 0.395 
EXCLWO -0.006 -0.166 -0.301 -0.264 -0.094 -0.176 0.101 -0.002 -0.172 -0.149 -0.103 -0.185 
FAMR 0.012 -0.152 -0.268 -0.337 0.058 -0.007 0.273 0.097 0.020 0.020 0.084 0.006 
GENR 0.063 0.009 -0.087 -0.100 0.336 0.273 0.341 0.211 0.314 0.295 0.364 0.288 
AFZHB 0.071 0.033 -0.084 -0.091 0.367 0.315 0.359 0.199 0.287 0.330 0.391 0.328 
AFZTO 0.026 0.030 -0.061 -0.068 0.420 0.360 0.349 0.216 0.366 0.375 0.445 0.374 
AFZWO -0.092 -0.253 -0.256 -0.325 -0.057 -0.162 0.116 -0.038 -0.042 -0.090 -0.056 -0.163 
MARGZHB 0.053 0.044 -0.061 -0.071 0.398 0.350 0.354 0.222 0.332 0.354 0.425 0.365 
MARGZTO 0.026 0.023 -0.070 -0.083 0.399 0.344 0.344 0.223 0.352 0.351 0.426 0.358 
MARGZWO -0.095 -0.273 -0.312 -0.379 -0.103 -0.212 0.096 -0.030 -0.077 -0.145 -0.100 -0.214 
JKZHB 0.055 0.078 -0.006 0.003 0.429 0.390 0.335 0.246 0.417 0.394 0.457 0.408 
JKZTO 0.043 0.028 -0.073 -0.069 0.373 0.319 0.325 0.229 0.367 0.334 0.400 0.336 
JKZWO -0.037 -0.237 -0.379 -0.403 -0.089 -0.196 0.116 0.028 -0.067 -0.131 -0.081 -0.194 
SHAZHB -0.090 0.127 0.035 0.025 0.240 0.184 0.312 0.232 0.155 0.142 0.268 0.203 
SHAZTO -0.090 0.163 0.110 0.105 0.313 0.301 0.317 0.347 0.334 0.232 0.355 0.319 
SHAZWO -0.165 -0.161 -0.216 -0.284 -0.212 -0.303 0.054 0.068 -0.160 -0.273 -0.199 -0.305 
SIMZHB 0.019 0.180 0.169 0.124 0.042 0.008 0.199 0.001 0.011 0.017 0.050 0.016 
SIMZTO -0.169 0.155 0.230 0.225 0.289 0.279 0.245 0.265 0.282 0.196 0.315 0.292 
SIMZWO -0.174 -0.019 -0.068 -0.079 -0.136 -0.206 0.092 0.121 -0.085 -0.189 -0.119 -0.203 
JPZHB -0.180 0.126 0.038 0.039 0.124 0.059 0.213 0.182 0.045 0.014 0.144 0.075 
JPZTO -0.110 0.235 0.188 0.197 0.275 0.284 0.291 0.365 0.329 0.200 0.317 0.302 
JPZWO -0.234 -0.153 -0.010 -0.183 -0.300 -0.329 -0.064 0.030 -0.207 -0.327 -0.290 -0.335 
JACHB 0.230 0.418 0.191 0.260 0.442 0.595 0.395 0.463 0.282 0.437 0.477 0.617 
XC_HBA 0.194 0.218 0.170 0.451 0.032 0.013 0.245 0.322 0.022 0.005 0.051 0.045 
XC_HBC 0.134 0.211 0.579 0.719 0.038 0.081 -0.109 0.058 0.078 0.123 0.028 0.091 
XC_WOA 0.454 -0.068 -0.090 -0.175 -0.034 0.035 0.150 -0.047 -0.056 0.073 -0.012 0.036 
XC_WOC -0.233 -0.288 -0.366 -0.288 -0.127 -0.387 0.092 -0.048 -0.120 -0.386 -0.128 -0.384 
XR_HBA 0.281 0.340 0.209 0.471 0.213 0.166 0.301 0.459 0.127 0.162 0.239 0.194 
XR_HBC 0.164 0.174 0.289 0.569 0.269 0.176 0.079 0.191 0.242 0.252 0.276 0.188 
XR_WOA 0.255 0.070 -0.213 -0.096 0.035 -0.085 0.242 0.276 -0.011 -0.026 0.057 -0.073 
XR_WOC 0.023 -0.092 -0.292 -0.118 -0.319 -0.438 -0.043 0.132 -0.162 -0.423 -0.294 -0.432 
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Table 11.16a. Partial correlations among plant diversity estimators and landscape indices 
(fragmentation) 
Level 1 AI AI COHE

SION 
COHE
SION 

CONN
ECT 

CONN
ECT 

ENN_C
V 

ENN_C
V 

ENN_M
N 

ENN_M
N 

MESH MESH 

scale buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU 
Multiple R 
on Co 

0.746 0.592 0.592 0.442 0.450 0.365 0.408 0.502 0.330 0.530 0.601 0.420 

SRHB -0.287 -0.476 -0.278 -0.420 0.068 0.002 0.174 0.342 -0.356 0.284 -0.355 -0.482 
SRTO -0.280 -0.444 -0.267 -0.387 0.068 -0.034 0.192 0.281 -0.332 0.303 -0.342 -0.456 
SRWO -0.061 0.006 -0.035 0.033 0.024 -0.191 0.156 -0.207 0.002 0.201 -0.054 -0.027 
SRC 0.157 0.336 0.257 0.484 0.122 -0.211 0.108 -0.506 0.095 -0.234 0.230 0.377 
SRG -0.180 -0.249 -0.043 -0.135 -0.291 -0.001 0.116 0.193 -0.001 0.270 -0.043 -0.148 
SRH -0.421 -0.469 -0.380 -0.391 0.150 -0.043 0.321 0.396 -0.466 0.256 -0.467 -0.405 
SRN -0.022 -0.010 -0.011 -0.054 0.002 -0.152 0.095 -0.146 -0.059 0.268 -0.058 -0.087 
SRP -0.212 -0.210 -0.238 -0.214 -0.038 -0.089 0.148 0.077 -0.002 0.302 -0.212 -0.229 
SRT -0.028 -0.290 -0.073 -0.289 -0.002 0.048 -0.052 0.145 -0.120 0.181 -0.112 -0.378 
ASRHB -0.147 -0.310 -0.158 -0.227 -0.017 -0.035 0.083 0.283 -0.210 0.247 -0.242 -0.292 
ASRTO -0.084 -0.196 -0.075 -0.104 -0.060 -0.113 0.115 0.151 -0.151 0.276 -0.159 -0.178 
ASRWO 0.218 0.406 0.281 0.412 -0.120 -0.218 0.074 -0.453 0.223 0.026 0.301 0.401 
BWHB -0.046 -0.107 -0.036 -0.153 0.085 0.096 -0.146 -0.027 -0.246 -0.002 0.027 -0.170 
BWTO -0.386 -0.523 -0.419 -0.563 0.216 0.192 0.069 0.276 -0.382 0.030 -0.346 -0.609 
BWWO -0.209 -0.338 -0.260 -0.279 0.091 -0.025 0.091 0.268 -0.162 -0.103 -0.103 -0.258 
EXCLHB -0.246 -0.241 -0.230 -0.216 -0.032 0.026 0.413 0.353 -0.230 0.158 -0.229 -0.120 
EXCLTO -0.263 -0.225 -0.243 -0.190 -0.047 -0.009 0.449 0.307 -0.191 0.173 -0.227 -0.099 
EXCLWO -0.165 -0.016 -0.146 0.043 -0.079 -0.154 0.313 -0.084 0.096 0.126 -0.071 0.052 
FAMR -0.228 -0.251 -0.197 -0.268 -0.002 -0.009 0.151 0.078 -0.280 0.296 -0.279 -0.334 
GENR -0.299 -0.447 -0.281 -0.401 0.076 -0.004 0.241 0.274 -0.332 0.321 -0.354 -0.478 
AFZHB -0.331 -0.480 -0.285 -0.429 0.023 -0.021 0.247 0.321 -0.371 0.311 -0.345 -0.480 
AFZTO -0.274 -0.452 -0.274 -0.397 0.063 -0.026 0.183 0.275 -0.331 0.287 -0.351 -0.467 
AFZWO -0.112 -0.103 -0.107 -0.052 0.094 -0.183 0.179 -0.149 -0.063 0.203 -0.134 -0.118 
MARGZHB -0.314 -0.477 -0.284 -0.424 0.051 -0.020 0.223 0.319 -0.375 0.313 -0.350 -0.482 
MARGZTO -0.286 -0.454 -0.280 -0.398 0.071 -0.032 0.195 0.274 -0.335 0.297 -0.352 -0.469 
MARGZWO -0.100 -0.078 -0.089 -0.031 0.073 -0.184 0.169 -0.169 -0.043 0.208 -0.118 -0.101 
JKZHB -0.287 -0.487 -0.282 -0.437 0.078 0.029 0.181 0.364 -0.358 0.293 -0.353 -0.493 
JKZTO -0.289 -0.467 -0.279 -0.410 0.077 -0.002 0.204 0.318 -0.345 0.306 -0.346 -0.472 
JKZWO -0.164 -0.139 -0.130 -0.077 0.037 -0.162 0.221 -0.070 -0.113 0.225 -0.143 -0.139 
SHAZHB -0.377 -0.409 -0.334 -0.436 0.200 -0.217 0.366 0.236 -0.344 0.388 -0.406 -0.442 
SHAZTO -0.277 -0.454 -0.343 -0.460 0.222 -0.076 0.148 0.200 -0.281 0.173 -0.407 -0.554 
SHAZWO -0.031 -0.095 -0.081 -0.105 0.157 -0.150 0.079 -0.217 -0.103 0.094 -0.129 -0.214 
SIMZHB -0.335 -0.304 -0.268 -0.389 0.409 -0.070 0.272 0.140 -0.255 0.141 -0.344 -0.404 
SIMZTO -0.116 -0.317 -0.215 -0.338 0.514 -0.086 -0.094 -0.031 -0.267 0.036 -0.306 -0.433 
SIMZWO -0.080 -0.183 -0.168 -0.233 0.264 -0.172 0.098 -0.128 -0.184 0.068 -0.210 -0.327 
JPZHB -0.307 -0.283 -0.249 -0.326 0.187 -0.311 0.331 0.154 -0.223 0.385 -0.321 -0.292 
JPZTO -0.249 -0.430 -0.333 -0.456 0.229 -0.079 0.116 0.189 -0.218 0.095 -0.394 -0.544 
JPZWO 0.021 -0.097 -0.004 -0.067 0.146 -0.154 0.011 -0.270 -0.062 0.003 -0.028 -0.195 
JACHB -0.470 -0.591 -0.459 -0.515 0.053 0.071 0.194 0.497 -0.271 0.046 -0.448 -0.528 
XC_HBA -0.137 -0.289 -0.254 -0.415 -0.026 0.196 -0.056 0.279 -0.024 0.051 -0.203 -0.285 
XC_HBC -0.170 -0.329 -0.258 -0.287 0.129 -0.041 0.128 0.219 -0.158 -0.113 -0.108 -0.291 
XC_WOA -0.067 -0.017 -0.086 -0.054 -0.033 0.848 -0.137 -0.048 -0.020 -0.306 -0.160 -0.215 
XC_WOC 0.079 0.150 0.149 0.137 -0.043 -0.258 -0.062 -0.218 0.428 0.475 0.100 0.150 
XR_HBA -0.282 -0.517 -0.385 -0.601 0.010 0.166 0.055 0.383 -0.222 0.177 -0.398 -0.591 
XR_HBC -0.199 -0.415 -0.305 -0.442 0.063 0.079 0.102 0.260 -0.207 0.087 -0.269 -0.456 
XR_WOA -0.270 -0.380 -0.265 -0.263 0.045 -0.089 0.203 0.170 -0.192 0.192 -0.300 -0.341 
XR_WOC -0.187 -0.163 -0.202 -0.060 -0.064 -0.126 0.134 -0.065 0.343 0.154 -0.104 -0.129 
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Table 11.16b.  Partial correlations among plant diversity estimators and landscape indices 
(fragmentation) 

Level 1 
PROX_
CV 

PROX_
CV 

PROX_
MN 

PROX_
MN 

A_MES
H 

A_MES
H 

F_MES
H 

F_MES
H 

F_PRO
X_C 

F_PRO
X_C 

F_PRO
X_M 

F_PRO
X_M 

scale buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU buffer LUU 
Multiple R on 
Co 0.516 0.543 0.398 0.382 0.544 0.457 0.664 0.398 0.475 0.544 0.500 0.423 
SRHB 0.362 0.435 -0.096 0.181 0.335 0.281 -0.498 -0.492 0.510 0.400 -0.117 0.075 
SRTO 0.338 0.394 -0.072 0.151 0.287 0.243 -0.425 -0.388 0.500 0.363 -0.043 0.070 
SRWO 0.000 -0.066 0.093 -0.101 -0.142 -0.106 0.216 0.389 0.122 -0.056 0.359 0.000 
SRC -0.182 -0.442 0.049 -0.185 -0.234 -0.228 0.202 0.402 -0.213 -0.267 0.405 -0.113 
SRG 0.157 0.037 -0.052 0.125 0.406 0.118 0.083 0.106 0.248 0.348 0.119 0.131 
SRH 0.253 0.436 0.184 0.148 0.033 0.096 -0.503 -0.428 0.509 0.417 0.001 0.004 
SRN 0.074 0.058 0.054 -0.109 -0.085 -0.081 0.116 0.253 0.211 -0.024 0.295 -0.024 
SRP 0.050 0.114 0.101 0.032 -0.040 0.024 0.184 0.259 0.183 0.096 0.153 0.102 
SRT 0.331 0.280 -0.345 0.138 0.481 0.361 -0.333 -0.404 0.306 0.202 -0.214 0.105 
ASRHB 0.299 0.351 -0.197 -0.009 0.440 0.269 -0.472 -0.461 0.383 0.309 -0.103 -0.057 
ASRTO 0.246 0.253 -0.170 -0.085 0.369 0.202 -0.308 -0.241 0.338 0.221 0.015 -0.090 
ASRWO -0.226 -0.372 0.127 -0.221 -0.314 -0.259 0.591 0.754 -0.226 -0.332 0.368 -0.080 
BWHB -0.176 -0.018 0.070 0.249 -0.070 0.001 0.286 0.212 -0.021 0.049 -0.058 0.200 
BWTO 0.099 0.325 0.103 0.436 0.004 0.117 -0.195 -0.288 0.335 0.369 -0.147 0.281 
BWWO 0.248 0.295 0.028 0.035 0.204 0.125 -0.487 -0.618 0.237 0.363 -0.172 -0.032 
EXCLHB 0.249 0.274 -0.149 -0.209 0.166 0.134 -0.482 -0.384 0.284 0.123 -0.120 -0.249 
EXCLTO 0.224 0.267 -0.144 -0.243 0.115 0.080 -0.432 -0.311 0.293 0.093 -0.047 -0.263 
EXCLWO -0.024 0.067 -0.033 -0.231 -0.173 -0.197 0.054 0.198 0.148 -0.092 0.288 -0.155 
FAMR 0.193 0.256 0.051 0.078 0.098 0.140 -0.128 -0.015 0.440 0.269 0.146 0.103 
GENR 0.363 0.395 -0.044 0.173 0.269 0.225 -0.403 -0.349 0.508 0.384 -0.021 0.101 
AFZHB 0.342 0.388 -0.091 0.213 0.260 0.255 -0.427 -0.400 0.504 0.393 -0.093 0.123 
AFZTO 0.360 0.389 -0.091 0.163 0.299 0.266 -0.452 -0.416 0.515 0.355 -0.065 0.086 
AFZWO 0.118 0.029 0.058 -0.122 -0.082 -0.081 0.005 0.185 0.233 0.006 0.319 -0.020 
MARGZHB 0.340 0.406 -0.080 0.200 0.283 0.264 -0.449 -0.423 0.509 0.393 -0.096 0.105 
MARGZTO 0.342 0.394 -0.077 0.160 0.285 0.254 -0.440 -0.400 0.512 0.361 -0.055 0.081 
MARGZWO 0.077 -0.002 0.063 -0.111 -0.087 -0.078 0.068 0.248 0.206 -0.014 0.322 -0.007 
JKZHB 0.365 0.453 -0.105 0.215 0.334 0.261 -0.476 -0.479 0.507 0.411 -0.149 0.094 
JKZTO 0.348 0.418 -0.085 0.187 0.297 0.227 -0.420 -0.395 0.501 0.381 -0.080 0.089 
JKZWO 0.091 0.033 0.056 -0.048 -0.039 -0.056 0.066 0.226 0.224 0.041 0.311 0.021 
SHAZHB 0.302 0.369 0.030 0.102 -0.026 0.104 -0.474 -0.356 0.368 0.292 -0.038 -0.012 
SHAZTO 0.379 0.482 -0.201 0.087 0.166 0.252 -0.491 -0.493 0.440 0.277 -0.115 -0.020 
SHAZWO 0.041 0.077 -0.153 -0.033 -0.151 0.031 0.102 0.202 0.135 -0.102 0.161 0.043 
SIMZHB 0.211 0.239 -0.085 0.144 -0.359 -0.120 -0.354 -0.280 0.169 0.223 -0.052 0.053 
SIMZTO 0.201 0.342 -0.137 -0.019 -0.086 0.063 -0.417 -0.448 0.255 0.126 -0.122 -0.045 
SIMZWO 0.105 0.187 -0.180 -0.052 -0.196 0.012 -0.050 0.001 0.150 -0.058 0.076 0.002 
JPZHB 0.203 0.243 0.069 0.029 -0.130 0.013 -0.365 -0.216 0.197 0.166 -0.005 -0.057 
JPZTO 0.416 0.480 -0.280 0.061 0.146 0.245 -0.489 -0.521 0.375 0.222 -0.146 -0.051 
JPZWO -0.002 0.057 -0.264 -0.031 -0.125 0.064 0.114 0.180 0.038 -0.128 0.069 0.049 
JACHB 0.201 0.468 0.075 0.202 0.180 0.203 -0.645 -0.751 0.478 0.515 -0.348 0.033 
XC_HBA 0.313 0.358 -0.015 0.124 0.123 0.155 -0.249 -0.369 0.092 0.102 -0.169 0.087 
XC_HBC 0.222 0.233 0.016 0.059 0.017 0.008 -0.430 -0.510 0.183 0.164 -0.108 0.001 
XC_WOA -0.011 0.186 -0.105 0.330 0.000 -0.001 0.021 -0.006 0.189 0.266 -0.079 0.323 
XC_WOC -0.175 -0.334 0.140 -0.083 0.000 0.000 0.322 0.440 -0.155 -0.187 0.094 0.022 
XR_HBA 0.393 0.517 -0.054 0.237 0.180 0.291 -0.512 -0.616 0.451 0.265 -0.281 0.161 
XR_HBC 0.315 0.264 -0.109 0.152 0.287 0.314 -0.503 -0.560 0.302 0.219 -0.255 0.068 
XR_WOA 0.221 0.105 0.164 0.273 0.011 0.003 -0.161 -0.048 0.304 0.029 0.200 0.368 
XR_WOC -0.017 -0.154 -0.064 0.079 0.000 0.016 0.212 0.259 0.017 -0.061 0.043 0.154 
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Table 11.16c. Partial correlations among plant diversity estimators and landscape indices 
(fragmentation) 
Level 1 C_MES

H 
C_MES
H 

C_PRO
X_A 

C_PRO
X_A 

C_PRO
X_C 

C_PRO
X_M 

C_PRO
X_M 

G_ME
SH 

G_ME
SH 

G_PR
OX_C 

G_PR
OX_C 

G_PR
OX_M 

scale buffer LUU buffer LUU LUU buffer LUU buffer LUU buffer LUU buffer 
Multiple R on 
Co 

0.394 0.309 0.543 0.351 0.392 0.475 0.331 0.519 0.444 0.585 0.466 0.464 

SRHB -0.001 -0.093 0.163 0.052 0.189 -0.124 0.059 0.379 0.336 0.259 0.068 0.124 
SRTO -0.063 -0.185 0.139 0.079 0.133 -0.140 0.040 0.310 0.253 0.215 0.028 0.070 
SRWO -0.334 -0.522 -0.072 0.165 -0.230 -0.131 -0.080 -0.236 -0.328 -0.147 -0.189 -0.247 
SRC -0.033 -0.367 -0.264 -0.092 -0.239 -0.194 -0.331 0.018 0.000 -0.402 -0.502 -0.159 
SRG -0.238 -0.384 -0.068 0.122 -0.295 -0.232 -0.140 -0.021 -0.076 -0.112 -0.193 -0.208 
SRH -0.053 -0.169 0.121 0.122 0.265 0.073 0.123 0.239 0.370 0.257 0.120 0.114 
SRN -0.257 -0.449 0.037 0.226 -0.227 -0.181 -0.017 -0.126 -0.235 -0.123 -0.130 -0.144 
SRP -0.399 -0.354 -0.001 0.172 -0.072 0.052 0.084 -0.366 -0.430 0.104 0.095 -0.247 
SRT 0.083 0.065 0.160 -0.054 0.082 -0.256 -0.009 0.397 0.196 0.187 0.014 0.119 
ASRHB 0.042 -0.116 0.095 -0.065 0.190 -0.242 -0.010 0.500 0.522 0.104 0.017 0.133 
ASRTO -0.051 -0.305 0.040 -0.047 0.051 -0.282 -0.085 0.394 0.406 0.001 -0.075 0.044 
ASRWO -0.282 -0.520 -0.183 0.070 -0.452 -0.059 -0.218 -0.431 -0.467 -0.323 -0.271 -0.291 
BWHB -0.073 0.035 0.053 0.049 -0.083 0.165 -0.032 -0.477 -0.566 0.096 0.036 -0.127 
BWTO 0.037 0.233 0.266 0.158 0.187 0.305 0.114 -0.265 -0.362 0.412 0.163 0.026 
BWWO 0.374 0.437 0.345 0.020 0.154 0.205 0.060 0.479 0.452 0.269 0.061 0.379 
EXCLHB 0.116 0.054 0.095 0.412 0.338 -0.076 0.336 0.487 0.472 0.225 0.110 0.128 
EXCLTO 0.056 -0.010 0.077 0.469 0.282 -0.088 0.356 0.436 0.408 0.187 0.091 0.074 
EXCLWO -0.236 -0.273 -0.050 0.410 -0.135 -0.082 0.213 -0.057 -0.123 -0.095 -0.049 -0.202 
FAMR -0.240 -0.427 0.110 0.110 -0.045 -0.079 -0.101 -0.028 -0.072 0.098 -0.033 -0.069 
GENR -0.075 -0.199 0.175 0.127 0.118 -0.103 0.041 0.259 0.178 0.236 0.022 0.066 
AFZHB -0.061 -0.171 0.146 0.175 0.135 -0.149 0.083 0.295 0.226 0.224 0.026 0.088 
AFZTO -0.052 -0.156 0.127 0.062 0.150 -0.150 0.048 0.336 0.265 0.226 0.030 0.072 
AFZWO -0.193 -0.392 -0.039 0.158 -0.128 -0.148 -0.037 -0.082 -0.178 -0.071 -0.180 -0.208 
MARGZHB -0.043 -0.153 0.156 0.122 0.149 -0.127 0.065 0.319 0.256 0.234 0.042 0.101 
MARGZTO -0.058 -0.173 0.139 0.076 0.141 -0.134 0.044 0.315 0.249 0.220 0.030 0.072 
MARGZWO -0.252 -0.447 -0.049 0.153 -0.148 -0.149 -0.050 -0.124 -0.223 -0.101 -0.184 -0.217 
JKZHB -0.003 -0.074 0.147 0.045 0.179 -0.119 0.049 0.340 0.290 0.296 0.096 0.101 
JKZTO -0.059 -0.152 0.126 0.077 0.140 -0.137 0.041 0.291 0.226 0.257 0.063 0.057 
JKZWO -0.316 -0.477 -0.043 0.206 -0.128 -0.158 -0.018 -0.098 -0.205 -0.063 -0.133 -0.192 
SHAZHB 0.047 -0.050 0.178 0.166 0.166 -0.141 -0.014 0.171 0.107 0.220 0.110 0.157 
SHAZTO 0.054 -0.004 0.149 -0.042 0.259 -0.223 -0.027 0.208 0.184 0.293 0.161 0.076 
SHAZWO -0.229 -0.370 -0.146 0.097 -0.010 -0.251 -0.057 -0.245 -0.339 -0.054 -0.083 -0.331 
SIMZHB 0.101 0.044 0.096 0.301 0.220 -0.200 0.056 -0.016 -0.050 0.115 -0.068 0.033 
SIMZTO 0.128 0.124 0.076 -0.125 0.268 -0.156 -0.032 0.187 0.175 0.199 0.116 0.055 
SIMZWO -0.120 -0.190 -0.013 0.063 0.113 -0.155 -0.056 -0.180 -0.256 0.106 -0.002 -0.243 
JPZHB 0.066 -0.008 0.126 0.152 0.128 -0.159 -0.051 0.079 0.013 0.136 0.112 0.149 
JPZTO 0.109 0.096 0.122 -0.079 0.310 -0.294 -0.032 0.172 0.168 0.317 0.203 0.063 
JPZWO 0.016 -0.227 -0.214 0.067 0.011 -0.309 -0.077 -0.331 -0.379 -0.125 -0.137 -0.396 
JACHB 0.142 0.217 0.362 0.055 0.435 0.176 0.156 0.376 0.504 0.355 0.193 0.411 
XC_HBA 0.128 0.483 0.130 0.033 0.149 0.075 0.293 0.040 -0.031 0.546 0.540 0.151 
XC_HBC 0.590 0.677 0.324 0.244 0.241 0.407 0.339 0.111 0.051 0.339 0.023 0.111 
XC_WOA -0.230 -0.222 -0.005 0.043 -0.036 0.004 0.049 -0.094 -0.067 0.007 -0.021 -0.064 
XC_WOC -0.301 -0.283 -0.100 -0.029 -0.256 -0.111 -0.031 -0.173 -0.359 -0.217 -0.142 -0.001 
XR_HBA 0.126 0.412 0.390 0.217 0.370 0.159 0.508 0.199 0.063 0.551 0.336 0.265 
XR_HBC 0.252 0.495 0.248 0.129 0.236 0.231 0.271 0.323 0.099 0.432 0.138 0.118 
XR_WOA -0.248 -0.222 0.191 0.289 0.203 0.159 0.370 0.049 -0.129 0.168 0.040 0.028 
XR_WOC -0.308 -0.168 -0.153 0.016 0.045 -0.138 0.025 -0.294 -0.442 -0.068 -0.042 -0.180 
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11.5. Patterns of floristic composition and diversity at the sampling 
point scale 

11.5.1 Aims and methods 
The preceding Sections have been focused to plant diversity at the landscape or LUU scale, the 
main research objective in BIOASSESS. In this Section the patterns of plant diversity at the 
sampling point, plot or community scale will be in focus. The sampling design exposed in 
Section II was based on 16 sampling points regularly distributed within each LUU, and on the 
selection of a set of LUUs by study site being representative of a gradient of prearranged land 
use types and intensities. The structural components of vegetation at the LUU scale respond in a 
clear way to the gradient, as it was exposed in Section 2. And patterns of plant diversity related 
to the land use gradient and to vegetation and landscape structure at the same scale were 
documented in Sections 3 and 4, respectively. 

As plant diversity patterns at the LUU scale are ultimately based on the measures of plant 
diversity carried out in the sampling points, the analysis of the communities sampled in these 
latter should give us an insight into the explanation of the former. Coupling both scales is 
particularly important for those components of biodiversity, like vascular plants, characterized 
by their high species turnover among habitats, even when the representations of different habitat 
units are close together in space. The strong floristic differentiation among habitat types has 
promoted very detailed classifications of plant communities, implying that habitat diversity 
contributes greatly to plant diversity at spatial scales larger than the community or plot scale. 
Moreover, the interactions among regional species pools and habitat species pools are complex 
and should be also taken into account. Hence a relatively detailed characterization of the 
community types sampled in each study site, their distribution by LUUs and the overall 
structure of the vegetational gradients involved, is a requirement for assessing the validity of 
possible indicators of diversity. 

In the case of vascular plants, the floristic composition of the communitie s sampled has been 
evaluated through the data referred to the rectangular plot (RP, 100 m2). For each study site, the 
matrix of the 96 RPs with the abundance (cover) values of every plant species has been 
submitted to classification and ordination procedures. Through classification (cluster analysis), 
we tested hypotheses concerning the question of how the habitats and land uses represented in 
the LUUs sampled are soundly reflected by the floristic composition of the plant communities. 
Additionally, we obtain classification units that may serve to establish more objective 
comparisons of plant diversity patterns among countries. At this point a caveat must be 
introduced, because in a few cases the plant community sampled in the 100 m2 plot differs from 
the dominant habitat in the 1 ha circle around the sampling point, and this latter has been taken 
as the reference for all components of biodiversity sampled. Nevertheless, plant diversity 
measurements are based on the RP and hence this must be the reference area to be considered 
here. Several classification procedures were tried out and the more consistent results were 
obtained with Sorensen distance and complete linkage clustering. Cover values were log-
transformed prior to clustering, although square root transformation gave similar results. Both 
types of transformation prevent the bias of the classification results towards an excessive 
influence of the dominant species, strengthening the weight of the whole floristic composition. 
To stabilize the chaining of some deviant sampling points, species present in only one plot were 
deleted prior to clustering. In any case, the main clusters were the same even if more rare 
species were deleted, excepting for a few very unstable sampling points. 

Through ordination, the main gradients of variation in floristic composition were extracted for 
each study site, with the aim of testing their degree of coherence among sites and in the relative 
position of comparable vegetation units. These gradients also serve to compare among countries 
the positions and ranges covered by the homologous LUUs. Considering the high species 
turnover in plant communities and the long gradients expected, ordination techniques based on 
chi-square distances were applied. The better results in terms of comparability were provided by 
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detrended correspondence analysis (DCA), using default values for detrending in PC-ORD 
(rescaling threshold=0, detrending based on 26 segments). DCA was applied to the same data 
matrices used in clustering. Downweighting of rare species was not applied in the ordinations 
that will be presented, but results did not differ substantially when applying it.  

Patterns of plant species richness will be presented from the results of the classification of 
vegetation types and the DCA extracted axes. Both issues will be used to evaluate the 
relationships among sampling point patterns of plant diversity and species richness at the LUU 
scale.  

11.5.2 Country patterns 

11.5.2.1 Finland 
The classification analysis of the vegetation sampled in  the Finnish study site shows three main 
clusters that correspond to crops and arable land, to grasslands and grazed deciduous 
woodlands, and to forests and some other deciduous woodlands (Fig. 11.44).  

The first cluster (arable lands: mainly barley, wheat and oat fields) comes from sampling points 
located in LUUs 5 and 6. Grasslands from the second cluster, represented in LUUs 3-6, are 
relatively homogeneous and dominated by grasses like Alopecurus pratensis, Festuca pratensis 
and Phleum pratense. Grazed woodlands included in this cluster come mainly from LUU 4, are 
rich in herbs and forbs but the dominant plants are trees and shrubs like Betula pendula, Salix 
spp., Prunus padus, Rubus idaeus, Acer platanoides, etc.  

Boreal forests constitute the vegetation represented in most of the sampling points of this study 
site. The clustering differentiates several groups of unequal size that can be summarized in the 
following way. The cluster comprising sampling points FI101 to FI404 includes mainly old-
growth spruce (Picea abies)-pine (Pinus sylvestris) forests, no or little managed, coming from 
LUUs 1 and 3. The cluster between sampling points FI102-FI314 includes mainly spruce forests 
lacking pines, also moderately managed, coming mainly from LUU 1, but also from LUU 3 and 
4. Two small clusters between sampling points FI311 and FI512 contain spruce forests without 
pines but more or less rich in deciduous trees and tall shrubs like hazels (Corylus). They are 
located in LUUs 3-6, and although they are considered as old-growth forests, certain 
management practices are evident. Finally, the cluster between FI108 and FI516 includes most 
of the intensely managed forests of LUU 2, dominated by spruce and pine and rich in birch 
(Betula pendula ). In any case, the floristic composition of these forests is very homogeneous 
and the management types identified in the descriptions of the study sites is not reflected in 
well-structured clusters.  

DCA results are exposed in the diagrams of Fig. 11.45. The first axis shows a gradient from 
arable lands, at the positive end of the axis, towards grasslands, woodlands, and forests, easily 
interpretable in terms of succession dynamics or disturbance and forest clearing. Axis 2 
introduces further differentiation in weed communities of arable lands and in grassland 
communities, but not in forests, that are very homogeneous on both axes. Axis 3 (not showed) 
reflects secondary differentiations in woodlands and grasslands, but again only minor 
differentiation in forests.  

The representation of LUUs on this DCA gradients (Fig. 11.45, bottom) indicates a progressive 
enlargement of the floristic gradient from LUU 1 to LUUs 5 and 6 on both axes. Forests from 
LUU 6 are the more differentiated from the main nucleus, with an obvious displacement 
towards the positive end of axis 1. A minor differentiation between forests from LUU 1 and 
LUU 2 may also be appreciated. 
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Fig. 11.44.- Clustering of the LUU sampling points from Finland. 31-36: boreal conifer forests: 
old-growth (34), old-growth with minor management by thinning (35), and managed by 
thinning (36) or cutting and logging (31), or even-aged (32). 61-62: deciduous woodlands not 
(62) or moderately grazed (61). 87: grasslands. 90: arable field crops. 
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Fig. 11.45.- DCA of the sampling points from Finland. Legend of the top plot is the same as for 
Fig. 11.44. Bottom, the same diagram but with the identification of the LUU number of each 
sampling point.  
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11.5.2.2 France 
The vegetation units of the French study site are grouped into five main groups according to the 
classification analysis. The first cluster corresponds to arable fields (cereal fields) from LUU 4 
and 6, plus two old fields from the same LUUs and other two abandoned fields that were 
recently planted with spruce. The second main cluster includes several deciduous woodlands 
dominated by species of the genera Betula, Alnus, Carpinus, Ilex, Rubus, Salix, Cytisus, etc. 
Some spruce plantations rich in shrubs of these species are also included here. 

The third cluster separates grasslands, most of them currently grazed, and variedly managed 
meadows from LUUs 3 to 6, with Lolium perenne, Trifolium repens, T. pratense, Agrostis 
capillaris, Cynosurus cristatus, etc. The more distinct subgroups are a few wet grasslands 
dominated by Juncus acutiflorus and two abandoned fields transformed to grasslands. A recent 
clear fell in a spruce forest, colonized by herbaceous vegetation, is also included in this group. 

Forests are split up into two main groups, one including the managed, even-aged conifer forests 
of LUU 2, dominated by fir (Abies alba, A. grandis; in some stands also Picea abies, P. 
sitchensis or Pseudotsuga); and the other including the old growth forests of this study site 
(LUUs 1 and 3), represented by oak (Quercus petraea) and beech (Fagus sylvatica) deciduous 
forests moderately managed by coppicing. A few coppiced woodlands of birch (Betula spp.) 
from LUUs 2, 3 and 5 are marginally included in each of the two main forest clusters. 

The main gradient extracted from DCA shows a pattern from close forests, positioned in the 
positive end of axis 1, towards woodlands, grasslands and crop fields (Fig. 11.47). Axis 2 
differentiates conifer forests (positive end) from natural, deciduous forests, and also the small 
group of wet grasslands from the remaining grasslands. The main group of woodlands is located 
in a position intermediate between natural forests and grasslands, but overlaps with part of the 
managed conifer forests. Axis 3 (not showed) introduces further differentiations among 
grasslands and arable lands. 

With respect to the LUU gradient lengths, LUU 1 and 2 occupy short gradients along axis 1, but 
well separated according to axis 2; while the other four LUUs cover considerably longer 
gradients. LUU 3 covers the largest gradient along both axes (Fig. 11.47, bottom). 
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Fig. 11.46.- Clustering of the LUU sampling points from France. 11: broadleaved deciduous 
forests, old managed by coppicing; 41: managed, even-aged conifer forests; 62: deciduous 
woodlands; 81-85: grasslands (81: grasslands developed from old fields; 83: grazed, 
mesophilous grasslands; 85: humid grasslands); 90: arable fields; 93: old fields; 94: recent 
spruce plantations on old fields. 
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Fig. 11.47.- DCA of the sampling points from France. Legend on top: 1: broadleaved deciduous 
forests; 4: managed conifer forests; 6: deciduous woodlands; 8: grasslands; 9: arable fields, old 
fields and recent afforestations on old fields. Bottom, the same diagram but with the 
identification of the LUU number of each sampling point.  
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11.5.2.3 Hungary 
The pattern of the sampled vegetation units in the Hungarian study site is more complex than 
the preceding ones. Plant communities are grouped into four main clusters but with more 
secondary subdivisions (Fig. 11.48). A first cluster separates the cereal crops (rye, oat and 
triticale) from LUUs 3, 4 and 6. A second cluster groups the crop fields of vegetables and alfalfa 
of the same LUUs along with some old fields from LUU 4 and young, recent plantations of 
poplars (Populus xeuramericana) from LUU 3 and 6. 

The third main cluster includes grasslands in a wide sense, with three rough subgroups. The 
larger subgroup corresponds to the grazed and managed mesophile grasslands from LUU 5, 
characterized by Festuca pseudovina, F. arundinacea, Dactylis glomerata, Galium verum, 
Elymus repens, etc. A sampling point from the same LUU (HU504) and related to this type of 
grasslands is clustered separately, due to its very deviant floristic composition, with plants 
typical from wet meadows (Carex acuta, Deschampsia caespitosa). A well defined cluster 
corresponds to the xerophile pastures proper of the sandy soils of LUU 1, characterized by 
species like Stipa borysthenica, Festuca vaginata, Potentilla arenaria, Poa bulbosa, Koeleria 
glauca, etc. These dry grasslands occupy the open areas between the forest patches of LUU 1, 
being dominant in seven out of the 16 sampling points of this LUU. Finally, several old fields in 
transition to grasslands as well as some young tree plantations from LUUs 3, 4 and 6 are also 
spread among these subgroups. 

The forests of the Hungarian study site have suffered from a long history of management and 
disturbances, including the introduction of many alien species. The classification performed 
indicates three main groups. True old-growth forests with poplars (Populus alba s.l.) and oaks 
(Quercus robur), and rich in junipers (Juniperus communis) and deciduous shrubs (Crataegus 
monogyna, Rhamnus cathartica, Berberis vulgaris, Ligustrum vulgare, Euonymus europaeus, 
etc), are very rare in the area, but some moderately managed stands, in which the main natural 
trees have been planted or which are being passively invaded by locust trees (Robinia 
pseudacacia ) and other alien species, may be considered the closer representation of the 
“natural forests”. This type of forests is separated in the classification by the clusters from 
sampling point HU101 to HU206, and from HU112 to HU205, comprising eight points from 
LUU 1 and eight more from LUU 2. Scots pine (Pinus sylvestris) plantations form a well 
defined subgroup integrated by sampling points from LUUs 2, 3 and 4. Finally, a large 
subgroup includes Robinia  plantations, Robinia -Pinus nigra or -Pinus sylvestris plantations and 
some poplar plantations intensely managed and poor in plant specie s proper of the natural 
forests. This subgroup is represented in the forests of LUU 2, 3 and 4. 

DCA diagrams look very different from other study sites (Fig. 11.49). The main gradient 
reflected by axis 1 opposes arable fields to mesophile grasslands, leaving dry sandy grasslands 
and forests in a central position around the origin. Dry sandy grasslands are closer to mesophile 
grasslands, while old fields and young plantations are closer to crop fields on this axis. Axis 2 
takes over the floristic variation due to crop fields, occupying the positive end of axis 1. A clear 
succession gradient is not obvious until DCA axis 3 (Fig. 11.49, bottom). On this axis, forests 
are mainly extended on the negative direction and grasslands on the opposite, but the true 
gradient reflected is the one among forests and dry sandy grasslands. Conifer forests tend to 
position at the extreme negative end, while a weak separation between “old growth” and 
managed forests along the first axis becomes clearer. Some “old growth” forests approach to the 
position of dry sandy pastures, confirming the spatial relationships among these vegetation 
types. 

Concerning the gradient lengths covered by the respective LUUs (Fig. 11.50), sampling points 
from LUU 6 are obviously the more spreading across axes 1 and 2, while the forested LUUs 
only expand across axis 3. LUU 5 only covers an important gradient along axis 1, because 
forested sampling points are lacking from it. Considering the eccentric position of the mesophile 
grasslands from this LUU with respect to the succession gradient, it can be considered that 
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LUU5 and LUU2 are the more homogeneous in this study site. LUU 4 has intermediate extents 
across the three DCA axes.  
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Fig. 11.48.- Clustering of the LUU sampling points from Hungary. 14: old-growth broadleaved 
forests; 15: old-growth, moderately managed broadleaved forests; 21: broadleaved 
afforestations with exotic trees; 44: managed conifer plantations; 52: mixed afforestations; 81-
89: grasslands (81: grasslands developed from old fields; 87: grazed, mesophile grasslands; 88: 
dry, sandy grasslands; 89: recent tree plantations on grasslands or old fields); 90: arable fields. 
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Fig. 11.49.- DCA of the sampling points from Hungary. Legend is the same as for Fig. 11.48. 
Top, DCA axes 1 and 2; bottom, DCA axes 1 and 3.  
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Fig. 11.50.- DCA of the sampling points from Hungary. Legend indicates the identification of 
the LUU number of each sampling point. Top, DCA axes 1 and 2; bottom, DCA axes 1 and 3. 
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11.5.2.4 Ireland 
The plant communities sampled in the Irish LUUs are grouped into five main clusters (Fig. 
11.51). The first cluster separates the cereal crops (barley, oat and wheat) from LUUs 4, 5 and 6, 
all of them being very species poor. Two beetroot crop fields (sampling points IR602-603) are 
fused at a high level with the next cluster, that includes rather homogeneously most of the 
grasslands. Grasslands are present in this study site mainly in LUUs 3, 4 and 5. They are 
dominated by Lolium perenne and Trifolium repens; only those grasslands from LUU 5 are 
richer in species, among them Agrostis capillaris, Holcus lanatus, Ranunculus repens, etc.  

A third, small cluster fuses at a high level with the forest clusters and includes several little 
grazed, wet grasslands differentiated by species like Agrostis canina, Deschampsia cespitosa or 
Juncus conglomeratus, part of them also enriched in hedge and thicket elements (Fraxinus 
excelsior, Crataegus monogyna, Rubus spp.). This cluster transitional between grassland and 
woodland is represented in LUUs 1, 2, 4 and 6, and includes also two spruce plantations from 
LUU 2.  

Within forests, managed sitka spruce forests (Picea sitchensis) form a consistent, species poor 
cluster mainly represented in LUU 2. The remaining forests are distributed in three subgroups. 
Old growth forests from LUU 1 are dominated by deciduous oaks (Quercus robur), 
accompanied by Fraxinus excelsior, Betula pubescens or more rarely beech. A managed, mixed 
forest of beech and Scots pine appears in LUU 3. The last subgroup includes forests rich in ash 
(Fraxinus excelsior) and hazel (Corylus avellana), in some cases (LUU 1) dominated by beech 
or oak and moderately managed, but in other cases (LUU 4) reafforested with spruce or 
Pseudotsuga. 

The first DCA-extracted axis shows the typical gradient from open and disturbed lands at the 
positive end (crop fields) towards closed forests at the negative end (Fig. 11.52). Grasslands 
occupy intermediate and rather aggregated positions and transitional wet grasslands are closer to 
forests. Among these, mixed forests occupy the extreme position of the gradient, followed by 
old growth forests, but their segregation along this axis is scanty. Axis 2 introduces the variation 
in crop fields, separating barley from wheat fields. Although both are very species poor, species 
turnover is extremely high between these two groups and the chi-square distance is very 
sensitive to this effect. The second axis also takes over a moderate differentiation between 
conifer and deciduous forests. Hence in this study site the two main gradients show a minimum 
heterogeneity at the level of grasslands. Axis 3 (not showed) introduces a further differentiation 
among forests, with mixed forests at the negative end and old growth forests at the positive end. 

The representation of LUUs on this gradient indicates typical short gradients for LUU 1 and 2, 
with a consistent differentiation between them along the second axis. LUU 3, 5 and 6 cover 
intermediate gradients, progressively displaced to the right of the first axis, and LUU 4 covers 
the whole length of the gradient. 
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Fig. 11.51.- Clustering of the LUU sampling points from Ireland. 13: managed broadleaved 
deciduous forests; 14: old-growth broadleaved deciduous forests; 44: managed non-native 
conifer forests; 52: mixed (conifer-broadleaved) afforestations; 83: grazed grasslands; 85: 
humid grasslands; 90: arable fields. 
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Fig. 11.52.- DCA of the sampling points from Ireland. Legend of the top plot is the same as for 
Fig. 11.51. Bottom, the same diagram but with the LUU identification number of each sampling 
point. 
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11.5.2.5 Portugal 
The plant communities sampled in the Portuguese LUUs are grouped into five main clusters 
with some secondary subdivisions (Fig. 11.53). The first cluster separates the irrigated crop 
fields from LUU 6 (alfalfa, Medicago sativa). A second large cluster includes the grassland 
dominated sampling points, 8 belonging to LUU 1, 2 to LUU 3, 14 to LUU 4 and 16 to LUU 5. 
These grasslands are commonly dominated by Agrostis castellana (“vallicares”) and rich in 
grasses like Gaudinia fragilis, Briza maxima, Vulpia spp. and many annuals. They are in all 
cases grazed grasslands with trees (open grazed forests, “montados” or “dehesas”), and 
variations in tree cover, shrub cover and local gradients of humidity or sand mobility introduce 
modifications in their floristic composition determining the complex internal structure of the 
cluster. 

The three remaining clusters are fused at a high level of the dendrogram and represent the 
closed forests, woodlands and shrublands. A sharp cluster corresponds to the Eucalyptus 
globulus plantations from LUU 2. Old growth forests are represented in this study site by mixed 
cork oak (Quercus suber) and pine (Pinus pinaster and P. pinea) forests, growing mainly in 
LUU 1 (7 sampling points) but also in LUU 3 (2) and 4 (1). This cluster is strongly related to 
the one including woodlands, that are mainly represented in LUU 3 (12 sampling points) but 
also in LUUs 1 and 4 (1 sampling point each). Woodlands in this case have also cork oak trees 
being managed for cork extraction; pines are absent or very scarce and the forest management 
tends to open the canopies favoring the development of tall and low shrubs, among which are 
different Mediterranean species of Cistaceae (Cistus, Halimium), Ericaceae (Calluna, Erica), 
Leguminosae (Ulex, Genista, Stauracanthus), Labiatae (Lavandula, Thymus), etc. 
Mediterranean shrublands dominated by Halimium and Stauracanthus species and growing 
mainly on coastal sandy soils are named “jaguarzales”. 

The strong contrast between the irrigated crops of LUU 6 and the “montado” system conditions 
the gradients exposed by DCA (Fig. 11.54). Axis 1 opposes crop fields, at the positive end, to 
grasslands and forests. Axis 2 establishes a gradient from open grazed forests (“montado”), at 
its positive end, and woodlands and old growth forests, with eucalyptus plantations in a 
somewhat intermediate position. Axis 3 (Fig. 11.54, bottom) differentiates eucalyptus forests at 
the positive end from old growth forests, with grasslands and woodlands at an intermediate 
position. Hence the complete gradient involves the three axes and would come from crop fields 
through open grazed forests to woodlands, with eucalyptus plantations and old growth forests as 
forested extremes. 

As a result of this particular structure of the gradients, LUUs configuration is characterized by 
short gradients for LUU 2, 5 and 6, all of them covering only one main type of vegetation, and 
relatively longer gradients for the other three, each of them covering representations of forests, 
woodlands and grasslands. LUU 1 is, at this respect, the more evenly distributed among old 
growth forests and grasslands. 
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Fig. 11.53.- Clustering of the LUU sampling points from Portugal. 21: broadleaved exotic tree 
plantations; 53: old-growth, mixed broadleaved-conifer sclerophyllous forests; 71: 
Mediterranean shrublands and woodlands; 89: grazed grasslands with trees; 92: irrigated arable 
fields. 
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Fig. 11.54.- DCA of the sampling points from Portugal. The legend of the vegetation units is the 
same as for Fig. 11.53. Top, DCA axes 1 and 2; bottom, DCA axes 1 and 3. 
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Fig. 11.55.- DCA of the sampling points from Portugal. Legend shows the LUU identification 
number for the sampling points. 
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11.5.2.6 Spain 
The classification of the plant communities sampled in the Spanish LUUs shows a subtle 
gradation and a more complex structure than in other countries, due to several factors (Fig. 
11.56). The first cluster individualizes the irrigated crops (corn fields) from LUU 4 and a few 
cereal crops and fallow fields from LUU 3 and 6 recently ploughed and hence rather species 
poor. 

The central and main cluster takes in almost all non close-forested vegetation, including 
Mediterranean shrublands and open grazed forests (“dehesas”). It may be subdivided in up to 
seven subgroups. Two of them correspond to cereal crops (barley and oat) and fallow fields 
linked respectively to LUU 3-6 and 4-5. The former is fused in the dendrogram to grasslands of 
the same LUUs dominated by tall annual grasses (Avena barbata  and Holcus setiglumis, among 
many other species). The latter is similarly fused to other two subgroups of grasslands of the 
same LUUs commonly dominated by Agrostis pourretii or A. castellana (“vallicares”) and also 
rich in annual species. The close relationships among these arable fields and grasslands are 
promoted by the particular grazing system of the study area. Arable fields are cultivated only 
every two (LUU 3 and 6) or three years (LUU 4 and 5), and left in fallow and grazed during the 
years in which they are not sown, as well as in the stubble phase. In this way, grassland plants 
are able to colonize quickly the fallow fields, and the floristic differentiation among stable 
grasslands, new grasslands established after fallow and fallow fields is weaker than in other 
agricultural systems. Moreover, LUU 4 and 5 are true “dehesas” (open grazed forests) while the 
agricultural area included in LUU 3 and 6 is much more open. 

The other two subgroups of the central cluster correspond to Mediterranean shrublands and 
woodlands, here dominated by species of Cistus (C. ladanifer, C. monspeliensis, C. salviifolius), 
Erica (E. scoparia, E. australis, E. umbellata), legumes (Genista hirsuta, Cytisus multiflorus), 
Lavandula spp., Rosmarinus officinalis, Phillyrea angustifolia, Daphne gnidium, etc. A cover of 
oaks may be also present in these shrublands, but less developed than in the corresponding 
forests. One subgroup from LUUs 4 and 5, but also including a sampling point from LUU 3, 
fuses with the subgroup of grasslands of the same LUUs. They correspond to patches of grazed 
shrublands enriched with species coming from the surrounding annual grasslands. The other 
subgroup corresponds to the extensive shrublands dominant in the landscape of LUU 3. An 
additional small subgroup of dense shrublands from LUU 1 and LUU 2 still appears in the 
forest cluster, fusing to sclerophyllous old growth forests. 

The forest cluster is sharply divided into two subgroups, one of them corresponding to the pine 
(Pinus pinaster) afforestations from LUU 2, and the other to the old growth sclerophyllous 
forests from LUU 1, dominated by cork oak (Quercus suber), holm oak (Q. ilex subsp. ballota ) 
and deciduous oaks (Q. faginea subsp. broteroi and Q. pyrenaica). 

DCA axis 1 (Fig. 11.57) shows the typical gradient from irrigated crops, at the positive end, to 
cereal and fallow fields, grasslands, shrublands and forests. Conifer forests occupy the negative 
end of the axis. The only important gap is the one between crop fields; the other vegetation units 
are close together across the gradient. Axis 2 reflects the differentiation between old growth 
forests (positive end) and shrublands and conifer afforestations. Minor gradients in cereal fields 
and grasslands are also reflected on this axis. Axis 3 (not shown) introduces further 
differentiations at several levels (cereal crops, grasslands, shrublands and forests). LUUs 
configuration on the DCA gradients is characterized by short gradients for LUU 1 and 
particularly for LUU 2, intermediate for LUU 5, a bit longer for LUU 3 and 6, and still longer 
for LUU 4. Forested LUUs (1-3) are mutually well differentiated on the bi-dimensional space of 
DCA axes 1-2. 
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Fig. 11.56.- Clustering of the LUU sampling points from Spain. 14: old growth broadleaved 
sclerophyllous forests; 33: conifer plantations; 71: Mediterranean shrublands and woodlands; 
83: grazed dry grasslands; 86: grazed grasslands (“vallicares”) with trees; 90: non irrigated 
arable fields; 91: fallow fields; 92: irrigated arable fields. 
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Fig. 11.57.- DCA of the sampling points from Spain. Legend of the top plot is the same as for 
Fig. 11.56. Bottom, the same diagram but with the LUU identification number of each sampling 
point. 
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11.5.2.7 Switzerland 
The vegetation units of the Swiss study site are grouped into only two main clusters (Fig. 
11.58). There are no true crop fields in this study site. The first main cluster includes grasslands, 
within which several minor groups may be distinguished. A small group clearly separated and 
rather heterogeneous corresponds to disturbed grasslands from riverbanks and some 
artificialized areas located in LUU 6. They are species poor and in some way represent the 
closer equivalent of crop fields in this study site. The remaining grasslands appear distributed in 
a cluster grouping wet meadows (characterized by species like Juncus effusus, Carex panicea, 
Carex pallescens, Carex nigra, Equisetum palustre, Lychnis flos-cuculi, Poa palustris, etc.), 
represented in all LUUs excepting LUU 1, but mainly in LUU 4; and other cluster grouping 
grazed, mesophile grasslands, in which, besides the general grassland species like Cynosurus 
cristatus, Trifolium repens, T. pratense, Dactylis glomerata, Festuca rubra, F. pratensis, etc., 
are also common species: Plantago media, P. lanceolata, Ranunculus montanus, Leontodon 
hispidus, Prunella vulgaris, Senecio cordatus, etc. Within this group, mainly represented in 
LUU 5, it can be recognized a small set of improved grasslands from LUU 6, typically managed 
by cutting, with species like Rumex acetosa, Heracleum sphondylium, Anthriscus sylvestris, 
Alopecurus pratensis, etc.  

The forest cluster appears split into a first group comprising the old growth mixed forests of this 
study site (LUU 1), moderately managed, and dominated by beech (Fagus sylvatica) and fir 
(Abies alba), with sycamore (Acer pseudoplatanus) and less frequently spruce (Picea abies) as 
secondary trees. The second main group includes the more actively managed forests, that are 
spruce forests rather poor in species. This group is distributed in one subgroup containing the 
more managed forests from LUU 2 and part of those from LUU 3, that are extremely poor in 
species but rich in blueberries (Vaccinium myrtillus, V. vitis-idaea); and other subgroup 
containing the rest of the managed spruce forests from LUU 3 to 6, with lesser abundance of 
blueberry but somewhat richer in species. A third subgroup, transitional to old growth forests, is 
composed of five spruce forests with Alnus viridis also from LUU 2. 

The gradients exposed by DCA (Fig. 11.59) show a successional trend along the first axis from 
grasslands to managed forests and old growth forests. Some disturbed grasslands occupy the 
negative extreme of the axis, while wet meadows are located closer to forests. Axis 2 only 
reflects some differential trends among grassland points. Axis 3 (not showed) separates also 
other trends in grasslands, like the group of disturbed grasslands from the remaining ones. 
Hence the gradient structure of the Swiss site follows a successional model, with increasing 
heterogeneity as landscape opening increases. Managed and old growth forests are rather clearly 
separated on the main gradient. 

The configuration of LUUs in this gradient (Fig. 11.59, bottom) indicates a short length for 
LUU 2, intermediate lengths for LUU 1, 3 and 5, and the wider range (on both axes) for LUU 4 
and 6. Discrimination between LUU 1 and 2 is sharp along axis 1. 
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Fig. 11.58.- Clustering of the LUU sampling points from Switzerland. 32: managed (even-aged) 
conifer forests; 37: moderately managed (uneven-aged) conifer forests; 54: old growth, uneven-
aged mixed forests; 81-87: grasslands (81: disturbed grasslands; 83: grazed, mesophile 
grasslands; 85: humid meadows; 87: managed for cutting and improved grasslands). 
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Fig. 11.59.- DCA of the sampling points from Switzerland. Legend of the top plot is the same as 
for Fig. 11.58. Bottom, the same diagram but with the LUU identification number of each 
sampling point. 
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11.5.2.8 United Kingdom (Scotland) 
The main vegetation units of the Scottish study site are classified in several well defined clusters 
(Fig. 11.60). The first cluster individualizes cereal crops (barley fields in almost all cases) and 
one old field from LUU 5 and 6. All of them are extremely species poor. A second cluster 
separates grasslands, within which several minor groups may be distinguished. Scottish 
grasslands are relatively homogeneous and not very species rich, the more common being 
Lolium perenne, Trifolium pratense, Poa trivialis, Dactylis glomerata, Phleum pratense, 
Trifolium repens, etc. But among the different management systems, two types may be easily 
recognized in the classification: the grasslands improved by fertilization and managed by 
cutting or by cutting and grazing, that are typically poorer in plant species, and the grasslands 
managed only by grazing, that usually are enriched in additional species like Cynosurus 
cristatus, Senecio jacobaea, Holcus lanatus, Agrostis capillaris, Rumex acetosa, etc. The former 
are better represented in LUU 5 and 6, the latter are mainly restricted to LUU 4. A second old 
field is fused at a higher level to the grassland cluster, although it has clear relationships also 
with the first cluster.  

The third cluster inc ludes a set of sampling points in which several tree and shrub species 
(Betula pendula, Fraxinus excelsior, Prunus avium, Alnus glutinosa, Cytisus scoparius) become 
abundant, being nevertheless rich in grassland flora. These grazed woodlands are mainly 
represented in LUU 3 and 4, but also in some points of LUU 5 and 6. Two managed spruce 
forests from LUU 4 and 5, rich in deciduous woodland species, are also included here. 

The last cluster comprises the close forested plots and three main groups can be recognized 
within it. Caledonian forests of Scots pine are the old growth forests of this study site, 
represented in all the sampling points of LUU 1. Only one point of this LUU, located in an open 
area of the forest, is classified by the dendrogram besides woodlands. The second group 
corresponds to the woodlands of birch (Betula pendula ) or birch and pine (Pinus sylvestris) 
from LUU 3. The third group appears more fragmented but includes a series of managed, 
mostly even-aged forests dominated by different conifers, part of them non-native: Pinus 
contorta, Picea sitchensis, Pinus sylvestris, Larix decidua and Pinus-Larix mixed plantations. 
They dominate the forests of LUU 2 but are also represented in LUU 3 and 4. 

The gradients exposed by DCA axes 1 and 2 (Fig. 11.61, top) are distorted by the fact that the 
strong divergence between a turnip crop from UK614 versus the remaining barley crops from 
LUU 5 and 6 is projected on axis 2. The plot derived from axes 1 and 3 (Fig. 11.61, bottom) 
shows more clearly the successional trend along the first axis from arable lands, at its positive 
end, to old fields, grasslands, grazed woodlands and mixed woodlands, managed forests and old 
growth forests. Apart from differentiations among crops, axis 2 also reflects minor variations in 
old fields and grasslands, but not in woodlands or forests. On the contrary, axis 3 shows 
differential patterns mainly within the groups of forested sampling points. Hence the gradient 
structure is similar to the commented for other countries, with increasing heterogeneity as 
landscape opening increases. Managed and old growth forests are weakly separated on the main 
gradient. 

The configuration of LUUs in this gradient (Fig. 11.62) indicates relatively short lengths for 
LUU 1, 2 and 6, at least on the first axis, and slightly larger gradient covering for LUU 3, 4 and 
5. 
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Fig. 11.60.- Clustering of the LUU sampling points from United Kingdom (Scotland). 34: 
Caledonian forests (old growth conifer forests); 41: managed conifer forests; 61: deciduous 
woodlands and shrublands; 62: deciduous or mixed woodlands; 83: grazed grasslands; 87: 
improved grasslands managed for cutting; 90: cereal crops; 93: old fields. 
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Fig. 11.61.- DCA of the sampling points from United Kingdom (Scotland). The legend of the 
vegetation units is the same as for Fig. 11.60. Top, DCA axes 1 and 2; bottom, DCA axes 1 and 
3. 
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Fig. 11.62.- DCA of the sampling points from United Kingdom (Scotland). Legend shows the 
LUU identification number for the sampling points. 

 

11.5.3 General patterns 

11.5.3.1 Vegetation units 
The results of the classifications and ordinations carried out at the country level show that 
several vegetation units can be more or less homogeneously recognized in every country 
gradient, while others are particular from a country or a small group of them. Moreover, even 
the former can be very different among countries from the point of view of vegetation 
physiognomy or structure. Tables 5.1 and 5.2 summarize the main agreements at this respect. 

The Finnish country gradient is the most forested, with two thirds of the sampling points 
represented by Boreal forests. The other country gradients have forests in 25-45% of the 
sampling points, amounting to 40-60% if woodlands are taken into account. Hungary and 
Portugal would be the less forested gradients, in the first case due to the original mosaic of old 
forests and sandy pastures proper of LUU 1, and in the second case due to the character of 
“open grazed forests” of several LUUs (in fact, all the grasslands of this country are “grasslands 
with trees” from “montado” systems, as also part of the same units in the Spanish gradient). 

Old-growth forests are mainly represented in LUU 1 and correspond to four main types: conifer 
forests (FI, UK), mixed forests (SW), broadleaved deciduous forests (FR, HU, IR) and 
sclerophyllous forests (Mediterranean countries; cork oak and pine forests in the case of 
Portugal). The most deviant cases are the Hungarian, because LUU 1 is a mosaic of old forests 
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(in part affected by plantations or invasions of Robinia) and sandy grasslands, and the 
Portuguese, because part of the sampling points located in LUU 1 are more or less open and 
were classified as grasslands from the vegetational point of view.  

Managed forests representative of LUU 2 are also rather different among countries: they 
correspond to conifer plantations (most of them with species exotic for the study site) in four 
countries (FR, IR, SP and UK), and to eucalyptus plantations in Portugal. In the Finnish and 
Swiss study sites these managed forests are conifer forests floristically similar to the natural 
forests. In the Hungarian site, managed forests are a mix of Robinia  plantations, conifer 
plantations and other tree plantations.  

Woodlands are also differently represented in the country gradients. True deciduous woodlands 
were identified by clustering procedures in three countries (FI, FR and UK), but only in UK 
they are dominant in LUU 3. Mediterranean shrublands are the dominant vegetation of this 
LUU in PO and SP. Hence, we have considered as woodlands representative of LUU 3 the 
Robinia  plantations of HU, the managed mixed forests of IR, and the uneven-aged managed 
conifer forests from SW. All of them were individualized by clustering procedures, but closer 
linked to true forests than the other woodlands indicated. Deciduous forests from French LUU 3 
were not clearly discriminated against those from LUU 1. Finally, in the case of Finland, we 
have considered as an independent type the managed forests from LUU 3 and 4, because the 
classification was unable to discriminate the management types identified in this study site. 
These assignments leave open two additional forest types that in part were discriminated by 
clustering procedures: the managed Boreal forests from Finnish LUU 5 and 6 (type “F5” in 
tables 5.1-5.2), and the managed deciduous forests from Ireland (LUU 1, 3 and 4; type “Fw” in 
tables 5.1-5.2). Finally, in three countries (FI, SP and UK) the clustering discriminated as an 
independent type those woodlands more open and rich in grassland species, that have been 
recognized in Tables 5.1-5.2 as “Wg”. 

The representation of grasslands is also varied among countries, from only 10% of the sampling 
points in Finland or 20% in UK to 40% in Portugal (grasslands with trees, as it was above 
commented) and even 50% in Switzerland (a study site where arable lands are not represented). 
Grasslands are the dominant vegetation in LUU 5 in all countries but Finland, where this 
vegetation is scarcely represented. All the sampling points of this LUU correspond to grasslands 
in HU and PO. LUU 4 is usually the second by importance of grassland representation, 
excepting in Ireland, where LUU 3 is richer in grasslands; Switzerland, where LUU 6 has one 
sampling point more with this type of vegetation than LUU 4; and Hungary, due to the 
particular dry, sandy grasslands from LUU 1. Grasslands are usually absent from the forested 
LUU 1 and 2, excepting in Portugal, as it was already commented.  

Grasslands are floristically very rich and hence several types could be discriminated by 
clustering in each country; only those types more relevant by their management meaning or 
their individualization in the floristic gradients are included in Tables 5.1-5.2. Apart from 
typical grasslands managed for grazing, the other types are more or less restricted to one or few 
countries, excepting the wet grasslands and meadows from FR, IR, and SW (Spanish 
“vallicares” have a similar meaning in the context of Mediterranean grasslands). It must be 
stressed the particular case of the dry, sandy grasslands from the Hungarian LUU 1. 

Arable lands represent between a sixth (FI) and a quarter (IR) of the sampling points of each 
country gradient, excepting for the Swiss study site where they are absent. They are always 
dominant in LUU 6, but only in the Hungarian site the 16 sampling points of this unit are 
occupied by arable lands. Nevertheless, they are not represented in the mixed use LUU 4 from 
FI, PO and UK. Apart from cereal crops, irrigated crops were relevant in the floristic gradients 
by their deviant behavior, although they are represented only in PO and SP. Fallow fields have 
been already commented in the Spanish study site, as well as the old fields from the Hungarian 
and Scottish sites. 
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11.5.3.2 Vegetational gradients 
Results from the application of DCA to the matrices of the floristic composition of sampled 
points in each country study site show several common traits. Six out of the eight countries 
share a similar gradient in the first axis extracted from DCA. This axis arranges the vegetation 
units from the arable lands at one end to the forested lands at the other end, with grasslands and 
woodlands at intermediate positions. The direction of the axis is inverted in FR and SW with 
respect to the other four countrie s. Hence this axis may be interpreted as a succession dynamics, 
disturbance, deforestation or land-use intensification gradient, parallel to the gradients of 
vegetation structure commented in Section 1. The second axis explains mainly variations in the 
open vegetation units (arable lands and grasslands) in four of these countries, while in the other 
two (France and Spain) the second axis is related to the floristic variation in the forested 
sampling points (forests and woodlands). Ireland behaves in a somewhat intermediate way at 
this respect. 

The other two countries show a different pattern in the DCA axes. The first axis extracted from 
the Portuguese site separates the irrigated crops from LUU 6 from the remaining sampling 
points. But the second axis arranges grasslands, woodlands and forests in a way similar to the 
general gradient. The third axis introduces further variation in forested sampling points, hence 
in this case the floristic gradients of these latter are also longer than the ones of the open 
vegetation units. The Hungarian case is still more complicated, because the first axis separates 
forests and sandy grasslands from other grasslands and arable lands at opposite ends. Variation 
within arable lands is mainly reflected by axis 2, and only in the third axis forests and sandy 
grasslands are expanded. Hence the gradient structure of the Hungarian site is partially similar 
to the preceding ones, with a larger variation in the open vegetation units furthermore 
complicated by the floristic originality of the sandy grasslands from LUU 1. 

Other details of the main gradients exposed by DCA deal with the particular positions of some 
minor vegetation units. The location of old fields, fallow fields and grazed woodlands agrees 
with the general interpretation of the gradient. Irrigated crops are very eccentric, as it has been 
already commented, because the weed communities proper of this type of arable land are very 
poor and floristically differentiated from other crop fields and vegetation types. Wet grasslands 
and meadows tend to be placed nearer the forested units than other grasslands. Concerning 
forested sampling points, at least in four countries (FI, PO, SW, UK) the corresponding end of 
the gradient is occupied by old-growth forests. There is not a clear trend in the French site, 
where forests are nevertheless discriminated along the second axis, while in HU and SP some 
conifer plantations tend to be placed at this end. In IR the end is occupied by some managed 
mixed forests, and old growth forests are intermediate between these and other managed forests.  
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Table 11.17. Summary of the vegetation units represented in the sampling points of each LUU 

 Forests  Woodlands  Grasslands  Arable lands  

LUU nº Fo Fm F3 F5 Fw  total Ww  Wg total Gg Gc Gh Gv Gs Go total Aa Ai Af Ao total 

FI1 16         16     0             0         0 
FI2   15    15 1  1       0     0 
FI3    14   14   1 1 1      1     0 
FI4    9   9 1 2 3 4      4     0 
FI5     7  7   2 2 2      2 5    5 
FI6       3   3   2 2 3           3 8       8 
FR1 16         16     0             0         0 
FR2   14    14 2  2       0     0 
FR3 7 2    9 2  2 3  1    4 1    1 
FR4   1    1 2  2 6  3    9 3   1 4 
FR5   3    3 2  2 10  1    11     0 
FR6           0 2   2 4           4 7     3 10 
HU1 8         8 1   1         7   7         0 
HU2 9 1    10 6  6       0     0 
HU3   3    3 5  5 2     3 5 3    3 
HU4   3    3 3  3 1     5 6 4    4 
HU5       0    0 16      16     0 
HU6           0     0 1         3 4 12       12 
IR1 6 5     4 15     0     1       1         0 
IR2   15    15    0   1    1     0 
IR3      1 1 6  6 9      9     0 
IR4   2   3 5    0 4  1    5 6    6 
IR5       0    0 12      12 4    4 
IR6           0     0     3       3 13       13 
PO1 7         7 1   1       8     8         0 
PO2   16    16    0       0     0 
PO3 2     2 12  12    2   2     0 
PO4 1     1 1  1    14   14     0 
PO5       0    0    16   16     0 
PO6           0     0             0   16     16 
SP1 14         14 2   2             0         0 
SP2   15    15 1  1       0     0 
SP3       0 9 1 10 3      3 2  1  3 
SP4       0   4 4    6   6 1 3 2  6 
SP5       0   2 2    12   12 1  1  2 
SP6           0 3   3 3           3 6   4   10 
SW1 15         15 1   1             0         0 
SW2   15    15    0   1    1     0 
SW3       0 11  11   5    5     0 
SW4 1     1 2  2   13    13     0 
SW5 1     1    0 11  4    15     0 
SW6 1         1 1   1 3 6 1     4 14         0 
UK1 16         16     0             0         0 
UK2   16    16    0       0     0 
UK3   3    3 8 5 13       0     0 
UK4   4    4   5 5 6      6     0 
UK5   1    1    0  9     9 5   1 6 
UK6           0   1 1 1 3         4 10     1 11 

Total 120 134 23 10 8 295 85 25 110 105 18 35 58 7 15 238 91 19 8 6 124 
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Table 11.18. Vegetation units of Table 11.17: abbreviations, descriptions and comments 
(additional traits of the vegetation units in some countries; and countries and LUUs in which the 
corresponding vegetation units are represented) 

Habitat 
abbreviation Description and comments 

F Forests 

Fo old growth forests: 

 broadleaved deciduous forests: FR, HU, IR 

 broadleaved sclerophyllous forests: PO (mixed), SP 

 mixed forests(conifer-broadleaved deciduous): SW 

 conifer forests: FI1, UK 

Fm managed forests: 

 managed native conifer forests: FI2 

 managed forests of exotic or planted conifers: FR, HU, IR, SP, UK 

 managed native conifer forest, even-aged: SW2 

 managed broadleaved forest of exotic planted trees: PO 

F3 other types: moderately managed conifer forests: FI3, FI4 

F5 other types: moderately managed conifer forests: FI5, FI6 

Fw managed broadleaved deciduous forest (IR, close to Fo) 

W Woodlands and shrublands  

Ww Woodlands and shrublands  

 deciduous woodlands not or little grazed: FI, FR, UK (mixed) 

 managed broadleaved (or mixed) forest of (mainly) exotic planted trees: HU 

 managed mixed forests: IR 

 Mediterranean shrublands: PO, SP 

 managed native conifer forest, uneven aged (SW3-6) 

Wg deciduous woodland and Mediterranean shrublands grazed: FI, SP, UK 

G 
Grasslands 

Gg grazed grasslands 

Gc grasslands managed for cutting: SW, UK 

Gh wet grasslands and meadows: FR, IR, SW 

Gv Mediterranean grasslands (“vallicares”): PO, SP 

Go grasslands and young tree plantations in old fields (HU); disturbed grasslands (SW) 

Gs sandy dry pastures (HU1) 

A 
Arable land 

Aa arable fields (crops) 

Ai irrigated fields: PO, SP 

Af fallow fields: SP 

Ao old fields: FR, UK; and recent tree plantations on old fields: FR 
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11.5.3.3 Vegetational gradients and plant species richness 
The patterns of species richness in the vegetation types identified by clustering methods will be 
presented in relation to the vegetational gradients extracted from DCA. Species richness is 
referred to the 100 m2 plots (RP), and is analyzed separately for herbaceous and for woody 
species, as in other Sections of this report. The vegetation gradient is expressed through the 
scores of the sampling points on the DCA axis 1, that, as it was exposed in the preceding 
subsection, shows a good agreement among most of the countries. Axis length has been rescaled 
to a 0-100 interval to allow comparisons. In the cases of Portugal and Hungary, in place of the 
first axis we used the combination of it with the (rescaled) second or third axis, respectively, 
because only in this way the representation could be comparable to the other countries. 
Vegetation units have been reduced with respect to those indicated in Tables 5.1-5.2, again for 
allowing the comparability of the scatterplots. Arable lands have been synthesized in only one 
unit of the legend, and within grasslands only the wet grasslands and the Hungarian sandy 
grasslands have been maintained as independent units in the legend (Fig. 11.63). 

Herbaceous species richness shows a clearly unimodal pattern across all the country gradients 
(Fig. 11.63). Maximum species richness corresponds to grasslands (most countries) or to 
woodlands (mainly grazed woodlands: FI, IR, UK), or even to both units together (SP). Herb 
richness of these vegetation units in 100 m2 are between 10-35 species in grasslands from UK, 
15-40 species of woodlands of the same country, 20-60 species in FI, HU, PO and SW, 30-90 
species in FR and 40-100 species in SP, with a maximum of 120 species in a grazed woodland 
from SP. Wet grasslands are typically more species rich. Species richness decreases towards 
arable lands and closer forests. Arable lands maintain more herbaceous species than most of the 
corresponding forests, excepting the irrigated crops of PO and SP and the intensive crops of 
HU. Within forested vegetation units, there is a trend towards higher species richness in the 
more managed forests, related to the richness peak in woodlands, the higher richness in some 
forests of LUU3-6 in FI, or the similar trends in IR and UK. But in other countries either the 
range of variation is very wide in all types of forests (FR, SW), or species richness of old-
growth forests is clearly higher than in managed forests (HU, PO, SP). 

Woody species richness shows a clear and expected decline in the more open vegetation units, 
but the shape of the trend is different among countries (Fig. 11.64). The woody richness of the 
forested units varies among countries, ranging from less than 10-11 species in IR, SW and UK 
and 5-15 species in FI, up to 10-20 species in FR, HU, PO and SP. In FI, UK and IR, species 
richness of the different types of forested sampling points is rather similar and hence a sharp 
decline is appreciated among them and the non forested points. Nevertheless, in FI the managed 
forests from LUU 2 and LUU 5-6 tend to show higher richness than forests from LUU 1 and 3. 
In SW, PO and perhaps also in HU the decline of woody species richness is more or less 
monotonic across the DCA axis. In the Swiss site the peak of richness is in old forests, followed 
by managed forests and the woodlands of LUU 3. In Portugal, the monotonic gradient results 
from a peak of species richness in old forests and a gradual decline across the “montado” 
grasslands with trees. In the Hungarian site the old forests are also the more species rich, and the 
gradual decline is enhanced by the relative richness in woody species of the sandy grasslands 
from LUU 1. Finally, in the French and Spanish sites an unimodal trend displaced to the left end 
of the gradient becomes evident, in both cases promoted by a clear peak of richness in the units 
of woodlands and shrublands and a decrease in richness in the forest points located at the left 
extreme of the gradient. In the Spanish site, moreover, old growth forests are richer in woody 
species than the managed conifer forests. Some traits of the other scatterplots, in particular those 
from IR, PO and UK, suggest that the complete gradient of woody species richness could also 
be unimodal.  
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Fig. 11.63.- See the next page. 
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Fig. 11.63 (continuation).- Species richness of herbs in the sampling points of the eight country 
study sites. Sampling points are arranged according to the gradient of DCA main axis (adjusted, 
see text). The legend is common to all scatterplots; for more details, see Table 11.18. 

11.5.3.4 Vegetational gradients and species richness at the LUU scale  
The vegetational gradients extracted from DCA may serve also to estimate the proportion of the 
total gradient covered by each LUU. As DCA axes measure in some way the species turnover 
across sampling points, it may be expected that landscapes covering a larger proportion of the 
gradient could hold more species. The proportion of the vegetation main gradient covered by 
each LUU is presented in Fig. 11.65 through two related measures: the total range of the 
sampling points scores included in each LUU, and the mean ± standard deviation of the 
corresponding sampling scores on the DCA axis. The DCA axis has been adjusted to a 0-100 
interval to allow comparisons; in the cases of HU and PO the axes have been modified as it was 
indicated above. 

As expected, in most countries the gradients are shorter in the forested LUUs 1 and 2, and tend 
to enlarge progressively and be displaced towards the positive end of the gradient in the 
following LUUs. Nevertheless, there are variations among countries in the width and position of 
the gradient covered by homologous LUUs. 
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Fig. 11.64.- Woody species richness in the sampling points of the eight country study sites, 
arranged according to the gradient of DCA main axis. Legend as in Fig. 11.63. 
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Fig. 11.65.- Top: range of the scores on the adjusted DCA gradient covered by the sampling 
points of each LUU. Bottom: mean and standard deviation of the scores of the sampling points 
of each LUU in the DCA gradient. 
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Table 11.19.  Correlations between LUU descriptors based on sampling points and LUU 
species richness 

Coefficient of correlation (n=48)  

(significant values are in bold) 

 

 

Species richness 

(residuals derived from regression 
on country) 

Variables derived from the sampling points of each LUU: 
Herbaceous 

spp 

Woody spp 

 

All spp 

 

Number of different vegetation types represented in each 
LUU 0.607 0.396 0.641

Shannon index calculated on the number of sampling 
points of each vegetation type 0.644 0.363 0.670

Total range of the scores of sampling points 0.500 0.185 0.502

Range in the 0-50 interval of the gradient 0.176 0.626 0.281

Coefficient of variation of the scores -0.292 0.408 -0.197

Standard deviation of the scores 0.460 0.192 0.466

Mean score on the gradient 0.394 -0.450 0.284

Absolute deviation of the mean from the center of the 
gradient -0.651 -0.233 -0.652

Maximum score 0.492 -0.300 0.404

Minimum score 0.110 -0.645 -0.017

 

These variations are effectively related with the species richness of the LUUs, as indicated by 
the results of Table 11.19. Species richness at the LUU scale, after extracting among-country 
variation, is significantly correlated to several descriptors of the diversity of vegetation types 
represented in each LUU (number and Shannon diversity index), as well as to some measures of 
the proportion of the vegetation gradient covered by the LUUs. Herbaceous and total species 
richness are in particular highly correlated with Shannon index, with the proximity of the mean 
of the sampling point scores to the center of the gradient, and with the length of the gradient 
covered by the LUU (range or standard deviation). Woody species richness is highly correla ted 
to the range covered in the left half of the gradient and negatively to the minimum score (that 
measures the displacement of the gradient covered by the LUU towards the positive end of the 
axis). It is also correlated with the coefficient of variation and the mean value of the scores, 
which in turn are negatively correlated between them. The multiple regression of residual 
herbaceous species richness or total species richness on Shannon index, range and the 
coefficient of variation explains 67% of their variance. In the case of woody species richness, 
the minimum score and Shannon index combined explain 57% of the variance. Hence, the 
floristic -compositional gradients should be taken into account when analyzing the patterns of 
species richness at the landscape scale. 
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Summary 
We assessed the effects of land-use on carabid beetle assemblages across a gradient of six landscapes 
(1 × 1 km squares) from forested to agriculture-dominated ones in eight European countries (Finland, 
France, Hungary, Ireland, Portugal, Spain, Switzerland and the UK). Pitfall traps were spaced 
regularly at 16 sampling points (4 traps in each point) within each of the squares. In total, we captured 
152 866 carabids belonging to 301 species. According to an analysis of concordance the increase in 
species richness, abundance and a-diversity from forested landscapes to agriculture-dominated ones 
was consistent among the eight countries. The proportion of winged species, small-sized species (< 4 
mm) and species associated with open habitats increased, whereas wingless species, large-sized 
species (>16 mm) and species associated with forests decreased from forested to agriculture-
dominated landscapes consistently among the eight countries. There was a threshold between the 
forested squares and the agricultural landscapes as regards these changes. Some landscape indices 
derived from remote sensing were associated with carabid species richness in the squares. The main 
factor explaining carabid species richness and composition in the landscapes was the proportion of 
forest vs. other habitat types. Ordination analyses (DCA) of the sampling plot data for each country 
showed that the carabid assemblages were distinguished on the basis of the habitat in the sampling 
squares (forest, various kinds of open habitat). It is concluded that carabids predictably signal land-
use.  
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11.1 Introduction 
Habitat fragmentation is the key player in the ’evil quartet’ responsible for biodiversity decline across 
the world (Pimm & Gilpin, 1989). Fragmentation and the associated habitat changes affect species in 
a myriad of ways (Haila, 2002). For instance, in Finland and in Portugal, many of the losers of 
landscape change in the 20th century were species requiring large, natural and unbroken areas 
(usually forests) or species which are sensitive to disturbance, while many of the winners were 
opportunists and species that benefited from human activit ies (Wahlström et al., 1996; da Gama et al. 
2003). 

Landscapes are being fragmented and habitats lost throughout the world, but little is known about 
whether or not these changes affect biodiversity in similar ways (Samways, 1992). Are the types of 
species which are winners and losers in Finland the same in other regions of Europe? This question is 
of great importance for the assessment of the biotic effects of landscape changes, and for the 
development of tools for minimising adverse impacts (Andersen, 1999; Niemelä et al., 2000). 
Importantly, research on these questions could foster collaboration between researchers and managers. 
Because a very small proportion of the world’s landmass is allocated to nature reserves, understanding 
and managing changes in biodiversity in altered landscapes is a pressing priority for conservation. 

The gradient approach can be used to assess the impact of humans on their environment (McDonnell 
& Pickett, 1990). Although gradients are usually complex with a number of potential cause and effect 
relationships affecting the biota (McDonnell et al., 1997), they can provide a framework in which 
human-induced landscape changes can be examined and compared internationally to unravel 
generalities in community responses. Urban-to-rural gradients have been used to do exactly this (e.g. 
Niemelä et al., 2002), but any land-use gradient can provide useful understanding about landscape 
changes on biodiversity.  

Carabids are appropriate indicators for such assessments, as they are sensitive to human disturbance, 
ecologically and taxonomically well known, speciose, and abundant in most habitats (Niemelä et al., 
2000; Rainio & Niemelä, 2003). Furthermore, carabids are commonly used as ecological indicators in 
conservation monitoring (Eyre & Luff, 1990; Luff, 1996; Brown, 1997; New, 1998), and their 
characteristics in various habitats are well studied (Parmenter & MacMahon, 1984; Gaston & Lawton, 
1988; Rushton et al., 1989; Loreau, 1992; Kotze & O’Hara 2003). For a more detailed rationale for 
using carabids as bioindicators, see Niemelä et al. (2000) and Rainio & Niemelä (2003). 

In this chapter we examine, by using comparative data from eight European countries, (1) how land-
use and landscape fragmentation affect carabid assemblages, and (2) how carabids contribute to the 
development of biodiversity assessment tools in human-altered landscapes. We are interested in the 
similarity of the changes in carabid assemblages among the countries, and we study carabid 
assemblages at two spatial scales (1) at the landscape scale among six 1 km2 squares in each country, 
and (2) among 16 sampling points within each 1 km2 square.  

At the landscape scale we use the gradient approach by examining carabid assemblages across a 
gradient of land-use intensity from forests through a mixed forest-agriculture landscape to an 
agriculture-dominated one. In addition to differences in the amount of forest, the 1 km2 squares vary 
as regards measures of habitat fragmentation. Thus, we examined the relationship between carabid 



 259 

assemblages and landscape indices derived from remote sensing describing the fragmentation patterns 
of the landscape. 

Based on research on carabids along disturbance gradients (e.g. Blake et al., 1994; Grandchamp et al., 
2000; Ribera et al., 2001; Niemelä et al., 2002; Alaruikka et al., 2002), we anticipated that: (1) 
Carabid diversity – measured as species richness, abundance and a diversity index (a) – should be low 
in the forested landscapes, high in the agricultural landscape and highest in the mixed forest-
agriculture landscape. (2) Average body size of the species pool should be smaller in the agricultural 
setting than in the forests. (3) Opportunistic or generalist species, and open habitat species should gain 
dominance in the more disturbed agricultural landscape, whereas the relatively undisturbed forest sites 
should be dominated by forest-associated species. (4) Highly disturbed sites should be characterised 
by a higher proportion of species capable of flight compared to low disturbance sites. 

At the local scale within the 1 km2 landscape units, we used ordination techniques to examine carabid 
assemblage uniqueness in the different habitat types sampled. We expected open habitats (such as 
agricultural land, meadows and fields) to be dominated by open habitat carabid species, species 
capable of flight and small bodied species (see above), while forested habitats were expected to be 
characterised by forest species, with a higher proportion of flightless and large-bodied species.  

11.2 Materials and Methods 

11.2.1 Study area and sampling design 
The study was conducted in the following eight European countries: Finland (coordinates of the study 
area 60°29’-36 N, 25°16’-27’E), France (47°06’-52’ N, 3°68’-4°35’E), Hungary (47°26’-32’ N, 
19°40’-70’ E), Ireland (52°87’-53°10’ N, 6°97’-7°62’ W), Portugal (38°45’-52’ N, 8°40’-52’ W), 
Spain (39°26’-51’ N, 4°30-55’ W), Switzerland (46°78’-89’ N, 7°99’-8°14’ E) and the United 
Kingdom (57°01’-07’ N, 02°61’-87’ W). In each country, the study area consisted of six 1 × 1 km 
land-use units (LUU), forming a gradient from forested LUUs through mixed ones (forest and 
agricultural land) to agriculture-dominated ones. The proportions of forest and open land in each LUU 
in each country are given in Table 11.1. 

Table 11.1. Proportion of the various habitat types of each LUU in each of the eight countries. Values 
are derived from remote sensing. Values in bold indicate highest values for that LUU. + means 
detectable habitat type but proportion less than 0.0%. 

Country & 
LUU Type and proportion (%) of habitat 
Finland  
1 Forest (100.0) 
2 Forest (100.0) 
3 Forest (96.7), Grassland (0.8), Arable land (2.6) 
4 Forest (83.1), Grassland (2.3), Arable land (6.9), Agro-Forestry area (7.7) 
5 Forest (56.6), Grassland (10.0), Arable land (24.8), Agro-Forestry area (8.6) 
6 Forest (40.1), Grassland (2.6), Arable land (57.2), Agro-Forestry area (0.1) 
France  
1 Forest (100.0) 
2 Forest (100.0) 
3 Forest (51.2), Grassland with scattered trees (45.4), Arable land with scattered trees 

(3.4) 
4 Forest (14.0), Grassland with scattered trees (81.0), Arable land with scattered trees 

(5.0) 
5 Forest (18.0), Grassland with scattered trees (82.0) 
6 Grassland with scattered trees (84.3), Arable land with scattered trees (15.7) 
Hungary  
1 Forest (99.8), Open spaces with little or no vegetation (0.2) 
2 Forest (93.5), Grassland (2.0), Open spaces with little or no vegetation (4.5) 
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Country & 
LUU Type and proportion (%) of habitat 
3 Forest (59.8), Grassland (12.9), Arable land (27.3), Open spaces with little or no 

vegetation (0.1) 
4 Forest (55.6), Grassland (12.6), Arable land (31.6), Artificial-surface (0.2) 
5 Forest (9.0), Grassland (90.8), Arable land (0.2) 
6 Forest (7.3), Grassland (6.6), Arable land (77.5), Open spaces with little or no 

vegetation (8.7) 
Ireland  
1 Forest (87.2), Grassland (9.2), Arable land (2.5), Water bodies (1.1) 
2 Forest (88.9), Grassland (11.1) 
3 Forest (45.4), Grassland (51.2), Arable land (3.3) 
4 Forest (37.7), Grassland (13.1), Arable land (45.8), Open spaces with little or no 

vegetation (3.4) 
5 Grassland (99.0), Arable land (0.3), Open spaces with little or no vegetation (0.7) 
6 Forest (1.2), Grassland (11.9), Arable land (85.7), Open spaces with little or no 

vegetation (1.2) 
Portugal  
1 Forest (81.2), Agriculture (16.3), Artificial surface (2.4) 
2 Forest (100.0) 
3 Forest (95.4), Pasture (4.0), Shrubland (0.6) 
4 Forest (very open forest: ‘montado’) (100.0) 
5 Forest (very open forest: ‘montado’) (100.0), Artificial surface + 
6 Forest (0.2), Agriculture (81.1), Pasture (18.7) 
Spain  
1 Forest (44.3), Arable land (5.7), Shrubland/Heathland (35.2), Water bodies (9.0), 

Open spaces with little or no vegetation (5.8) 
2 Forest (98.9), Shrubland/Heathland (1.1) 
3 Grassland (18.6), Arable land (23.1), Shrubland/Heathland (57.9), Open spaces with 

little or no vegetation (0.5) 
4 Forest (38.5), Grassland (37.0), Agro-Forestry area (11.1), Shrubland/Heathland 

(5.9), Artificial-surface (3.3), Water bodies (4.1) 
5 Forest (11.4), Grassland (82.7), Agro-Forestry area (5.9) 
6 Grassland (24.8), Arable land (58.9), Shrubland/Heathland (16.3) 
Switzerland  
1 Forest (90.6), Grassland (5.9), Open spaces with little or no vegetation (1.6), 

Artificial-surface (1.9) 
2 Forest (93.1), Grassland (6.9) 
3 Forest (54.0), Grassland (45.7), Open spaces with little or no vegetation (0.4) 
4 Forest (24.9), Grassland (71.7), Open spaces with little or no vegetation +, Wetland 

(3.3) 
5 Forest (16.5), Grassland (74.5), Open spaces with little or no vegetation (9.0) 
6 Forest (69.8), Grassland (21.7), Open spaces with little or no vegetation (6.8), 

Artificial-surface (1.7) 
UK  
1 Forest (100.0) 
2 Forest (88.6), Open spaces with little or no vegetation (11.5) 
3 Forest (65.0), Grassland (16.7), Shrubland/Heathland (18.4) 
4 Forest (49.8), Grassland (30.9), Arable land (17.3), Agro-Forestry area (2.0) 
5 Forest (7.4), Grassland (57.6), Arable land (35.0) 
6 Forest (1.6), Grassland (43.0), Arable land (51.7), Shrubland/Heathland (2.2), 

Artificial-surface (1.7) 
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A regular grid of sixteen sampling plots, 200 m apart, were placed in each LUU to give a total of 96 
sampling plots per country. In each sampling plot, four pitfall traps (8 cm in diameter, × 10.5 cm in 
depth) were placed 4-5 m apart in a regular 2 × 2 grid. The traps were partly filled with propylene or 
ethylene glycol, and a plastic roof was placed a few centimetres above the trap to prevent flooding 
from rain. In Spain, large stones were placed above the traps to minimize flooding or damage from 
wild animals. 

A core dataset comprising data collected in 2001 and supplemented by data collected in 2002 (Ireland 
and Portugal) was compiled and used in the analyses. The sampling was carried out during 2001 
between the following dates: Finland (May 15-September 19), France (June 19-October 14), Hungary 
(April 18-October 2), Ireland (June 6-October 11), Portugal (April 30-November 7), Spain (May 10-
June 28, October 11-December 12), Switzerland (May 16-September 14), and the United Kingdom 
(May 4-August 30). In 2002, complementary sampling was done in LUUs not sampled in 2001 in 
Ireland (LUUs 4 and 5: April 30-October 16) and Portugal (LUU 2: May 1-November 4). 

The carabid beetles collected were identified to species level using standard keys (Antoine, 1955-
1962; De la Fuente, 1927; Freude, 1976; Hurka, 1996; Jeannel, 1940-1949; Lindroth, 1974, 1985, 
1986; Sciaky 1987; Zaballos & Jeanne, 1994; Luff & Duff, 2002). 

11.2.2 Data analyses 
To establish an overall picture of the structure of the carabid assemblages in the eight European 
countries, we carried out a Detrended Correspondence Analysis (DCA) and Canonical 
Correspondence Analysis (CCA) where the catches from the sampling points of a given LUU were 
pooled but species kept separate (see Jongman et al., 1995). In the CCA we used the percentage of 
non-forest habitats as an environmental variable to detect the effect of land-use intensity on carabid 
assemblages. Its significance was examined by performing Monte-Carlo randomisations (199 
permutations, conditioned on blocks i.e. here the eight countries). We excluded species with a total 
catch of less than five individuals. In the DCA, detrending was applied by segments, and data were 
ln(x+1) transformed to prevent a few superabundant species from unduly influencing the analysis 
(Jongman et al., 1995). In the CCA, the data were again ln (x+1) transformed, scaling was focused on 
inter-LUU distances and Hill’s scaling was applied.  

At the landscape level (1 km2 land-use units), a concordance analysis was performed to study 
variation – among the countries – in species richness, total carabid abundance and a-diversity (log-
series a, Fisher et al., 1943) (1) across the gradient from forested to agriculture-dominated LUUs, and 
(2) in relation to the landscape variables presented below. In the concordance analysis for each 
country, the LUU with the lowest value of the variable examined was given a rank-score of 1, the 
second LUU scored 2 and the ‘best’ LUU was given a score of 6. These scores were summed across 
the countries to give LUU-specific summed ranks. The null hypothesis of no similarity between 
countries in terms of the variable studied was then tested (Zar, 1999). Rejection of the null hypothesis 
indicated that variation in the variable was similar among the LUUs in all the countries, e.g. species 
richness varied similarly among the LUUs in each country. 

Satellite remote sensing was used to describe the LUUs at the landscape scale. The methods used are 
described in Chapter 14. 

The proportions of the different habitat types were derived from remote sensing (Table 11.1). The 
proportions of the various habitat types (e.g. forest) varied considerably between corresponding LUUs 
among the countries (Table 11.1). However, the LUUs represent typical situations of land-use 
gradients in each country. As we are interested in the generality of changes along the gradient among 
the countries, we used the above-described analysis of concordance to compare carabid assemblages 
between the countries. 

To quantify the landscape structure, landscape indices for fragmentation, connectivity, or habitat 
extent were calculated with the software package Fragstats, version 3.3. Landscape indices can be 
derived at the patch, class, and landscape level. For this study the landscape level metrics were used 
for the quantification of the landscape pattern of the LUUs. The following landscape indices were 
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selected to be used in analysing carabid occurrence as they appeared to be the most relevant ones for 
this particular taxonomic group. 

(1) Fractal dimension index (FRAC) equals 2 times the logarithm of patch perimeter (m) divided by 
the logarithm of patch area (m2); the perimeter is adjusted to correct for the raster bias in the 
perimeter. FRAC reflects shape complexity across a range of patch sizes. 

(2) Contiguity index (CONTIG) equals the average contiguity value for the cells in a patch (i.e., sum 
of the cell values divided by the total number of pixels in the patch) minus 1, divided by the sum of 
the template values (13 in this case) minus 1. CONTIG assesses the spatial connectedness, or 
contiguity, of cells within a grid-cell patch to provide an index of patch boundary configuration and 
thus patch shape. 

(3) Total core area (TCA) equals the sum of the core areas of each patch (m2), divided by 10 000 (to 
convert to hectares). An edge effect distance of 50 m was used. 

(4) Shape (SHAPE) equals patch perimeter (given in number of cell surfaces) divided by the 
minimum perimeter (given in number of cell surfaces) possible for a maximally compact patch (in a 
square raster format) of the corresponding patch area. SHAPE corrects for the size problem of the 
perimeter-area ratio index by adjusting for a square (or almost square) standard and, as a result, is the 
simplest and perhaps most straightforward measure of overall shape complexity. 

(5) Disjunct core area density (DCAD) equals the sum of number of disjunct core areas contained 
within each patch, divided by total landscape area (m2), multiplied by 1 000 000 (to convert to 100 
hectares). Thus, DCAD expresses number of disjunct core areas on a per unit area. 

(6) Euclidean distance (ENN) equals the distance (m) to the nearest neighbouring patch of the same 
type, based on shortest edge-to-edge distance. ENN is perhaps the simplest measure of patch context 
and has been used extensively to quantify patch isolation. Here, nearest neighbour distance is defined 
using simple Euclidean geometry as the shortest straight-line distance between the focal patch and its 
nearest neighbour of the same class. 

(7) Overall patch elongation (CIRCLE) equals 1 minus patch area (m2) divided by the area (m2) of the 
smallest circumscribing circle. 

(8) Cohesion (COHESION) equals 1 minus the sum of patch perimeter (in terms of number of cells) 
divided by the sum of patch perimeter times the square root of patch area (in terms of number of cells) 
for all patches in the landscape, divided by 1 minus 1 over the square root of the total number of cells 
in the landscape, multiplied by 100 to convert to a percentage. COHESION measures the physical 
connectedness of the corresponding patch type. 

In order to examine the relationship between land-use intensity and ecological characteristics of 
carabids we used analysis of concordance, as above, to test pattern across the gradient and among 
countries in dispersal ability (the ability to fly), body size and habitat associations. We divided the 
species into three dispersal types (wing-classes): (1) macropterous species have the longest wings and 
are mostly able to fly (see Lövei & Sunderland, 1996), (2) individuals of dimorphic species have 
either long wings or reduced wings, and (3) individuals of brachypterous species have reduced flight-
wings or are apterous and are not able to fly. The species were classified into four classes according to 
their body length: <4 mm, 4-8 mm, 8-16 mm, >16 mm. According to their habitat associations the 
species were classified into forest species, open habitat species and habitat generalists. We tested 
whether the proportions of species differ between LUUs in each of the classes. The classifications 
were based on the following literature: Lindroth (1974, 1985, 1986), Desender (1986a, b, c, d), 
Trautner & Geigenmüller (1987), Turin & Den Boer (1988), Desender & Turin (1989), Marggi 
(1992), Turin (2000), and personal communication among the authors of this chapter. 

In order to explore the variation among the 96 sampling points within each of the eight countries, we 
carried out Detrended Correspondence Analyses (DCA) for the carabid datasets, separately for each 
country. Species with a total catch of fewer than five individuals were excluded from the analysis. For 
the purposes of figure preparations, the habitats were divided into five classes: (1) ‘natural’ forests 
(with no or little signs of forest management), (2) managed forests (clear-cut originated and/or 
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planted, regenerating stands), (3) pastures, (4) grasslands (different meadow types, ‘natural’ 
grasslands), and (5) fields (agricultural cultivated land). In Finland, no sites were classified as 
pastures, and in Switzerland and France ‘natural’ forest sites (and agricultural fields in Switzerland) 
were lacking. 

11.3 Results 
A total number of 152 886 carabids belonging to 301 species were collected from the eight European 
countries. Hungary had the highest species richness (113 species), followed by Portugal (78 species), 
Switzerland (76 species), Finland (64 species), Ireland (63 species), Spain (57 species), the UK (53 
species) and France (37 species). Overall, the most abundant species collected was Pterostichus 
melanarius (12 578 individuals, only absent from Portugal and Spain), followed by Abax 
parallelepipedus (11 986 individuals, present only in Ireland, Switzerland and France) and Nebria 
brevicollis (10 173 individuals, absent from Finland, Spain and Hungary). There was a significant 
positive relationship between LUU-specific species richness and total abundance among the countries 
(Spearman rank correlation r = 0.65, P<0.001). 

11.3.1 Community analysis: a comparison between the eight European 
countries 
The DCA (eigenvalues for Axes 1 and 2 = 0.843 and 0.590 respectively) produced rather messy 
results but separated the scores of Spain and Portugal into two separate scatters, and the first two axes 
explained 20.7% of the variation in the dataset. The other six countries shared more species and 
scattered closer to each other. The scores of Finland and Switzerland on the one hand, and those of the 
UK and Ireland on the other hand, overlapped considerably (Fig. 11.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.1. DCA ordination of the carabid samples from each LUU. The 48 symbols are identified by 
country (left panel) and LUU (right panel). 

The analysis, however, did not separate different LUUs. Therefore, we carried out a CCA with land-
use intensity (proportion of non-forest habitats) as an environmental variable.  

This analysis (eigenvalues for Axes 1 and 2 = 0.242 and 0.843 respectively) showed that, when 
among-country variation was eliminated, land-use intensity explained the observed carabid 
assemblages highly significantly (F = 1.75, p = 0.005), although the variable explained only 3.5% of 
the variation in the carabid data. The scores of Spain and Portugal formed a separate scatter – 
indicating that these countries had rather similar carabid assemblages, but shared very few species 
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with the other six countries. Generally, however, the catches of LUUs 4-6 were to the right, while 
those of LUUs 1-3 were at the left-hand side of the scatter (Fig 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.2. CCA ordination of the carabid samples from each LUU. The 48 symbols are identified by 
LUU number (1 and 2 = forest, 3 and 4 = mixed landscape, 5 and 6 = agriculture-dominated). 

11.3.2 Carabid diversity along the land-use gradient 
In the majority of countries, species richness increased along the gradient from forested LUUs (1-2) 
through the mixed landscape LUUs (3-4) to the agriculture-dominated ones (5-6) (Table 11.2). 
Concordance analysis indicated that this pattern of species richness was consistent across the 
countries, as the null hypothesis of no similarity between countries in terms of LUU-specific species 
richness was rejected (Table 11.3). However, there was some variation among the countries. For 
instance, in comparison to the other forested LUUs species richness was very low in LUU 2 in 
Portugal. 

Table 11.2. Total carabid species richness and total catches in each of the six LUUs in each of the 
eight countries.  

Species richness 
LUU 1 2 3 4 5 6 Total 
France 16 16 24 27 16 15 37 
Switzerland 12 24 37 41 46 46 76 
Hungary 34 42 52 49 74 55 113 
Portugal 21 7 27 33 39 48 78 
Spain 15 11 15 38 22 25 57 
Ireland 43 27 42 36 37 40 63 
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Species richness 
LUU 1 2 3 4 5 6 Total 
UK 15 16 30 34 33 34 53 
Finland 15 39 19 36 41 47 64 
 

Total catch        
LUU 1 2 3 4 5 6 Total 
France 1295 1012 957 2724 476 346 6810 
Switzerland 1021 2608 1103 822 2404 4072 12030 
Hungary 1112 2747 3399 2433 1449 5182 16322 
Portugal 253 360 398 696 1561 1866 5134 
Spain 475 642 833 3469 1145 1219 7783 
Ireland 5001 5546 10144 19120 7179 29345 76335 
UK 705 2118 2872 1757 5049 5010 17511 
Finland 262 1400 327 1678 2228 5066 10961 
 

Index alpha        
LUU 1 2 3 4 5 6 
France 2.6 2.7 4.5 4.2 3.2 3.2 
Switzerland 2.1 3.8 7.4 9.1 7.9 7.3 
Hungary 6.6 7.0 8.7 8.7 16.5 8.6 
Portugal 5.4 1.2 6.5 7.7 7.3 9.0 
Spain 3.1 2.1 2.6 5.8 3.7 4.9 
Ireland 6.5 3.7 5.6 4.3 5.1 4.5 
UK 2.6 2.4 4.7 6.0 4.7 4.9 
Finland 3.5 7.7 4.4 7.3 7.4 7.2 
 

As carabid species richness and abundance were positively correlated, it is not surprising that the 
pattern in total carabid abundance across the six LUUs was similar to that of total species richness. In 
six of the eight countries the lowest carabid abundance was observed in the forested LUU 1, and in 
five countries the highest total abundance was found in the most agriculture-dominated LUU 6 (Table 
11.2). Concordance analysis indicated, as for species richness, that the pattern of increasing carabid 
abundance across the gradient from forested LUUs to agriculture-dominated ones was consistent 
across the countries, as the null hypothesis of no similarity between countries was rejected (Table 
11.3). 

Table 11.3. Total abundance and species richness of carabids, number of unique species, diversity 
index alpha across the gradient from forested to agriculture-dominated, and species richness in 
relation to landscape indices among the LUUs in the 8 countries. The parameter value of the analysis 
of concordance (W) has been tested by using ?2 test. The relationship column shows whether the 
relationship between the variable and the gradient/landscape index was positive or negative. Large 
species are those >16 mm, and small species are those < 4mm. 

Variable across the gradient W ?2 P relationship 
Abundance 0.386 15.5 <0.01 + 
Species richness 0.404 16.2 <0.01 + 
No. unique spp 0.249 10.0 ns  
Alpha diversity 0.654 26.1 <0.001 + 
No. of large spp (>16 mm) 0.543 21.7 <0.001 - 
No. of medium spp (8.1-16 mm) 0.097 3.86 ns  
No. of medium spp (4.1- 8.1 mm) 0.124 5.0 ns  
No. of small spp (< 4 mm) 0.003 0.1 ns  
No. winged spp. 0.498 19.9 <0.01 + 
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Variable across the gradient W ?2 P relationship 
No. wingless spp. 0.560 22.4 <0.001 - 
No. dimorphic spp.  0.112 4.7 ns  
No. forest species 0.599 24.0 <0.001 - 
No. open-habitat spp. 0.647 25.9 <0.001 + 
No. generalist species 0.103 4.1 ns  
Landscape indices     
Proportion of forest 0.418 16.7 <0.01 - 
Total core area 0.262 10.5 ns  
Cohesion 0.265 10.6 ns  
Euclidian distance  0.260 10.4 ns  
Shape 0.220 8.8 ns  
Disjunct core area density 0.352 14.1 <0.05 + 
Fractal dimension index 0,133 5.3 ns  
Contiguity index  0.114 4.5 ns  
Circle 0.131 5.2 ns  

Fig. 11.3. Relationship between carabid body size and LUU. The y-axis is the sum of the ranks of the 
LUUs based on the proportion of species richness of each size class in the LUUs (1-6) (calculated by 
concordance analysis, see text), i.e. the higher the rank sum value the higher the proportion of a 
particular class of species in that LUU as compared to other LUUs. The body size classes: x = species 
> 16 mm, ?  species 8.1-16 mm, ? species 4.1-8 mm, ¦  < 4 mm. 

The number of species found only in one LUU (unique species per LUU per country) increased from 
the forested LUUs to agriculture-dominated ones, but this pattern was not consistent among countries 
(Table 11.3). In Spain there was a high number of unique species (16) in the mixed-landscape LUU 4. 

The concordance analysis indicated, as for species richness and abundance, that a-diversity variation 
among the LUUs was similar across the countries (Table 11.3). 

11.3.3 Are carabid body size, flight ability and habitat association related 
to land-use? 
We hypothesised that the proportion of large-sized species should decrease with intensification of 
land-use from LUU1 to LUU6. This hypothesis was supported by our data as the proportion of large-
sized species (>16mm) decreased from the forested LUUs to the agriculture-dominated ones, and this 
pattern was consistent among the eight countries (Table 11.3, Fig. 11.3). Higher proportions of small-
sized species (<4mm) were collected from the more intensively managed land-use units (Fig. 11.3), 
but this pattern was not statistically significant across the eight countries (Table 11.3). No consistent 
pattern was detected in the two classes of medium-sized species (Table 11.3). 

We also hypothesised that the proportion of flightless species should decrease and the proportion of 
species capable of flight should increase with increasing proportion of agricultural land. This 
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hypothesis was supported by a consistent pattern among the countries of a decreasing proportion of 
brachypterous species and increasing proportion of macropterous species across the gradient (Table 
11.3, Fig. 11.4). The proportion of dimorphic species, however, did not show a consistent pattern of 
change among the countries. 

Fig. 11.4. Relationship between carabid wing length and LUU. The y-axis is the sum of the ranks of 
the LUUs based on the proportion of species richness of each wing length class in the LUUs (1-6) 
(calculated by concordance analysis, see text), i.e. the higher the rank sum value the higher the 
proportion of a particular class of species in that LUU as compared to other LUUs. The wing length 
classes: ?  wingless species, ? dimorphic species, ¦  winged species. 

According to our hypothesis, species associated with open habitats and generalist species should 
increase in proportion with increasing proportion of agricultural land from LUU1 to LUU 6. Our data 
supported this expectation, as the proportion of open habitat species increased and that of forest 
species decreased across the gradient consistently among the countries (Table 11.3, Fig. 11.5). Habitat 
generalists did not show a consistent pattern of change across the gradient among the countries.  

Fig. 11.5. Relationship between carabid habitat affinity and LUU. The y-axis is the sum of the ranks 
of the LUUs based on the proportion of species richness of each habitat affinity class in the LUUs (1-
6) (calculated by concordance analysis, see text), i.e. the higher the rank sum value the higher the 
proportion of a particular class of species in that LUU as compared to other LUUs. The habitat 
affinity classes: ?  open-habitat species, ?  generalist species, ¦  forest species). 
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11.3.4 Diversity patterns across the gradient: remote sensing and 
carabids 
There was a consistent pattern of decreasing species richness with increasing proportion of forest in 
the LUUs, but only one of the landscape indices derived from remote sensing was related to carabid 
species richness in the LUUs (Table 11.3). There was an increase in species richness with an 
increasing value of the index ‘disjunct core area density’, indicating that carabid species richness 
increased as the number of disjunct core areas in the LUU increased. There was no consistent pattern 
between species richness and total core area, cohesion, Euclidean distance, shape, fractal dimension 
index, contiguity index or the ‘Circle’ index among the countries (Table 11.3). 

The interpretation of the results regarding landscape indices and species richness is confused by the 
correlations between the various indices. For instance, total core area and proportion of forest in the 
48 LUUs were positively correlated (Spearman rank correlation r = 0.540, P<0.001) indicating that 
habitat patches are larger in the forested LUUs than in mixed or agriculture-dominated LUUs. Also 
the negative correlation between proportion of forest in the LUU and total area of edge (50 m buffer) 
(r = -0.584, P<0.001), and between the proportion of forest and number of patches in the LUU (r = -
0.623, P<0.001) show that patches are larger and fewer in the forested LUUs. Thus, low species 
richness is associated with high proportion of forest and large forest patches, but their causal 
relationships are unclear.  

11.3.5 Carabid occurrence among habitat types within the landscape 
units 
The DCA (summary statistics in Table 11.4) performed separately for each of the countries using the 
plot-wise carabid data (96 plots per country) showed, in general, rather expectedly, that forest sites 
and open-habitat sites hosted distinctive assemblages (Fig. 11.6). For example, in Finland, Ireland, the 
UK and Switzerland the open habitat such as (grasslands, pastures and fields) – especially field points 
– formed distinctive scatters compared to forests, where sample points representing managed and 
‘natural’ forests overlapped considerably (Fig. 11.6). The few Finnish managed-forest points on the 
right hand side of the figure are all recent clear-cuts, and in other countries only exceptionally did 
points of forest scattered with open-habitat sample points. Often these trapping sites being placed at 
the ecotones of two different habitats explain a considerable amount of the overlap between forest and 
open-habitat sample points.  
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Fig 6. DCA ordination of the carabid samples from each sampling point (96 sampling points/country). The 
sampling sites are identified by LUU (left panel) and by habitat type (right panel). 
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Fig 6 (continued). DCA ordination of the carabid samples from each sampling point (96 sampling 
points/country). The sampling sites are identified by LUU (left panel) and by habitat type (right panel). 
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Fig 6 (continued). DCA ordination of the carabid samples from each sampling point (96 sampling 
points/country). The sampling sites are identified by LUU (left panel) and by habitat type (right panel). 
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Fig 6 (continued). DCA ordination of the carabid samples from each sampling point (96 sampling 
points/country). The sampling sites are identified by LUU (left panel) and by habitat type (right panel). 
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Table 11.4. Summary of DCAs for carabid datasets of eight countries. Explanations of the columns: 
“No. of spp.” shows how many species were included into the analysis, “Total inertia” shows the total 
variation in the dataset, “Eigenvalues” show the variation for the first two axes that are proportional to 
total inertia, “Lengths of gradients” show the lengths of the gradients in SD units along the first two 
axes, and the “Cumulative % variance” columns show how much variation the first two axes 
explained (note that the value for Axis 2 is cumulative).  

   Eigenvalues 
Lengths of 
gradients  

Cumulative % 
variance of species 
data 

Country 
No. of 
species 

Total 
inertia Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2 

Finland 42 2.49 0.47 0.20 3.84 2.08 18.8 26.8 
France  28 3.30 0.59 0.33 4.01 5.14 17.9 27.8 
Hungary 60 3.73 0.48 0.25 3.49 3.66 12.8 19.5 
Ireland 50 2.1 0.42 0.16 2.73 2.46 20 27.7 
Portugal 42 4.45 0.60 0.36 4.12 3.57 13.5 21.6 
Spain 34 3.62 0.65 0.21 5.13 3.32 17.9 23.6 
Switzerland 51 4.1 0.70 0.33 3.91 3.13 17.1 25.2 
UK 41 2.58 0.76 0.14 4.59 2.54 29.6 34.9 
 

Interestingly, in some countries, most notably in Finland, in addition to sampling points being 
separated by their habitat type, the forests in the forest-dominated LUU 1 (and to some degree LUU 
2) are separated from the forests in mixed landscape and agriculture dominated LUUs. For instance, 
forest plots from LUU 1 are located to the left and forest plots from the mixed and agriculture-
dominated LUUs to the right, close to the open-habitat plots (Fig. 11.7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11.7A. DCA ordination of the carabid samples from each sampling point (96 sampling points) in 
Finland. The sampling sites are identified by habitat type: black square, logged; red circle, pine dry; 
green triangle, spruce; blue triangle, mixed wood, pale blue diamond, grove; plus sign, meadow; x, 
field; star, other  (A) and by LUU (B).  Arrows denote LUU6. 
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Fig. 11.7B. DCA ordination of the carabid samples from each sampling point (96 sampling points) in 
Finland. The sampling sites are identif ied by habitat type (A) and by LUU (B). 

This overlap between forest and open-habitat sample points may be explained by the trapping site 
being placed at the ecotone of two different habitats. In some countries the lengths of the gradients 
exceeded 4 SD units, indicating that sampling points at the extreme opposite ends of the scatter had 
no (or very few) shared species.  

Distinctive patterns and/or gradients in the different countries can be summarised as follows: Finland 
– overlap among forested sites, open sites scatter to the right hand side of the ordination, where 
meadows and fields overlap. Hungary – basic pattern as in Finland, but pastures show indications of 
having their own ‘assemblage type’. Ireland – clear scatters of forested sites (left hand side of the 
ordination) and open sites (right) (with only occasional overlapping sites, which were often at 
ecotones of forest and open) and, as in Hungary, pastures seem to host slightly distinctive 
assemblages compared to fields and meadows. Spain – basic pattern as above, but the sites form a 
continuum rather than distinctive habitat-type scatters (forests left, open habitats right). Portugal – 
overlap with site types other than fields, which form a distinctive scatter to the right (indicating that 
they have distinctive carabid assemblages compared to the other habitat types). Switzerland – basic 
pattern as in Finland, Hungary, Ireland and Spain; a continuum of sites with forests at the left hand 
side of the ordination and open habitats on the right hand side. UK – as above: forest sites form a 
distinctive scatter at the left hand side of the ordination space, while open habitats scatter to the right. 
France – more overlap than in the other seven countries, but forest sites scatter again to the left and 
open-habitat sites tend to scatter to the right.  

11.4 Discussion 

11.4.1 Carabid communities among the eight European countries 
As was expected by the limited number of species shared between the various countries, the DCA 
separated the 48 LUUs by country, not by landscape type. In particular, Spain and Portugal formed 
two separate scatters, while the other six countries scattered closer to each other as they shared more 
species. The CCA showed that, when among-country variation was eliminated, land-use type (LUU) 
explained the observed carabid assemblages significantly. In this analysis, Spain and Portugal formed 
a separate scatter indicating that these countries had rather similar carabid assemblages, but shared 
very few species with the other six countries. 
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11.4.2 The impact of land-use on carabids 
Our results provided support for some, but not all of the hypotheses put forward. The first hypothesis 
stating that carabid diversity should be highest in the mixed forest-agriculture landscape was not 
supported. Carabid species richness, abundance and diversity were higher in the agriculture-
dominated LUUs than in the forested or mixed ones, and there was no evidence of these variables 
following the intermediate disturbance hypothesis as predicted. The reason may be their trophic 
position as generalist predators in the litter layer (Lövei & Sunderland, 1996). Wootton (1998) 
showed that basal species of food webs are likely to follow the intermediate disturbance hypothesis, 
but top consumers like carabids are not.  

We can provide at least two ‘ad hoc’ and mutually non-exclusive explanations for the increase in 
species richness, abundance and a diversity across the forest-agriculture gradient. First, there are 
generally more carabid species found in open, grassy habitats than in forests in a given 
biogeographical region, such as Finland (Niemelä & Halme, 1992; Niemelä et al., 1992). For 
instance, Niemelä et al. (1987) found 23-38 species in fields, but only 10-16 in surrounding 
coniferous forests in samples standardized by rarefaction from study areas in Finland. This pattern 
appears to be related to the evolutionary history of the family Carabidae that, according to Erwin 
(1979), has primarily adapted to open habitats that are in our study represented mainly by man-made 
environments, such as meadows, pastures and fields.  

Second, this study was performed at the level of 1 km2 land-use units. These included various types of 
habitats, but in all countries the forested landscapes (LUU 1 and 2) were more homogeneous (80-
100% forest) and according to the remote sensing data, forest patches were larger than in the mixed or 
agriculture-dominated LUUs. In all countries the agriculture-dominated landscapes (LUU 5 and/or 6) 
also included forests in addition to open habitats. This habitat heterogeneity and higher fragmentation 
of the landscape (demonstrated by the lower total core area and greater number of patches in the 
agriculture-dominated LUUs) compared with forested sites probably contributed positively to species 
richness. As a consequence, the forested LUUs mainly had forest species, while the mixed-habitat 
sites and agriculture-dominated ones provided suitable environment for a variety of species including 
forest and open-habitat species. The ‘detrimental’ effect of forest on carabids was shown by the 
decrease in species richness with increasing proportion of forest in the LUU. In addition to proportion 
of forest, the type of forest probably affects species richness. For instance, in Portugal, the very low 
species richness in LUU 2 may be explained by the high proportion of planted Eucalyptus stands 
there. It is known that such stands are poor in soil and litter dwelling species (Gama et al. 2003). 

Our conclusion is that at the scale of a square kilometre carabid diversity is enhanced by habitat 
diversity. However, the analysis of the numbers of unique species in the LUUs showed that some 
species occur exclusively in the most forested LUUs. Further analyses will show whether or not these 
species include some sensitive forest specialists requiring large, continuous forest tracts. Such 
sensitive species suffering from forest fragmentation have been recorded from forests in other studies 
(e.g. Halme & Niemelä, 1993; Desender et al., 1999). 

The hypothesis that the number of large-sized species should decrease with intensification of land-use 
from forested to agriculture-dominated landscapes was supported by our data. Interestingly, the 
decline in these species was not linear across the gradient, but there was a threshold between LUU 2 
and LUU 3 (the second forested LUU and the first mixed habitat one). Similar results of decreasing 
number of large-sized species with increasing proportion of intensely human-impacted habitats have 
been shown across urban-rural gradients (Niemelä et al., 2002), and across a gradient of grassland 
management (Blake et al., 1994).  

Changes in body size distributions across the gradient may reflect differences in resource availability 
or habitat capacity. Blake et al. (1994) argued that in woodland, for example, increased organic matter 
was linked to increased carabid biomass, and this may better promote persistence of larger-bodied 
species. The main source of organic matter in forest soils is decaying plant material (especially leaves 
from deciduous trees) and it is likely that less disturbed forest habitats have more organic matter than 
the more disturbed, annually harvested agricultural sites (Giller, 1996). For instance, high abundance 
of large carabid species in organically managed fields probably reflected a more diverse soil 
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invertebrate fauna as compared to the conventionally managed fields (Hokkanen & Holopainen 1986). 
Also the harvesting of crops and soil preparation has negative effects on some species and their larvae 
(see Blake et al., 1994; Kotze & O’Hara, 2003), and large-sized, wingless species may not be able to 
escape or tolerate such disturbances as easily as small-sized and winged species. In Spain, two large-
body species, Carabus lusitanicus and Pterostichus (Steropus) globosus are also common in some 
open habitats where they act as top soil predators. Both species are abundant in non-cultivated 
grasslands in LUU 3, where  competition with spiders and scorpions may be rather strong. 
Pterostichus (Steropus) globosus is also abundant in cereal fields in LUU 6 with poor litter 
development, which makes the soils almost devoid of vegetation cover. 

According to our expectations, open habitat species and generalists should increase from the forested 
LUUs to the agriculture-dominated ones. Our data supported this expectation as the number of open-
habitat species increased and that of forest species decreased across the gradient. However, the 
number of generalist species did not show a consistent pattern of occurrence across the gradient. 
Interestingly, as was the case for body size (see above), there was a threshold of species richness of 
forest species and open-habitat species between LUU 2 and LUU 3, i.e. the second forested LUU and 
the first mixed (forest and agriculture) LUU. Forest cover in LUUs 1-2 varied between 81% and 
100%, and in LUU 3 between 45% and 95% (0% in Spain). However, the forest types differ 
considerably between Spain/Portugal and the other countries. A large proportion of the Spanish and 
Portuguese forests are rather open, savannah-like forests, whereas in other countries forests are more 
closed. Therefore, it appears that at the landscape level (a) the fairly slight decrease in proportion of 
forest from 100% to below 80% affected the number of forest carabid species, and (b) the inclusion of 
some grassland and other open habitats favoured open-habitat species.  

The hypothesis that the proportion of winged species should increase with intensification of land-use 
from LUU1 to LUU6 was supported by our data. Furthermore, the proportion of wingless species 
decreased from the forested LUUs to the agriculture-dominated ones. Again, the changes across the 
gradient were not linear; there was a threshold between LUU 2 and LUU 3.  

Dispersal ability is important for the survival of carabid species in fragmented landscapes (Den Boer, 
1985). For instance, there was no or a very weak relationship between size of heathland patches and 
number of good dispersers occupying them, while the number of poor dispersers increased with patch 
size (De Vries, 1994, 1996) indicating that good dispersers are able to maintain populations in the 
small and isolated patches through recolonisation of empty patches, whereas poor colonizers are more 
susceptible to local extinctions.  

An important conclusion of the analyses of the patterns of species characteristics across the land-use 
gradient is that carabid species responded to land-use in a fairly predictable way: large-sized species, 
forest species and wingless species decreased, while small-sized species, open-habitat species and 
winged species increased across the gradient from forested to agriculture-dominated LUUs. 
Furthermore, there was a clear threshold between LUU 2 and LUU 3 in which changes took place as 
regards proportions of wing-length, size and habitat associations. This finding implies that in order to 
maintain forest carabid species and communities in the landscape, forest cover should not decrease 
below a certain threshold value. In our study the threshold value between the forested LUUs and the 
mixed LUUs varied greatly between the countries. Forest cover in LUUs 1-2 varied between 81% and 
100%, and in LUU 3 between 45% and 95% (0% in Spain). Thus, to maximise the probability that 
forest species are maintained, the forest cover at the landscape level should be at least 80%.  

11.4.3 Carabid assemblages in transition 
At the plot level within the LUUs, our ordination analyses showed a gradient of carabid assemblages 
from sampling plots in forested LUUs to agricultural ones in all the countries. Thus, carabid 
assemblages are associated with habitat types, which help to explain the higher species richness and 
diversity in the LUUs with more than one type of habitat, i.e. in the mixed landscapes and those 
dominated by agriculture (but including small proportions of forest).  

Interestingly, in addition to the sampling points being separated in the DCA, in some countries, 
notably in Finland, the forest-dominated LUU 1 (and to some degree LUU 2) was separated from the 
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mixed landscape and agriculture dominated LUUs. This pattern may be caused by (a) the forest 
habitat in LUU 1 being different from forests in the mixed and agriculture-dominated LUUs thereby 
supporting different carabid assemblages, and/or (b) carabid assemblages in the forest plots in the 
mixed and agriculture dominated landscapes being influenced by invasion of species from the 
surrounding open habitat. This would make assemblages from forested habitats in the mixed and 
agricultural LUUs more similar to the surrounding open-habitat assemblages than to forest plots 
surrounded by forests in LUU 1. Both explanations, and especially the latter one, may explain the 
higher species richness in the agriculture-dominated LUUs. Invasion from surrounding open habitats 
has been shown to influence the composition of carabid assemblages in small forest patches in 
agricultural or urban areas (Halme & Niemelä, 1993; Usher et al., 1993; Niemelä, 2001). 

11.4.4 The development of biodiversity assessment tools using carabids 
Our results showed that carabid species richness, abundance and many ‘functional’ properties vary 
consistently among the countries, and therefore carabids signal land-use type predictably. The main 
factor affecting species richness and composition seemed to be the ‘gradient’ of increasing open space 
from forested to agriculture-dominated LUUs. Furthermore, there was an increase in species richness 
with increasing value of the index ‘disjunct core area density’, indicating that carabid assemblages are 
affected by the number of patches in the LUUs. Several other landscape indices derived from remote 
sensing were not related to carabid species richness. 

We conclude that carabids are suitable for comparative assessment of landscape change. Furthermore, 
they have passed the rigorous testing developed for selecting indicator groups (McGeoch, 1998; 
Rainio & Niemelä, 2003). In summary, carabids have several advantages in signalling the relative 
qualities of the land mosaic: 

1. Carabids are speciose and varied (morphologically, taxonomically, behaviourally and 
ecologically), abundant, and measurable in many parts of the world (Lövei & Sunderland, 1996). 
Also, most species can be relied upon to provide consistent habitat-related information (Thiele, 
1977; Niemelä et al., 1994; Samways et al., 1996; Turin, 2000). 

2. Carabids can be easily and inexpensively collected using pitfall trapping, a method that can be 
standardised with respect to several kinds of variation (Spence & Niemelä, 1994). Pitfall trapping 
has been shown to reliably reflect variation in carabid assemblages and their habitat associations 
(Eyre & Luff, 1990; Dufrêne & Legendre, 1997). 

3. Carabids have a Pleistocene and archaeological fossil record indicating that they respond to 
climatic and non-climatically caused changes of paleo-landscapes (Buckland, 1993; Coope, 1994; 
Ervynck et al., 1994; Ashworth, 1996). 

4. Carabids have been used to predict life-history changes caused by climate change (Butterfield, 
1996). 

5. Carabid species can be divided into ‘functional groups’ according to e.g. dispersal ability, body 
size and habitat association, facilitating assessment of land-use on species with different ecologies 
(Niemelä et al., 2000; Koivula 2002a, Kotze & O’Hara, 2003). 

6. These beetles are well known ecological indicators at different scales of landscape and habitat 
perception (Stork, 1990; Desender et al., 1994; Desender, 1996; Niemelä, 1996; Dufrêne & 
Legendre, 1997; Koivula, 2002b, Koivula et al., 2002; Niemelä et al., 2000, 2002), and several 
parameters of carabid populations and assemblages have been studied with respect to their 
response to environmental change (Thiele, 1977; Kotze & O’Hara, 2003). Knowledge about 
suites of co-adapted traits in carabids is available (Desender, 1986e). Because of these, many 
carabids are sensitive to environmental changes and will thus signal human-caused disturbances 
(Desender et al., 1991; Luff, 1996). 

In addition to these qualities, there is a long history of success using carabids to signal environmental 
change (Lindroth, 1949; Stork, 1990; Desender et al., 1994; Niemelä, 1996). Furthermore, effects of 
landscape changes such as fragmentation (Den Boer, 1977; Brandmayr, 1980; Niemelä, 2001), 
recreational use (Emetz, 1985), urbanisation (Czechowski, 1982; Klausnitzer, 1983; Grandchamp et 
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al., 2000, Niemelä et al., 2002), and forest management (Niemelä et al., 1994; Spence et al., 1996; 
Koivula 2002a,b; Koivula et al. 2002) on carabids have been studied. Also, carabids have been used 
as indicators of large-scale environmental changes (Penev, 1996), and as predictors of future 
landscape changes (Müller-Moetzfeld, 1989). 

Although carabids appear to predictably signal land-use changes, it is not evident that they are reliable 
biodiversity indicators reflecting variation in other taxa (Duelli & Obrist, 1998; Niemelä & Baur, 
1998). As generalist predators (Lövei & Sunderland, 1996), they are not directly associated with plant 
species or specific prey taxa (except for some specialist feeders). Furthermore, most carabids are also 
relatively mobile implying that they can cover large areas in search for food, mates and suitable 
habitat. 

Reliable biodiversity indicators or not, carabids represent invertebrate predators in the litter layer and 
are valuable indicators of changes in this environment. Thus, we support the ‘shopping basket’ 
approach to biodiversity assessment, i.e. measuring the species richness of several taxonomic groups 
– including carabids – instead of just one (Di Castri et al., 1992; Launer & Murphy, 1994; Oliver & 
Beattie, 1996; Niemelä & Baur, 1998; Kotze & Samways, 1999). In addition to species richness, it is 
vital to include measures of species composition and ‘functional groups’ as exemplified in our carabid 
analyses. 

The European Union has set itself a challenging target of halting the loss of biological diversity at all 
levels by the year 2010 (reference). An important question related to this target is how to monitor 
biodiversity to ensure that we know whether or not the goal has been reached. Thus, monitoring 
schemes for biodiversity changes are needed. These should be simple, standardised, replicated and 
cover large areas, i.e. represent international monitoring. An example of an attempt to provide 
information for the development of such a monitoring programme is the GLOBENET programme 
(http://www.helsinki.fi/science/globenet/). GLOBENET uses a common field methodology (pitfall 
trapping), the same bioindicator (carabid beetles) and the same impact indicator (urban-to-rural 
gradient) in different parts of the world (Niemelä et al., 2000). The same species metrics are used to 
evaluate responses of carabid assemblages to landscape change (e.g. species richness, diversity, 
community similarity, and species characteristics, such as body size). First results indicate similarities 
in carabid responses to human-caused landscape changes around the world (Niemelä et al., 2002; 
Ishitani et al., 2003), and provide encouraging support to the idea that ‘...the simple elements derived 
from an inventory..., might by themselves seem inconsequential. When done with quality and 
consistency, and when repeated over a broad geographical range, however, they can become an 
extremely important contribution to understanding biological diversity at landscape or larger 
scales...‘ Dennis & Ruggiero (1996). 
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Summary 
A total of 908 soil macrofauna species were recorded from 17 orders and 131 families. Several 
hundred more species were probably present in the groups and countries where identifications have 
not been conducted to the species level.  The most important taxon was the Lumbricidae, comprising  
39% of the total abundance of the samples. The other major taxa were Formicidae (13%), larvae 
(Coleoptera + Dip tera) (13%), Coleoptera (11%), Arachnidae (8%), Gastropoda (4%), Diplopoda and 
Chilopoda (7%). Hemiptera, Isopoda, Dictyoptera, Orthoptera, Isoptera, Dermaptera and others made 
up the remaining 4.5% of individuals. Family richness and abundance were greatest in Ireland, 
Switzerland and France. Portugal and Spain had  a limited number of individuals distributed among a 
relatively large number of families. Finland, Hungary and United Kingdom were poor in individuals 
and families. The mean family richness does not vary significantly across the land use gradient 
(p>0.05). Land use type explained 10.84% of the overall variation of the Lumbricidae data set 14.02% 
of total variation of the coleopteran macrofauna data set.  It is recommended that the assessment of 
soil macrofauna is done by the species richness of earthworms (Lumbricidae) and ants (Formicidae), 
together with the number of other families present.  Since many macrofauna species tend to have 
rather restricted areas of distributions and/or low densities that make their discovery rather infrequent, 
families appeared to be the best indicator of diversity, especially when comparison have to be made 
over large geographical areas. Ants and earthworms, however, may be identified to species because 
they are less speciose than other families and because their grouping into a single unit ignores their 
functional diversity.  In addition, practical keys exist for the identification of these invertebrates. 
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12.1 Introduction and methods 

12.1.1 Sampling protocol and data collection 
The soil macrofauna sampling aims to evaluate the richness and abundance of ‘recognisable 
taxonomic units’ in order to analyse the impact of land use patterns and changes on soil macrofauna 
diversity and composition, compare patterns of soil macrofauna diversity with other components of 
biodiversity and evaluate the value of this indicator in biodiversity assessment . 

Soil macrofauna comprise all the invertebrates  groups that comprise more than 90% individuals  
visible at the naked eye. They comprise a great variety of taxa  that comprises several classes, 10-20 
orders, ca. 100 families (Mollusca, Arthropoda, Annelida for example) and several hundreds of 
species in a given area. 
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All invertebrates have been first identified at the family level. Further, they were split into 
“recognisable taxonomic units”, that is to say, species when it is possible, or units than can be 
separated by observation, without dissection. 

The sampling design comprised  16 samples 25x25cm for each LUU , displayed 200m apart on a 
regular grid according  to the generally agreed design also used for birds, Collembola, carabid beetles, 
lichens and plants. ,. In each of the eight countries, the 6 LUU were distributed along a gradient of 
land use intensification..  

The extraction of the soil macrofauna was performed with an application of 1.5 l of 0.2% formalin 
solution followed by hand sorting of soil dug down to 15 cm. In some places where formalin 
application was not efficient (damp soils) or legal, soil was hand sorted down to 25cm. 

The macrofauna data set is composed of the 2001 data for Switzerland, France, Spain, Hungary, 
United Kingdom, Finland and 2002 data for Ireland and Portugal. The last two  country had not 
sampled the six land use unit (LUU) in 2001. 

12.1.2 Landscape description 
A characterisation of land use units was first made from the photo-interpretation of satellite pictures 
(Landsat TM and IRS merged). Visual interpretation provided maps of each land use unit based on the 
two levels of the BIOASSESS classification (Table  12.12.1).  

Table 12.12.1. The two levels of the BIOASSESS classification 
Level 1 Level 2 
Classes Code Level 1Classes Code Level 2

Cities 11 
Roads 12 Artificial surface 1 
Human construction 13 
Open soil 21 
Rocks 22 
Gravel 23 

Open spaces with little or no vegetation 2 

Rocks and open soils 24 
Arable land 3 Arable land 31 

Agricultural 41 Grassland 4 Natural 42 
Grassland with scattered trees 51 Agro-Forestry area 5 
Arable land with scattered trees52 
Shrubland 61 
Shrub land with scattered trees 62 
Heath land 63 

Shrub land and Heath land 6 

Heath land with scattered trees 64 
Broadleaf closed 71 
Broadleaf open 72 
Broadleaf very open 73 
Coniferous closed 74 
Coniferous open 75 
Coniferous very open 76 
Mixed closed 77 
Mixed open 78 

Forest 7 

Mixed very open 79 
Peat bogs 83 Wetland 8 
Mire 84 
Lake 91 Water bodies 9 
River 92 
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A large number (more than 600 at level 1 and more than 2000 at level 2) of metrics were created by 
Fragstats (McGarigal et al. 2002).in order to quantify the categorical map patterns thus defined (Table  
12.12.1) at two spatial scale: 1 square km (the LUU area) and 9 square km (TOTAL area including the 
LUU plus a 1 Km large band surrounding the LUU.).  

The landscape level data set was constructed from class and landscape level composition and 
configuration metrics generated by a FRAGSTATS analysis at each of the two spatial scales of 
analyse (1 km² and 9 km²) and at the two levels of precision in the BIOASSESS classification. 
Landscape metrics measure the configuration of the entire mosaic of cover types, whereas class 
metrics measure the spatial attributes and composition of all patches of a focal cover type or ‘‘class’’. 

Landscape metrics quantify specific spatial characteristics of patches, classes of patches, or entire 
landscape mosaics. They can be split into those that quantify the composition of the map without 
reference to spatial attributes and those that quantify the spatial configuration of the map, requiring 
spatial information for their calculation (McGarigal and Marks 1995). The main measures of 
landscape composition are the proportional abundance of each class, richness (note that in our case as 
the area of each landscape is equal, richness is similar to patch density), evenness, and diversity. The 
principle metrics for configuration are patch size distribution and density, patch shape complexity, 
core area, isolation/proximity, contrast, dispersion, contagion and interspersion, fragmentation, and 
connectivity.  

The landscape data set was constructed from class and landscape level composition and configuration 
of the entire mosaic of cover types. The core area metrics were calculated at edge distances of 10, 25, 
50, 100 and 250 m respectively.  The Table 12.2 and Table 12.3 shows the different kinds of metric 
used in the analyses.  

Table 12.2. Composition metrics calculated by Fragstats 
Index code Level  Fragstats definition  What it does? 
PLAND Class Proportional abundance of each patch 

type in the landscape 
Measure an area or a percentage 
of a land cover type 

PD Class & landscape Number of patches on a per unit area 
basis  Measure a density of patch 

SHDI Landscape Shannon’s diversity index Measure the diversity into a land 
mosaic 
 

 

Table 12.3. Configuration metrics calculated by Fragstats 
Index code  Level  Fragstats definition  What it does? 

AREA class & landscape
Area of each patch comprising a landscape 
mosaic 

CORE class & landscape
Area in the patch greater than the specified 
depth-of-edge distance from the perimeter 

CPLAND class Core area percentage of landscape  

CAI class & landscape
Percentage of the patch that is comprised of 
core area 

LPI class & landscape
Percentage of total landscape area comprised by 
the largest patch 

Measure an area or a 
percentage of a land 
cover type 

ED class & landscapeEdge length on a per unit area. 

LSI class & landscape
Measure of total edge or edge density that 
adjusts for the size of the landscape.  

NLSI class Measure of class aggregation or clumpiness. 

Measure an edge of a 
land cover type or the 
total edge in a 
landscape 

DCAD class & landscapeNumber of disjunct core areas on a per unit area 
Measure a density of 
patch 

CIRCLE class & landscapeMeasure of overall patch elongation.  
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Index code  Level  Fragstats definition  What it does? 
SHAPE class & landscapeMeasure of overall shape complexity.  

FRAC class & landscape
Shape complexity across a range of spatial 
scales (patch sizes). 

PARA class & landscapeSimple measure of shape complexity 

GYRATE class & landscape
Measure of patch extent; thus it is effected by 
both patch size and patch compaction.  

PAFRAC class & landscape
Shape complexity across a range of spatial 
scales (patch sizes).  

Measure the shape of 
the patches of a land 
cover type or in the 
landscape 

PROX class & landscape

Measure the size and proximity of all patches 
whose edges are within a specified search 
radius of the focal patch 

ENN class & landscape
Euclidean nearest-neighbour distance quantifies 
the patch isolation 

Measure distance 
between the patch of a 
land cover type 

CONTIG class & landscape
Contiguity index assesses the spatial 
connectedness 

COHESION class & landscape

Patch cohesion index at the class level measures 
the physical connectedness of the corresponding 
patch type 

CONNECT class & landscape

Connectance is defined on the number of 
functional joinings between patches of the 
corresponding patch type, where each pair of 
patches is either connected or not based on a 
user-specified distance criterion 

Measure the 
connectivity between 
the patch of a land 
cover type 

IJI class & landscape

Interspersion and juxtaposition index provide a 
measure of the interspersion or intermixing of 
patch types 

Measure the 
intermixing between 
land cover types 

MESH class & landscape

Effective Mesh Size is interpreted as the size of 
the patches when the landscape is subdivided 
into S patches, where S is the value of the 
splitting index. 

SPLIT class & landscape

Split is interpreted as the effective mesh 
number, or number of patches with a constant 
patch size when the landscape is subdivided 
into S patches, where S is the value of the 
splitting index. 

DIVISION class & landscape

Division is interpreted as the probability that 
two randomly chosen pixels in the landscape 
are not situated in the same patch of the 
corresponding patch type.  

Measure the contagion 
between land use 
cover types 

12.1.3 Environmental description 
Twenty six climatic variables (temperature and precipitation) were assessed for each land use unit to 
analyse the impact of climate on soil macrofauna (Table 12.4). 

Table 12.4. Definition of climatic variables. 
Code Description Code Description 
Yearly tp Mean yearly temperatures  Yearly pr Monthly yearly precipitation 
Jan tp Mean January temperatures  Jan pr Monthly January precipitation 
Fev tp Mean February temperatures  Fev pr Monthly February precipitation 
Mar tp Mean March temperatures  Mar pr Monthly March precipitation 
Avr tp Mean April temperatures  Avr pr Monthly April precipitation 
May tp Mean May temperatures  May pr Monthly May precipitation 
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Code Description Code Description 
Jun tp Mean June temperatures  Jun pr Monthly June precipitation 
Jul tp Mean July temperatures  Jul pr Monthly July precipitation 
Aug tp Mean August temperatures  Aug pr Monthly August precipitation 
Sep tp Mean September temperatures  Sep pr Monthly September precipitation 
Oct tp Mean October temperatures  Oct pr Monthly October precipitation 
Nov tp Mean November temperatures  Nov pr Monthly November precipitation 
Dec tp Mean December temperatures  Dec pr Monthly December precipitation 

12.1.4 Statistical tools 

12.1.4.1 Diversity and similarity indices 
Diversity and similarity indices (First order Jack Knife richness estimator, Fisher’s alpha diversity 
index, Shannon and Simpson diversity indices, Jaccard and Sorenson similarity indices) were 
calculated with the “Estimates” software (Colwell, 2000). Indices not computed by this software 
(Margalef and Whittaker indices) were calculated according to the formulas given in Magurran (1988). 
Cluster analysis was carried out using Jaccard’s similarity index and the Ward method and done with 
ADE4.  

Comparisons of  means were done by a Wilcoxon test because the data were  either not normal or with 
an insufficient number of replicates. Correlations were calculated by Pearson or Spearman depending 
on the number of replicates by sample and the normality of the sample tested. 

12.1.4.2 Correspondence analysis 
The data set was analysed using canonical correspondence analysis (CA) with biplot scaling and a 
focus on interspecies distances (Ter Braak and Verdonschot, 1995). This technique was chosen based 
on the assumption that taxa should have unimodal or monotonic response patterns to environmental 
gradient.  

The soil macrofauna data set had a highly skewed distribution with many small values and a few 
extremely large values. As recommended by Ter Braak and Verdonschot (1995), the canonical 
analysis was done with the taxa in more than 3 sites and with a Ln (x+1) transformation.  

12.1.4.3 Discriminant analysis 
The aim of the discriminant analysis is to test if samples within the same group (i.e. the same kind of 
land use units) are more similar than samples in different groups. This test is essentially a multivariate 
F-test, a contrast of among- to within-group variance. The approach is to partition the total variation 
into two components, that variance that is among groups and that within groups. Consider the result, 
then, of computing principal components (eigenanalysis) on the among-group variance matrix. 
Because the first principal components will be computed to maximize the total variance along this 
axis, this first component will maximally separate groups. The second axis will further separate groups 
in a dimension orthogonal to the first, and so on. The net result of this is essentially an ordination of 
groups along axes that separate them as much as possible. The eigenvalues of these axes summarize 
this separation in terms of how much separation is achieved on each axis. The functions also maximize 
the ratio of among- to within-group variance, which provides a facile test of group separation on each 
axis as a multivariate F-test. 

12.1.4.4 Canonical correspondence analysis 
The purpose of the investigation was to determine the relative importance of different sets of 
environmental variables on the abundance and distribution of soil macrofauna families at the 
landscape level (1 km² and 9 km²).  

Relationships between soil macrofauna community composition and environmental variables were 
examined using Canonical Correspondence Analysis (CCA), a multivariate procedure which allows to 
analyse the response of invertebrate communities to a set of explanatory variables (Jongman et al. 
1995). Direct gradient analysis regresses site (plot) scores on environmental scores at each iterative 
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point of the ordination. The resulting axis are therefore constrained to be linear combinations of 
environmental variables.  

We chose to examine the impact of different components the land use intensification using different 
sets of environmental variables: forest loss , habitat diversity (i.e: composition metrics of the 
landscape), fragmentation and landscape composition and configuration. Detailed descriptions of the 
environmental data sets are presented in the following section.  

For the forest loss , habitat diversity or fragmentation impact analyses, the environmental variables 
were subjected to Monte Carlo permutation tests after a forward selection in Canoco software to 
examine significance levels. Only the variables were significant (p < 0.05) were retained in the 
analysis. 

For the analysis of the impact of composition and configuration of the landscape on soil macrofauna 
communities, two subsets of independent variables were used in the analysis i.e. composition 
landscape variables and configuration landscape variables. To maintain the optimal 3:1 sample to 
variable ratio for multivariate analyses (McGarigal et al., 2000), we limited the environmental data set 
to a total of (48/3)=16 variables separated in to subsets, composition variables and configuration 
variables. Methods used to select these sixteen variables from the original data sets are described 
below. 

The configuration metrics were subjected to forward selection to select the variables most strongly 
related to the soil macrofauna community. The first eight significant (p < 0.05) metrics isolated were 
selected for inclusion in the analysis in order to maintain the desired sample to variable ratio. The 
same process was conducted for the composition metrics, resulting in a final landscape level data set 
that consisted of a total of 16 variables.  

In order to compare the relative importance of landscape composition and configuration and the extent 
of their relative importance, partial CCA was performed and the percentage of total species variation 
associated with each partition was calculated as explained below.  

The sum of canonical eigenvalues is a measure of the amount of variation in the species data that is 
explained by the variables in the constraining environmental variable set (Ter Braak 1986) and  the 
sum of all eigenvalues, of the correspondence analysis (CA) of the community data is a measure of the 
total variation in the species data. When the analysis includes covariables, (partial CCA) the effect of 
these variables on community response is partialed out, and the sum of canonical eigenvalues 
represents the variance in the community expla ined by the environmental variables after accounting 
for the covariables. Thus, the ratio of the sum of canonical eigenvalues to the sum of CA eigenvalues 
is the proportion of the total variance in the community that is explained by the environmental 
variables, after removing the effect of any covariables (Borcard et al. 1992).  

12.2 Information in the core data set 

12.2.1 Identification of the relevant taxonomic level 
Soil macrofauna is a large group that covered 17 orders and 131 families in our core data set. Nine 
hundred and eight species have been identified and several hundred more were probably present in the 
groups and countries where identifications have not been conducted to the species level (Table 12.5). 
It is important to determine if identifications to the species level are necessary or alternatively, if 
larger taxonomic units can be used as indicators of biodiversity. 

Table 12.5. Resume of the identification level done in the core data set (levels: sp – species; f – family 
and o – order). 
Taxon Finland UK Ireland France Switzerland Hungary Spain Portugal Total 
Level sp f o sp f osp f o sp f o sp f o sp f o sp f o sp f o sp f o 
Aranea   6 1 34 7 1 28 6 1 60 12 1 40 12 1     1 36 14 1 38 15 1 198 23 1 
Arachnid other   1 1         1 1     2     2        1 1  2 3   2 3 
Chilipoda   2 1 3 2 1 8 2 1   3 1   2 1 4 2 1     1 6 4 1 24 4 1 
Diplopoda   2 1 6 3 1 8 4 1 8 4 1 10 5 1 3 2 1     1 3 1 1 32 6 1 
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Taxon Finland UK Ireland France Switzerland Hungary Spain Portugal Total 
Level sp f o sp f osp f o sp f o sp f o sp f o sp f o sp f o sp f o 
Coleoptera 38 8 1 83 12 1 92 17 1 105 12 1 84 11 1 40 10 1 34 14 1 15 9 1 427 35 1 
Dermaptera                 1     1     1           1           1 
Dictyoptera                  1 1       1 1 1 1 1 1 1 1 2 2 1 
Embioptera                                     3 1 1       3 1 1 
Formicidae 2 1 1 1 1 1   1 1 10 1 1 6 1 1  1 1   1 1 8 1 1 20 1 1 
Gastropoda 5 5 1           1 11 7 1 17 8 1     1     1     1 26 12 1 
Hemiptera 4 2 1             1 1   1 1   1    1   1 4 3 1 
Isopoda 1 1 1 1 1 1 4 3 1 4 4 1 3 3 1 4 3 1       3 3 1 13 7 1 
Isoptera                                1       1 
Larvae 2 2 4       1 1 3 64 31 4 58 31 4 1 1 3     1 15 8 4 111 41 6 
Lumbricidae 5 1 1 10 1 1 9 1 1 18 1 1 19 1 1 8 1 1 2 1 1    30 1 1 
Orthoptera                     1 1   1 1   1 1 1 1 1   2 1 1 2 1 
Solifugo                             1 1 1    1 1 1 
Thysanura                                    1    1 
Zigentomido                                     4 1 1       4 1 1 
Total 57 33 12 138 28 7 150 37 11 280 73 15 237 70 14 60 24 12 82 35 16 89 46 15 908 131 17 
 

An important issue to consider is the proportion of species that are represented by only one or two 
specimens (singletons and doubletons), and also species that may be abundant in one country but are 
absent from the other ones.  

The proportion of species singletons and doubletons was calculated on the part of the core data set 
identified at species level. Ninety six % of the taxa were identified at species level and this part 
represented 84.55% of the total abundance of the soil macrofauna core data set. In this part of the soil 
macrofauna core data set, 47.25% are singletons and 18.17% are doubletons. So 2/3 of the soil 
macrofauna was composed by singleton or doubleton when it is considered at species level. 

The proportion of singletons and doubletons in each family was very high with large variations among 
the different groups (Figure 12.12.1). Each Coleoptera family contained singletons. Eight families out 
of 22 were represented by only one individual and three others had a proportion of 50% or more 
singletons. The same pattern was observed for Arachnida with 17 families out of 35 represented by 
singletons and five families with over 50% singletons. Lepidoptera larvae were also dominated by 
singletons (80%). 

The proportion of singletons in Dipteran, Coleoptera and Hymenopteran larvae and Myriapoda and 
Isopoda was less than 25%. In Gastropoda, two families out of 13 were represented by singletons, two 
others by doubletons. Finally,  Lumbricidae and Formicidae, exhibited  insignificant proportions of 
singletons (less than 0.1%).  
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Figure 12.12.1. Singletons and doubletons proportion by family grouped by order (NB. The figures 
above were based on the proportion of the soil macrofauna core data set identified at species level. 
At country level, the proportion of singletons was less than 10% except for Spain (30%) and the 
proportion of doubletons was between 5 and 15% (Figure 12.2).  

Figure 12.2. Singletons and doubletons  proportion by country (NB. The figure above was based on 
the proportion of the soil macrofauna core data set identified at species level). 
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In view of the huge proportion of species with only one specimen in all the core dataset, families 
appeared to be a more relevant unit to consider. In order to check whether numbers of families are 
suitable predictors of the number of species Pearson correlations were calculated between the species 
number and the family number or order level for larvae (Table 12.6). Lumbricidae and Formicidae 
represented by a single family and were not considered at this stage. They were all significant with 
values in the range of 0.59 to 1.0. Figure 12.3 shows the regression line between the number of species 
and families with the confidence interval (0.95) for Coleoptera, Arachnida, Myriapoda, Gastropoda, 
Hemiptera and larvae.  

This significant result, and the very high and variable proportion of singletons in communities, led us 
to process the data at the family level. Some treatments were done on Coleoptera and Earthworms, two 
important groups for which all countries had provided complete identifications at the species level. 

Table 12.6. Pearson correlation between species number and family number or order for larvae 
 Pearson correlationBonferroni Probabilities 
Arachnida 0.729 0.000 
Coleoptera 0.751 0.000 
Gastropoda 0.972 0.000 
Larvae 0.594 0.000 
Myriapoda 0.893 0.000 
Isopoda 1.000 0.000 
Hemiptera 0.681 0.000 
 

0 10 20 30 40
C_MSP

0

1

2

3

4

5

6

7

8

9

10

C
_F

A
M

IL
Y

 
Coleoptera 

0 10 20 30
A_MSP

0

2

4

6

8

10

12

A
_F

A
M

IL
Y

 
Arachnida 

0 2 4 6 8 10 12
M_MSP

0

1

2

3

4

5

6

7

M
_F

A
M

IL
Y

 
Myriapoda 

0 1 2 3 4 5 6 7 8 9 10
G_MSP

0

1

2

3

4

5

6

7

G
_F

A
M

IL
Y

 
Gastropoda 

0 10 20 30
L_MSP

0

1

2

3

4

5

L_
O

R
D

E
R

 
Larvae 

0 1 2 3 4 5
H_MSP

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

H
_F

A
M

IL
Y

 
Hemiptera 

Figure 12.3. Correlation between species number and family number (or order number for larvae). 
The figures show the confidence interval (0.95) on the regression line. 

12.2.2 Structure of the dataset 
A total of 14 166 individuals distributed among 17 orders and 131 families were collected across the 
48 land use units during the sampling period (Table  12.5). 
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Soil macrofauna comprises several orders. The majors are Chilopoda and Diplopoda, Aranea, 
Coleoptera, Hymenoptera, Oligochaeta, Diptera (larvae) and Stylommatophora (Gastropoda). Some 
others like Dermaptera, Dictyoptera, Isopoda, Orthoptera, Opilionida, Pseudoscorpionida, Heteroptera 
and Lepidoptera (larvae) are less abundant. Some others as Embioptera, Isoptera, Solifuga, Thysanura 
and Zigentomida are only appeared in Mediterranean countries  

The level of macrofauna identification is quite heterogeneous between counties (Table 12.5). 
Preliminary treatments at the species level proved unsuccessful due to the very large number of 
singletons. Coleoptera were the most difficult group with a total number of 226 singletons in a total of 
427 species, and 282 species found in only one country. On the opposite, earthworms, a much less 
speciose group with a total of 30 species only had 8 singletons and 19 species present in only one 
country.  In order to do the analyses of the core data set in an homogeneous way, we decide to process 
them at family level (and order level for larvae). One hundred and twenty one family units were 
recognised. 
 
Table 12.7 show the abundance and frequency of each great taxa groups of macrofauna. The most 
important was the Lumbricidae one (39%) of the total abundance of the core data set. It is followed by 
the Formicidae (13%), Larvae (Coleoptera + Diptera) (13%), Coleoptera (11%), Arachnidae (8%), 
Gastropoda (4%), Diplopoda and Chilopoda (7%) and the others like Hemiptera, Isopoda, Dictyoptera, 
Orthoptera, Isoptera, Dermaptera, etc. (4.5%). 

Table 12.7. Abundance and frequency of the major macrofauna groups in the core data set. 

  
Macrofauna 
groups 

Abunda
nce 

Percenta
ge 

  Lumbricidae 5528 39,02 
  Formicidae 1843 13,01 
  Larvae 1833 12,94 
  Coleoptera 1578 11,14 
  Arachnidae 1122 7,92 
  Gastropoda 594 4,19 
  Myriapoda 1032 7,29 

Hemiptera 247 1,74 
Isopoda 223 1,57 
Dictyoptera 44 0,31 
Orthoptera 37 0,26 
Isoptera 33 0,23 
Dermaptera 22 0,16 
Zigentomido 12 0,08 
Embioptera 9 0,06 
Thysanura 8 0,06 

O
th

er
s 

Solifugo 1 0,01 
 TOTAL 14166 100  

 

Figure 12.4. Macrofauna group ratio in the core data set 
 

Three countries (Ireland, France and Switzerland) represented 71 % of the total abundance of the core 
data set (respectively 27.5, 22.8 and 20.7%) (Figure 12.5). The abundance for these three countries are 
respectively 481, 398 and 362 ind/m². At the opposite, the less abundant countries are Portugal with 44 
ind/m², Hungary and Spain with 84 ind/m² and Finland with 104 ind/m². The land use units 4 were the 
most abundant (more than 20 % of the total abundance). The other land use units had ca. 15 % of the 
total abundance of the core data set.  
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Figure 12.5. Abundance in the major groups of soil macro-invertebrates in countries and land use 
units (LUU) 

12.3 Impact of the biogeographical gradient 
Soil fauna tends to be highly sensitive to biogeographical effects. In Europe, glaciers covered all 
Northern Europe down to the middle of France and this historical feature has deeply influenced the 
composition of communities. The earthworms that recolonised Northern Europe only comprise a small 
proportion of species found in the South and they are mainly efficient colonisers with high 
demographic turnover. 

12.3.1 Taxonomic richness in different countries  
In total 121 ‘family’ units were sampled. The Family richness and abundance are maximum in Ireland, 
Switzerland and France (Table 12.8 and Figure 12.6). Portugal and Spain have a limited number of 
individuals distributed among a relatively large number of families. Finland, Hungary and United 
Kingdom are poor in individuals and families.  

 

  CH E F Fi H Ir P UK
Family 
richness 

55 44 57 34 29 42 47 27 

Number of 
individuals 

2173 564 2390 626 508 2888 444 865 
 

Table 12.8 and Figure 12.6. Individual number and richness of family by country. 
France and Switzerland are significantly richer and more abundant than other countries (except Ireland 
for the abundance) (Table 12.9, Figure 12.7, Figure 12.10 and Figure 12.8). Ireland is more abundant 
than other countries and richer than Hungary and UK. 
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Table 12.9. Wilcoxon teston family richness by country. 
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Figure 12.7:Family richness mean and standard deviation by country. 

Table 12.10. Wilcoxon teston abundance by country. 

 

  CH F FI H IR P SP UK 
CH 1.000       
F 0.4631.000       
FI 0.0280.028 1.000      
H 0.0270.028 0.345 1.000     
IR 0.1160.463 0.028 0.028 1.000    
P 0.0280.028 0.249 0.600 0.028 1.000   
SP 0.0280.028 0.463 0.753 0.028 0.172 1.000  
UK 0.0280.028 0.463 0.075 0.027 0.075 0.116 1.000  

Figure 12.8. Average abundance and standard deviation for country. 
France and Switzerland shared the largest number of families (42) while the lowest number of 
common numbers of families were observed respectively between Spain, Hungary and Portugal and 
UK ( 12, 10 and 13 families) , Spain with Hungary (12) and Finland (15) (Table 12.11). 

Greatest similarities in family composition were observed between France and Switzerland (Jaccard’s 
index = 0.6 ; Sorenson index = 0.8) and Ireland and UK (Jaccard’s index = 0.5 ; Sorenson index = 0.7) 
(Table 12.11).  

Table 12.11. Shared family and Sorenson and Jaccard indices between countries. 
 Shared family   Sorenson index   Jaccard index 
  CH E F Fi H Ir P UK    CH E F Fi H Ir P UK    CH E F Fi H Ir P UK 
CH 0         CH 0         CH 0        
E 23 0        E 0,5 0        E 0,3 0       
F 42 25 0       F 0,8 0,5 0       F 0,6 0,33 0      
Fi 25 15 25 0      Fi 0,6 0,4 0,55 0      Fi 0,4 0,24 0 0     
H 20 12 19 16 0     H 0,5 0,3 0,44 0,5 0     H 0,3 0,2 0 0,34 0    
Ir 28 19 28 20 18 0    Ir 0,6 0,4 0,57 0,5 0,51 0    Ir 0,4 0,28 0 0,36 0,34 0   
P 24 20 28 16 17 20 0   P 0,5 0,4 0,54 0,4 0,45 0,5 0   P 0,3 0,28 0 0,25 0,29 0,29 0  
UK 20 12 19 17 10 23 13 0  UK 0,5 0,3 0,45 0,6 0,36 0,7 0,35 0  UK 0,3 0,2 0 0,39 0,22 0,5 0,21 0 

 
Abondance mean and standard deviation

0

100

200

300

400

500

600

UK Ir Fi F CH H P Sp

 
Family richness mean and standard deviation

0

5

10

15

20

25

30

35

UK Ir Fi F CH H P Sp



 299  

This cluster analysis on similarity values separated a group of Southern Europe countries from 
Northern and Continental (Figure 12.9). The analysis also confirmed the high similarity between 
France and Switzerland, clearly separated the two Atlantic countries from the other countries and also 
showed some degree of similarity between Hungary and Finland. And Portugal and Spain. 

Figure 12.9. Similarity between country based on Jaccard index (Ward method). 

12.3.1.2 Rank abundance by country  
The rank abundance plots showed log normal distribution for species in all countries (Figure 12.10).  

Communities in France and Switzerland had rather equitable distributions indicated by relatively low 
slopes of the  curves as compared to Hungary, UK and Finland were a few families were clearly 
dominant. 

Figure 12.10. Rank abundance plot for each country. 

12.3.1.3 Canonical analysis of soil macrofauna families structure among countries  
The total soil macrofauna core data set at family level comprised 121 units distributed across 48 plots 
(i.e. LUU). However, 63 of the 121 families was excluded since they were present in less than four 
sites and thus were insufficiently sampled. There was therefore a total of 58 families included in the 
analysis. Table 12.12 gives the list of the 58 taxa tacking into account in the following analyses.  
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Table 12.12. The ‘code’ column gives the abbreviation of the 58 family names listed. Note that for the 
larvae, is it the order level that it taken account.  
Code Order Family Code Order Family Code Order Family 
A_Ag Araneae A_Agelenidae C_Pt Coleopterae C_Ptiliidae G_Hyg Gastropoda G_Hygromiidae 
A_Ar Araneae A_Aranaeidae C_Sc Coleopterae C_Scarabaeidae G_Lim Gastropoda G_Limacidae 
A_Cl Araneae A_Clubionidae C_St Coleopterae C_Staphylinidae G_Vit Gastropoda G_Vitrinidae 
A_Dy Araneae A_Dysderidae C_Te Coleopterae C_Tenebrionidae G_Zon Gastropoda G_Zonotidae 
A_Gn Araneae A_Gnaphosidae Ch_ Chilopodae Ch_Other H_ Hemiptera H_Other 
A_Ha Araneae A_Hahniidae Ch_Geo Chilopodae Ch_Geophilidae I_Lig Isopoda I_Ligiidae 
A_Lin Araneae A_Linyphidae Ch_Lit Chilopodae Ch_Lithobidae I_Oni Isopoda I_Oniscidae 
A_Ly Araneae A_Lycosidae Ch_Sco Chilopodae Ch_Scolopendridae I_Phi Isopoda I_Philosciidae 
A_Sa Araneae A_Salticidae D_ Diplopoda D_Other I_Tri Isopoda I_Trichoniscidae 
A_Te Araneae A_Tetragnathidae D_Cho Diplopoda D_Chordeumatidae Larv_Co Larvae Larv_Coleoptera 
A_TheAraneae A_Theridiidae D_Glo Diplopoda D_Glomeridae Larv_Di Larvae Larv_Diptera 
A_ThoAraneae A_Thomisidae D_Iul Diplopoda D_Iulidae Larv_Hy Larvae Larv_Hymenoptera 
A_Zo Araneae A_Zodariidae D_Pol Diplopoda D_Polydesmidae Larv_Le Larvae Larv_Lepidoptera 
C_ Coleopterae C_Other Der_ Dermaptera Der_Other O_Op Opilionidae O_Opilionnidae 
C_Ca Coleopterae C_Carabidae Dic_Bla Dictyoptra Dic_Blattidae Ol_Lo Oligocheta Ol_Lumbric idae 
C_Ch Coleopterae C_Chrysomelidae F_For Formicidae F_Formicidae Ort_ Ortoptera Ort_Other 
C_Co Coleopterae C_Coccinellidae G_ Gastropoda G_Other Ort_Gr Ortoptera Ort_Grillidae 
C_Cu Coleopterae C_Curculionidae G_Ari Gastropoda G_Arionidae Z_ Zigentomida Z_Other 
C_El Coleopterae C_Elateridae G_Coc Gastropoda G_Cochlicopidae     
C_Hy Coleopterae C_Hydrophilidae G_Dis  Gastropoda G_Discidae     
The first axis of the ordination isolated the Mediterranean countries (Spain and Portugal) from the 
other countries (Figure 12.11a). The second axis opposed Atlantic countries (United Kingdom and 
Ireland) to Continental (France) and Alpine (Switzerland) countries. The Mediterranean countries 
were characterised by some specific taxa: Zigentomida, Zodariidae and Gnaphosidae (Aranae) (Figure 
12.11b). The Atlantic countries were characterised by Hydrophilidae, Ptiliidae, Curculionidae, 
Scarabaeidae, Carabidae, Staphylinidae (Coleopterae) Polydesmidae (Diplopodae) and Oniscidae 
(Isopoda).  Ligiidae, Philosciidae (Isopoda) ; Arionidae, Limacidae, Zonotidae (Gastropoda) ; 
Hahniidae, Lycosidae, Tetragnathidae (Araneae) ; Geophilidae, Lithobidae (Chilopodae) and 
Glomeridae (Diplopoda) were associated to the Alpine and Continental countries.  

(a) (b) 

Figure 12.11. Canonical analysis ordination diagram of the macrofauna soil core data set at family 
level. In this ordination diagrams, the first axis is horizontal and the second axis vertical. The 48 land 
use units are represented in the diagram (a) and the families in the diagram (b). The family names are 
abbreviated as in Table 12.12.  
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A discriminant analysis was done with the country type (Figure 12.12a). The permutation test was 
significant (p<0.001) and the country type explained 44.94% of total variation of the soil macrofauna 
data set. (Figure 12.12a). The first axis of this discriminant analysis oppose the Mediterranean 
countries (Portugal and Spain) to the other ones. The second axis oppose the Atlantic countries 
(Ireland and UK) to the Continental one (France).  

A discriminant analysis was done with the land use unit type (Figure 12.12b). The permutation test 
was significant (p<0.001) and the LUU type explained 8.21% of total variation of the soil macrofauna 
data set. (Figure 12.12b). The first axis isola ted the land use unit more forested (LUU1, LUU2, 
LUU3). The second axis opposed the more heterogeneous land use unit (LUU4) to the more 
agricultural ones (LUU5 and LUU6). 

a) Discriminant analysis on countries b) Discriminant analysis on LUUs 

Figure 12.12. Discriminant analyses on country variable (a) and on land use type. Axis 1 run s 
horizontally, axis 2 runs vertically. (CH: Switzerland, F: France, Fi: Finland, Ho: Hungary, I: Ireland, 
UK: United Kingdom, E: Spain, Po: Portugal). (1: LUU1, 2: LUU2, 3: LUU3, 4: LUU4, 5: LUU5, 6: 
LUU6). 

12.3.1.4 Impact of temperature and precipitation  
The climatic level data set (Table 12.4) consisted of mean temperature and mean precipitation for each 
month and for the year. This data set was subjected to forward selection in Canoco to reduce inflation 
of explained variation due to chance. The components that were significant at P < or = 0.05 were 
selected for inclusion in the CCA analysis ( Table 12.13). 

Ten climatic variables selected by the forward selection are: mean temperature of January, February, 
July, September and November and mean precipitation of January, March, April, June and August. ( 
Table 12.13). The percentage of the variance explained was 49.78 %.  

The first constrained axis was defined by the mean temperature of the selected  months and the second 
axis, by the mean precipitation of the selected months (Figure 12.13). Soil macrofauna communities 
were sensitive to the mean monthly temperatures of Autumn and Winter and to the mean monthly 
precipitations of Spring and Summer. 
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Climatic 
variables 

p-
value 

Cumulative 
variance 
explained by 
the variables 
selected 

Sep tp 0.005 0.2 
Avr pr 0.005 0.35 
Fev tp 0.005 0.46 
Jan tp 0.005 0.57 
Nov tp 0.005 0.65 
Mar pr 0.005 0.73 
Jan pr 0.005 0.79 
Jul tp 0.005 0.86 
Aug pr 0.03 0.91 
Jun pr 0.005 0.97  

Figure 12.13. Canonical Correspondence Analysis diagram (biplots). Axis 1 runs horizontally, axis 2 
runs vertically. Only family with a cumulative fit > or = 5% on the first two canonical axes are shown. 
See Table 12.12 for denotation of species code. Table  12.13. Climatic variables selected by forward 
selection. 
 
Families are represented by points; a small distance between two points indicates occurrence in similar 
environmental conditions. Environmental variables are represented by arrows, which point toward 
increasing values of that variable. Their length is directly proportional to their importance in 
influencing soil macrofauna community structure. The proximity of each family point to arrows 
indicates how important is the environmental variable to the abundance and distribution of the family. 
Eleven taxa are well represented by the first axis (more than 25 % of the variance explained). 
Gnaphosidae (63.67 % of variance explained), Diplopoda_other (56.11%), Formicidae (61.89%), 
Lombricidae (38.88%), Zigentomida (42.15%), Thomisidae (26.47%), Diptera larvae (27.26%), 
Heteroptera (26.47%) (Table 12.14). All these taxa were sensitive to the temperature parameters.  Six 
taxa are well represented by the second axis. Hahniidae (27.47%), Lithobidae (32.71%), 
Chordeumatidae (29.49 %), Arionidae (52.76%), Limacidae (37.78%) and Discidae (27.91%) (Table 
12.14). These taxa are sensitive to the precipitation parameter. 

Table 12.14. Fit per species as fraction of variance of species for the CCA with climatic variables. 
Family code Fit on AX1 Fit on AX2 Family code Fit on AX1 Fit on AX2 Family code Fit on AX1 Fit on AX2 
 A_Ag elen  0,0565 0,1591  C_Pt ilii  0,0992 0,1346  G_Hy grom  0,0171 0,0612 
 A_Ar anae  0,0882 0,0041  C_Sc arab  0,0015 0,0024  G_Li maci  0,0186 0,3778 
 A_Cl ubio  0,1429 0,0042  C_St aphi  0,1424 0,2009  G_Vi trin  0,0071 0,0209 
 A_Dy sder  0,0644 0,1178  C_Te nebr  0,1308 0,0127  G_Zo noti  0,0247 0,1826 
 A_Gn apho  0,6367 0,0134  Ch_        0,1899 0,1959  H_         0,2647 0,0065 
 A_Ha hnii  0,0061 0,2747  Ch_G eoph  0,171 0,0016  I_Li giid  0,0059 0,2017 
 A_Li nyph  0,062 0,0557  Ch_L itho  0,0352 0,3271  I_On is ci  0,1067 0,0693 
 A_Ly cosi  0,0739 0,0347  Ch_S colo  0,0165 0,1841  I_Ph ilos  0,003 0,1557 
 A_Sa ltic  0,1656 0,0201  D_         0,5611 0,1031  I_Tr icho  0,0877 0,0007 
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Family code Fit on AX1 Fit on AX2 Family code Fit on AX1 Fit on AX2 Family code Fit on AX1 Fit on AX2 
 A_Te trag  0,1227 0,0977  D_Chorde  0,0108 0,2949  Larv _Col  0,1134 0,1545 
 A_Th erid  0,0513 0,0396  D_Glomer  0,0299 0,0287  Larv _Dip  0,2726 0,0088 
 A_Th omis  0,2557 0,0217  D_Iu lida  0,0555 0,0313  Larv _Hym  0,005 0,2435 
 A_Zo dari  0,1018 0,013  D_Po lyde  0,1436 0,1069  Larv _Lep  0,0212 0,0035 
 C_         0,0052 0,1653  Der_       0,0018 0,0438  O_Op ilio  0,0966 0,0296 
 C_Ca rabi  0,0163 0,0679  Dic_ Blat  0,0578 0,008  Ol_L ombr  0,3888 0,1608 
 C_Ch ryso  0,0042 0,0591  F_Fo rmic  0,6189 0,0045  Ort_       0,0359 0,0027 
 C_Co ccin  0,0547 0,0233  G_         0,0464 0,1506  Ort_ Gril  0,003 0,0563 
 C_Cu rcul  0,0701 0,1678  G_Ar ioni  0,0323 0,5276  Z_         0,4215 0,0789 
 C_El ater  0,0834 0,0074  G_Co chli  0,0088 0,0227    
 C_Hy drop  0,0563 0,2013  G_Di scid  0,0069 0,2791    

12.3.1.5 Canonical analysis of Lumbricidae community structure at country level based on species  
Thirty species were found across the European gradient and sixteen were present only in three or less 
land use units (LUU). The CA analysis was done with 14 Lumbricidae species and 42 LUU (Portugal 
did not have Lumbricidae species) (Table 12.15; Figure 12.13).  

The first axis explained 26.95% of the total variation and the second axis 16.20%.  

UK and Finland were isolated on the first axis and characterised by Lumbricus rubellus, Lumbricus 
terrestris and Dendrobaena octaedra. These two countries were opposed to Ireland and Hungary 
characterised by Aporrectodea rosea and Allobophora chlorotica. The second axis isolated France and 
Switzerland which are represented by Lumbricus festivus, Lumbricus meliboeus, Octolasium tyrtaeum, 
Lumbricus castaneus, Octolasium tyrtaeum, Aporrectodea nocturnes, Eiseniella tetraedra and 
Dendrodrilus rubidus. 

  

Figure 12.14. CA on Lumbricidae species at land use unit level. The code of species were given on 
Table 12.15. 

Table 12.15. list of Lumbricidae species taken into account in CA. 
Code Lumbricidae name Code Lumbricidae name 
All-chl Allobophora chlorotica Lum-cas Lumbricus castaneus 
Apo-cal Aporrectodea caliginosus Lum-fes Lumbricus festivus 
Apo-noc Aporrectodea nocturnus Lum-mel Lumbricus meliboeus 
Apo-ros Aporrectodea rosea Lum-rub Lumbricus rubellus 
Den-oct Dendrobaena octaedra Lum-ter Lumbricus terrestris 
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Code Lumbricidae name Code Lumbricidae name 
Den-rub Dendrodrilus rubidus Oct-cya Octolasium cyaneum 
Eis-tet Eiseniella tetraedra Oct-tyr Octolasium tyrtaeum 
Discriminant analysis among countries was not significant (p= 0.53) whereas a significant result was 
obtained with Land Use Units (p<0.001). LUU type explained 10.84% of the overall variation of the 
Lumbricidae data set. The first axis opposed the forests (LUU1, LUU2) to the other types of land use 
The second axis opposed the mixed land use unit (LUU3) to the others. 

Figure 12.15. Discriminant analyses on land use type based on Lumbricidae species (1: LUU1, 2: 
LUU2, 3: LUU3, 4: LUU4, 5: LUU5, 6: LUU6). 

12.3.1.6 Canonical analysis of Coleoptera community structure at country level based on species  
In total 427 species of Coleoptera were found. Only 28 were present in more than three land use units. 
The CA analysis was done with 28 coleopteran species and 42 LUU (Portugal had not coleopteran 
species with more than 3 specimen) (Table 12.16).  

The first axis explained 12.16% and the second axis 11.73% of the total variation. The first axis 
isolated Spain represented by Curculionidae species1 and Staphylinidae species3. The second axis 
isolated France and Switzerland (characterised by Athous species1, Curculionidae species13, 
Staphylinidae species7, Trechinae species1, Tachyporinae species2 and Tachyporinae species2 and 
Hungary represented by Calathus melanocephalus, Quedius fuliginosus and Quedius fuliginosus. 
These countries were opposed to Finland, Ireland and UK, which are characterised by Stenus 
impressus, Geostiba circellaris, Amischa analis, Atheta fungi, Tachyporus dispar, Tachyporus 
hypnorum, Lathrobium brunnipes, Othius myrmecophilus, Lathrobium fulvipenne, Othius punctulatus, 
Aleocharinae  species1, Tachyporus chrysomelinus (Staphilinidae), Barypeithes pellucidus 
(Curculionidae) and Calathus micropterus, Amara plebeja, Clivina fossor (Carabidae). 
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Figure 12.16. CA on coleopteran species at land use unit level. The code of species were given on 
Table 12.16. 

Table 12.16. Coleopteran species considered in the CA analysis 
Code Coleopteran species Code Coleopteran species 
C-Car1 Amara plebeja  C-Sta5 Atheta fungi 
C-Car2 Calathus melanocephalus C-Sta6 Geostiba circellaris 
C-Car3 Calathus micropterus C-Sta7 Lathrobium brunnipes 
C-Car4 Pterostichus strenuus C-Sta8 Lathrobium fulvipenne 
C-Car5 Clivina fossor C-Sta9 Othius myrmecophilus 
C-Car6 Trechinae species1 C-Sta10 Othius punctulatus 
C-Cur1 Curculionidae species13 C-Sta11 Quedius fuliginosus 
C-Cur2 Curculionidae species1 C-Sta12 Staphylinus caesareus 
C-Cur3 Barypeithes pellucidus C-Sta13 Stenus impressus 
C-Ela1 Athous species1 C-Sta14 Tachyporinae species2 
C-Sta1 Staphylinidae species7 C-Sta15 Tachyporus chrysomelinus 
C-Sta2 Staphylinidae species3 C-Sta16 Tachyporus dispar 
C-Sta3 Aleocharinae  species1 C-Sta17 Tachyporus hypnorum 
C-Sta4 Amischa analis C-Sta18 Tachyporinae species2 
 

Discriminant analysis performed with the country type was not significant (p=0.22). A significant 
result was obtained with the land use unit type (Figure 12.17) (p<0.001). The LUU type explained 
14.02% of total variation of the coleopteran macrofauna data set.. The first axis isolated the forested 
land use units (LUU1, LUU2) from the others. The second axis separated the more intensive (LUU6) 
and the planted forests (LUU2) from the others 
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Figure 12.17. Discriminant analyses on land use type based on coleopteran species. (1: LUU1, 2: 
LUU2, 3: LUU3, 4: LUU4, 5: LUU5, 6: LUU6). 

12.4 Impact of land use intensity 

12.4.1 Basic results 

12.4.1.1 Total species richness, total abundance and occurrence of singletons by LUU 
The relationship between total abundance and the number of families in LUUs may take four different 
shapes: some land use units are abundant and diverse, others are poor in individuals and families, other 
ones are poor in individuals and rich in families and one LUU was  poor in family and rich in 
individuals. As shown in Table  12.17, all the land use units of Switzerland, France and Ireland had 
abundant and diverse communities except for the LUU5 of Ireland that had a large number of 
individuals but low diversity. The land use units of Finland, Hungary (except LUU2 and LUU5), 
Portugal (except LUU6), Spain, and two LUU of UK (LUU1 and LUU4) were diverse but with a 
small number of individuals. The other LUUs were both poor in individuals and families. There are a 
saturation of the families sampled when the density of individual is around 200 individual/m² (Figure 
12.18).  

Figure 12.18. Relationship between number of family and number of individuals by LUU in the soil 
macrofauna core data set. 
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Table 12.17. Family richness (F-obs), number of individuals and number of  families only represented 
once in each  LUU. 
  CH1 CH2 CH3 CH4 CH5 CH6 F1 F2 F3 F4 F5 F6 Fi1 Fi2 Fi3 Fi4 Fi5 Fi6 
N. Families 23 29 33 28 23 36 40 28 32 30 26 30 14 14 14 13 21 23 
N. individuals  233 222 357 497 386 478 325 469 383 586 317 310 73 89 144 114 130 76 
Singleton 8 7 16 9 9 18 14 12 12 12 10 9 8 5 6 3 11 13 
                   
  H1 H2 H3 H4 H5 H6 Ir1 Ir2 Ir3 Ir4 Ir5 Ir6 P1 P2 P3 P4 P5 P6 
N. Families 14 10 16 22 9 13 26 19 21 24 12 16 26 22 18 22 16 4 
N. individuals  70 49 71 151 35 132 529 344 495 457 648 415 125 105 49 59 39 67 
Singleton 6 2 8 7 5 4 10 7 4 9 1 7 9 8 9 15 11 1 
                   
  Sp1 Sp2 Sp3 Sp4 Sp5 Sp6 UK1 UK2 UK3 UK4 UK5 UK6       
N. Families 15 21 20 17 21 11 13 9 12 19 10 7       
N. individuals  93 127 88 113 93 50 171 83 148 282 113 68       
Singleton 8 10 13 10 9 7 4 4 4 6 4 2       
In each country ,a specific pattern for the variation of family richness across the gradient was served 
(Figure 12.19). The proportion of unique families seemed to be similar in the different countries 
(Mean = 40.8% ; Std = 7.8).  
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Figure 12.19. Family richness and singletons (families with a single individual) by land use unit in 
each country. 
The mean family richness does not vary significantly across the land use gradient (p>0.05) (Figure 
12.20 and Table  12.18). The abundance mean is significantly different between LUU4 (mixed 
landscape mosaic) and LUU2 (artificial forest) or LUU6 (crop landscape) (Figure 12.21 and Table  
12.19). 

Table 12.18. Wilcoxon test on mean family richness values  across the land use gradient. 

 

  LUU1LUU2LUU3LUU4LUU5LUU6
LUU11.000      
LUU20.394 1.000     
LUU30.799 0.173 1.000    
LUU40.726 0.236 0.441 1.000   
LUU50.236 0.308 0.106 0.107 1.000  
LUU60.326 0.779 0.206 0.271 0.673 1.000  

Figure 12.20. Family richness mean and standard deviation across the land use gradient. 

Table 12.19. Wilcoxon  test on abundance  mean across the land use gradient. 

 

  LUU1LUU2LUU3LUU4LUU5LUU6
LUU11.000      
LUU20.575 1.000     
LUU30.779 0.484 1.000    
LUU40.123 0.050 0.123 1.000   
LUU50.735 0.674 0.484 0.161 1.000  
LUU60.575 1.000 0.400 0.017 0.674 1.000  

Figure 12.21. Abundance mean and standard deviation across the land use gradient. 

12.4.1.2 Shannon, Simpson, Margalef, Log a indices and ß-diversity (Whittaker)  
Shannon, Simpson, Margalef and Alpha diversity indices were calculated and correlations among 
these indices were are all significant (p<0.002) (Table 12.21). Pearson correlation is 0.86 between 
Shannon and Pearson and 0.92 between Margalef and Alpha.  
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Shannon and Simpson give the LUU1 of France as the much rich land use unit and LUU5 and LUU6 
of Ireland as the less rich. However, Margalef and Alpha give respectively LUU5 of France and LUU4 
of Portugal as the much rich and the LLU6 of Portugal and of UK as the less rich (Table 12.20 and 
Table  12.22).  

A Spearman correlation between the order given respectively by the four indices show that Shannon 
and Simpson give an order highly correlated (0.92). Same result is obtained for Margalef and Alpha 
(0.931) (Table 12.23), while Spearman correlations between Simpson or Shannon and Margalef or 
Alpha were in the range 0.46 to 0.77.  

Table 12.20. Diversity indices: Shannon, Simpson, Margalef and Alpha. 
  CH1 CH2 CH3 CH4 CH5 CH6 F1 F2 F3 F4 F5 F6 Fi1 Fi2 Fi3 Fi4 Fi5 Fi6 
Shannon 1,92 2,62 2,19 2,15 1,62 1,93 3,03 1,91 2,43 1,77 2,24 2,54 1,89 1,82 1,27 1,55 1,54 2,36 
Simpson 3,53 7,45 4,89 4,62 2,4 3,15 14,53 4,09 5,88 3,01 5,4 8,12 3,96 3,3 2,15 2,62 2,2 5,32 
Margalef 4,04 4,63 5,1 4,35 3,69 5,51 6,57 4,23 4,88 4,39 4,34 4,88 3,03 2,9 2,62 2,53 3,9 4,85 
Alpha 6,33 8,91 8,87 6,42 5,36 9,03 11,99 6,53 8,31 6,69 6,71 8,2 5,15 4,67 3,83 3,78 7,09 11,21 
                   
  H1 H2 H3 H4 H5 H6 Ir1 Ir2 Ir3 Ir4 Ir5 Ir6 P1 P2 P3 P4 P5 P6 
Shannon 1,93 1,76 2,34 2,31 1,95 1,83 1,92 2,04 1,44 1,41 0,85 0,92 2,7 1,91 2,61 2,6 2,33 1,05 
Simpson 4,27 4,01 8,51 5,97 7,26 4,17 3,81 5,3 2,15 2,04 1,51 1,51 8,68 2,93 12,78 10,37 8,14 2,55 
Margalef 3,06 2,31 3,52 4,19 1,97 2,46 3,99 3,08 2,9 3,43 1,7 2,49 4,76 4,3 4,37 5,15 3,82 0,71 
Alpha 5,26 3,8 6,43 7,09 3,92 3,58 5,73 4,33 4,45 5,39 2,09 3,31 9,98 8,48 10,27 12,72 10,14 0,93 
                   
  Sp1 Sp2 Sp3 Sp4 Sp5 Sp6 UK1 UK2 UK3 UK4 UK5 UK6       
Shannon 1,56 2,31 1,52 1,86 2,35 1,33 1,7 1,62 1,82 2,02 1,49 1,52       
Simpson 2,51 6,7 2,15 3,88 6,09 2,15 3,55 4,01 4,92 5,42 3,11 4,16       
Margalef 2,87 3,92 4,02 3,17 3,97 2,3 2,33 1,76 2,2 2,84 1,69 1,18       
Alpha 5,06 7,17 8,08 5,55 8,45 4,36 3,27 2,57 3,08 4,6 2,65 1,96       

Table 12.21. Pearson correlation and Bonferroni probabilities between the diversity indices. 
Pearson correlation matrix Matrix of Bonferroni Probabilities 
 Shannon Simpson Margalef Alpha  Shannon Simpson Margalef Alpha 
Shannon 1.000    Shannon 0.000    
Simpson 0.865 1.000   Simpson 0.000 0.000   
Margalef 0.753 0.534 1.000  Margalef 0.000 0.002 0.000  
Alpha 0.797 0.657 0.919 1.000 Alpha 0.000 0.000 0.000 0.000 

Table 12.22. Order given by the diversity indices: land use units were ranking from the less divers to 
the much divers 
  CH1CH2 CH3CH4CH5 CH6F1 F2 F3 F4 F5 F6 Fi1 Fi2 Fi3 Fi4 Fi5 Fi6 
Shannon_rank 26 46 34 33 14 28 48 24 42 18 35 43 23 19 4 12 11 41 
Simpson_rank 18 41 30 29 9 16 48 25 36 14 34 42 22 17 4 12 8 33 
Margalef_rank32 40 45 37 25 47 48 34 43 39 36 44 19 17 14 13 27 42 
Alpha_rank 26 41 40 27 22 42 47 29 37 30 31 36 20 18 12 10 32 46 
                   
  H1 H2 H3 H4 H5 H6 Ir1 Ir2 Ir3 Ir4 Ir5 Ir6 P1 P2 P3 P4 P5 P6 
Shannon_rank 29 17 39 36 30 21 27 32 7 6 1 2 47 25 45 44 38 3 
Simpson_rank 28 23 44 37 40 27 20 32 5 3 1 2 45 13 47 46 43 11 
Margalef_rank20 9 24 33 6 11 30 21 18 23 4 12 41 35 38 46 26 1 
Alpha_rank 21 11 28 33 13 9 25 14 16 23 3 8 43 39 45 48 44 1 
                   
  Sp1 Sp2 Sp3 Sp4 Sp5 Sp6 UK1UK2UK3 UK4UK5UK6       
Shannon_rank 13 37 9 22 40 5 16 15 20 31 8 10       
Simpson_rank 10 39 6 21 38 7 19 24 31 35 15 26       
Margalef_rank16 28 31 22 29 8 10 5 7 15 3 2       
Alpha_rank 19 34 35 24 38 15 7 4 6 17 5 2       
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Table 12.23. Spearman correlation 
 Shannon_rankSimpson_rankMargalef_rankAlpha_rank
Shannon_rank 1.000    
Simpson_rank 0.919 1.000   
Margalef_rank0.728 0.458 1.000  
Alpha_rank 0.765 0.536 0.931 1.000 
Beta diversity was measured by the Whittaker index (Table 12.24). Spain and Hungary had low 
indices as each LUU contributed little to the beta diversity. At the opposite, France was the country 
where each LUU had a maximum contribution to Beta diversity. 

Table 12.24. Whittaker index (ß-diversity) 
  CH S F Fi H I P UK 
Whittaker 0,99 0,47 2,53 1,46 0,53 1,42 1,88 1,45 

 

12.4.1.3 Jack Knife estimates of total species richness  
First order Jack Knife and Bootstrap richness estimators are given in Table  12.25. Pearson correlation 
between the two richness estimators is 0.99 (p=0.0001) and Pearson correlation with the family 
richness observed is respectively 0.98 and 0.99 (with P=0.0001 for the both) (Table 12.26). 

Table  12.25. Family richness (F_obs), First order Jack Knife and Bootstrap richness estimators. 
  CH1 CH2 CH3 CH4 CH5 CH6 F1 F2 F3 F4 F5 F6 Fi1 Fi2 Fi3 Fi4 Fi5 Fi6 
F_obs 23 29 33 28 23 36 40 28 32 30 26 30 14 14 14 13 21 23 
Jack1 30,5 35,56 48 36,44 31,44 52,88 53,13 39,25 43,25 41,25 35,38 38,4421,5 18,69 19,63 15,81 31,31 35,19 
Bootstrap26,84 32,84 39,39 32,1 26,7 43,23 46,08 32,96 36,83 34,9 29,89 34,1917,01 16,03 16,65 14,47 25,79 28,5 
                   
  H1 H2 H3 H4 H5 H6 Ir1 Ir2 Ir3 Ir4 Ir5 Ir6 P1 P2 P3 P4 P5 P6 
F_obs 14 10 16 22 9 13 26 19 21 24 12 16 26 22 18 22 16 4 
Jack1 19,63 11,88 23,5 28,56 13,69 16,75 35,38 25,56 24,75 32,44 12,94 22,5634,44 29,5 26,44 36,06 26,31 4,94 
Bootstrap16,42 11,27 19,33 25,18 10,91 14,72 30,09 21,86 23,04 27,56 12,76 18,7830,37 25,95 21,96 27,98 20,32 4,37 
                   
  Sp1 Sp2 Sp3 Sp4 Sp5 Sp6 UK1 UK2 UK3 UK4 UK5 UK6       
F_obs 15 21 20 17 21 11 13 9 12 19 10 7       
Jack1 22,5 30,38 32,19 26,38 29,44 17,56 16,75 12,75 15,75 24,63 13,75 8,88       
Bootstrap18,37 24,86 25,17 20,83 24,83 13,85 14,91 10,59 13,7 21,65 11,58 7,96       

Table 12.26. Pearson correlation and Bonferroni probability between observed family richness and the 
richness estimators. 
Pearson correlation matrix  Matrix of Bonferroni Probabilities 
 F_obs Jack Knife_1 Bootstrap  f_obs Jack Knife_1 Bootstrap 
F_obs 1.000    S_obs 0.000   
Jack Knife_1 0.980 1.000   Jack Knife_1 0.000 0.000  
Bootstrap 0.996 0.993 1.000  Bootstrap 0.000 0.000 0.000 

12.4.1.4 Rank abundance  
Rank-abundance plots for each land use unit by country showed that the distribution pattern of soil 
macrofauna family largely varies among countries (Figure 12.22). A Spearman correlation test 
realised on the order of equitability based on the rank-abundance plot by country confirmed that no 
common order is arriving in each land use gradient by country. France and Finland have an opposite 
equitability order (Spearman = -1). Switzerland. The same situation is observed for  and France are 
negatively correlated (Spearman = -0.714) and then positively with Finland. Spain or Ireland with 
France and Switzerland. Note that also Portugal and Ireland have a good Spearman correlation (0.771) 
(Table 12.27). 
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Figure 12.22. Rank abundance plots of the soil macrofauna core data set for each land use unit by 
country. 
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Table 12.27. Order of equitability based on rank-abundance graphs and Spearman correlation 
  CH E F Fi H Ir P UK 
LUU
1 6 4 1 6 4 1 1 4 
LUU
2 1 2 6 1 5 4 2 3 
LUU
3 3 5 2 5 2 2 3 2 
LUU
4 2 3 4 3 1 3 4 1 
LUU
5 4 1 5 2 6 6 5 5 
LUU
6 5 6 3 4 3 5 6 6  

Spearman correlation 
matrix     
         
  CH E F FI H IR P UK 
C
H 1.000        
E 0.429 1.000       

F 
-
0.714 

-
0.714 1.000      

FI 0.714 0.714 
-
1.000 1.000     

H 0.143 
-
0.600 0.429 

-
0.429 1.000    

IR 
-
0.143 

-
0.371 0.714 

-
0.714 0.486 1.000   

P 0.086 0.143 0.257 
-
0.257 

-
0.086 0.771 1.000  

U
K 0.657 0.143 

-
0.029 0.029 0.600 0.543 0.429 1.000  

12.4.1.5 Rarefaction curves 
The rarefaction curves for each land use unit by country show that the sampling effort was generally 
sufficient for the families present in each land use unit except for , LUU4 and LUU5 in Portugal (P4 
and P5) and LUU6 in Switzerland (CH6) (Figure 12.23).  
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Figure 12.23. Rarefaction curves for each land use unit. 

12.4.2 Similarity analyses of soil macrofauna community. 
The similarity between the LUU across the biogeographical gradient was assessed by a cluster analysis 
based on the similarity Jaccard’s index (Ward method) on the 48 LUUs (Figure 12.24). This cluster 
analysis showed a greatest similarity between the land use units of France and Switzerland; the next 
level down associated part of LUUs of UK and a mixture a mixed of land use units from Ireland and 
Portugal. Portugal and Spain were then separated but some LUU of Portugal are more similar to the 
LUU of Spain than Portugal. Finland was then isolated with some LUUs from Ireland.  

No clear general pattern did appear from this analysis. The same analysis was done for each country 
(Figure 12.25). Spearman correlations of the order of similarity classification showed that the order of 
similarity across the land use gradient is largely country specific (Table 12.28). Switzerland and 
Finland had a similar ordering (Spearman = 0.8),  same as France and UK (Spearman = 0.81),  Ireland 
and Portugal (Spearman = 0.75) while Finland and Hungary showed an opposite ordering (Spearman = 
0.79).  

Figure 12.24. Similarity based on Jaccard index (Ward method) 
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Figure 12.25. Similarity based on Jaccard index (Ward method) for each country.  
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Table 12.28. LUU order based similarity based on Jaccard index (Ward method) and Spearman 
correlation. 
 CH E F Fi H Ir P UK 
LUU12 2 3 3 1 1 1 2 
LUU22 2 1 2 2 2 1 1 
LUU36 1 1 4 1 2 3 1 
LUU41 3 2 1 4 1 2 3 
LUU51 1 2 1 2 4 4 3 
LUU66 4 4 2 3 3 5 4  

 CH E F FI H IR P UK 
CH 1.000        
E 0.123 1.000       
F 0.062 0.621 1.000      

FI 0.800 
-
0.242 

-
0.167 1.000     

H 
-
0.369 0.697 0.288 

-
0.788 1.000    

IR 0.123 
-
0.258 0.045 

-
0.242 0.076 1.000  

P 0.243 0.090 0.373 
-
0.224 0.328 0.7461.000 

UK 
-
0.185 0.591 0.818 

-
0.591 0.682 0.3180.6721.000  

12.4.3 Impact of intensification on soil macrofauna at LUU level 
The analysis consisting on a series of CCA using forward selection to select the environmental 
variables explained the most of the soil macrofauna families pattern at LUU level. For the analysis 
about configuration and composition of the landscape, a partition of the variance is also done. 

12.4.3.1 Impact of forest loss  
The percentage of the variation explained by the different kinds of CCA analysis is depicted in Table 
12.29. Forest indices selected by forward selection are summarised in Table 12.30 and Figure 12.26. 
Forest indices at level 1, LUU area, accounted for 18.9% of the variation in the soil macrofauna 
community. In contrast, forest indices at level 2, TOTAL area, explained 58.0%. Forest indices at 
level1, LUU area model 

12.4.3.2 Forest indices at level1, LUU area model 
The first axis of the forest indices at level1, LUU area model explained 6.2% of the soil macrofauna 
variance. This axis represented a gradient from the complexity of forest patch shape (SHAPE_AM) to 
an clumpiness of forested edge (7_NLSI). The second axis explained only 4.8% of the macrofauna 
data. It was predominantly a gradient of landscapes with the much forested (7_PLAND), to the one in 
which number of disjunction core area and surface of the same core area (from 10 m from the edge) 
were dominant (7_DCAD_10 and 7_CORE_CV_10) (Figure 12.26). 

12.4.3.3 Forest indices at level1, TOTAL area model 
First axis of the forest indices at level1, TOTAL area model, explained 6.6% and the second axis 5.6% 
of the soil macrofauna variance. The first axis isolated landscapes where forest was fragmented 
(7_PARA_CV), intercepted with other land cover (7_IJI) and connected (7_CONTIG_CV). The 
second axis represented a gradient from landscape with high number of forest patch (7_PD) to 
landscapes with a proportion of core area, which are defined with a distance of 250 metre from the 
edge of the patch (7_CPLAND_250) (Figure 12.26). 

12.4.3.4 Forest indices at level2, LUU area model 
The first axis of the analysis of the effect of forest indices at level2, explained 7.8% of the soil 
macrofauna variance and the second axis, 6.7%. The first axis opposed landscapes dominated by forest 
broadleaf (72_AREA_AM, 72_DCAD_250 and 72_PROX_CV) to closed patches, which are defined 
with a distance of 250 metre from the edge of the patch (71_CAI_AM_250). The second axis isolated 
landscapes with complex shapes of open mixed forest (78_FRAC_AM) (Figure 12.26). 

12.4.3.5 Forest indices at level2, LUU area model 
Eleven point 8 percent of macrofauna variation was explained by first axis and 9.1% by the second 
one. First axis represented a gradient of forested landscapes from broadleaf open fragmented 
(72_CPLAND, 72_CORE_AM_100, 72, FRAC_AM and 72_SHAPE_AM) and closed 
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(71_CPLAND) or mixed very open fragmented (79_CORE_AM_100, 79_CIRCLE_CV and 
79_FRAC_AM) to forested landscape broadleaf closed with number of disjunction core area 
(71_DCAD_10). The second axis described a gradient between landscapes with disjointed core area of 
forest broadleaf closed (71_DCAD_10) to fragmented landscape of forest broadleaf closed 
(72_CPLAND, 72_CORE_AM_100, 72_FRAC_AM and 72_SHAPE_AM). 

Table 12.29. Summary of results of canonical correspondence analyses conducted to partition the 
percent variance of soil macrofauna distribution explained by forest indices variables at level1 or 
Level2 and LUU area or TOTAL area. 
Description of analysis Sum of canonical 

eigenvalues 
% Variance 
explained 

Significance 
of all axes  

Environmental variables explanatory at 
level1, LUU area 

0.37 18.99 0.050 

Environmental variables explanatory at 
level1, TOTAL, area 

0.41 21.05 0.050 

Environmental variables explanatory at 
level2, LUU area 

0.41 21.05 0.050 

Environmental variables explanatory at 
level2, TOTAL area 

1.13 58.01 0.050 

Table 12.30. Description of forest indices selected by forward selection 
LEVEL1  
7_CONTIG_C
V  Forest_Contiguity Index_Coefficient of variation 
7_CORE_CV 
_10 

Forest_ Core Area_Coefficient of variation_10 metre from the 
perimeter 

7_CPLAND 
_250 

Forest_Core Area Percentage of Landscape_250 metre from the 
perimeter 

7_DCAD _10 Forest_Disjunct Core Area Density_10 metre from the perimeter 
7_IJI  Forest_Interspersion and Juxtaposition Index 
7_NLSI Forest_Normalized Landscape Shape Index  
7_PARA_CV  Forest_Perimeter-Area Ratio_Coefficient of variation 
7_PD  Forest_Patch Density 
7_PLAND  Forest_Percentage of Landscape 
7_SHAPE_AM Forest_Shape Index_Area-weighted mean 
  
LEVEL2  
71_CAI_AM_
250 

Forest broadleaf closed_Core Area Index_Area-weighted mean_250 
metre from the perimeter 

71_CPLAND_
50 

Forest broadleaf closed_Core Area Percentage of Landscape_50 
metre from the perimetre 

71_DCAD_10 
Forest broadleaf closed_Disjunct Core Area Density_10 metre from 
the perimetre 

72_AREA_A
M  Forest broadleaf open_Area_Area-weighted mean 
72_CORE_AM
_100 

Forest broadleaf open_Core Area_Area-weighted mean_100 metre 
from the perimeter 

72_CORE_AM
_25 

Forest broadleaf open_Core Area_Area-weighted mean_25 metre 
from the perimeter 

72_CPLAND_
50 

Forest broadleaf open_Core Area Percentage of Landscape_50 metre 
from the perimetre 

72_DCAD_25
0 

Forest broadleaf open_Disjunct Core Area Density_250 metre from 
the perimeter 

72_FRAC_AM 
Forest broadleaf open_Fractal Dimension Index_Area-weighted 
mean 
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72_PROX_CV Forest broadleaf open_Proximity Index_Coefficient of variation 
72_SHAPE_A
M  Forest broadleaf open_Shape Index_Area-weighted mean 
73_CORE_CV
_25 

Forest broadleaf very open_Core Area_Coefficient of variation_25 
metre from the perimeter 

73_ENN_AM  
Forest broadleaf very open_Euclidean Nearest-Neighbor 
Distance_Area-weighted mean 

74_CORE_CV
_25 

Forest coniferous closed_ Core Area_Coefficient of variation_25 
metre from the perimeter 

75_ENN_AM  
Forest coniferous open_Euclidean Nearest-Neighbor Distance_Area-
weighted mean 

75_PROX_CV Forest coniferous open_Proximity Index_Coefficient of variation 
77_CIRCLE_A
M  

Forest mixed closed_Related Circumscribing Circle_Area-weighted 
mean 

77_CORE_AM
_10 

Forest mixed closed_Core Area_Area-weighted mean_10 metre 
from the perimeter 

78_FRAC_AM Forest mixed open_Fractal Dimension Index_Area-weighted mean 
79_CIRCLE_C
V  

Forest mixed very open_Related Circumscribing Circle_Coefficient 
of variation 

79_CORE_AM
_100 

Forest mixed very open_Core Area_Area-weighted mean_100 metre 
from the perimeter 

79_FRAC_AM 
Forest mixed very open_Fractal Dimension Index_Area-weighted 
mean 

a) level1, LUU area 

forest indices 
p-
value 

variance explained by the 
variables selected 

7_NLSI 0.01 0.10 
7_DCAD _100.01 0.18 
7_CORE_CV 
_10 0.045 0.24 
7_SHAPE_A
M  0.05 0.31 
7_PLAND  0.04 0.37  

 b) level1, TOTAL, area 

forest indices 
p-
value 

variance explained by the 
variables selected 

7_CPLAND 
_250 0?005 0.11 
7_CONTIG_
CV  0.005 0.20 
7_PD  0.015 0.28 
7_IJI  0.02 0.34 
7_PARA_CV 0.03 0.41  
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 c) level2, LUU area 

forest indices 
p-
value 

variance explained by the 
variables selected 

72_AREA_A
M  0.005 0.12 
71_CAI_AM
_250 0.01 0.20 
78_FRAC_A
M  0.005 0.29 
72_DCAD_2
50 0.05 0.35 
72_PROX_C
V  0.03 0.41  

 d) level2, TOTAL area 

forest indices 
p-
value 

variance explained by the 
variables selected 

72_CORE_AM
_25 0.005 0.14 
79_FRAC_AM 0.005 0.24 
72_FRAC_AM 0.01 0.34 
79_CORE_AM
_100 0.01 0.43 
77_CIRCLE_A
M  0.005 0.50 
72_CPLAND_
50 0.005 0.58 
72_SHAPE_A
M  0.01 0.65 
75_ENN_AM  0.03 0.70 
73_CORE_CV
_25 0.025 0.76 
71_DCAD_10 0.015 0.81 
72_CORE_AM
_100 0.01 0.86 
79_CIRCLE_C
V  0.005 0.91 
74_CORE_CV
_25 0.005 0.96 
77_CORE_AM
_10 0.04 1.01 
73_ENN_AM  0.05 1.05 
75_PROX_CV 0.04 1.09 
71_CPLAND_
50 0.045 1.13  

Figure 12.26. Forward selection of forest indices and factorial plan of CCA 
 

As a resume Table 12.31 give a synthetic interpretation of the factorial axis of each CCA with the 
forest indices at the different classification level and analysis scales.  
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Table 12.31. Resume of the axis interpretation for the CCA with forest indices 
 LUU level1 model LUU level2 model TOTAL level1 

model 
TOTAL level2 
model 

First axis Increase  in forest 
patch isolation 

Broadleaf forest 
fragmentation 

Increase  in forest 
patch isolation 

Broadleaf forest 
fragmentation 

Second 
axis 

Decrease of forest 
area 

Mixed forest 
fragmentation 

Decrease of forest 
area 

Forest canopy cover 
reduce  

Fit per family on the first two axis of each CCA analysis with forest variables is given in Table  12.32. 
We can identify family were most closely associated with each factorial axis or factor related to forest 
loss. Thirty family distributions fit one model more than others. Family more closely associated with 
forest patch isolation was Polydesmidae. Family more closely associated with forest patch area were 
Coleoptera_others, Limacidae, Ligiidae and Hymenoptera_larvae. Family more closely associated 
with broadleaf forest fragmentation were Dysderidae, Lycosiidae, Salticidae, Scolopendridae, 
Tenebrionidae, Lumbricidae, Formicidae, Hymenoptera, Diptera_larvae and Zigentomida. Family 
more closely associated with mixed forest fragmentation were Gnaphosaidae, Zodaridae, Carabidae 
and Arionidae. Family more closely associated with forest canopy cover reduce were Ageleniidae, 
Haahniidae, Curculionidae, Staphilinidae, Lithobidae, Chordeumatidae, Gastropoda_other and 
Discidae. 

Table 12.32. Fit per family on the first two axis for each CCA type for the CCA with forest variables. 
Forest loss LUU_level1 LUU_level2 TOTAL_level1 TOTAL_level2 
  Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2Fit on AX1Fit on AX2Fit on AX1Fit on AX2
 A_Ag elen  0,0046 0,0001 0,0676 0,1116 0,0508 0,0585 0,0078 0,1753 
 A_Ar anae  0,0335 0,0061 0,008 0,0024 0,0793 0,038 0,0942 0,0006 
 A_Cl ubio  0,0027 0,0242 0,0014 0,012 0,001 0,0326 0,0022 0,0005 
 A_Dy sder  0,3019 0,0031 0,4461 0,0018 0,1231 0,0839 0,0389 0,2435 
 A_Gn apho 0,1915 0,038 0,1854 0,2159 0,0957 0,1986 0,5952 0,0074 
 A_Ha hnii  0,138 0,0233 0,3983 0,0725 0,1248 0,1882 0 0,4677 
 A_Li nyph  0,0226 0,0003 0,0074 0,0047 0,0086 0 0,0226 0,0288 
 A_Ly cosi  0,0287 0,0666 0,1991 0,0098 0,0017 0,0428 0,025 0,1123 
 A_Sa ltic  0,2469 0,0451 0,4424 0,0013 0,021 0,0577 0,2239 0,1459 
 A_Te trag  0,0845 0,027 0,0203 0,0055 0,0009 0,036 0,0824 0,0703 
 A_Th erid  0,0015 0,0134 0,0019 0,0242 0,0149 0,3104 0,0012 0,0143 
 A_Th omis 0,0056 0,0142 0,0021 0,0025 0,0559 0,0657 0,0867 0,0073 
 A_Zo dari  0,2671 0,003 0,2045 0,3471 0,0007 0,0546 0,3001 0,0374 
 C_         0,0042 0,2035 0,0003 0,0045 0,047 0,0112 0,0001 0,0477 
 C_Ca rabi  0,0142 0,1104 0,0084 0,2822 0,0458 0,0002 0,1384 0,0136 
 C_Ch ryso  0,0115 0,0004 0,035 0,0202 0,0917 0,0101 0,0297 0,0269 
 C_Co ccin  0,0191 0,0003 0,0455 0,0089 0,1057 0,002 0,0138 0,0681 
 C_Cu rcul  0,0304 0,0045 0,1018 0,0161 0,005 0,1042 0,0128 0,2572 
 C_El ater  0,0376 0,0055 0,0038 0,0071 0,0305 0,002 0,0815 0,0005 
 C_Hy drop  0,0223 0,0116 0,0196 0,0167 0,0062 0,0372 0,0002 0,0991 
 C_Pt ilii  0,0215 0,0554 0,0452 0,0211 0,0028 0,0632 0,0373 0,1369 
 C_Sc arab  0,0032 0,0078 0,0119 0,0356 0,0045 0,0249 0,0137 0,0018 
 C_St aphi  0,1899 0,0396 0,1974 0,0098 0,0101 0,062 0,0825 0,2008 
 C_Te nebr  0,1049 0,0067 0,0215 0,2268 0,0778 0,0063 0,3045 0,0088 
 Ch_        0,0174 0,0402 0,0663 0,0371 0,1282 0,0007 0,0227 0,1262 
 Ch_G eoph 0,0399 0,0915 0 0,003 0,0489 0,0074 0,1548 0,002 
 Ch_L itho  0,0801 0,0097 0,0788 0,1399 0,1029 0,0019 0,043 0,2123 
 Ch_S colo  0,2641 0,031 0,4515 0,123 0,1967 0,3363 0,0009 0,3642 
 D_         0,0012 0,0059 0,0086 0,0579 0,2306 0,0433 0,3563 0,0661 
 D_Ch orde  0,0042 0,0097 0,0564 0,15 0,1338 0,1752 0,0879 0,2869 
 D_Gl omer 0,0128 0,0015 0,0019 0,0004 0,0017 0,0054 0,0216 0,0069 
 D_Iu lida  0,0008 0,0509 0,0011 0,0431 0,0055 0,0211 0,0008 0,0266 
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Forest loss LUU_level1 LUU_level2 TOTAL_level1 TOTAL_level2 
  Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2Fit on AX1Fit on AX2Fit on AX1Fit on AX2
 D_Po lyde  0,157 0,0822 0,0499 0,0112 0,0018 0,0696 0,1342 0,093 
 Der_       0,0231 0,0068 0,0038 0,0326 0,0052 0,0128 0,0953 0,0121 
 Dic_ Blat  0,0008 0,0105 0,0809 0,0188 0,0016 0,0047 0,032 0,0653 
 F_Fo rmic  0,0979 0,0117 0,0777 0,0004 0,028 0,1519 0,2936 0,059 
 G_         0,0087 0,0086 0,0895 0,0645 0,0495 0,1046 0,0005 0,2643 
 G_Ar ioni  0,0138 0,2533 0,0002 0,3286 0,2356 0,0145 0,1424 0,2606 
 G_Co chli  0,0057 0,0386 0,0171 0,0137 0,0035 0,0369 0,0171 0,0024 
 G_Di scid  0 0,0057 0,0227 0,1927 0,1822 0,1219 0,0533 0,2694 
 G_Hy grom 0,0001 0,0237 0,0083 0,0345 0,003 0,0271 0,0311 0,0114 
 G_Li maci  0,0123 0,5142 0,0024 0,1813 0,1265 0,0119 0,09 0,1359 
 G_Vi trin  0,0146 0,1442 0,0093 0,0373 0,0192 0,005 0,0064 0,0059 
 G_Zo noti  0,0248 0,005 0,0243 0,1087 0,038 0,0073 0,1211 0,1334 
 H_         0,0828 0,0405 0,0259 0,0572 0,1015 0,011 0,3546 0,0033 
 I_Li giid  0,0112 0,4978 0 0,1152 0,1197 0,0001 0,0544 0,0754 
 I_On isci  0,0178 0,0722 0,0467 0,0035 0,0002 0,03 0,0753 0,0847 
 I_Ph ilos  0,0144 0,0068 0,0308 0,0683 0,0675 0,0009 0,0461 0,132 
 I_Tr icho  0,0502 0,0066 0,0089 0,043 0,0246 0,0011 0,0824 0,0041 
 Larv _Col  0,0046 0,0066 0,0004 0,0158 0,038 0,0288 0,1348 0,0563 
 Larv _Dip  0,0554 0,0003 0,0488 0,0343 0,0434 0,0814 0,3099 0,0087 
 Larv _Hym 0,0003 0,3832 0,0078 0,0549 0,1224 0,0022 0,0438 0,0857 
 Larv _Lep  0,0003 0,0016 0,0006 0,0047 0,0086 0,0071 0,0194 0,0262 
 O_Op ilio  0,1089 0,0616 0,036 0,0448 0,0263 0,0004 0,0178 0,0566 
 Ol_L ombr  0,1581 0,0057 0,3229 0,0091 0,0034 0,134 0,1935 0,2205 
 Ort_       0,032 0,0229 0,0064 1E-04 0,0143 0,0356 0,0012 0,002 
 Ort_ Gril  0,0515 0,1447 0,0135 0,0055 0,0284 0,013 0,0002 0,0252 
 Z_         0,0028 0,0004 0,0051 0,0386 0,3501 0,084 0,4326 0,0594 

12.4.3.2 Impact of habitat diversity (i.e: composition metrics of the landscape) 
Diversity indices (or composition metrics of the landscape) considered in the analysis were Shannon 
and Simpson diversity and evenness and number and percent of area of each land use class. The 
Shannon and Simpson indices were not selected by the forward selection procedure (Figure 12.27). 

The percentage of explained soil macrofauna variance increased from 26.7% to 46.7% when the 
indices were based on the classification at level1 on LUU area to level2 on TOTAL area (Table 
12.33).  

Table 12.33. Summary of results of canonical correspondence analyses conducted to partition the 
percent variance in the distribution of soil macrofauna explained by habitat diversity indices level1 or 
Level2 and LUU area or TOTAL area. 
Description of analysis Sum of 

canonical 
eigenvalues 

% Variance 
explained 

Significance of 
all axes  

Environmental variables explanatory at level1, 
LUU area 

0.52 26.69 0.050 

Environmental variables explanatory at level1, 
TOTAL, area 

0.64 32.85 0.050 

Environmental variables explanatory at level2, 
LUU area 

0.60 30.80 0.050 

Environmental variables explanatory at level2, 
TOTAL area 

0.91 46.71 0.050 
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12.4.3.2.1 HABITAT DIVERSITY INDICES AT LEVEL1, LUU AREA MODEL 
The first axis explained 6.2% of the soil macrofauna variance and the second axis 4.8%. The first axis 
represented a gradient from grassland (4_PD) to agroforestry area and shrubland (5_PD and 6_PD). 
The second axis opposed artificial surface (1_PLAND) to forest areas (7_Pland and 7_PD) (Figure 
12.27). 

12.4.3.2.2 HABITAT DIVERSITY INDICES AT LEVEL1, TOTAL AREA MODEL 
First axis explained 10.6 % and the second axis 4.9 % of the soil macrofauna variance. First axis 
isolated shrubland area (6_PLAND and 6_PD). The second axis represented a gradient from forested 
area (7_PLAND) to grassland (4_PLAND). 

12.4.3.2.3 HABITAT DIVERSITY INDICES AT LEVEL2, LUU AREA MODEL 
First axis explained 10.6% and second axis 7.1%. Fist axis opposed forest mixed open forest (78_PD) 
to shrubland and natural grassland (61_PD and 42_PLAND). The second axis opposed natural 
grassland (41_PLAND) to forest broadleaf closed or open (71_PLAND and 72_PLAND). 

12.4.3.2.4 HABITAT DIVERSITY INDICES AT LEVEL2, LUU AREA MODEL 
The first axis explained 12.7% of the total variance and the second 8.3%. The first axis opposed 
agricultural grassland (41_PLAND and 41_PD) to arable land with scattered tree and shrubland 
(52_PLAND and 61_PLAND). The second axis presented a gradient from natural grassland and 
forested area (broadleaf closed or open and coniferous open) (42_PLAND, 71_PLAND, 72_PLAND 
and 75_PD) to arable land (31_PLAND) and forested area broadleaf very open (73_PLAND). 

Table 12.34. Description of habitat diversity selected by forward selection 
LEVEL1  
1_PLAND  Artificial surface_Percentage of Landscape 
4_PD  Grassland_Patch Density 
4_PLAND  Grassland_Percentage of Landscape 
5_PD  Agro-Forestry area_Patch Density 
6_PD  Shrub land and Heath land_Patch Density 
6_PLAND  Shrub land and Heath land_Percentage of Landscape  
7_PD  Forest_Patch Density 
7_PLAND  Forest_Percentage of Landscape 
LEVEL2  
31_PLAND  Arable land_Percentage of Landscape 
41_PD  Agricultural grassland_Patch Density 
41_PLAND  Agricultural grassland_Percentage of Landscape 
42_PLAND  Natural grassland_Percentage of Landscape 
52_PLAND  Arable land with scattered trees_Percentage of Landscape 
61_PD  Shrubland_Patch Density 
71_PD  Forest Broadleaf closed_Patch Density 
71_PLAND  Forest Broadleaf closed_Percentage of Landscape  
72_PLAND  Forest Broadleaf open_Percentage of Landscape  
73_PLAND  Forest Broadleaf very open_Percentage of Landscape 
75_PD  Forest Coniferous open_Patch Density 
77_PD  Forest Mixed closed_Patch Density 
78_PD  Forest Mixed open_Patch Density 
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a) Level1, LUU 
diversity 
indices 

p-
value 

variance explained by 
the variables selected 

6_PD  0.005 0.17 
7_PD  0.01 0.25 
7_PLAND 0.005 0.33 
4_PD  0.005 0.40 
1_PLAND 0.05 0.46 
5_PD  0.045 0.52  

b) Level1, TOTAL 
diversity 
indices 

p-
value 

variance explained by 
the variables selected 

61_PD  0.0050.18 
72_PLAND 0.0050.28 
41_PLAND 0.0050.36 
78_PD  0.0050.42 
42_PLAND 0.01 0.49 
71_PLAND 0.03 0.54 
73_PLAND 0.05 0.59 
71_PD  0.02 0.64  

c) Level2, LUU 
diversity 
indices 

p-
value 

variance explained by 
the variables selected 

6_PD  0.005 0.18 
7_PLAND 0.005 0.28 
7_PD  0.005 0.36 
4_PLAND 0.005 0.49 
1_PLAND 0.035 0.55 

d) Level2, TOTAL 
diversity 
indices 

p-
value 

variance explained by 
the variables selected 

61_PD  0.0050.15 
72_PLAND 0.0050.27 
52_PLAND 0.0050.39 
75_PD  0.0050.48 
41_PLAND 0.0050.56 
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6_PLAND 0.05 0.60  73_PLAND 0.0050.63 
31_PLAND 0.0050.70 
42_PLAND 0.0050.77 
71_PLAND 0.0150.82 
41_PD  0.04 0.87 
77_PD  0.0150.91  

Figure 12.27. Forward selection of habitat diversity indices and factorial plan of CCA 
As a resume the Table 12.35 give a synthetic interpretation of the factorial axis of each CCA with the 
forest indices at the different classification level and analysis scales.  

Table 12.35. Resume of the axis interpretation for the CCA with composition indices 
 LUU level1 

model 
LUU level2 model TOTAL level1 

model 
TOTAL level2 model 

First axis Shrubland Broadleaf and mixed 
open forest to natural 
grassland 

Shrubland Agricultural grasland to 
crops with tree 

Second 
axis 

Artificial surface 
to forest 

Shrubland Forest to 
grassland 

Arable land to broadleaf 
forest 

 

Fit per family on the first two axis of each CCA analysis with composition variables is given in Table  
12.36. Thirty one family distributions fit one model more than others. Family more closely associated 
with shrubland were Clubionidae, Dysderidae, Haahniidae, Salticidae, Scolopendridae, 
Chilopoda_others, Diplopoda_others, Coleoptera_larvae and Diptera_larvae. Family more closely 
associated with forest were Ageleniidae, Linyphiidae, Hydrophylidae, Staphilinidae, Lithobidae and 
Polydesmidae. Family more closely associated with agricultural grassland or crop with tree were 
Thomisidae, Tenebrionidae, Lumbricidae, Formic idae, Opilinonidae and Zigentomida. Family more 
closely associated with broadleaf forest were Curculionidae, Chordeumatidae, Gastropoda_others, 
Arionidae, Discidae, Limacidae, Ligiidae, Philosciidae.  

Table 12.36. Fit per family on the first two axis for each CCA type for the CCA with habitat diversity 
variables. 
Diversity indicesLUU_level1  LUU_level2  TOTAL_level1 TOT_level2  
  Fit on AX1Fit on AX2Fit on AX1Fit on AX2Fit on AX1Fit on AX2Fit on AX1Fit on AX2
 A_Ag elen  0,0629 0,0905 0,041 0,1574 0,0681 0,1783 0,079 0,1011 
 A_Ar anae  0,0572 0,0018 0,0543 0,0021 0,015 0 0,1152 0 
 A_Cl ubio  0,1632 0,0155 0,1509 0,0002 0,2349 0,0893 0,2126 0,0129 
 A_Dy sder  0,0004 0,0905 0,0001 0,3816 0,0156 0,0604 0,0264 0,182 
 A_Gn apho  0,3711 0,001 0,5432 0,0337 0,3769 0,0373 0,5173 0,0031 
 A_Ha hnii  0,003 0,1101 0,0038 0,3683 0,0285 0,2317 0,0144 0,2508 
 A_Li nyph  0,0928 0,1799 0,1027 0,0065 0,0002 0,0178 0,0634 0 
 A_Ly cosi  0,0035 0,0193 0,0063 0,0842 0,0036 0,0541 0,0488 0,0698 
 A_Sa ltic  0,1277 0,0442 0,2088 0,3117 0,0272 0,0993 0,1295 0,0639 
 A_Te trag  0,0382 0,1283 0,0369 0,0183 0,0299 0,0312 0,0694 0,0515 
 A_Th erid  0,0001 0,0144 0,0054 0,0038 0,0747 0,0354 0,0387 0,0066 
 A_Th omis  0,1575 0,0037 0,1067 0,0083 0,1579 0,0025 0,1949 0,0047 
 A_Zo dari  0,0193 0,0288 0,1076 0,0601 0 0,0178 0,0976 0,009 
 C_         0,0167 0,0262 0,0003 0,0021 0,002 0,0002 0,0052 0,104 
 C_Ca rabi  0,0061 0,0601 0,0557 0,0213 0,0031 0,0183 0,003 0,0331 
 C_Ch ryso  0,0029 0,0288 0,0025 0,1226 0,0041 0,0224 0,0012 0,0333 
 C_Co ccin  0,0095 0,0275 0,0161 0,0373 0,0616 0,0218 0,0697 0,0596 
 C_Cu rcul  0,0084 0,0635 0,0013 0,0943 0,0024 0,0685 0,0511 0,1739 
 C_El ater  0,0159 0,0002 0,0355 0,0089 0,0114 0,0349 0,0503 0,0327 
 C_Hy drop  0,0025 0,1721 0,0086 0,0884 0,0038 0,0695 0,0333 0,056 
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Diversity indicesLUU_level1  LUU_level2  TOTAL_level1 TOT_level2  
  Fit on AX1Fit on AX2Fit on AX1Fit on AX2Fit on AX1Fit on AX2Fit on AX1Fit on AX2
 C_Pt ilii  0,0337 0,0523 0,0234 0,0122 0,0124 0,0103 0,1071 0,0798 
 C_Sc arab  0,0001 0,0004 0,0236 0,0005 0,0126 0,0046 0,0088 0,0215 
 C_St aphi  0,0624 0,2603 0,0674 0,1399 0,0031 0,0985 0,1341 0,1174 
 C_Te nebr  0,1425 0,0006 0,1685 0,0104 0,0562 0,0048 0,1657 0,0357 
 Ch_        0,2131 0,0229 0,1949 0,03 0,4018 0,0589 0,1529 0,2202 
 Ch_G eoph  0,0879 0,0342 0,0811 0,0889 0,0356 0,0112 0,179 0,0016 
 Ch_L itho  0,0222 0,295 0,0351 0,1919 0,1502 0,1473 0,0253 0,22 
 Ch_S colo  0 0,0909 0,0074 0,3715 0,017 0,2191 0,027 0,2821 
 D_         0,7325 0,016 0,642 0,067 0,8614 0,0003 0,6557 0,1283 
 D_Ch orde  0,0062 0,0523 0,0362 0,1565 0,0221 0,1628 0,0044 0,1772 
 D_Gl omer  0,021 0,0647 0,0444 0,0002 0,0326 0,0009 0,021 0,0162 
 D_Iu lida  0,0476 0,0018 0,0039 0,0026 0,0158 0,0043 0,0903 0,0111 
 D_Po lyde  0,0433 0,0827 0,03 0,0021 0,0213 0,1681 0,0996 0,1341 
 Der_       0,0168 0,0027 0,0105 0,0375 0,0007 0,0154 0 0,0034 
 Dic_ Blat  0,0077 0,0006 0,0338 0,0597 0,0005 0,0098 0,0003 0,0182 
 F_Fo rmic  0,3615 0,0038 0,2553 0,0394 0,2543 0,0318 0,465 0,044 
 G_         0,0124 0,004 0,0077 0,1454 0,0009 0,1743 0,0415 0,3109 
 G_Ar ioni  0,0453 0,1522 0,1535 0,0203 0,1346 0,1193 0,0234 0,379 
 G_Co chli  0,0085 0,0194 0,0126 0,0361 0,0277 0 0,018 0,0055 
 G_Di scid  0,0008 0,1252 0,0234 0,1188 0,0313 0,1394 0,0001 0,2986 
 G_Hy grom  0,0416 0,0265 0,0558 0,0032 0,0224 0,0094 0,0465 0,0001 
 G_Li maci  0,0654 0,065 0,1034 0,0013 0,0904 0,0036 0,0089 0,2672 
 G_Vi trin  0,0291 0,0169 0,059 0,0028 0,016 0,006 0,0157 0,0115 
 G_Zo noti  0,0416 0,0019 0,0327 0,0398 0,0259 0,0462 0,0142 0,061 
 H_         0,0915 0,0468 0,1119 0,0101 0,0665 0,0005 0,1708 0,002 
 I_Li giid  0,0267 0,0976 0,062 0,0032 0,044 0,0207 0,0011 0,1663 
 I_On isci  0,0227 1E-04 0,0306 0,0072 0,0182 0,0491 0,0964 0,1347 
 I_Ph ilos  0,0096 0,002 0,0188 0,071 0,0391 0,0203 0,0006 0,1914 
 I_Tr icho  0,0897 0,0303 0,1046 0,0075 0,0426 0,001 0,0538 0,0085 
 Larv _Col  0,1575 0,0501 0,1015 0,0166 0,2461 1E-04 0,1366 0,0239 
 Larv _Dip  0,169 0,0177 0,1587 0,0123 0,2364 0,0271 0,2218 0,0191 
 Larv _Hym  0,0176 0,145 0,0847 0 0,0497 0,0103 0,0122 0,1467 
 Larv _Lep  0,0001 0,0003 0,0022 0,0061 0,0333 0,0521 0,0092 0,0346 
 O_Op ilio  0,1529 0,1155 0,1171 0,0386 0,0295 0,1339 0,1584 0,0423 
 Ol_L ombr  0,1386 0,0403 0,1744 0,1553 0,0482 0,0673 0,2655 0,1112 
 Ort_       0,0094 0,044 0,0026 0,0408 0,0055 0,0428 0 0,0021 
 Ort_ Gril  0 0,2072 0,0038 0,0197 0,012 0,0025 0,0006 0,0457 
 Z_         0,4885 0,0439 0,411 0,0884 0,5073 0,0253 0,5098 0,1076 

12.4.3.3 Impact of land use fragmentation  
The percentage of variance explained here varying between 50.3% and 79.6% (Table 12.37).  

Table 12.37. Summary of results of canonical correspondence analyses conducted to partition the 
percent variance in the distribution of soil macrofauna explained by fragmentation indices level1 or 
Level2 and LUU area or TOTAL area. 
Description of analysis Sum of 

canonical 
eigenvalues 

% Variance 
explained 

Significance 
of all axes  

Environmental variables explanatory at level1, 
LUU area 

0.98 50.31 0.050 

Environmental variables explanatory at level1, 
TOTAL, area 

1.00 51.33 0.050 
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Description of analysis Sum of 
canonical 
eigenvalues 

% Variance 
explained 

Significance 
of all axes  

Environmental variables explanatory at level2, 
LUU area 

1.32 67.76 0.050 

Environmental variables explanatory at level2, 
TOTAL area 

1.55 79.57 0.050 

12.4.3.3.1 FRAGMENTATION INDICES AT LEVEL1, LUU AREA MODEL 
The first axis explained 11.9% of the soil macrofauna variance and the second axis 7.5%. The first 
axis opposed fragmented grassland (4_ED and 4_DIVISION) to fragmented agroforestry area and 
shrubland (5_PARA, 6_PD, 6_LSI). The second axis opposed fragmented artificial surface (1_PROX 
and 1_LPI) to fragmented forest area (7_AREA, 7_PLAND, 7_NLSI and 7_PD) (Figure 12.28). 

12.4.3.3.2 FRAGMENTATION INDICES AT LEVEL1, TOTAL AREA MODEL 
First axis explained 12.5 % and the second axis 8.1 % of the soil macrofauna variance. First axis 
opposed grassland (4_ED) and fragmented landscape (FRAC) to agroforestry area and shrubland area 
(6_SHAPE, 6_LSI and 5_LPI). The second axis represented a gradient from dominated forested area 
(7_MESH) to fragmented arable land (3_PROX_CV and PARA_CV). 

12.4.3.3.3 FRAGMENTATION INDICES AT LEVEL2, LUU AREA MODEL 
First axis explained 13.4 % and the second axis 9.1 % of the soil macrofauna variance Fist axis 
opposed fragmented agricultural grassland (41_PLAND, 41_ED, 41_FRAC) and forest coniferous 
very open (76_SHAPE) to fragmented shrubland (61_LSI and 62_SHAPE) and forest broadleaf open 
(72_AREA and 72_MESH). The second axis opposed fragmented forested open landscape (coniferous 
open, mixed open and broadleaf open) (75_SPLIT, 72_PARA and 78_DIVISION) to fragmented 
forested broadleaf closed landscape with arable land (71_SHAPE, 71_PARA, FRAC_CV and 
31_FRAC). 

12.4.3.3.4 FRAGMENTATION INDICES AT LEVEL2, LUU AREA MODEL 
First axis explained 14.4 % and the second axis 9.8 % of the soil macrofauna variance.  First axis show 
opposed forested fragmented landscape with mixed closed or coniferous open (77_ED, 75_ENN) to 
shrubland zones (61_AREA, 61_PD and 62_FRAC). The second axis opposed landscape with a 
mixture of natural grassland fragmented (42_PROX and 42_LPI) to forested areas mixed or coniferous 
(75_ENN, 78_PROX and 77_SHAPE) to agricultural areas with fragmented arable land (31_SHAPE), 
agricultural grassland (41_FRAC and 41_PLAND) and some forested broadleaf closed patches 
(71_PD). 

Table 12.38. Description of fragmentation indices selected by forward selection 
LEVEL1  

1_ENN_CV  
Artificial surface_Euclidean nearest-neighbour distance_Coefficient 
of variation 

1_LPI  Artificial surface_Largest Patch Index 
1_PARA_AM  Artificial surface_Perimeter-area ratio_area-weighted mean 
1_PARA_CV  Artificial surface_Perimeter-area ratio_Coefficient of variation 
1_PROX_AM  Artificial surface_Proximity index_area-weighted mean 
3_PROX_CV  Arable land_Proximity index_Coefficient of variation 
4_DIVISION  Grassland_Landscape Division Index 
4_ED Grassland_Edge density 
4_FRAC_CV  Grassland_Fractal dimension index_Coefficient of variation 
5_LPI  Agro-Forestry area_Largest patch index 
5_PARA_CV  Agro-Forestry area_Perimeter-area ratio_Coefficient of variation 
6_LSI  Shrub land and Heath land_Landscape shape index 
6_PD  Shrub land and Heath land_Patch density 
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6_SHAPE_AM  Shrub land and Heath land_Shape index_area-weighted mean 
7_AREA_AM  Forest_area_area-weighted mean 
7_MESH  Forest_Effective Mesh Size 
7_NLSI Forest_Normalized Landscape shape index 
7_PD  Forest_Patch density 
7_PLAND  Forest_Normalized Landscape shape index 
8_FRAC_CV  Wetland_Fractal dimension index_Coefficient of variation 
FRAC_CV  Fractal dimension index_Coefficient of variation 
PARA_CV  Perimeter-area ratio_Coefficient of variation 
SHAPE_AM  Shape index_area-weighted mean 
SHAPE_CV  Shape index_Coefficient of variation 
  
LEVEL2  
11_PARA_AM  Cities_Perimeter-area ratio_area-weighted mean 
13_ED  Human construction_Edge density 
13_PARA_CV  Human construction_Perimeter-area ratio_Coefficient of variation 
23_PROX_AM  Gravel_Proximity index_area-weighted mean 
31_FRAC_AM  Arable land_Fractal dimension index_area-weighted mean 
31_SHAPE_AM Arable land_Shape index_area-weighted mean 
41_ED  Agricultural grassland_Edge density 
41_FRAC_AM  Agricultural grassland_Fractal dimension index_area-weighted mean 
41_PLAND  Agricultural grassland_Percentage of landscape 
42_LPI  Natural grassland_Largest patch index 
42_PROX_AM  Natural grassland_Proximity index_area-weighted mean 
42_PROX_CV  Natural grassland_Proximity index_Coefficient of variation 
52_AREA_CV  Arable land with scattered trees_area_Coefficient of variation 
52_MESH  Arable land with scattered trees_Effective Mesh Size 
61_AREA_AM  Shrubland_area_area-weighted mean 
61_AREA_CV  Shrubland_area_Coefficient of variation 
61_LSI  Shrubland_Landscape shape index 
61_PD  Shrubland_Patch density 

62_FRAC_CV  
Shrub land with scattered trees_Fractal dimension index_Coefficient 
of variation 

62_SHAPE_AM Shrub land with scattered trees_Shape index_area-weighted mean 
63_SHAPE_CV Heath land_Shape index_Coefficient of variation 
64_SPLIT  Heath land with scattered trees_Splitting Index 
71_PARA_CV  Forest Broadleaf closed_Perimeter-area ratio_Coefficient of variation 
71_PD  Forest Broadleaf closed_Patch density 
71_SHAPE_CV Forest Broadleaf closed_Shape index_Coefficient of variation 
72_AREA_AM  Forest Broadleaf open_area_area-weighted mean 
72_LPI  Forest Broadleaf open_Largest patch index 
72_MESH  Forest Broadleaf open_Effective Mesh Size 
72_PARA_CV  Forest Broadleaf open_Perimeter-area ratio_Coefficient of variation 

75_ENN_AM  
Forest Coniferous open_Euclidean nearest-neighbour distance_area-
weighted mean 

75_ENN_CV  
Forest Coniferous open_Euclidean nearest-neighbour 
distance_Coefficient of variation 

75_NLSI Forest Coniferous open_Normalized Landscape shape index 
75_SPLIT  Forest Coniferous open_Splitting Index 
76_SHAPE_AM Forest Coniferous very open_Shape index_area-weighted mean 
77_ED  Forest Mixed closed_Edge density 
77_SHAPE_AM Forest Mixed closed_Shape index_area-weighted mean 
78_DIVISION  Forest Mixed open_Landscape Division Index 
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78_PROX_CV  Forest Mixed open_Proximity index_Coefficient of variation 
92_ENN_AM  River_Euclidean nearest-neighbour distance_area-weighted mean 
ENN_AM  Euclidean nearest-neighbour distance_area-weighted mean 
FRAC_CV  Fractal dimension index_Coefficient of variation 
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Figure 12.28. Forward selection of fragmentation indices and factorial plan of CCA 
As a resume the Table 12.39 give a synthetic interpretation of the factorial axis of each CCA with the 
forest indices at the different classification level and analysis scales.  

Table 12.39. Resume of the axis interpretation for the CCA with land use fragmentation indices 
 LUU level1 model LUU level2 model TOTAL level1 

model 
TOTAL level2 model 

First axis Shrubland Shrubland Shrubland Shrubland 
Second 
axis 

Artificial surface 
to forest 

Broadleaf forest canopy 
density reduce 

Forest to crops Crop intensification 

Fit per family on the first two axis of each CCA analysis with composition variables is given in Table  
12.40. Twenty nine family distributions fit one model more than others. Family more closely 
associated with shrubland fragmentation were Saltic idae, Thomisidae, Gnaphosidae, Zodariidae, 
Tenebrionidae, Chilopoda_others, Diplopoda_others, Formicidae, Hymenoptera, Lombricidae and 
Zigentomida. Family more closely associated with forest fragmentation were Hydrophilidae, 
Staphilinidae, Iulidae, Larvae_hymenoptera. Family more closely associated with broadleaf forest 
canopy reduce were Ageleniidae, Dysderidae, Haahniidae, Carabidae, Scolopendridae, 
Chordeumatidae, Discidae and Zonotidae. Family more closely associated with crop intensification 
were Lithobidae, Arionidae, Limacidae and Philosciidae.  

Table 12.40. Fit per family on the first two axis for each CCA type for the CCA with fragmentation 
variables. 
Fragmentation 
Habitat LUU_level1  LUU_level2  TOTAL_level1 TOTAL_level2 

  
Fit on 
AX1 

Fit on 
AX2 

Fit on 
AX1 

Fit on 
AX2 

Fit on 
AX1 

Fit on 
AX2 

Fit on 
AX1 

Fit on 
AX2 

 A_Ag elen  0,045 0,0866 0,0376 0,3124 0,0446 0,0624 0,0418 0,2018 
 A_Ar anae  0,0746 0,0082 0,0787 0,0065 0,0588 0,0026 0,0804 0,0005 
 A_Cl ubio  0,0819 0,0402 0,0934 0,0207 0,1352 0,0103 0,1048 0,0208 
 A_Dy sder  0,0146 0,1431 0,0346 0,1989 0,0204 0,2359 0,0579 0,1918 
 A_Gn apho  0,588 0,0005 0,6817 0,0039 0,6693 0,0023 0,7165 0,0146 
 A_Ha hnii  0,01 0,1848 0,0141 0,4874 0,0066 0,2317 0,0165 0,3151 
 A_Li nyph  0,0615 0,0757 0,0886 0,0035 0,028 0,0241 0,0815 0,0116 
 A_Ly cosi  0,0051 0,1278 0,0443 0,0668 0,0349 0,052 0,0753 0,0629 
 A_Sa ltic  0,237 0,0407 0,2445 0,0431 0,1506 0,0782 0,2342 0,055 
 A_Te trag  0,0401 0,0421 0,0814 0,0364 0,1167 0,143 0,1098 0,0463 
 A_Th erid  0,0091 0,0185 0,0065 0,0651 0,0348 0,0169 0,0226 0,0615 
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Fragmentation 
Habitat LUU_level1  LUU_level2  TOTAL_level1 TOTAL_level2 

  
Fit on 
AX1 

Fit on 
AX2 

Fit on 
AX1 

Fit on 
AX2 

Fit on 
AX1 

Fit on 
AX2 

Fit on 
AX1 

Fit on 
AX2 

 A_Th omis  0,1642 0,0071 0,177 0,0047 0,174 0,0157 0,2106 0,005 
 A_Zo dari  0,1227 0,0127 0,2015 0,0005 0,0825 0,0084 0,2041 0,0011 
 C_         0,0022 0,0479 0,0013 0,0296 0,0016 0,0511 0,0024 0,0778 
 C_Ca rabi  0,013 0,1814 0,0211 0,1538 0,0253 0,0663 0,0198 0,1312 
 C_Ch ryso  0,0005 0,1039 0 0,0932 0 0,0234 0,003 0,0953 
 C_Co ccin  0,0057 0,0038 0,017 0,0351 0,0341 0,0101 0,045 0,0316 
 C_Cu rcul  0,0061 0,0341 0,0246 0,1426 0,0492 0,131 0,0703 0,1713 
 C_El ater  0,0273 0,0002 0,036 0,026 0,0492 0 0,0774 0,0007 
 C_Hy drop  0,0161 0,2371 0,0698 0,1586 0,0172 0,2083 0,065 0,1966 
 C_Pt ilii  0,0462 0,065 0,0687 0,0532 0,0537 0,1159 0,0924 0,1287 
 C_Sc arab  0,0036 0,0206 0,0053 0,0238 0,0005 0,0052 0 0,0247 
 C_St aphi  0,1431 0,2727 0,2011 0,1516 0,075 0,2943 0,2189 0,2381 
 C_Te nebr  0,1881 0,0339 0,2396 0,0318 0,1258 0,0214 0,2018 0,0767 
 Ch_        0,1981 0,0237 0,1594 0,0626 0,1716 0,1588 0,1924 0,0978 
 Ch_G eoph  0,0684 0,0006 0,0781 0,0439 0,1046 0,0023 0,1329 0,019 
 Ch_L itho  0,0499 0,1374 0,0337 0,2423 0,0597 0,2437 0,0346 0,2867 
 Ch_S colo  0,022 0,1858 0,0083 0,3444 0,0029 0,2514 0,0159 0,2878 
 D_         0,6325 0,032 0,5401 0,0837 0,6477 0,0626 0,543 0,0986 
 D_Ch orde  0,0076 0,1157 0,0048 0,4448 0,009 0,1579 0,0109 0,2888 
 D_Gl omer  0,0432 0 0,0363 0,0077 0,0615 0,0085 0,0235 0,013 
 D_Iu lida  0,0725 0,1595 0,02 0,026 0,0071 0,003 0,0432 0,0271 
 D_Po lyde  0,0533 0,0084 0,0704 0,0297 0,0825 0,1078 0,1174 0,0493 
 Der_       0,0118 0,0918 0,007 0,0678 0,0128 0,0003 0,0047 0,057 
 Dic_ Blat  0,0038 0,0022 0,0907 0,0398 0,0408 0,0085 0,0661 0,0101 
 F_Fo rmic  0,3775 0,0199 0,4503 0,0353 0,5064 0,0303 0,5906 0,0285 
 G_         0,0003 0,0615 0,0205 0,2376 0,055 0,161 0,028 0,2092 
 G_Ar ioni  0,0594 0,4309 0,0574 0,3075 0,0754 0,3339 0,0444 0,4592 
 G_Co chli  0,0172 0,0079 0,0182 0,0021 0,0393 0,0088 0,0061 0,0253 
 G_Di scid  0,0053 0,172 0,0093 0,3381 0,0103 0,1452 0,0078 0,2779 
 G_Hy grom  0,0291 0,0038 0,0218 0,02 0,0311 0,0423 0,0138 0,0495 
 G_Li maci  0,0554 0,2501 0,0293 0,1429 0,0603 0,1618 0,0226 0,2969 
 G_Vi trin  0,0231 0,0237 0,0365 0 0,0173 0,0506 0,0121 0,0148 
 G_Zo noti  0,0254 0,0427 0,0072 0,2169 0,0317 0,0609 0,023 0,1813 
 H_         0,1325 0,0124 0,2513 0,0091 0,1961 0,0479 0,2899 0,0013 
 I_Li giid  0,0265 0,1254 0,0165 0,0658 0,028 0,1535 0,0099 0,1487 
 I_On isci  0,0157 0,0041 0,0613 0,0261 0,0883 0,0943 0,0767 0,0361 
 I_Ph ilos  0,0073 0,0845 0,0068 0,1252 0,0108 0,0792 0,0045 0,2097 
 I_Tr icho  0,0523 0,01 0,0753 0,0155 0,0728 0,0028 0,0874 0,0063 
 Larv _Col  0,1523 0,0478 0,1071 0,0351 0,1762 0,045 0,1221 0,0887 
 Larv _Dip  0,1914 0,0988 0,2529 0,0005 0,306 0,0029 0,2794 0,0008 
 Larv _Hym  0,0249 0,0949 0,0284 0,0578 0,0222 0,2093 0,0094 0,1732 
 Larv _Lep  0,0097 0,0167 0,023 0,0096 0,0626 0,0038 0,0129 0,0086 
 O_Op ilio  0,1224 0,1305 0,0736 0,0312 0,0652 0,0526 0,1167 0,0476 
 Ol_L ombr  0,2571 0,0887 0,41 0,1677 0,2359 0,103 0,4282 0,1472 
 Ort_       0,008 0,0007 0,0284 0,0002 0,0202 0,0003 0,0323 0,0008 
 Ort_ Gril  0,0008 0,0106 0,0009 0,0242 0,0013 0,0456 0,0013 0,0342 
 Z_         0,5638 0,0602 0,5012 0,0837 0,4659 0,0557 0,4307 0,0866 
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12.4.3.4 Impact of composition and configuration of the landscape 

12.4.3.4.1 FORWARD SELECTION 
Forward selection was conduced on core area metrics in order to select the ones were more strongly 
related to the soil macrofauna structure. Then a forward selection on configuration metrics (including 
the core area metrics previously selected) was performed (Table 12.42). A forward selection on 
composition metrics was also done (see Figure 12.27). Table 12.41 gives the significance of the 
fragmentation indices selected. 

Table 12.41. Description of configuration indices selected by forward selection 
LEVEL1  
1_ENN_CV  Artificial surface_Euclidean nearest-neighbour distance_coefficient of variation 
1_FRAC_AM  Artificial surface_Fractal dimension index_area-weighted mean 
1_LPI  Artificial surface_Largest patch index 
1_PARA_AM  Artificial surface_Perimeter-area ratio_area-weighted mean 
1_PARA_CV  Artificial surface_Perimeter-area ratio_coefficient of variation 
1_PROX_AM  Artificial surface_Proximity index_area-weighted mean 

2_CIRCLE_AM 
Open spaces with little or no vegetation_Related Circumscribing Circle_area-weighted 
mean 

3_CAI_AM _50 Arable land_Core area index_area-weighted mean_50 metre from the perimeter 
3_CIRCLE_AM Arable land_Related Circumscribing Circle_Area-weighted mean 
3_GYRATE_A
M  Arable land_Radius of Gyration_area-weighted mean 
3_SHAPE_AM  Arable land_Shape index_area-weighted mean 
4_CAI_CV_50 Grassland_Core area index_coefficient of variation_50 metre from the perimeter 
4_COHESION  Grassland_Patch Cohesion Index 
4_FRAC_AM  Grassland_Fractal dimension index_area-weighted mean 
4_PROX_CV  Grassland_Proximity index_coefficient of variation 
5_CORE_CV 
_25 Agro-Forestry area_coefficient of variation_25 metre from the perimeter 
5_CORE_CV 
_250 Agro-Forestry area_coefficient of variation_250 metre from the perimeter 
5_LPI  Agro-Forestry area_Largest patch index 

6_CAI_CV_25 
Shrub land and Heath land_Core area index_coefficient of varia tion_25 metre from 
the perimeter 

6_CIRCLE_CV Shrub land and Heath land_Related Circumscribing Circle_Coefficient of variation 
6_CORE_CV 
_10 

Shrub land and Heath land_Core Area_Coefficient of variation_10 metre from the 
perimeter 

6_ED Shrub land and Heath land_Edge density 
6_FRAC_AM  Shrub land and Heath land_Fractal dimension index_area-weighted mean 
6_SHAPE_AM  Shrub land and Heath land_Shape index_area-weighted mean 
6_SPLIT  Shrub land and Heath land_Splitting Index 
7_AREA_CV  Forest_area_coefficient of variation 
7_CPLAND 
_250 Forest_Core area percentage of landscape_250 metre from the perimeter 
7_DCAD _10 Forest_Disjunct Core Area Density_10 metre from the perimeter 
7_GYRATE_A
M  Forest_Radius of Gyration_area-weighted mean 
7_NLSI Forest_Normalized Landscape shape index 
8_DCAD _25 Wetland_Disjunct Core Area Density_25 metre from the perimeter 
CAI_CV_10 Core area index_coefficient of variation_10 metre from the perimeter 
  
LEVEL2  
11_PARA_AM  Cities_Perimeter-area ratio_area-weighted mean 
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13_CORE_CV_
25 Human construction_Core Area_Coefficient of variation_25 metre from the perimeter 
13_LSI  Human construction_Landscape shape index 
21_PROX_CV  Open soil_Proximity index_coefficient of variation 
23_ENN_AM  Gravel_Euclidean nearest-neighbour distance_area-weighted mean 
23_SPLIT  Gravel_Splitting Index 
41_CAI_AM_1
0 

Agricultural grassland_Core area index_area-weighted mean_10 metre from the 
perimeter 

41_CAI_CV_10
0 

Agricultural grassland_Core area index_coefficient of variation_100 metre from the 
perimeter 

41_CORE_CV_
25 

Agricultural grassland_Core Area_Coefficient of variation_25 metre from the 
perimeter 

41_CPLAND_1
0 

Agricultural grassland_Core area percentage of landscape_10 metre from the 
perimeter 

42_CAI_AM_1
0 Natural grassland_Core area index_area-weighted mean_10 metre from the perimeter 
42_CONNECT  Natural grassland_Connectance Index 
42_CONTIG_C
V  Natural grassland_Contiguity Index_coefficient of variation 
42_LPI  Natural grassland_Largest patch index 
61_SHAPE_AM Shrubland_Shape index_area-weighted mean 
62_CORE_CV_
50 

Shrub land with scattered trees_Core Area_Coefficient of variation_50 metre from the 
perimeter 

62_DCAD_50 
Shrub land with scattered trees_Disjunct Core Area Density_50 metre from the 
perimeter 

62_PROX_AM  Shrub land with scattered trees_Proximity index_area-weighted mean 
63_SHAPE_CV Heath land_Shape index_coefficient of variation 
64_CAI_AM_1
0 

Heath land with scattered trees_Core area index_area-weighted mean_10 metre from 
the perimeter 

72_CAI_CV_10 
Forest Broadleaf open_Core area index_coefficient of variation_10 metre from the 
perimeter 

72_CONNECT  Forest Broadleaf open_Connectance Index 
72_CORE_AM_
25 

Forest Broadleaf open_Core area index_area-weighted mean_25 metre from the 
perimeter 

72_IJI  Forest Broadleaf open_Interspersion and Juxtaposition Index 
72_MESH  Forest Broadleaf open_Effective Mesh Size 

73_ENN_AM  
Forest Broadleaf very open_Euclidean nearest-neighbour distance_area-weighted 
mean 

73_GYRATE_C
V  Forest Broadleaf very open_Radius of Gyration_coefficient of variation 
73_PLAND  Forest Broadleaf very open_Percentage of landscape 
75_IJI  Forest Coniferous open_Interspersion and Juxtaposition Index 
75_SHAPE_AM Forest Coniferous open_Shape index_area-weighted mean 
75_SPLIT  Forest Coniferous open_Splitting Index 
76_SHAPE_CV Forest Coniferous very open_Shape index_coefficient of variation 
77_GYRATE_A
M  Forest Mixed closed_Radius of Gyration_area-weighted mean 
78_ED  Forest Mixed open_Edge density 
78_PARA_AM  Forest Mixed open_Perimeter-area ratio_area-weighted mean 
79_CIRCLE_C
V  Forest Mixed very open_Related Circumscribing Circle_Coefficient of variation 
92_ENN_AM  River_Euclidean nearest-neighbour distance_area-weighted mean 
FRAC_CV  Fractal dimension index_coefficient of variation 
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Table 12.42. Configuration variables selected by forward selection 
a) Level1, LUU area 
configuration 
variables 
selected 

p-
value 

variance explained 
by the variables 
selected 

6_CORE_CV 
_10 0.005 0.15 
7_NLSI 0.005 0.25 
1_PROX_AM  0.005 0.34 
7_DCAD _10 0.005 0.42 
CAI_CV_10 0.01 0.49 
5_CORE_CV 
_25 0.045 0.57 
6_SPLIT  0.05 0.63 
1_LPI  0.02 0.70 
1_PARA_AM  0.045 0.75 
4_FRAC_AM  0.05 0.81 
6_ED 0.025 0.86 
7_GYRATE_A
M  0/02 0.91 
3_SHAPE_AM 0.02 0.96 
6_FRAC_AM  0.04 1.01 
6_SHAPE_AM 0.02 1.06 
1_FRAC_AM  0.04 1.10 
4_COHESION 0.01 1.14 
4_PROX_CV  0.04 1.18 
6_CIRCLE_CV 0.05 1.22 
3_GYRATE_A
M  0.05 1.26  

b) Level1, TOTAL area 
configuration 
variables 
selected 

p-
value 

variance explained 
by the variables 
selected 

6_CAI_CV_25 0.005 0.20 
7_CPLAND 
_250 0.005 0.31 
3_CIRCLE_AM 0.005 0.41 
1_ENN_CV  0.005 0.51 
8_DCAD _25 0.005 0.58 
7_AREA_CV  0.005 0.66 
6_SHAPE_AM  0.005 0.72 
5_LPI  0.005 0.78 
1_PARA_CV  0.005 0.84 
6_ED 0.01 0.89 
6_FRAC_AM  0.005 0.94 
2_CIRCLE_AM 0.01 0.99 
5_CORE_CV 
_250 0.01 1.03 
4_CAI_CV_50 0.015 1.08 
3_CAI_AM _50 0.015 1.12  

c) Level2, LUU area 
configuration 
variables 
selected 

p-
value 

variance explained 
by the variables 
selected 

61_SHAPE_A
M  0.005 0.19 
41_CAI_AM_1
0 0.005 0.30 
72_MESH  0.005 0.40 
78_PARA_AM 0.005 0.49 
72_CONNECT 0.005 0.56 
11_PARA_AM 0.015 0.63 
41_CAI_CV_1
00 0.005 0.69 
62_DCAD_50 0.015 0.75 
78_ED  0.015 0.81 
75_SPLIT  0.05 0.86 
72_CAI_CV_1
0 0.05 0.91 
FRAC_CV  0.05 0.96 
72_IJI  0.02 1.00 
75_IJI  0.03 1.04 
23_ENN_AM  0.02 1.08  

d) Level2, TOTAL area 
configuration 
variables 
selected 

p-
value 

variance explained 
by the variables 
selected 

62_CORE_CV_
50 0.005 0.23 
72_CORE_AM_
25 0.005 0.38 
41_CAI_AM_100.005 0.48 
76_SHAPE_CV 0.005 0.59 
13_CORE_CV_
25 0.005 0.68 
42_LPI  0.005 0.74 
42_CAI_AM_100.005 0.80 
79_CIRCLE_CV 0.005 0.86 
73_GYRATE_C
V  0.01 0.92 
75_SHAPE_AM 0.005 0.97 
23_SPLIT  0.01 1.02 
62_PROX_AM  0.01 1.06 
42_CONNECT  0.03 1.11 
92_ENN_AM  0.035 1.15 
41_CPLAND_1
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0 
73_ENN_AM  0.04 1.23 
42_CONTIG_C
V  0.04 1.27 
64_CAI_AM_100.05 1.31 
41_CORE_CV_
25 0.015 1.35 
13_LSI  0.025 1.39 
63_SHAPE_CV 0.015 1.42 
77_GYRATE_A
M  0.03 1.45 
21_PROX_CV  0.04 1.47  

As we can see in the Table 12.43 the percentage of variance explained increase when the land use 
description is more precise (level1 vs. level2) and when the analyse scale include a buffer around the 
landscape window of sampling (LUU vs. TOTAL). At level 2 of the BIOASSESS classification and 
with the TOTAL area, the percentage of the soil macrofauna distribution explained is 75.5%.  

Another interesting result is that the percentage of the variance explained increased when all the 
component of the landscape were taken into account. Landscape composition have a bigger powerful 
of explanation of the soil macrofauna distribution than land use fragmentation or Landscape 
composition or forest loss. Landscape composition is the description of the land use fragmentation 
(area reduce, isolation, patch shape, etc.) and the description of the intersection of the land uses and 
the connectivity between then. At level 2 of the BIOASSESS classification and at the TOAL area, the 
percentage of the soil macrofauna distribution explained is 75.5%. 

Table 12.43. percentage of variation explained by the different CCA analyses 
 LUU, level1 LUU, level2 TOTAL, level1 TOTAL, level2 
Forest loss 18.9 21.0 21.0 58.0 
Landscape composition or land use 
diversity 

26.7 30.8 32.8 46.7 

Land use fragmentation 50.3 51.3 67.8 79.8 
Landscape composition 64.7 55.4 57.5 75.5 

12.4.3.4.2 VARIANCE PARTITIONNING 
A series of CCA and partial CCA analyses were done to isolate the amount of variance in the soil 
macrofauna community explained by each set of explanatory variables (composit ion and 
configuration) alone and in combination with the confounding effects of each other set of explanatory 
variables. Sixteen variables were put into the analyses. The analyses and calculations are shown in the 
Table 12.44. the sum of canonical eigenvalues indicates the amount of variation in the soil macrofauna 
taxa explained by the constraining environmental data. 

Table 12.44. Summary of results of partial canonical analysis conduced to partition variance in the 
distribution of family soil macrofauna by composition and configuration indices  
a) Level1, LUU area 

  
Independent variables Co-variables Sum of canonical 

eigenvalues 
% variance  
explained 

Significance of all 
axes 

[1] All landscape None 1.021 52.41 0.005 
[2] Composition None 0.517 26.54 0.005 
[3] Configuration None 0.808 41.48 0.005 
[4] Composition Configuration 0.213 10.93 0.12 
[5] Configuration Composition 0.504 25.87 0.005 
      

 
Variation explained jointly by composition and configuration 
variables 15.61  

 Calculation : [1] - ([4]     



 335  

  
Independent variables Co-variables Sum of canonical 

eigenvalues 
% variance  
explained 

Significance of all 
axes 

+ [5]) 
b) Level1, TOTAL area 

 
Independent variables Co-variables Sum of canonical 

eigenvalues 
% variance  
explained 

Significance of all 
axes 

[1] All landscape None 1.093 56.11 0.005 
[2] Composition None 0.589 30.24 0.005 
[3] Configuration None 0.84 43.12 0.005 
[4] Composition Configuration 0.252 12.94 0.005 
[5] Configuration Composition 0.504 25.87 0.005 
      

 
Variation explained jointly by composition and configuration 
variables 17.3  

 
Calculation : [1] - ([4] 
+ [5])     

c) Level2, LUU area 

  
Independent variables Co-variables Sum of canonical 

eigenvalues 
% variance  
explained 

Significance of all 
axes 

[1] All landscape None 1.074 55.13 0.005 
[2] Composition None 0.751 38.55 0.005 
[3] Configuration None 0.651 33.42 0.005 
[4] Composition Configuration 0.423 21.71 0.005 
[5] Configuration Composition 0.323 16.58 0.005 
      

 
Variation explained jointly by composition and configuration 
variables 16.84  

 
Calculation : [1] - ([4]
+ [5])     

d) Level2, Total area 

  
Independent variables Co-variables Sum of canonical 

eigenvalues 
% variance  
explained 

Significance of all 
axes 

[1] All landscape None 1.145 58.78 0.005 
[2] Composition None 0.858 44.04 0.005 
[3] Configuration None 0.765 39.27 0.005 
[4] Composition Configuration 0.379 19.46 0.005 
[5] Configuration Composition 0.287 14.73 0.005 
      

 
Variation explained jointly by composition and configuration 
variables 24.59  

 
Calculation : [1] - ([4] 
+ [5])     

 

Table 12.45. Fit per family on the first two axis for each CCA type for the partial CCA with 
composition variables. 
Confi et 
compo LUU_level1compo(config) LUU_level2compo(config)TOTAL_level1 compo(config) TOTAL_level2 compo(config)
  Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2
 A_Ag elen  0,0999 0,0548 0,1219 0,0001 0,0999 0,0548 0,0372 0,004 
 A_Ar anae  0,0009 0,0645 0,0644 0,0262 0,0009 0,0645 0,0028 0,0278 
 A_Cl ubio  0,1586 0,0015 0,0076 0,0005 0,1586 0,0015 0 0,0725 
 A_Dy sder  0,0005 0,0191 0,0524 0,0066 0,0005 0,0191 0,0155 0,0003 
 A_Gn apho  0,0146 0,0014 0,0003 0,0001 0,0146 0,0014 0,0017 0,0069 
 A_Ha hnii  0,0024 0,0177 0,2106 0,0061 0,0024 0,0177 0,0534 0,007 
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Confi et 
compo LUU_level1compo(config) LUU_level2compo(config)TOTAL_level1 compo(config) TOTAL_level2 compo(config)
  Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2
 A_Li nyph  0,0208 0,0118 0,0039 0,1197 0,0208 0,0118 0,1806 0 
 A_Ly cosi  0,0468 0,0349 0,0001 0,0039 0,0468 0,0349 0,0086 0,0105 
 A_Sa ltic  0,0015 0,0045 0,0613 0,0003 0,0015 0,0045 0,0102 0,0083 
 A_Te trag  0,0205 0,0747 0,0176 0,0613 0,0205 0,0747 0,0021 0,1004 
 A_Th erid  0,0004 0,0296 0,0047 0,0011 0,0004 0,0296 0,1497 0,0138 
 A_Th omis  0,0185 0,0995 0,0492 0,0059 0,0185 0,0995 0,0007 0,0003 
 A_Zo dari  0,0032 0,0163 0,0152 0 0,0032 0,0163 0,0596 0,0024 
 C_         0,0001 0,0295 0,0001 0,0067 0,0001 0,0295 0,0041 0,0127 
 C_Ca rabi  0,0264 0,0118 0,1106 0 0,0264 0,0118 0,0352 0,0002 
 C_Ch ryso  0,0248 0,0224 0,0752 0,0949 0,0248 0,0224 0,0043 0,0006 
 C_Co ccin  0,0752 0,0186 0,0568 0,001 0,0752 0,0186 0,1147 0,0547 
 C_Cu rcul  0,0038 0,0148 0 0,1216 0,0038 0,0148 0,0009 0,0374 
 C_El ater  0 0,0349 0,0018 0,0199 0 0,0349 0,0264 0,0731 
 C_Hy drop  0,1148 0,0685 0,0125 0,0633 0,1148 0,0685 0,0014 0,0996 
 C_Pt ilii  0,0203 0,0409 0,0082 0,0084 0,0203 0,0409 0,0445 0,015 
 C_Sc arab  0,0088 0,0295 0,0184 0,0643 0,0088 0,0295 0,0695 0,0679 
 C_St aphi  0,0227 0,0108 0,0859 0,0974 0,0227 0,0108 0,0014 0,0059 
 C_Te nebr  0,0341 0,0041 0,0002 0,0495 0,0341 0,0041 0,041 0,0067 
 Ch_        0,0949 0,0005 0,0045 0,0369 0,0949 0,0005 0,116 0,0003 
 Ch_G eoph  0,0385 0,003 0,1557 0,0082 0,0385 0,003 0,0421 0,0148 
 Ch_L itho  0,0285 0,0004 0,006 0,1324 0,0285 0,0004 0,003 0,044 
 Ch_S colo  0,0009 0,0061 0,2845 0,0301 0,0009 0,0061 0,0524 1E-04 
 D_         0,1614 0,0075 0 0,0026 0,1614 0,0075 0,0001 0,0447 
 D_Ch orde  0,0008 0,0246 0,1423 0,0251 0,0008 0,0246 0,103 0,0055 
 D_Gl omer  0,0014 0,0201 0,0594 0,1457 0,0014 0,0201 0,001 0,0008 
 D_Iu lida  0,0057 0,0135 0,0112 0,0547 0,0057 0,0135 0,0527 0,0223 
 D_Po lyde  0,017 0,0015 0,0513 0,0157 0,017 0,0015 0,0897 0,003 
 Der_       0,0347 0,1171 0,0804 0,0033 0,0347 0,1171 0,0592 0,0079 
 Dic_ Blat  0,0656 0,0071 0,0005 0,0263 0,0656 0,0071 0,0017 0,1349 
 F_Fo rmic  0,0008 0,0023 0,0009 0,0348 0,0008 0,0023 0,0648 0,0034 
 G_         0,032 0 0,0328 0,0432 0,032 0 0,0864 0,0215 
 G_Ar ioni  0,0284 0,0068 0,0019 0,0062 0,0284 0,0068 0,0027 0,0006 
 G_Co chli  0,0015 0,0008 0,0212 1E-04 0,0015 0,0008 0,0084 0,0066 
 G_Di scid  0,0021 0,0195 0,003 0,0427 0,0021 0,0195 0,0307 0,001 
 G_Hy grom 0 0,0001 0,0136 0,0001 0 0,0001 0,02 0,0021 
 G_Li maci  0,0175 0,0005 0,0004 0,0116 0,0175 0,0005 0,003 0,0481 
 G_Vi trin  0,0629 0,0876 0,0033 0,0052 0,0629 0,0876 0,0131 0,0037 
 G_Zo noti  0,0005 0,0315 0,1385 0,0005 0,0005 0,0315 0,0138 0,0283 
 H_         0,0004 0,0085 0,0033 0,0885 0,0004 0,0085 0,0003 0,0109 
 I_Li giid  0,0504 0,0193 0,0011 0,0013 0,0504 0,0193 0,0133 0,036 
 I_On isci  0,0042 0,0366 0,0283 0,0301 0,0042 0,0366 0,0144 0,0069 
 I_Ph ilos  0,0486 0,1023 0,0458 0,0149 0,0486 0,1023 0,0259 0,0071 
 I_Tr icho  0,0678 0,0011 0,2376 0,0019 0,0678 0,0011 0,0481 0,0338 
 Larv _Col  0,0005 0,0338 0,0066 0,0002 0,0005 0,0338 0,0678 0,0024 
 Larv _Dip  0,0067 0,008 0,0007 0,1228 0,0067 0,008 0,2056 0,012 
 Larv _Hym  0,0342 0,0025 0,0013 0,0009 0,0342 0,0025 0,0565 0,0002 
 Larv _Lep  0,0124 0,0017 0,0003 0 0,0124 0,0017 0,0429 1E-04 
 O_Op ilio  0,0224 0,1292 0,015 0,0539 0,0224 0,1292 0,0049 0,0318 
 Ol_L ombr  0,0002 0,0164 0,0711 0,0053 0,0002 0,0164 0,0206 0,0153 
 Ort_       0,061 0,0001 0,0035 0 0,061 0,0001 0,0008 0,1634 
 Ort_ Gril  0,0009 0,0003 0,0002 0,043 0,0009 0,0003 0,0189 0,0092 
 Z_         0,0209 0,0059 0,0017 0,0008 0,0209 0,0059 0,022 0,001 
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Table 12.46. Fit per family on the first two axis for each CCA type for the partial CCA with 
configuration variables. 
Confi et 
compo LUU_level1config(compo) LUU_level2config(compo) TOTAL_level1 config(compo) TOTAL_level2config(compo)
  Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 
 A_Ag elen  0,0608 0,0012 0,0017 0,0446 0,0168 0,1431 0,051 0,1051 
 A_Ar anae  0,0112 0,0035 0,0147 0,0382 0,0018 0,0296 0,0723 0,0619 
 A_Cl ubio  0,0295 0,0045 0,0026 0,1013 0,006 0,0743 0,0109 0,0334 
 A_Dy sder  0,0209 0,0772 0,0085 0 0,0101 0,0224 0,0525 0,0378 
 A_Gn apho 0,2796 0,0536 0,0929 0,0847 0,1285 0,1212 0,0455 0,0026 
 A_Ha hnii  0,0284 0,0499 0,038 0,003 0,0968 0,0004 0,0264 0,0866 
 A_Li nyph  0,0023 0,0231 0,0048 0 0,0891 0,0147 0,077 0,1372 
 A_Ly cosi  0,0499 0,1867 0,0772 0,0003 0,1108 0,007 0,0019 0,0365 
 A_Sa ltic  0,117 0,0898 0,0002 0 0,0198 0,0026 0,0353 0,0216 
 A_Te trag  0 0,0011 0,0136 0 0,1176 0,0046 0,0965 0,0287 
 A_Th erid  0,0069 0,0151 0,1198 0,0011 0,0001 0,0046 0,0602 0,011 
 A_Th omis 0,003 0,0574 0,1154 0,0053 0,0087 0,0001 0,0011 0,0002 
 A_Zo dari  0,5399 0,0183 0,023 0,1873 0,2373 0,2288 0,0172 0,0014 
 C_         0,0585 0,0377 0,0232 0,0728 0,08 0,0477 0,009 0,0124 
 C_Ca rabi  0,2165 0,0277 0,0111 0,0006 0,0024 0,2176 0,0003 0,0567 
 C_Ch ryso  0,0055 0,0625 0,0027 0,0422 0,0741 0,067 0,0001 0,0851 
 C_Co ccin  0,0002 0,0027 0,0022 0,0159 0,0045 0,0651 0,0049 0,0009 
 C_Cu rcul  0,0141 0,0005 0,0465 0,0001 0,09 0,0028 0,0458 0,0001 
 C_El ater  0,0582 0,0037 0,0033 0,0735 0,112 0,0015 0,0837 0,0003 
 C_Hy drop  0,0103 0,029 0,0081 0,0026 0,1561 0,0913 0,0755 0,0565 
 C_Pt ilii  0,0119 0,0216 0,0831 0,0226 0,0921 0,0344 0,0822 0,0342 
 C_Sc arab  0,0954 0,0254 0,0107 0,0072 0,0038 0,0651 0,0008 0,0007 
 C_St aphi  0,037 0,0422 0,0548 0,007 0,2947 0,0151 0,251 0,0333 
 C_Te nebr  0,1573 0,0035 0,0387 0,1438 0,137 0,0653 0,022 0 
 Ch_        0,0009 0,0012 0 0,0825 0,0095 0,0417 0,0064 0,0083 
 Ch_G eoph 0,0223 1E-04 0,0701 0,0247 0,0185 0,0285 0,0074 0,0003 
 Ch_L itho  0,0401 0,019 0,0232 0,0434 0,0105 0,0586 0,0219 0,0334 
 Ch_S colo  0,0058 0,2351 0,0431 0,0022 0,0225 0,0276 0,0068 0,0253 
 D_         0,0001 0,0023 0,0181 0,0016 0,0083 0,0067 0,0024 0,001 
 D_Ch orde  0,061 0,0065 0,0149 0,003 0,0162 0,0664 0,0548 0,1404 
 D_Gl omer  0,0032 0,0817 0 0,0001 0 0,0043 0,0748 0,0159 
 D_Iu lida  0,0376 0,1827 0,0661 0,0144 0,0192 0,073 0,0278 0,1594 
 D_Po lyde  0,0149 0,0007 0,1692 0,0601 0,0115 0,0253 0,0858 0,09 
 Der_       0,0562 0,0556 0,006 0,0069 0 0,1531 0,0064 0,2472 
 Dic_ Blat  0,0468 0,0646 0,0288 0,013 0,1117 0,029 0,1698 0,0405 
 F_Fo rmic  0,0003 0,1156 0,279 0,0135 0,1502 0,0005 0,0113 0,0281 
 G_         0,0234 0,0386 0,0794 0,1795 0,0003 0,0024 0,032 0 
 G_Ar ioni  0,168 0,1017 0,103 0,101 0,0156 0,1138 0,0018 0,1469 
 G_Co chli  0,0204 0,0287 0,0013 0,0014 0,0161 0,0074 0,0013 0,0038 
 G_Di scid  0,1188 0,0137 0,0329 0,0612 0,0105 0,1037 0,0089 0,0954 
 G_Hy 
grom  0,0001 0,0223 0,0049 0,0682 0,0456 0,0036 0,1347 0,0194 
 G_Li maci  0,04 0,1535 0,1774 0,187 0,0534 0,0776 0,0049 0,0869 
 G_Vi trin  0,0035 0,0009 0,0027 0,0075 0,0083 0,0014 0,084 0,006 
 G_Zo noti  0,0101 0,0041 0,0067 0,0007 0,0289 0,0389 0,0681 0,2377 
 H_         0,1257 0,003 0,1513 0,0078 0,2373 0,0242 0,3486 0,0474 
 I_Li giid  0,0158 0,0676 0,1135 0,108 0,0333 0,027 0,0022 0,0024 
 I_On isci  0,0155 0,0264 0,1304 0,0629 0,058 0,0005 0,0289 0,0153 
 I_Ph ilos  0,0138 0,1092 0,0175 0,0596 0,0378 0,118 0,004 0,0464 
 I_Tr icho  0,0012 0,0361 0,0025 0,0023 0,0134 0,0019 0,0681 0,0003 
 Larv _Col  0,002 0,0047 0,0521 0,0263 0,018 0,0217 0,0266 0,0834 
 Larv _Dip  0,0674 0,0034 0,1747 0,0001 0,0178 0,0574 0,052 0,2999 
 Larv _Hym 0,0232 0,0038 0,0316 0,0094 0,0415 0,033 0,0637 0,0291 
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Confi et 
compo LUU_level1config(compo) LUU_level2config(compo) TOTAL_level1 config(compo) TOTAL_level2config(compo)
  Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 Fit on AX1 Fit on AX2 
 Larv _Lep  0,0437 0,0051 0,2074 0,0403 0,0005 0,1081 0,0032 0,0198 
 O_Op ilio  0,0056 0,0002 0,0066 0,0017 0,0055 0,0008 0,021 0,0008 
 Ol_L ombr  0,0493 0,2169 0,2004 0,0017 0,3087 0,0002 0,1012 0,0006 
 Ort_       0,0117 0,0449 0,0886 0,011 0,1952 0,0006 0,2013 0,0393 
 Ort_ Gril  0,0004 0,0402 0,0155 0,0099 0,0002 0,015 0,0437 0,0927 
 Z_         0,0046 0,0087 0,1251 0,0273 0,0138 0,0282 0,0042 0,0035 
 
 

Level1, LUU area, species fit >10 
Partial CCA Composition (configuration) 

Level1, LUU area, species fit >10 
Partial CCA Configuration (composition) 

Level1, TOTAL area, species fit >10 
Partial CCA Composition (configuration) 

Level1, TOTAL area, species fit >10 
Partial CCA Configuration (composition) 

Figure 12.29. Level1 of the BIOASSESS classification. 
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Level2, LUU area, species fit >10 
Partial CCA Composition (configuration) 

Level2, LUU area, species fit >10 
Partial CCA Configuration (composition) 

Level2, TOTAL area, species fit >10 
Partial CCA Composition (configuration) 

Level2, TOTAL area, species fit>10 
Partial CCA Configuration (composition) 

Figure 12.30. Level2 of the BIOASSESS classification.  
 

12.5 Development of biodiversity assessment tools 
Soil macrofauna has proved to be a sensitive indicator of the state of intensification of land use across 
Europe. They responded to the gradient proposed across the LUUs, and also to a number of specific 
indicators of the configuration and composition of landscape. 

The sampling protocol proposed in BIOASSESS has been efficient in capturing these variations, at a 
relatively low cost in terms of labour and effort, especially as we shall recommend to identify 
invertebrates at family levels. We therefore recommend to use it for evaluations of biodiversity in 
soils. 

Macrofauna comprised 17 Orders, 121 families and over 1200 species that represented a wide range of 
indicators of ecosystem characteristics, given the wide range of ecologies represented. Since many 
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species tend to have rather restricted areas of distributions and/or low densities that make their 
discovery rather infrequent, families appeared to be the best indicator of diversity, especially when 
comparison have to be made over large geographical areas. We propose, however, to identify 
Lumbricidae and Formicidae at the species level for two reasons. First, they belong to rather little 
speciose groups in which all species belong to a single family; their grouping into a single unit ignores 
the evident functional diversity that lead their communities to largely differ according to the type of 
ecosystem.  Another practical reason is that identification of these invertebrates is not too difficult as 
practical identification keys exist. 

The indicator proposed for a single Land Use Unit is therefore the sum of numbers of species of 
earthworms plus ants, plus the number of other families.  
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Summary  
The changes in Collembola diversity patterns and species composition along a land-use 
intensity gradient were studied in eight European countries (Portugal, Spain, France, 
Switzerland, Hungary, UK, Ireland and Finland). At each country a set of six 1 km2 land-use 
units (LUUs) were selected forming a gradient ranging from natural forest to agricultural 
dominated landscapes, passing though mixed-use ones. At each LUU, a grid of 16 sampling 
points, separated 200m from each other, was established. At each sampling point Collembola 
were sampled with a sample core (5cm diameter) including the organic horizon (when 
present) plus 5cm of the mineral soil. From each core sample, the organic and mineral 
fractions were separated into two samples. Collembola were extracted using dynamic 
behavioural methods and were to species. Besides data on Collembola, detailed information 
regarding landscape diversity and structure (based on remote sensing data) was collected for 
each unit. A total of 47,774 individuals of Collembola were identified into 281 species. The 
differences in the landscape along the gradient influenced both diversity and species 
composition; Collembola reacted, as a community, not only to changes in soil use and 
management, but also to changes in the landscape configuration, i.e., the area occupied by 
each soil use type and their spatial arrangement at each LUU. In terms of species 
composition, analyses at country level revealed a clear separation between forest and open 
habitat communities, and, in some cases a separation of soil use types within these two major 
groups. Regarding species richness and diversity, although the patterns were not completely 
concordant among the different countries, natural forests and mixed-used landscapes 
presented the highest values, with agricultural dominated units being the poorest ones. From 
the factors regulating Collembola biodiversity at each LUU, besides the type and proportion 
of different soil use types, the partial correlations with remote sensing metrics revealed that 
high richness and diversity were connected to diverse landscapes (both in terms of number of 
patches, but also in terms of patch richness. These features demonstrate the importance of 
maintaining a diverse landscape, retaining remnant patches or introducing new ones, as a way 
to maintain or enhance biodiversity in disturbed landscapes. This gains importance when 
managing large areas of forest, grassland or agriculture, since these biodiversity hot-spots can 
act as source areas after a disturbance, increasing spatial resilience. The results obtained in 
this study, in particular the relationships between Collembola and landscape parameters 
derived from remote sensing, makes this group a good candidate to be included in a 
biodiversity assessment toolbox to assess effects on biodiversity due to changes in land use, 
specifically as a surrogate to assess below-ground biodiversity. Suggestions on how to 
integrate Collembola in biodiversity monitoring schemes are given. 
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13.1 Introduction 
One of the factors determining biodiversity patterns of soil organisms at local and regiona l 
levels is change in land-use (Lavelle et al., 1997; Bengtsson, 2002). Human- induced 
disturbances connected to land-use practices, which often result in different degrees of soil 
use intensity, may influence biodiversity both positively and negatively, although those 
occurring during the last century are usually connected to a loss of species (Bengtsson et al., 
2000).  

To understand the changes in biodiversity due to land-use practices over spatial and temporal 
scales, it is essential to develop and implement monitoring programmes comprising a robust 
set of biodiversity indicators and associated monitoring schemes (Niemela, 2000).  

Regarding biodiversity indicators among soil fauna, Collembola can be considered good 
candidates to be included in an “indicator shopping basket”. Not only are they well 
represented in the soil system in terms of diversity, but they also respond to a variety of 
factors, like changes in soil chemistry (Van Straalen & Verhoef, 1997; Ponge, 2000; Loranger 
et al., 2001), changes in microhabitat conditions, such as the moisture regime (Verhoef & van 
Selm, 1983; Rusek, 1989; Pflug & Wolters, 2001), litter quantity and quality (Ponge, 1993; 
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Cortet & Poinsot-Balaguer, 1998; Hasegawa, 2002) and humus type (Ponge & Prat, 1982; 
Chagnon et al., 2000), and changes in plant communities (Bonnet et al., 1976, 1977; Ponge, 
1980; Pozo et al., 1986; Ponge, 1993; Setälä et al., 1995; Gama et al., 1997; Benito & 
Sanchez, 2000). 

Moreover, Collembola communities also react to different forest and agricultural activities. 
Reforestation with exotic tree species is known to cause significant changes, often a decrease, 
in diversity (Bonnet et al., 1977; Gama et al., 1994; Deharveng, 1996; Pinto et al., 1997; 
Sousa et al., 1997; Barrocas et al., 1998; Sousa et al., 2000) and logging may cause a 
disruption of Collembola communities over several years, depending on the regime adopted 
(Bengtsson et al., 1997). Crop management practices can also lead to changes in species 
assemblages and diversity (Nakamura, 1988; Dekkers et al., 1994; Filser et al., 1995; Reddy 
et al., 1996; Loranger et al., 1999; Frampton, 2000; Alvarez et al., 2001; Gardi et al., 2002). 
Furthermore, landscape configuration (e.g., heterogeneity, fragmentation) and the type of use 
(e.g., pasture, farm-forest) also affect Collembola community composition (Filser et al., 1996; 
Lauga-Reyrel & Deconchat, 1999; Alvarez et al., 2000; Dombos, 2001). 

Despite the existing valuable information, most of these studies were conducted on relatively 
small scales, often at the ‘experimental plot’ level. This fact makes it difficult to extrapolate 
these findings to large scale scenarios, i.e., the landscape. Therefore, studies aiming to 
evaluate the degree of change in Collembola diversity patterns (and simultaneously using 
them as biodiversity indicators) induced by changes in land-use / soil-use intensification at the 
landscape level are lacking. 

As a part of a broader EU-funded project (‘Biodiversity assessment tools -BIOASSESS’, 
EVK4-1999-00280), this study helps to fill this gap by analysing the response of Collembola 
communities over a gradient of land-use, ranging from forest to agricultural-dominated 
landscapes. This gradient was established in eight European countries representing different 
biogeographical regions (see next section). Although the gradients in the different countries 
were not exact replicates, since in different areas the factors composing the gradient and 
potentially influencing species composition are not the same, this approach can be an 
important tool not only to analyse effects within each country, but also to compare them and 
find common responses on biodiversity caused by land-use changes. 

Comparing Collembola data obtained in the eight countries, this study focused on two major 
objectives: (1) to analyse the impact of land-use change and intensity on species assemblages 
and biodiversity patterns and (2) the use of this taxonomic group (Collembola) in the 
development of biodiversity assessment tools. More specifically, we wanted (i) to analyse 
whether the response pattern of biodiversity descriptors along the established gradient is 
similar between countries, (ii) to detect whether factors determining species assemblages 
along the gradient are the same among countries, (iii) to detect which landscape remote 
sensing-derived variables explained Collembola diversity and, based on these analyses, (iv) to 
verify the potential to include Collembola in the ‘biodiversity assessment tools shopping 
basket’, integrating landscape metrics. 
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Fig. 13.1.  Percentage of area occupied by the major soil use types (forest, shrubland, 
grassland/pasture, agriculture and others) at each land-use unit. Values calculated using 
remote sensing information based on patch type data. 
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13.2 Materials and Methods 

13.2.1 Study areas, experimental design and sampling  
Sampling was conducted in eight European countries representing different biogeographical 
regions: Mediterranean (Spain and Portugal), Continental (France), Alpine (Switzerland), 
Pannonic (Hungary), Atlantic (UK and Ireland) and Boreal (Finland). At each country, a set 
of six 1km x 1km land-use units (coded LUU1 to LUU6) were selected in an area containing 
the most characteristic vegetation type of the biogeographical region being represented (see 
Gonzales et al - chapter 10 - for more details regarding LUU description). Each set of LUUs 
formed a gradient of land-use intensity ranging from forest-dominated LUUs to agriculture-
dominated ones. The percentages of forested and open areas (agriculture, grassland, pastures) 
are indicated in Fig. 13.1. 

At each LUU, a grid of 16 sampling points, separated 200m from each other, was established. 
At each sampling point Collembola were sampled taking a sample core (5cm diameter) 
including the organic horizon (when present) plus 5cm of the mineral soil. From each core 
sample, the organic and mineral fractions were separated into two samples. Collembola were 
extracted using dynamic behavioural methods (e.g., Berlese or MacFadyen) and they were 
identified to species level. Sampling was done in the spring of 2001 and 2002.  

13.2.2 Data analyses 
Data from 2002 (except from France, where the 2001 data was used) was selected as the core 
data set. Analyses were performed at two different scales: at LUU and sampling point level.  

Biogeographical variation. To check for biogeographical variation and any common patterns 
on species composition along the gradient between countries, the 48 LUUs were used as 
samples both in a Correspondence Analysis (CA) and in a partial CA (using country as a co-
variable). Before analyses data was Log transformed and rare species were downweighted. 

Biodiversity descriptors, habitat diversity and landscape metrics. Biodiversity patterns and 
relationships with landscape metrics were analysed using each land-use unit as a replicate. 
Biodiversity descriptors estimated were: total species richness, Shannon, Evenness, Margalef, 
Simpson, Log a, Jack Knife and Whittaker ß-diversity. A concordance analysis (Zar, 1996) 
was performed to compare the pattern of each descriptor among countries.  

Landscape variables were obtained by remote sensing techniques using fused images from a 
Landsat 7 ETM satellite image with good spectral and an IRS (1C or 1D, depending on the 
availability) image with good spatial resolution (5m resampled). Both the multispectral and 
panchromatic images were chosen such that they covered the main vegetation period between 
the end of May and September. The 5m resolution fused product was visually interpreted and 
digitised with the software Arc View to extract the following land-use classes: coniferous, 
broadleaved, mixed forest with closed, open, and very open stands, agro-forestry, artificial 
surface like cities and roads, open spaces with no vegetation, arable land, agricultural and 
natural grassland, shrub land and heath land, wetland, and water bodies. The extraction of 
land-use classes followed a standardised interpretation key developed for the BIOASSESS 
project to ensure comparability of the results across the countries. To quantify the landscape 
structure, landscape indices for fragmentation, connectivity, or habitat extent were calculated 
with the software Fragstats, version 3.3. For this study the landscape and class level metrics 
were used for the description of the LUUs. From the plethora of metrics obtained, the 
following were chosen based on a factorial analysis and by the fact they represent different 
types of landscape metrics (see Ivits et al.  – Chapter 14 –  for further details): 

i. Number of Patches (NP) – Represents the number of patches existing in the 
landscape; 
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ii.  Edge Density (ED) – Represents the density of ‘edge segments’ in the landscape 
(expressed in hectares);  

iii.  Landscape Shape Index (LSI) – Is a measure of the irregularity of landscape shape. 
Has a minimum of 1 when the landscape is composed of a single square patch and 
increases as the landscape shape becomes more irregular and patches become 
increasingly disaggregated; 

iv. Patch Area (mean and coefficient of variation) (AREA_MN and AREA_CV) – 
Represents the distribution of patch area; 

v. Radius of Gyration (mean and coefficient of variation) (GYRATE_MN and 
GYRATE_CV) – Represents the distribution of patch extent; 

vi. Patch Richness (PR) – Represents the number of patch types existing in the 
landscape; 

vii.  Shape Index (area-weighted mean) (SHAPE_AM) – Represents the distribution of 
patch compactness. SHAPE has a minimum of 1 when the patch landscape is 
composed of a single square patch and increases as patch shape becomes more 
irregular; 

viii.  Fractal Dimension Index (area-weighted mean) (FRAC_AM) – Represents the 
distribution of patch shape complexity. FRAC has a minimum of 1 for shapes with 
very simple perimeters such as squares, and has a maximum of 2 for shapes with 
highly convoluted, plane-filling perimeters;  

ix. Perimeter-Area Ration Distribution (area-weighted mean) (PARA_AM) – Represents 
the distribution of perimeter-area ratios (the simplest measure of patch shape 
complexity); 

x. Contiguity Index Distribution (area-weighted mean) (CONTIG_AM) – Represents 
the distribution of patch spatial connectedness or contiguity. Large contiguous 
patches result in larger contiguity index values; 

xi. Proximity Index (coefficient of variation) (PROX_CV) – Represents the distribution 
of variation of proximity index. PROX has a minimum of 0 if a patch has no 
neighbours of the same patch type within the specified search radius. PROX increases 
as the neighbourhood (defined by the specified search radius) is increasingly 
occupied by patches of the same type and as those patches become closer and more 
contiguous (or less fragmented) in distribution; 

xii.  Euclidean Nearest-Neighbour Distance (area-weighted mean and coefficient of 
variation) (ENN_AM and ENN_CV) – Represents the distribution of patch dispersion 
(measured as the Euclidean distance between patches). A small variation relative to 
the mean implies a fairly uniform or regular distribution of patches across the 
landscape, whereas a large variation relative to the mean implies a more irregular or 
uneven distribution of patches; 

xiii.  Aggregation Index (AI) – It is a measure of patch aggregation; 

xiv. Connectance Index (CONNECT) - It is a measure of patch connectance; 

Habitat diversity was calculated for each LUU using the Shannon diversity index. The values 
were obtained using either the proportion of area covered or the number of patches from each 
habitat (= soil use) type (or CORINE Level 2 class). This information was retrieved from the 
remote sensing analysis outlined earlier. 

Relationships between biodiversity descriptors and landscape metrics, or habitat diversity, 
were determined using single partial correlation values, using country as a co-variable. The 
visualisation of these relationships was achieved and by a partial Redundancy Analysis 
(RDA) also using country as a co-variable. 
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Community analyses at country level. Community analysis was performed for each country 
data set using each sampling point as a sample. Indirect gradient analyses (a CA followed by 
an a posteriori interpretation of patterns in relation to LUU or habitat type) were performed 
based on the several ‘sampling point vs. species’ matrices. Data was Log transformed and 
rare species were downweighted. 

All classical statistical analyses were done using STATISTICA 6.0 software package 
(StatSoft, 2001) and all multivariate analyses were done using CANOCO 4.0 software (Ter 
Braak & Smilauer, 1998). 

13.3 Results 

13.3.1  Number of taxa and abundance – general overview 
A total of 47,774 specimens were collected and identified into 281 species. Distribution of 
individuals among the different taxa was rather homogeneous, with only a few dominant 
species (with more than a thousand individuals - Fig. 13.2).  

 

Fig. 13.2.  Rank abundance of the 281 species identified across the eight countries. 

From these, and with the exceptions of Mesaphorura krausbaueri and M. macrochaeta , all 
the others belong to the Isotomidae family, known to have a high reproductive rate and to be 
present in high numbers in most studied Collembola communities (Lauga-Reyrel & 
Deconchat, 1999). Some of these abundant species were collected in almost all countries 
(Folsomia quadrioculata, Isotomiella minor and Parisotoma notabilis); others (Cryptopygus 
thermophilus, Proisotoma juaniae and Folsomia sexoculata ) were only present in Portugal 
and / or Spain.  Switzerland had the highest species richness with 104 taxa identified (Table 
13.1). 
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Table 13.1 - Number of species, unique species, individuals and samples with no animals at 
each country.  

Country Nº of species Nº of individuals  Nº of unique species Nº of samples without animals  

Portugal 58 4339 24 7 

Spain 79 11842 40 7 

France 88 9738 25 1 

Switzerland 104 10286 33 0 

Hungary 67 4219 23 2 

UK 32 411 6 19 

Ireland 43 2535 10 11 

Finland 47 4404 14 4 
Total 281 47774 175 - 
 

On the other end was the UK, with the lowest number of species. Abundance followed almost 
the same pattern; the exception was Spain, where the extremely high abundance of two of the 
above mentioned species (Proisotoma juaniae and Folsomia sexoculata) contributed 
significantly to the 11,842 individuals collected over the six LUUs in this country (Table 
13.1). Despite this, the correlation between number of taxa and number of individuals was 
highly significant (Fig. 13.3). 

 

Fig. 13.3.  Relationship between number of species and abundance for the 48 LUUs across 
the eight countries. Partial correlation value is indicated. 

One of the reasons to choose the 2002 data as the core data set is connected to the number of 
samples where no Collembola were identified. These numbers were higher in 2001, mainly 
due to the low soil moisture found in some samples from Spain, Portugal and Hungary, 
especially caused by sampling in late spring. To overcome that problem, sampling in 2002 
was done earlier in the season. Even so, UK and Ireland presented a considerable percentage 
of samples without Collembola (Table 13.1), which could have influenced the results 
obtained and a consequent underestimation of species richness, particularly in the UK. 
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13.3.2  Biogeographical variation 
The Correspondence Analysis based on the ‘LUUs vs. specie s’ matrix revealed the strong 
biogeographical variation existing within the data set (Fig. 13.4).  

 

 

Fig. 13.4.  Biplot representing LUUs based on the Correspondence Analysis performed on the 
“LUU vs species” matrix. Axis 1 (eigenvalue: 0.650, explained variance: 14.9%); Axis 2 
(eigenvalue: 0.426, explained variance: 9.7%). 

Axis 1 separates LUUs from Portugal, Spain and Hungary, on its positive side, from the other 
LUUs. These formed two groups: one composed of LUUs from France, Switzerland, UK and 
Ireland, and another, well separated, formed by land-use units from Finland (on the positive 
side of axis 2). 

This type of distribution was somehow expected. From the 281 species identified, 175 were 
unique species (identified in one of the eight countries) and only 1% was shared by all 
countries. The two extreme regions, Mediterranean and Boreal, presented the most dissimilar 
community composition, being characterised by distinctive species (Fig. 13.5).  
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Fig. 13.5.  Biplot representing the species based on the Correspondence Analysis performed 
on the “LUU vs species” matrix. Only those species with a high contribution for the definition 
of the axis are represented. Axes information as in Fig. 13.4. 

Both Portugal and Spain presented the highest percentage of unique species (Table 13.1). The 
other countries, and despite the number of unique species in countries like Switzerland and 
France, had the greatest species overlap, with the lower percentage of unique species (Table 
13.1). 

When considering country as a co-variable, the partial CA plot shows a different picture (Fig. 
13.6).  

 

Fig. 13.6.  Biplot representing LUUs based on the Partial Correspondence Analysis (using 
country as co-variable) performed on the “LUU vs species” matrix. Axis 1 (eigenvalue: 
0.189, explained variance: 9.0%); Axis 2 (eigenvalue: 0.147, explained variance: 7.0%). 
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Removing variability accounted for country (c.a. 52%) axis 1 shows a clear separation 
between Spanish LUUs from the others. However, the most interesting separation occurs 
along axis 2. In this case, no separation among countries occurs. Instead, and with only a few 
exceptions, LUUs having a high percentage of forest area (most LUUs1, LUUs2 and LUUs3) 
are plotted on the negative side, whereas LUUs being dominated by open areas (pastures and 
/or cultivated land) stay on the positive side. Despite the differences between species 
assemblages from the different countries mentioned earlier, this forest-open habitat 
dichotomy revealed a common trend in Collembola communities along the established 
gradient, which can be considered an advantage when using them as indicators across Europe. 

13.3.3  Biodiversity patterns along the land-use gradient 
Changes in the number of species and other species richness measures (Margalef, Log a and 
Jack Knife) along the land-use gradient did not follow a clearly similar pattern in every 
country (Table 13.2).  

Table 13.2 - Biodiversity descriptors along the land-use gradient for each country 

 Portugal Spain France Switzerland Hungary UK Ireland Finland 
Number of Species        
LUU1 35 56 43 54 22 7 28 26 
LUU2 11 33 42 53 33 10 25 24 
LUU3 25 38 51 44 27 16 25 30 
LUU4 28 23 44 54 21 16 13 29 
LUU5 30 22 42 46 34 11 23 27 
LUU6 21 22 47 46 35 10 9 25 
Abundance        
LUU1 1103 4004 1682 1727 459 78 681 897 
LUU2 312 4512 2097 2317 551 152 600 911 
LUU3 272 1246 2065 1578 900 76 665 887 
LUU4 611 548 1014 1612 373 34 333 775 
LUU5 352 1060 1478 1395 695 46 210 683 
LUU6 1689 472 1402 1657 1241 25 46 251 
Nº unique species (occurring only in one sample at each LUU) 
LUU1 10 21 3 19 8 1 10 6 
LUU2 5 13 1 9 11 3 13 6 
LUU3 8 13 4 12 10 3 10 9 
LUU4 9 11 3 24 11 5 5 10 
LUU5 13 13 2 17 14 3 11 9 
LUU6 12 16 9 14 13 2 4 8 
Species diversity (Shannon)  
LUU1 3.70 3.31 3.45 3.83 3.51 1.19 3.59 3.01 
LUU2 1.16 2.07 3.74 3.69 3.72 1.15 2.77 3.06 
LUU3 3.55 3.41 3.98 3.82 3.00 2.77 3.02 3.40 
LUU4 3.26 2.73 4.13 3.82 2.89 3.45 1.03 3.25 
LUU5 3.63 1.44 3.88 4.10 4.00 2.87 3.13 3.62 
LUU6 2.24 1.94 4.02 3.99 3.85 3.02 2.48 3.62 
Evenness (Pielou)   
LUU1 0.72 0.57 0.64 0.67 0.79 0.42 0.75 0.64 
LUU2 0.34 0.41 0.69 0.64 0.74 0.34 0.60 0.67 
LUU3 0.76 0.65 0.70 0.70 0.63 0.69 0.65 0.69 
LUU4 0.68 0.60 0.76 0.66 0.66 0.86 0.28 0.67 
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 Portugal Spain France Switzerland Hungary UK Ireland Finland 
LUU5 0.74 0.32 0.72 0.74 0.79 0.83 0.69 0.76 
LUU6 0.51 0.44 0.72 0.72 0.75 0.91 0.78 0.78 
Species richness (Margalef)   
LUU1 4.85 6.63 5.65 7.11 3.43 1.38 4.14 3.68 
LUU2 1.74 3.80 5.36 6.71 5.07 1.79 3.75 3.38 
LUU3 4.28 5.19 6.55 5.84 3.82 3.46 3.69 4.27 
LUU4 4.21 3.49 6.21 7.18 3.38 4.25 2.07 4.21 
LUU5 4.95 3.01 5.62 6.21 5.04 2.61 4.11 3.98 
LUU6 2.69 3.41 6.35 6.07 4.77 2.80 2.09 4.34 
Log alpha   
LUU1 6.31 8.28 8.04 9.58 4.37 1.86 5.16 4.52 
LUU2 1.84 4.16 7.44 9.10 6.82 2.40 4.20 3.93 
LUU3 6.02 6.40 9.46 7.84 4.75 6.19 4.48 5.20 
LUU4 5.04 4.31 9.38 9.56 4.08 11.80 2.15 5.22 
LUU5 6.54 3.43 8.05 8.08 6.65 5.28 5.33 5.11 
LUU6 2.89 3.55 9.37 8.24 6.41 6.18 2.60 5.56 
Simpson (1/D)    
LUU1 7.14 4.73 5.84 7.23 8.83 1.61 8.69 5.06 
LUU2 1.49 2.52 8.88 6.67 7.50 1.49 4.11 5.99 
LUU3 7.05 5.66 10.25 8.59 4.97 4.49 5.07 7.50 
LUU4 5.21 3.52 11.27 7.84 4.82 9.67 1.39 6.14 
LUU5 8.16 1.63 10.31 10.49 11.89 6.16 5.67 8.58 
LUU6 3.45 2.25 11.60 8.24 9.29 9.09 4.84 8.80 
Jack Knife   
LUU1 36 57 51 55 23 11 29 27 
LUU2 11 34 50 54 33 15 25 24 
LUU3 26 39 59 44 27 25 25 31 
LUU4 28 23 54 56 21 26 14 30 
LUU5 31 22 53 47 35 18 24 28 
LUU6 22 21 58 47 35 14 9 25 
Beta diversity (Whittaker)   
LUU1 2.92 3.13 2.09 3.13 4.97 4.33 3.19 1.68 
LUU2 4.50 2.91 2.28 2.35 4.08 3.71 4.06 2.07 
LUU3 4.19 4.24 3.53 3.12 3.65 6.11 3.65 2.40 
LUU4 3.82 4.94 3.92 4.57 6.15 8.48 5.12 2.71 
LUU5 4.22 4.77 3.00 3.11 4.39 6.33 4.75 2.66 
LUU6 3.54 7.38 3.00 2.89 4.83 9.67 5.86 3.17 
 

However, with the exception of Spain, there was a tendency for mixed-use LUUs (3-4) to 
contain similar or higher numbers of species when compared to LUU1. Low species numbers 
tended to occur in forest plantations (mainly in LUU2) or in agriculturally dominated areas. 
This trend was visible in the concordance analysis (Fig. 13.7), although no significant 
differences were obtained, indicating that the pattern was not statistically similar between 
countries. Despite this, there were significant correlations between species richness measures 
(Table 13.3). 
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Fig. 13.7.  Sum of ranks for Nº of taxa, Margalef, Log a and Jack Knife indices along the 
land-use gradient based on the concordance analyses (see text for details). No significant 
differences were found for any of the parameters (p>0.05). 

Table 13.3 - Partial correlations (using country as co-variable) among biodiversity descriptors 
at each LUU. Significance data: n.s. - non-significant; * p<0.05; **p<0.01; ***p<0.001.   

 Nº Species Abundance Shannon Pielou Margalef Log a Simpson Jack Knife 

Abundance 0.69 ***        

Shannon 0.72 *** 0.24 n.s.       

Pielou 0.28 n.s. -0.11 n.s. 0.84 ***      

Margalef 0.96 *** 0.53 *** 0.84 *** 0.46 **     

Log a 0.76 *** 0.34 * 0.80 *** 0.61 *** 0.88 ***    

Simpson 0.56 *** 0.09 n.s. 0.90 *** 0.83 *** 0.69 *** 0.76 ***   

Jack Knife 0.97 *** 0.64 *** 0.74 *** 0.34 * 0.95 *** 0.85 *** 0.62 ***  

ß-diversity -0.57 *** -0.54 *** -0.28 n.s. 0.14 n.s. -0.41* -0.09 n.s. -0.10 n.s. -0.51 *** 
 

Species diversity descriptors (Shannon and Simpson), although less discriminative than 
richness measures, tended to increase along the gradient (Table 13.2). Concordance analysis 
showed this tendency, although no significant differences were obtained here either (Fig. 
13.8). 
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Fig. 13.8.  Sum of ranks for Shannon and Simpson diversity indices along the land-use 
gradient based on the concordance analyses (see text for details). No significant differences 
were found for both parameters (p>0.05). 

Fig. 13.9.  Sum of ranks for Whittaker Beta diversity along the land-use gradient based on the 
concordance analyses (see text for details). Significant difference was found for this 
parameter (p<0.01). 

Whittaker beta diversity presented lower values in forest dominated LUUs and higher values 
in those land-use units representing mixed-use landscapes (e.g., LUU4) (Table 13.2). 
Concordance analyses demonstrated  a statistically significant similarity of this pattern among 
all countries (Fig. 13.9). 
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13.3.4 Landscape features determining biodiversity along the land-
use gradient 

13.3.4.1 Percentage of area covered with different soil use types.  
The decrease in forested area along the land-use gradient (Fig. 13.1) showed no significant 
effect on the number of species identified in each LUU (Table 13.4).  

Table 13.4 - Partial correlations (using country as co-variable) between number of species 
and abundance with the percentage cover of main habitat types at each LUU. Significance 
data: n.s. - non-significant; * p<0.05; **p<0.01; ***p<0.001.   

 
Nº Species Abundance Av Nº spec. 

forest points  
Av Nº ind. 
forest points  

Av Nº spec. 
open habitats 
points 

Av Nº ind. 
open habitats 
points 

% Forested area -0.02 n.s. 0.10 n.s. 0.40 ** 0.25 n.s. -0.58 *** -0.67 *** 

% Grassland/pastures  0.18 n.s. -0.13 n.s. -0.17 n.s. -0.12 n.s. 0.58 *** 0.56 *** 

% Cultivated area -0.33 * -0.15 n.s. -0.39 ** -0.33 * 0.07 n.s. 0.26 n.s. 

 

The possible loss of ‘forest’ species in LUUs dominated by grassland areas was partially 
compensated, or surpassed, by the presence of species more common in open habitats. 
Although less marked in Portugal and Finland (where the percentage of forested areas was 
high was most of the LUUs), this was a common feature to all countries, with the proportion 
of species and unique species in open habitats increasing along the land-use gradient.  

This pattern was confirmed by significant positive partial correlation values between the 
average number of species in forested or open habitat sampling points with the percentage of 
forest or grassland area at each LUU, respectively (Table 13.4). Concordance analysis also 
reflects this pattern, with a decrease of mean species number along the land-use gradient and 
the simultaneous increase of the average number of species in open habitats (Fig. 13.10). 
Significant differences were found in both concordance analyses, indicating that both patterns 
were similar among countries. 

 

Fig. 13.10.  Sum of ranks for the average number of species in sampling points from forested 
or open habitats along the land-use gradient based on the concordance analyses (see text for 
details). Significant difference was found for both parameters (p<0.01). 
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However, and except for Hungary, this increase in importance of species more common in 
open habitats along the gradient was more evident in grassland or pasture areas than in 
agricultural areas. Both the negative significant correlation between the percentage of 
agricultural area with the total number of species or the small non-significant correlation with 
the average number of species in sampling points from open habitats confirmed it (Table 
13.4). The low number of species in arable areas was reported by several authors (e.g., 
Alvarez et al., 2001), a fact connected to the type and frequency of management-induced 
disturbances occurring in this type of area. 

13.3.4.2 Habitat diversity at each LUU 
Habitat diversity based on the proportion of total area occupied by each soil use type was not 
no significant correlated with any of the biodiversity descriptors calculated (Table 13.5- 
Habitat div.1).  

Table 13.5 - Partial correlations (using country as co-variable) between biodiversity 
descriptors and habitat diversity (see text for codes). Significance data: n.s. - non-significant; 
* p<0.05; **p<0.01; ***p<0.001. 

 Nº Species Abundance ShannonPielou Margalef Log a SimpsonJack Knife β-diversity 

Habitat div. 1 0.22 n.s. 0.07 n.s. 0.25 n.s. 0.17 n.s. 0.25 n.s. 0.26 n.s. 0.15 n.s. 0.19 n.s. 0.06 n.s. 

Habitat div. 2 0.40 ** 0.22 n.s. 0.46 ** 0.35 * 0.45 ** 0.44 ** 0.29 * 0.35 * -0.02 n.s. 

Hab. div. 1 (no HU) 0.27 n.s. 0.11 n.s. 0.29 n.s. 0.19 n.s. 0.31 * 0.33 * 0.22 n.s. 0.25 n.s. 0.03 n.s. 

Hab. div. 2 (no HU) 0.46 ** 0.25 n.s. 0.52 ***0.39 ** 0.52 *** 0.50 ** 0.39 * 0.40 ** -0.05 n.s. 
 

In contrast, significant correlations were obtained with habitat diversity values based on the 
number of patches of each soil use type (Habitat div. 2). Since the number of soil use types 
was the same in both modes of calculating habitat diversity, the different correlation results 
obtained were conditioned by evenness. The increase in this parameter when calculating 
diversity based on the number of patches indicates that Collembola diversity, sensu lato, 
might be related to a non-homogeneous distribution of patch size within each LUU.  

The exception to this pattern was Hungary, where there were no positive correlations between 
biodiversity descriptors and habitat diversity at each LUU. After removing this country from 
analyses, the strength of correlation values increased with a concomitant increase in statistical 
significance (Table 13.5). 

13.3.4.2 Remote sensing metrics  
Partial correlations obtained between biodiversity indicators and the selected landscape 
variables are shown in Table 13.6.  The number of species, species diversity (Shannon and 
Simpson) and species richness descriptors (e.g., Margalef, Log a and Jack Knife) were 
significantly positively correlated not only with patch richness (PR) but also with the number 
of patches (NP) existing within each LUU, which corroborated the significant correlation 
observed with habitat diversity based on the number of patches (see last section).  

Also enhancing what was mentioned earlier regarding the relation between Collembola 
diversity and the uneven distribution of patch size within each LUU, were significant negative 
correlations with the mean patch area (AREA_MN) and mean radius of gyration 
(GYRATE_MN), and, in particular, the positive significant correlations with the coefficient 
of variation of patch area (AREA_CV) and radius of gyration (GYRATE_CV) (Table 13.6). 
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Table 13.6 - Partial correlations (using country as co-variable) between biodiversity 
descriptors and remote sending metrics (see text for codes).  Metrics type: (A) Area, density 
and edge; (B) Diversity; (C) Shape; (D) Isolation and proximity; (E) Contagium and 
interspersion; (F) Connectivity.  Significance data: n.s. - non-significant; * p<0.05; **p<0.01; 
***p<0.001. 

 Nº Species Abundance Shannon Pielou Margalef Log a Simpson Jack Knife β-diversity 
A:          
NP 0,47 ** 0,20 n.s. 0,45 ** 0,27 n.s. 0,50 *** 0,53 *** 0,45 ** 0,45 ** -0,11 n.s. 
ED 0,36 * 0,12 n.s. 0,37 * 0,26 n.s. 0,41 ** 0,50 *** 0,34 * 0,37 * -0,05 n.s. 
LSI 0,38 ** 0,14 n.s. 0,35 ** 0,23 n.s. 0,42 ** 0,49 *** 0,33 * 0,37 * -0,00 n.s. 
AREA_MN -0,45 ** -0,28 n.s. -0,53 *** -0,40 ** -0,51 *** -0,54 *** -0,47 ** -0,44 ** 0,03 n.s. 
AREA_CV 0,49 *** 0,28 n.s. 0,44 ** 0,22 n.s. 0,51 *** 0,42 ** 0,45 ** 0,46 ** -0,20 n.s. 
GYRATE_MN -0,54 *** -0,32 * -0,59 *** -0,40 ** -0,59 *** -0,58 *** -0,52 *** -0,53 *** 0,13 n.s. 
GYRATE_CV 0,37 * 0,28 n.s. 0,34 * 0,17 n.s. 0,38 ** 0,29 * 0,35 * 0,33 * -0,13 n.s. 
B:          
PR 0,40 ** 0,11 n.s. 0,47 ** 0,38 ** 0,49 ** 0,56 *** 0,37 * 0,40 ** -0,06 n.s. 
C:          
SHAPE_AM 0,42 ** 0,11 n.s. 0,37 * 0,10 n.s. 0,47 ** 0,49 *** 0,39 ** 0,41 ** -0,05 n.s. 
FRAC_AM 0,41 ** 0,09 n.s. 0,40 ** 0,30 * 0,48 ** 0,53 *** 0,42 ** 0,41 ** 0,00 n.s. 
PARA_AM 0,37 * 0,13 n.s. 0,36 * 0,10 n.s. 0,41 ** 0,49 *** 0,33 * 0,37 * -0,02 n.s. 
CONTIG_AM -0,36 * -0,12 n.s. -0,36 * 0,09 n.s. -0,40 ** -0,49 *** -0,33 * -0,36 * 0,03 n.s. 
D:          
PROX_CV 0,41 ** 0,27 n.s. 0,41 ** 0,27 n.s. 0,44 ** 0,46 ** 0,42 ** 0,41 ** -0,06 n.s. 
ENN_AM 0,29 * 0,28 n.s. 0,22 n.s. 0,11 n.s. 0,30 * 0,38 ** 0,16 n.s. 0,31 * 0,02 n.s. 
ENN_CV 0,40 ** 0,28 n.s. 0,22 n.s. 0,00 n.s. 0,36 * 0,32 * 0,24 n.s. 0,37 * -0,08 n.s. 
E:          
AI -0,38 ** -0,15 n.s. -0,35 * -0,22 n.s. -0,41 ** -0,48 ** -0,33 * -0,37 * 0,04 n.s. 
F:          
CONNECT 0,01 n.s. 0,55 *** -0,26 n.s. -0,32 * -0,11 n.s. -0,15 n.s. -0,21 n.s. -0,03 n.s. 0,04 n.s. 
 

Regarding patch shape, higher species diversity and richness seemed to be related to complex 
and irregular shapes as shown by the positive and significant correlations between those 
biodiversity indicators and selected shape metrics (LSI, SHAPE_AM, FRAC_AM and 
PARA_AM) (Table 13.6). In relation to the spatial distribution of patches across the 
landscape, the significant positive correlations between some of those biodiversity indicators 
and ENN_AM, ENN_CV and PROX_CV metrics indicated that higher species diversity, and, 
in particular, higher species richness, occurred in those LUUs having a non uniform 
distribution of patches. The negative and significant correlation values obtained between 
those biodiversity indicators and contiguity and aggregation metrics (CONTIG_AM and AI) 
provided further support for a connection between high Collembola diversity (sensu lato) and 
irregular landscape configuration. 

.  
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Fig. 13.11.  Biplot representing biodiversity descriptors and remote sensing metrics based on the partial Redundancy Analysis performed on the “LUU vs 
biodiversity descriptors” and “LUU vs remote sensing metrics” matrices. See text and table 13.7 for details. 



 359 

It may be expected that an increase in the complexity of landscape structure would cause a 
greater degree of change among species within each LUU. However, ß-diversity values 
showed only weak, non significant, correlations with landscape metrics. Regarding 
abundance, high numbers seemed to be found in LUUs where patches were highly connected, 
as observed by the positive and significant correlation between these two variables. 

The relationship between biodiversity descriptors and the several landscape metric s is shown 
in the biplot resulting from the partial RDA (Fig. 13.11, Table 13.7). From the total number of 
landscape variables selected, 5 of them were removed from analysis because they presented 
high degree of colinearity with others 

Table 13.7 - Summary of the RDA and Canonical coefficients      

Partition of variability   
% total inertia 100  
% var. expl. by country 54.1  
% var. expl. by RS metrics 17.1  
% var. expl. by samples 28.8  
Variability explained by two main canonical axes 
 Axis 1 Axis 2 
Eigenvalue 0.112 0.037 
% variability 65.4 21.6 
% variability (cumulated) 65.4 87.0 
Monte Carlo tests Axis 1 Other axes 
Eigenvalue 0.112 0.171 
F ratio 8.99 1.38 
p value 0.17 0.11 
Canonical coefficients Axis 1 Axis 2 
NP       -0.440 0.266 
LSI      -0.353 0.037 
AREA_MN  0.757 -0.132 
AREA_CV  -0.399 0.317 
AI       0.293 -0.059 
FRAC_AM  -0.461 -0.136 
CONTIG_AM 0.387 -0.009 
PROX_CV  -0.527 0.069 
ENN_AM   -0.316 0.422 
ENN_CV   -0.046 0.037 
PR       -0.674 0.012 
CONNECT  0.327 0.589 
 

Despite the small percentage of total variability explained by the remote sensing variables 
(only 17.1%) and the absence of significant differences in the Monte Carlo permutations tests 
(Table 13.7), the inclusion of landscape metrics increased the degree of correlation (both 
positive and negative) between both sets of variables reported earlier. 

13.3.4  Community analyses at country level 
The biplots resulting from the indirect gradient analysis at country level can be seen in Figs 
13.12-19.  
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Fig. 13.12.  Biplot representing individual sampling points and LUUs based on the Indirect 
gradient analysis (see text for details) for PORTUGAL. Samples are coded either according to 
the corresponding soil use type (a) or LUU (b). 

 

Fig. 13.13.  Biplot representing individual sampling points and LUUs based on the Indirect 
gradient analysis (see text for details) for SPAIN. Samples are coded either according to the 
corresponding soil use type (a) or LUU (b). 
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Fig. 13.14.  Biplot representing individual sampling points and LUUs based on the Indirect 
gradient analysis (see text for details) for FRANCE. Samples are coded either according to 
the corresponding soil use type (a) or LUU (b). 
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Fig. 13.15.  Biplot representing individual sampling points and LUUs based on the Indirect 
gradient analysis (see text for details) for SWITZERLAND. Samples are coded either 
according to the corresponding soil use type (a) or LUU (b). 
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Fig. 13.16.  Biplot representing individual sampling points and LUUs based on the Indirect 
gradient analys is (see text for details) for HUNGARY. Samples are coded either according to 
the corresponding soil use type (a) or LUU (b). 
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Fig. 13.17.  Biplot representing individual sampling points and LUUs based on the Indirect 
gradient analysis (see text for details) for IRELAND. Samples are coded either according to 
the corresponding soil use type (a) or LUU (b). 
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Fig. 13.18.  Biplot representing individual sampling points and LUUs based on the Indirect 
gradient analysis (see text for details) for UK. Samples are coded either according to the 
corresponding soil use type (a) or LUU (b). 

 

Fig. 13.19.  Biplot representing individual sampling points and LUUs based on the Indirect 
gradient analysis (see text for details) for FINLAND. Samples are coded either according to 
the corresponding soil use type (a) or LUU (b). 
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the separation between forest and non forest areas was visible across the second axis. In the 
UK (Fig. 13.18), axis 1 separated some scattered sampling points, so the forest-open 
separation occurred also on axis 2. 

When different types of forests were present (e.g., broad-leaf and coniferous or natural and 
exotic) these were distinguished mainly across the second (Portugal, Spain and Ireland) or the 
third axis (France). One of these two axes also separated open soil use types, i.e., grasslands 
and agricultural areas in some countries. 

These results clearly indicate that, within each country, differences in Collembola species 
assemblages occurred mainly among soil use types, rather than among the different land-use 
units. This was clearly visible in countries like France (Fig. 13.14) or Switzerland (Fig. 
13.15), where sampling points from the same LUU but present in different soil use types were 
clearly separated. In some countries however, a separation of the different LUUs is visible, 
particularly where they are dominated by a single soil use type. Nevertheless, forest 
dominated LUUs tended to be associated with different soil types than mixed-use or 
agriculture dominated LUUs. 

Despite the more or less pronounced differences in community composition between soil use 
types, in several countries (Portugal, Spain, Ireland and Finland) natural forest areas had a 
“core group” of species. This meant that in these countries, and excluding some species found 
only or clearly dominating in grasslands and/or agricultural areas and the loss of some forest 
species, open habitats (particularly crop areas) had less species than forested areas. However, 
in France, Switzerland and the UK, despite the presence of species common to the major soil 
use types, two distinctive and significant groups of species were associated either to forests or 
open areas. 

13.4 Discussion 

13.4.1  Collembola diversity across the land-use gradient 
The results showed that the land-use gradient influenced both Collembola diversity and 
species composition. This was visible not only at country level, but also when all countries 
were analysed together. 

Previous research has demonstrated that soil use affects Collembola diversity and species 
composition (Ponge, 1993; Setälä et al., 1995; Filser et al., 1996; Gama et al., 1997; Lauga-
Reyrel & Deconchat, 1999; Alvarez et al., 2000; Dombos, 2001; Ponge et al., 2003). The 
results described here at the country level also demonstrated the impact of soil use, 
particularly the open-closed habitat dichotomy (Figs 13.12-19).  However, this study also 
showed that Collembola responded to changes in landscape structure, both in terms of species 
richness and composition, a novel finding from this study. 

The patterns observed in the several biodiversity descriptors (sensu lato) along the land use 
gradient were not common to all countries. Despite the tendency for land-use units dominated 
by natural non-managed forest (LUU1) and/or mixed-used LUUs to present the highest 
species richness, the absence of a significant concordance on the patterns along the gradient 
could be attributed mainly to the specificities of the selected land-use units in each country. 
Although site selection was done following the same criteria, geographical differences in 
landscape configuration led to differences in the spectrum of land use cover along the gradient 
in each country (Fig. 13.1). As a consequence, those land-use units having a higher 
percentage of soil use types associated with impoverished communities, namely agricultural 
areas, had fewer species then expected. Ireland can be used to illustrate this: LUU4, although 
a mixed-use landscape, contained crop areas covering almost 50% of the area, and its species 
richness was similar to LUU6.  
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13.4.2  Landscape features influencing Collembola diversity 
Changes in total species richness along the land use gradient was not connected to the 
percentage of forest cover. The reduction in the number of species in forested areas associated 
with a decrease in the percentage cover of this soil use type was, in most cases, compensated 
by an increase in the number of species appearing in open areas (Table 13.4). These were not 
only “forest” species with a broad distribution, able to adapt to open environments, but also 
unique “open habitat” species. This contributed to the similar, or even higher, species 
diversity found in mixed-use land use units in most countries. However, it is important to note 
which type of soil use is present on those open areas; species richness was greater in 
grasslands and pastures than agricultural areas. 

The effect of landscape diversity on Collembola richness (sensu lato) was demonstrated by 
significant positive correlations involving both the number of patches (NP) and patch richness 
(PR) inside each LUU (Table 13.6).  These correlations were probably due to a link between 
the number of soil types and the diversity of microhabitats and, thus, the presence of species 
with different ecological and habitat requirements. The consistently higher ß-diversity in 
mixed-used LUUs provided support for this hypothesis. 

Collembola diversity did not react only to habitat diversity. Through analysis of the remote 
sensing data, other structural landscape metrics were shown to influence Collembola 
diversity. In terms of landscape configuration it seemed that high Collembola richness and 
diversity were connected to diverse landscapes (both in terms of number of patches and patch 
types), where patches were, on average, small (but of different sizes), with irregular shapes, 
and had a discontinuous and non uniform distribution across the landscape. These features 
should, therefore, be taken into account in land management and conservation of soil fauna 
(Collembola being used here as a surrogate for soil mesofauna in general) and, ultimately, soil 
as service provider system. It is suggested that when creating or reshaping landscapes, mosaic 
areas should be retained and when managing extensive and homogeneous areas (either 
forests, grasslands or agricultural areas), the maintenance of remnant patches (native 
vegetation), corridors or even the introduction of other patch types should be considered and 
implemented as active measures to improve diversity (Samways, 1995). Moreover, in 
disturbed landscapes (e.g., crop areas and managed forests), this landscape diversity would 
increase spatial resilience in case of disturbance (Alvarez et al., 2000; Bengtsson, 2002). In 
these cases, the maintenance of patches of natural forest gains an increased importance, 
because, in most countries studied, natural forests had a core group of species, thus 
contributing significantly to overall richness and acting as donor following disturbance. 

Another very important factor influencing biodiversity was management.  Besides agricultural 
and pasture areas, other soil use types were submitted to regular management practices, which 
also influenced soil communit ies. The types of disturbances occurring in crop or pasture areas 
and forests are different in nature; Bengtsoon (2002) considers the former as cyclic stress 
disturbances and the latter as pulse disturbances. Community resilience will depend not only 
from the intensity and frequency of the perturbations, but from the evolution of habitat 
configuration in providing favourable habitat conditions for the re-establishment of species. 
For Collembola this can be a slow process (Cassagnau, 1990) depending, among other factors, 
on their dispersal ability (Bengtsson et al., 1994a; Bengtsson et al., 1994b; Ojala & Huhta, 
2001) and the existence of nearby donor areas. The type of diversified landscapes mentioned 
above will probably favour this process. 

Each of the factors discussed above is likely to have an impact on Collembola diversity and 
composition. Crop and forest management is known to strongly influence Collembola 
communities (Fromm et al., 1993; Dekkers et al., 1994; Filser et al., 1995; Alvarez et al., 
2001; Frampton & van den Brink, 2002; Petersen, 2002a), mainly by shaping habitat 
configuration (Deharveng, 1996; Bengtsson et al., 1997; Sousa et al., 1997; Bengtsson et al., 
1998; Sousa et al., 2000), and the data presented in this study showed that both soil use type 
and spatial configuration had important roles in shaping communities at a landscape scale.  
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13.4.3  Integrating Collembola in a biodiversity assessment toolbox 
to monitor changes in land-use 
Data presented here demonstrated that Collembola reacted, as a community, to landscape 
change. This occurred not only due to changes in soil use and management practices, but also 
in terms of changes in the spatial configuration of the landscape.  

Besides being sensitive to land use change, Collembola also possess several other criteria 
proposed by Jones & Riddle (1996) for selecting biodiversity indicators. Collembola are (i) 
ecologically relevant in the soil ecosystem, both in terms of structure and function (Petersen, 
1994; Petersen, 2002b), thus capable of being used as a surrogate for the status of below-
ground biodiversity; (ii) they have a wide geographical coverage, occurring almost 
everywhere; (iii) there is good taxonomical knowledge of Collembola with several taxonomic 
and geographical databases and the potential to use historical data and to integrate 
information at different spatial and time scales; (iv) their measurement is cost-effective, 
because they are simple to sample and to identify, and it is possible to compare samples at a 
higher taxonomic level (genus) thus decreasing identification costs; (v) some species, or 
species assemblages can diagnose changes in soil physical and chemical properties and 
microhabitat configuration (see introduction section) and (vi) they are synergistic, 
complementing other structural or functional measurements, but providing, per se, unique 
information. 

These characteristics make Collembola a good candidate for inclusion in a “biodiversity 
assessment shopping basket” to monitor the impact of land-use change and for biodiversity 
monitoring schemes in general.  

Besides the important contribution made by the BIOASSESS project regarding design (the 
LUU gradient approach) and sampling protocols, other steps are being implemented focusing 
on the development and implementation of monitoring schemes (e.g., the under development 
ISO guidelines for sampling soil fauna, including one on Collembola and mites). Therefore, a 
joint of efforts at European level, combining or embracing existing information derived from 
national initiatives, like SOILPACKS in the UK (Weeks et al., 1998) or the BBSK in 
Germany (Römbke et al., 1999), could be incorporated in monitoring programmes in Europe. 

Finally, it is important to mention that in order to have a complete knowledge of the impact of 
changes in soil quality, particularly in human shaped landscapes, it is important to include 
functional parameters in the biodiversity assessment toolbox. These will provide a clearer 
picture of changes in the “habitat function” of the soil and of its capacity to provide 
ecosystem services. From several functional parameters available, some are quite effective in 
signalling changes in soil quality, also being cost-effective and suitable for different spatial 
and temporal scales. The most ecologically relevant parameters are the monitoring of soil 
fauna activity (using the bait-lamina method), the measurement of microbial structural and 
functional diversity and activity, and the measurement of litter decomposition (a highly 
integrative parameter).  These have already been adopted in several national soil monitoring 
initiatives. 
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Summary 
The overall objective of this research was to evaluate the potential of different indicators extracted 
from remote sensing data to describe and monitor species diversity. The different floristic and faunis-
tic data sampled within the BIOASSESS project provided reference data to assess the indicator value of 
remote sensing based indices. The sampling of species diversity was carried out in so-called land-use 
units (LUUs) along an intensity gradient from extensive old-growth forest to intensive agriculture in 
eight European countries (Finland, France, Hungary, Ireland, Portugal, Spain, Switzerland, UK). In 
these LUUs, the landscape composition was assessed based on remote sensing data. A fused Landsat-
IRS image was selected as standard dataset to guarantee the comparability of the results. A hierarchic 
classification system was defined based on the CORINE database up to four hierarchical levels. The 
first two hierarchical levels gave land use classes identical for all LUUs across the countries while 
additional levels were adjusted for local landscape descriptions. For the remote sensing based mapping 
a visual interpretation protocol was developed that local specialist used to delineate land use classes.  

In addition to the standard dataset, an intensive test site was selected in Switzerland where a variety of 
remote sensing data and advanced image processing methods were tested. Besides the fused Landsat-
IRS image (5m spatial resolution), a multispectral Quickbird satellite image and colour infrared (CIR) 
aerial photos were used (2.8 and 0.60m spatial resolution, respectively). In addition to the visual inter-
pretation of the images, pixel - and segmentation - based classification methods were used to delineate 
the land use classes according to the developed classification system. Pixel based methods proved to 
reach their limits when processing very high resolution digital images. Thus, visual interpretation and 
object-based classification were compared across spatial resolutions and land use information extrac-
tion levels on the Swiss test site. Furthermore, a digital elevation model in 25m resolution and a digital 
surface model in 1m spatial resolution were included in the study. 

The visually interpreted and segmentation based classified land use gradient were used to quantify 
landscape pattern in the test sites. Extracted classes from visual interpretation (all countries) together 
with segmentation-based classification (Swiss test site) served as input to calculate landscape indices 
on the patch, class, as well as on the landscape level. All the up to date available landscape metrics 
were used, although some with restrictions. Classification is time consuming, highly generalise the 
landscape, and introduces errors into the resulting land-use maps. Therefore, in addition to landscape 
indices another approach was used in all the test sites to derive remote sensing based indices of biodi-
versity from the radiometric information of the images. For the standard dataset the NDVI (Normal-
ised Difference Vegetation Index) was derived from the original Landsat image, and the mean as well 
as standard deviation va lues were calculated for all test sites. It was not possibly to further analyse the 
Landsat image because of time and financial restrictions.  
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For the Swiss test site, the visually interpreted and segmentation based landscape indices were also 
calculated on the sampling plot level, using a 50m diameter circle. In addition, original pixel values 
and image grey value derivatives were analysed, also on the sampling plot level. Image enhancement 
results like NDVI, tasselled cap, first and second order texture information, filters and focal algorithms 
were derived from all the available remote sensing datasets. From the digital elevation- and digital 
surface models additional indices were extracted using information like slope, aspect, curvature, and 
texture. Thus, 16 plot level remote sensing databases were created for the Swiss test sites which con-
tained: landscape indices derived from segmentation based classifications and visual interpretations on 
two hierarchical levels and three spatial resolutions (Landsat – IRS, QuickBird, aerial photo), grey 
value derivatives on three spatial resolutions, and finally the elevation database.  

In case of the standard dataset, the database contained 47 landscape indices extracted from visual in-
terpretation of the 48 land use units (six in each country), as sample units. Indices of landscape pattern 
also contain highly correlated measures. For the standard dataset, factor analysis (FA) was used to 
reduce the landscape level indices to few uncorrelated ones (for all hierarchic levels) using the princi-
pal component extraction method. The extracted factors were interpreted based on the value the single 
variables loaded on the extracted factor. The landscape index with the highest loading and ease of 
interpretation was selected to represent the particular factor. Furthermore, to facilitate interpretation of 
the analysis, cluster analysis was used to order the 48 LUUs into similar groups based on the derived 
factors. The landscape indices database and extracted factors, together with the NDVI values for the 
48 LUUs were provided the country specialists. The single taxa coordinators used the extracted remote 
sensing indices of land use intensity to correlate them with species diversity indices.  

For the Swiss test site principal component analysis (PCA) was run on plot level landscape indices, 
grey value- and elevation derivatives of all the remote sensing datasets. The eigenvalues of the ex-
tracted first four axes were used to test which remote sensing indices described the variation between 
the six Swiss LUUs the best. In order to facilitate further interpretation of the results, PCA sample 
scores were correlated to the land-use intensity gradient represented by the sixteen sampling plots. For 
the Swiss test site, factor analysis was repeated with all datasets on different spatial resolutions to re-
duce the correlation within the landscape metrics, grey values, and elevation derivatives.  

Species richness of woody plants, birds, and carabids sampled on the plots of the Swiss test site were 
used in a linear regression model. The goal of this was to test, how much variation in the species rich-
ness data the different remote sensing derived indices could describe. Here, the extracted factors were 
used as explanatory variables. Coefficient of determination (R2) values were used to test the predictive 
power of the different remote sensing indices and to compare the values between the single remote 
sensing datasets. Furthermore, tree species data collected in the Swiss plots were used in canonical 
correspondence analysis (CCA) and the performance of different remote sensing datasets were tested 
and compared.  

Factor analysis and cluster analysis of the landscape indices showed, that in Europe and in the differ-
ent biogeographical zones, the same land-use intensity degree means different landscape composition. 
Therefore, the 48 LUUs could not be grouped according to the six land-use intensity gradient based on 
the derived landscape indices. Mostly LUUs with similar landscape composition were grouped to-
gether but the similar landscape composition did not always correspond to the defined land-use inten-
sity gradient. Landscape composition is not equal land-use intensity, and only the former is directly 
accessible from remote sensing in form of landscape indices.  

Grey value derivatives of the aerial photo explained the highest amount of variance between plots of 
the Swiss test site and grey value derivatives of the Landsat - IRS dataset correlated the most to the 
land use intensity gradient. Landscape indices derived from visual interpretation of the Quickbird im-
age correlated the most to species richness of woody plants and birds, while grey value derivatives of 
the Landsat – IRS image showed the highest correlation to carabids species richness. However, differ-
ent processing methods and spatial resolutions of the images did not prove to have significantly differ-
ent influence on species diversity.  
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12.1 Introduction 
Compared to terrestrial data satellite images and aerial photos are inexpensive sources of information 
even so the better the spatial resolution of the image is, the more the customer has to pay per area unit. 
Therefore, for a European wide biodiversity assessment and monitoring system the use of remote sens-
ing data combined with terrestrial sampling seems to be a feasible low cost approach. Nevertheless, to 
provide the most efficient system it might become a decisive question, that 

• which data set should be used for biodiversity studies?  

• how is the remote sensing based information correlated to terrestrial information? 

• what data processing method performs the needed information the best? 

In order to answer the above mentioned questions, in this study intensive investigations have been 
carried out on remote sensing data. On hand, remote sensing based indices were extracted and on the 
other hand the indices were correlated with terrestrially assessed indicators of biodiversity. The remote 
sensing approach was carried out on two levels: on a European level where a standard data set was 
used for all countries, and on a selected an intensive test site level in Switzerland, where additional 
research was carried out based on a variety of remote sensing data sets. For the European level two 
types of satellite images were chosen. Landsat ETM 7 images with good spectral resolution (seven 
channels) and IRS images because of the good spatial resolution (5.8m). Additionally, Landsat have 
good availability in archive database, affordable price, and continuous processing while IRS images 
have good price when compared to other high spatial resolution remote sensing data. For the Swiss 
test site, additional data sets from Quickbird satellite with 2.8m spatial resolution and aerial photo-
graphs with 0.6m spatial resolution were selected. Furthermore, a digital elevation model with 25m 
and a digital surface model with 1m spatial resolution have been provided by the Swiss partner. Land-
scape metrics were produced from the standard remote sensing dataset for all the test sites based on 
visually interpreted land cover maps, while for the Swiss test site additional remote sensing and eleva-
tion based indices were developed. On one hand, landscape indices were derived from automatic seg-
mentation based land cover maps, and on the other hand image grey value and different elevation de-
rivatives were produced. The different subject coordinators correlated the landscape metrics derived 
from visual interpretation with indices of biological diversity derived from plants, birds, butterflies, 
lichens, carabids, soil macrofauna, and Collembola. The potential of the additional high resolution 
remote sensing data, i.e. landscape indices from visual interpretation and segmentation, grey value and 
elevation derivatives were investigated for biodiversity assessment and monitoring at the Department 
of Remote Sensing on the University of Freiburg.  

There are two processing methods nowadays available for automatic classification of digital imagery. 
Pixel-based procedures group each individual pixel in the image by means of algorithms into classes, 
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according to their spectral similarities. In the traditional pixel-based image classification approach, the 
unit is a single pixel. This pixel-based approach utilises spectral information of the pixels to classify 
the image. The capacity of this method is limited when different objects have similar spectral informa-
tion. Caused by defilement of the sensor, atmospheric opacity or outshining reflections of the sur-
roundings, single pixel might be classified different then their environment (BLASCHKE, 2000). The 
appearance of single different classified pixel is called “salt and pepper effect” and is in many cases 
considered as a disadvantage of this method. The only way to get rid of incorrectly classified single 
pixels is the use of filters, which however work without considering the original spectral and contex-
tual information, i.e. to which object the pixel belong to. With the used algorithms, either one pixel 
will be labelled to a class or it remains unclassified. Taking into account that a pixel in a multidimen-
sional feature space has the affinity to more then one class the second best class is not considered. For 
this reason this method is also called “hard classification”. 

A rather recently developed approach, the object-oriented image classification, is using segmentation 
algorithms to form homogeneous regions of similar pixels in the image. In the following steps, these 
objects are classified based on their spectral properties with the algorithms pixel based methods use or 
even based on fuzzy rules. The object-based image analysis procedure implements the assumption that 
a pixel belongs, with a high probability, to the same object as its neighbour pixel. First the image 
space is segmented into homogeneous regions of similar pixels, so called object-primitives. In a fol-
lowing step, these units are classified by user-defined rules or fuzzy logic to homogeneous objects. A 
user defined scale factor determines the object size and how many object primitive belong to one ob-
ject. In addition to spectral information, the object oriented approach integrates texture and context 
information in the classification process as well. The pixels of the image will be segmented into ob-
jects that form the classification units. No single classified pixel appears in the classification so that 
the salt and pepper effect can be avoided. Object oriented image classification approach is also based 
on fuzzy theory, in which one object will be classified into more than one classes with different mem-
bership values. In recent past the use of object-based classification is widely used for land cover classi-
fication, which is to be attributed to the fact that this procedure outputs classification with object 
classes which correspond to human perceptivity (see Fig. 11.1).  

 

  

Fig. 11.1. Pixel-based classification vs. segmentation 

 

The object-based approach is also advantageous for biodiversity studies on landscape level which is 
based on the delineation of basic units like habitats or ecotypes. In biodiversity studies, landscapes are 
divided into geometrical units with sharp borderlines. Even so it is well known that sharp borderlines 
and homogenous units seldom reflect reality, it seems to be the only feasible way to come up with a 
practical approach for land cover as well as landscape diversity characterisation. The problem using 
segmentation-based classifications is the definition of thresholds which influences strongly the de-
lineation of objects. The set of thresholds is based on empirical approaches and requests a thorough a 
priori knowledge on the kind of units which are of interest. There are different segmentation algo-
rithms available nevertheless all of them request the interaction with the elaborator. Of course this is 
true for pixel-based classification algorithms too, even for unsupervised classifications a tuning of the 
statistics is possible. The problem with interactions by the elaborator is the problem of standardisation. 
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But having in mind that this influence is inherent to most processes, like terrestrial mapping, sampling 
of indicator species (location of samples, sampling time, arrangement of sampling a.s.o.) the factor of 
individual influence of the elaborator to some extent has to be accepted.  

12.2 Materials  

12.2.1 Reference Data 
Reference or ground truth data are needed for evaluating the achieved accuracy of the classifications. 
For accuracy assessment of classification, the best approach is field visit of selected test areas of which 
the accurate geometric location is known. For the lack of time and personal resources no field visit 
was carried out. Ground truth information was taken from orthorectified aerial photos. This dataset 
represented the reality most accurately out of the available digital data. For geometric correction 
(orthorectification of the satellite data), digital topographic maps of Switzerland, in a scale of 1:25000, 
and a digital elevation model (DEM) were used. The DEM is based on the elevation information of the 
regional map 1:25.000 and the resulting product provides elevation values in a grid of 25 meters. A 
digital surface model (DSM) was calculated from the stereophotos in 1m spatial resolution. The sur-
face model was included in the analysis as possible spatial indicator of species diversity. The aeria l 
photos, orthophotos, the DEM, and the DSM were all provided by the Swiss Institute for Forest, Snow 
and Landscape Research (WSL, Switzerland). In the framework of the project the DEM was used for 
the following purposes: 

• Orthorectification of the satellite data 

• Topographic normalisation 

• Derivation elevation indices 

12.2.2 Used remote sensing data 
For the standard dataset such remote sensing images were needed that:  

• were cheap so that all partners can afford it,  

• were available in archives that enables the usage of existing images so that no programmed acqui-
sition becomes necessary,  

• provided a global coverage so that all the 48 Land Use Units could be,  

• provided good radiometric resolution,  

• provided good spatial resolution and  

• were not older then 1998 to guarantee comprehensive assessment.  

To meet all these criteria, the Landsat 7 ETM and the IRS satellite were selected as standard dataset. 
The Landsat ETM satellite is the seventh Earth exploration satellite of the NASA, which was launched 
in spring, 1999. The satellite is equipped with a multi-spectral scanner (MSS, 30m spatial resolution) 
and an Enhanced Thematic Mapper sensor (ETM, 15m spatial resolution), which records a panchro-
matic channel. The ETM instrument is an eight-volume multi-spectral sensor, which supplies high-
resolution images of the earth's surface. Spectral radiation is recorded of the visible spectral range over 
near infrared, middle infrared up to the thermal infrared with a radiometric resolution of 8 bits (= 256 
grey values). The satellite moves sun-synchronously in a flight altitude of 705 km and scans the same 
earth section every 16 days with a scene size of 183 km x 170 km. In 1997 the IRS 1D satellite has 
reached the orbit and is characterised particularly by the high resolution of the PAN sensor (5,8 m). 
The primary objective of IRS satellites is to provide systematic and repetitive acquisition of data of the 
Earth’s surface under nearly constant illumination conditions. IRS–1D operates in a circular, sun-
synchronous, near polar orbit with an altitude of 817 km in the descending node. The completes about 
14 orbits per day and 341 orbits cover the entire earth during a 24 day cycle. Two IRS panchromatic 
images were needed to cover all the six LUUs in the countries.  
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The increasing demand for remotely sensed data with a high geometric resolution for commercial us-
ers resulted in the development of satellite systems with a ground resolution less then 1 metre. The fact 
that these systems are planned for the first time and financed almost exclusively by commercial con-
sortia can be rated as indication for a growing market for the offered products. With the data of the 
high resolution satellites, new groups of users are addressed and applications are opened, which were 
traditionally reserved for aerial photo interpretation so far. When the company Digital Globe carried 
the satellite QuickBird in 2001 in the orbit, the sensor with world-wide highest resolution for civilian 
uses was available. The QuickBird satellite collects both multi-spectral (2.8m) and panchromatic im-
agery (0.70m) simultaneously, however for this study only the multispectral image was used. Addi-
tionally, CIR (Colour infrared) aerial photos were used in a scale of 1:10.000, scanned and processed 
by the WSL in a spatial resolution of 0.6m. The high spatial resolution data have been tested to de-
scribe the basic potentialities of remote sensing for biodiversity assessment to open visions in respect 
to future developments on the satellite market and possible monitoring designs. 

   
Landsat - IRS fusion QuickBird Orthophoto 

5m spatial resolution 2.8m spatial resolution 0.6m spatial resolution 

Fig.11.1. Example of the used remote sensing data 

Table 11.1:Technical data of the used Satellite systems (modified after Eurimage, 2002) 

 Standard data set Additional data for the test sites 
in Switzerland 

 Landsat ETM IRS 1D Pan QuickBird Orthophotos 

Band 1, Blue  0.45-0.52 µm  -- 0.45-0.52 µm  0.40-0.50 µm  

Band 2, Green  0.52-0.60 µm  -- 0.52-0.60 µm  0.50-0.60 µm  

Band 3, Red  0.63-0.69 µm  -- 0.63-0.69 µm  -- 

Band 4, Near Infrared  0.76-0.90 µm  -- 0.76-0.90 µm  0.70-0.90 µm  

Band 5, Middle Infrared  1.55-1.75 µm  -- -- -- 

Band 6, Thermal Infrared  10.40-12.50 µm  -- -- -- 

Band 7, middle Infrared  2.08-2.35 µm  -- -- -- 

 Panchromatic 0.52-0.9 µm 0.50 - 0.75  µm  0.45-0.90 µm  -- 

Orbit  Sun-synchronous Sun-synchronous Sun-synchronous -- 

Flight altitude  705 km 705 km 450 km  

Inclination  98.2º 98.69º 97.2º  

Pixel size:  
30 x 30 m     multispectral 
15 x 15 m     panchromatic 
120 x 120 m  thermals Infrared 

5.8 m x 5.8 m  
(resampled to 5 m x 
5m) 

2.44 x 2.44 m  mul-
tispectral  
0.61 x 0.61 m  pan-
chromatic (Nadir) 

0.6 m 

Radiometric resolution  8 Bit  6 Bit  11 Bit  -- 

Swath  183 km 63 – 70 km 16.5 km - 

Revisit at equator  16 Days 25 Days < 3.5 Days - 

Launch date  April 1999 29. September 1997 18. October 2001 - 
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12.3 Methods 

12.3.1 Geocorrection and topographic normalisation 
Raw remotely sensed data gathered by satellites or by aircraft contain distortions due to the acquisit ion 
process, earth rotation, and topography. The objective of geometric corrections is to compensate the 
distortions and geocode the digital data to a geodetic reference system. Satellite imagery or aerial pho-
tography is often purchased or received in a geometrically uncorrected state, so geo-processing is 
needed to remove the geometric errors and bring the image into a real world coordinate system. This is 
typically done in two ways. Rectification corrects an image so that it corresponds to real world map 
projections and geographical co-ordinate systems. For this ground control points (GCPs) on the image 
and in a corresponding reference data set are matched. Typically, intersections of roads, seismic lines, 
and other linear intersections serve as the most accurate GCPs. Orthorectification complements the 
rectification process by including terrain elevation and camera (sensor) calibration details in the calcu-
lation formula. Orthorectification is more accurate than simple rectification, especially in areas that are 
characterized by elevation differences. The standard dataset was rectified with the help of local remote 
sensing scientists knowing the area the best and thus could select the ground control points. In case of 
Switzerland, with difficult topographic conditions, orthorectification was necessary and was done for 
all the images.  

Digital imagery of regions with a strong relief show often radiometric distortions due to the angle be-
tween the terrain and the sun. The same object class on a sun exposed slope could reflect much 
brighter as the same class on a shade slope. An ideal slope-aspect correction removes all topographi-
cally induced illumination variation so that identical objects show the same grey values independent of 
exposition and inclination towards the sun. As a visible consequence, the three-dimensional relief im-
pression of a scene gets lost and the image looks flat (Meyer et al., 1993). Topographic effects on grey 
values can be removed by applying transformations based on Lambertian and non-Lambertian reflec-
tance models. If the terrain were completely flat and all objects had Lambertian reflection characteris-
tics, the reflected energy measured by the sensor (radiance) would only depend on the direct irradiance 
and the reflectance of the objects on the surface. However, most objects including forest, have a non 
Lambertian reflectance characteristic. The correction of the topographic effect on the grey values is 
called topographic normalisation. For topographic normalisation information on the sun elevation, 
azimuth angle, time of data acquisition, and a digital elevation model is needed. Topographic normali-
sation was carried out on the standard dataset of the Swiss test site. For the Quickbird and aerial photo 
data orthorectification was not carried out, for the high spatial resolution could not be compensated 
with high resolution elevation model. For the topographic normalisation the C-factor (Teillet at al. 
1982) and Minnaert methods (Smith et al., 1980) were used in the Silvics software (McCormick ). 
Additionally, the so called Running-Minnaert algorithm (Ekstrand, 1993) was tested on the standard 
dataset.  

According to literature sources, the C-method is claimed to be the most appropriate normalisation 
algorithms. However, with the Swiss data set the C-method did not prove to deliver good normalised 
results. For this reason the other known normalisation methods, the Minnaert and the Running-
Minnaert methods were also tested in the project. The C-method is a semi-empirical process where the 
direct radiation is normalised through a simple cosinus correction using the c correction factor. This 
factor is defined as the quotient of the regression parameter b (intercept) and m (slope) of a regression 
line of the radiation intensity (cos (i), incidence angle) as independent variable and the radiation meas-
ured by the satellite sensor as dependent variable. The Minnaert method uses also the cosinus correc-
tion but with an extension of the Minnaert factor that was derived in astrophysics from the surface of 
planets. With middle or low sun elevation the C and Minnaert methods fail to achieve good correction 
results, thus Ekstrand (1993) developed the Running-Minnaert method where different constants are 
used with the different channels. The actual normalisation happens through a linear regression be-
tween the incidence angle as independent and the measured radiation (grey value of pixels) as depend-
ent variable. 

The accuracy of the methods was tested with comparing the Landsat bands before and after the nor-
malisation on the basis of selected test areas (Fig. 11.9, example of the Running–Minnaert method). In 
order to obtain accuracy about the whole image different areas were selected for the topographic nor-
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malisation and for its test afterwards. The test areas were selected in a way that at least 1000 pixel 
were available. The normalisation was applied to the Landsat, the IRS, and the SPOT images. Due to 
less topographic effects in the Landsat Bands TM 1 and TM 2 the topographic correction was only 
performed for the Bands TM 3, TM4, TM 5 and TM 7. Due to the very high resolution of the Quic k-
bird and aerial photo images, they were not topographically normalised. For their normalisation the 
25m resolution DEM was not appropriate. 

12.3.2 Image fusion 
In order to utilise the good spectral resolution of Landsat and the same time the good spatial resolution 
of the IRS image, the images were fused into one dataset. The IRS sensor has low radiometric ( 7 bit) 
resolution and a radiometric distortion that manifests as stripes in the acquired image. Based on the 
data for the Swiss test site several filters have been tested to eliminate the stripes in the image of the 
Swiss test site. For the visual interpretation of land use classes the elimination of the stripes was not 
crucial, because visual interpretation is not sensitive to these kind of distortions. The human brain is 
able to neglect these distortions and generalise pixels into a homogeneous object but with automatic 
methods these kind of distortions lead to classification errors. Out of the tested algorithms, the modi-
fied sigma filter provided best results (Fig. 11.2). The sigma filter is widely used in radar remote sens-
ing to eliminate noise effects in SAR images. It does so by averaging pixels within two-sigma standard 
deviation from the value of the central pixel, inside a moving window. The local moving window av-
erages those pixels in the higher resolution panchromatic image, which are located within two-sigma 
distance from the central pixel. The advantage of this filter is that edges are conserved because they 
mostly do not belong to the two-sigma distance. The sigma filter eliminates the stripes caused by the 
IRS sensor (red circle in Fig. 11.2) but still keeps valuable structural information like forest meadow 
interfaces or differences in forest closure. 

 

  
Fig. 11.2. IRS 1D without (left) and with Sigma filter (right) 

 

The aim of image fusion is the integration of complementary data to enhance the information content 
of the imagery. When using appropriate fusion techniques high spatial resolution panchromatic im-
agery can be combined with multispectral imagery of lower resolution in a way that spectral resolution 
may be preserved, while a higher spatial resolution is kept. That represents the information content of 
the images in much more detail. Data fusion techniques are appropriate to integrate two data sets. 
There are different fusion methods available, POHL (1996) giving an extended overview on different 
procedures. Most of the fusion algorithms lead to alterations of the multispectral grey values by the 
panchromatic data set. For classification, it is most desirable to keep the original values of the multis-
pectral data set. For these reasons, the adaptive image fusion (AIF) was introduced (STEINNOCHER, 
1999) for image fusion. The AIF uses the above-mentioned modified sigma filter for the fusion of the 
panchromatic (IRS) and the multispectral (Landsat) images. The local moving window selects those 
pixels in the higher resolution panchromatic image, which are located within two-sigma distance from 
the central pixel, i.e. belong to the same object. In the multispectral band, according to the pos ition of 
the selected panchromatic ones, the respective pixels are averaged. An important advantage of the AIF 

Sigma Filter 
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method is, that no spectral information is transferred from the panchromatic image to the multispectral 
band (Steinnocher, 1999) thus the original radiometry is kept.  

Fig. 11.3. AIF-sigma-IHS transform (IVITS & KOCH 2002) 

 

The major limitation of AIF is the loss of texture information within the objects. The local variation of 
grey values in the higher resolution image unfortunately cannot be reconstructed without distorting the 
spectral characteristics of the multispectral band (Fig. 11.3). Therefore, an additional processing step is 
needed to re-import the structural information from the IRS data into the AIF filtered fused image. 
FRITZ (1999) reported good results with the intensity, hue, and saturation (IHS) transformation of the 
AIF and the high-resolution image.  Compared to other methods, the “blockiness” from the Landsat 
30m resolution pixels completely disappeared from the AIF-sigma-IHS fused results. This is very 
important for the automatic segmentation of objects, which form the basis for landscape indices calcu-
lations. During the IHS transformation, the intensity channel has to be replaced with the panchromatic, 
high-resolution band, from the IRS band in the respective case (Fig. 11.3). The AIF-sigma-IHS trans-
formation is especially helpful for the visualisation of the data and is often the basis for land cover 
interpretation maps. Note however, that several other algorithm are also available which might provide 
similar results. 



 

 383 

 

 

Fig. 11.4. Location of the six LUUs in the Swiss test site overlaid on the fused Landsat-IRS image 

 

12.3.3 Spectral enhancement 
There are several standard procedures to enhance the spectral attributes of the original data. As usual 
application in the available Software Packages ERDAS Imagine the Principle Component Analysis, 
Tasselled cap transformation, several ratio procedures like NDVI and other ratios which are appropr i-
ate for vegetation mapping, have been processed. These image derivates help to improve the classifi-
cation of digital imagery. Principal component analysis (PCA) as a transformation of the raw data to 
compress the useful information of all available bands into a desired number of components. This 
operation as a reduction of redundant information results in a new image which can be interpreted 
more easily (JENSEN, 1996). Due to the fact that reflections of classes like vegetation in the image 
sensor, data show concentrations of information in the same range all over data space defined by the 
given bands. The TM Tasseled Cap transformation is simply an adjustment of viewing perspective 
(rotation of those data space) such that the concentrations of data within the total data volume are most 
readily observed. The three features corresponding to the three data dimensions are named Brightness, 
Greenness and Wetness. Brightness, a weighted sum of all six bands, is a measure of overall reflec-
tance (e.g. differentiating light from dark soils). Greenness is a contrast between near-infrared and 
visible reflectance, and is thus a measure of the presence and density of green vegetation. Wetness is a 
contrast between short-wave-infrared (SWIR) and visible/near-infrared (VNIR) reflectance, providing 
a measure of soil moisture content, vegetation density, and other scene class characteristics. Although 
the tasselled transformation was developed for Landsat images, it can also be applied in a modified 
way to other satellite data. Some researchers tested coefficients for Ikonos and SPOT imagery (da 
SILVA , 1991). Due to similarly spectral channels of Ikonos the tasselled coefficients have been applied 
to Quickbird and SPOT coefficients were tested for the Orthophotos. The Tasselled Cap channels have 
proved to enhance classification and visual interpretation. Ratio procedures could be regarded as pure 
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reduction methods. Through division of pixel values of different layers in the same place reflectance 
and differences in albedo of same object types caused by relief, shadows or seasonal sunlight illumina-
tion could be eliminated. Besides the normalised vegetation index (NDVI) more ratios could be found 
in the literature improving the classification of vegetation. They are all dealing with dividing different 
channels of the infrared through the red band (SAN MIGUEL-AYANZ & BIGING, 1996). The described 
spectral enhancement procedures have been provided to the standard data set and as far as possible to 
the high resolution data sets. 

12.3.4 Hierarchic classification system 
The aim when designing the classification scheme for this study was to extract as much information 
from the standard remote sensing dataset as possible, to assure the detailed description of land-use 
intensity in the eight countries. As a large variability of landscape patterns had to be interpreted, the 
definition of all land-cover classes was an iterative process in discussion between the project partners 
and the remote sensing coordinator team. The goal was to establish a standard classification scheme in 
which all important landscape classes of the different regions were included and could be applied in all 
countries. Thus, first of all the interpreters needed a good knowledge about the selected Land Use 
Units. Therefore, the fused and enhanced standard data set was interpreted locally by the correspond-
ing partners. It was also necessary to use only those classes which could be interpreted easily and clas-
sified with a high accuracy to minimise standardisation problems. Therefore, we used a hierarchical 
classification system (Table 11.2). Classes on the Level 1 hie rarchy were categories which correspond 
to the CORINE classification scheme. The classes defined for the first level had to be interpreted by 
all partners describing coarse land-cover features like forest or meadow. The Level 2 classification, 
which divided Level 1 classes into sub-classes, was optional, since not all the second level hierarchical 
details could be found in all countries.  

 

Table 11.2. Level 1 and Level 2 classification scheme 

Level 1 Level 2 
Cities 
Roads Artificial surface 

Human construction 
Open soil 
Rocks 
Gravel 

Open spaces with little or  
no vegetation 

Rocks and open soils  
Arable land Arable land 

Agricultural 
Grassland 

Natural 
Grassland with scattered trees 

Agro-Forestry area 
Arable land with scattered trees 
Shrubland 
Shrub land with scattered trees  
Heath land 

Shrub land and Heath land 

Heath land with scattered trees  
Broadleaf closed 
Broadleaf open 
Broadleaf very open 
Coniferous closed 
Coniferous open 
Coniferous very open 
Coniferous clearcut  

Forest 

Coniferous storm 
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Level 1 Level 2 
Mixed closed 
Mixed open 
Mixed very open 

 

Mixed storm 
Marshland 
Swamps 
Peat bogs 
Mire 

Wetland 

Moor 
Lake 

Water bodies 
River 

 

12.3.5 Visual interpretation 
The main goal of the analysis was to produce remote sensing indicators which provide information 
relevant to species richness. For this purpose, the pattern and composition of landscape had to be as-
sessed and described quantitatively. The quantitative description was assessed by landscape indices or 
metrics. Landscape indices use basic patch properties like area and perimeter of patches and the spatial 
distribution of them (e.g. connectivity or fragmentation) to quantify landscape pattern. For this pur-
pose, the basic elements of an image, the pixels, had to be grouped into spatially homogeneous units, 
or patches. The two most common methods to do so are visually interpretation or automatic classifica-
tion. Automatic methods are fast, effective and free from user biases. However, these methods require 
expensive hardware as well as software environment, and specific expert knowledge. Visual methods 
might be performed without soft- and hardware and the knowledge of the interpreter can be directly 
translated into class values. On the other hand, it is very difficult to standardise visual methods since 
different persons will differently interpret a landscape object. However, since not all partners had 
enough sources to perform an automatic image classification, it was decided to use visual interpreta-
tion for the quantification of landscape pattern from the standard satellite dataset. Parallel to the visual 
interpretation, for the Swiss test site additional classifications were performed automatically. 

A visual interpretation protocol was developed that all the interpreters had to follow in order to guar-
antee the comparability of the results. The used Landsat-IRS band combination was 4, 3, and 2 in a 
way that Landsat-IRS channel 4 (near infrared 0,78 – 0,9 µm) is displayed in red, channel 3 (red 0,6 – 
0,69 µm) is displayed in green, and channel 2 (green 0,52 – 0,6 µm) is displayed in blue. Addit ionally 
some other conventions were established, which were strictly kept during the delineation of land use 
classes. The defined conventions were as follows: 

• The interpretation scale was 1:15.000.  

• The minimum size of an area to be delineated as a polygon or patch object was 0.5 ha. The 
recommended size in visual interpretation is normally bigger than 2 ha, however due to the 
very small test area (100 ha) a smaller limit was chosen. 

• Gaps and objects must had a minimum width of 30 m to be delineated.  

• Very small patches spatially located between two different classes must be included into the 
patch with the most logical class. 

• The delineation needed to be done on screen, using the software ArcView 3.2.  

The mapping of line or point elements (roads, or tree groups) required special considerations. These 
landscape objects were not possible to interpret on the selected scale (1:15.000) in a way that is stan-
dardisable across different interpreters. Therefore, these objects were ignored in the first stage of the 
visual interpretation and had to be done in a separate (shape) file. They were delineated as point and 
line features and buffered to obtain polygon objects. The buffering process was necessary in order to 
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create polygons, which are the basic units of landscape index calculations. The above described proto-
col was applied to visual interpretation of both the standard and the Swiss test sites dataset. 

The stereophotos in 30cm ground resolution were used to show, how far remote sensing up to date is 
able to describe landscape i.e. forest structure. Thus, an additional interpretation scheme has been es-
tablished according to a general forest structure interpretation key deve loped by the German institute 
of AFL1. Because of the lack of time, interpretation of only one LUU was done (LUU1) which was not 
further included in the study, i.e. no landscape indices were calculated. The goal was merely to show 
how far remote sensing can go in description of the landscape. The different forest structure was de-
scribed by the following attributes: 

• Trees species and natural age classes 

• Crown cover  

• Gapes and aisles (also closed aisles) 

• Dead wood 

Tree species and natural age classes have been interpreted after their crown cover percentage in 10 % 
intervals, and their mixture type. As mixture type the following categories have been chosen: 

Mixture type Description 
Single stand  
Single tree – 5 trees (diameter < 15m) or maximum 5 crowns 

Group of trees (15m < diameter < 60m) 
or more than 5 crowns but smaller than 0.5 ha  

Small stand ( diameter > 60m or  area > 0.5 ha) 
 

The crown coverage has been interpreted in 3 classes: 

Crown coverage Crown cover 
Closed stand  > 60% 
Open stand 30 % - 60 % 
Very open stand < 30 % 
 

Additionally, the distribution of trees in the forest stand was interpreted inside the corresponding 
classes: thus, attributes like even, lumpy, irregular, random and regular in rows were differentiated. 
Gaps and aisles have been interpreted on their number, percentage of stand area, average size, shape, 
distribution, and type. The size of gaps was described by 3 classes:  

• diameter <15m,  

• between 15-60m or  

• > 60m 

The shape of gaps was interpreted according to the following attributes: round, longish, irregular, par-
allel to slope, vertical to slope, horseshoe-shaped, mixed. The distribution of gaps was categorized in 
he following groups:  

• regular,  

• irregular,  

• clumpy  

• and parallel to slope 

                                                 
1 Arbeitsgruppe Forstlicher Luftbildinterpreten, Interpretationsschlüssel Strukturreiche Wälder, unpublished 
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The type of gaps and aisles were interpreted according to the soil cover underneath:  

• without soil vegetation,  

• with grass or herbs or  

• with shrubs. 

Closed aisles have been registered as well although they have a closed crown cover, but still can be 
recognised in the aerial photos by their line structure. The appearance of dead wood was interpreted 
according to their amount in the following classes:  

• No dead wood;  

• 1-10 dead trees,  

• 11-50 dead trees,  

• > 50 dead trees 

The type of dead wood was classified in standing or lying dead wood. The distribution of dead wood 
was interpreted according to their accumulation: 

Single tree – 5 trees (dia meter < 15m) or maximum 5 trees 
Group of dead trees (15m < diameter < 60m) or more than 5 crowns but smaller than 0.5 ha  
Small stand ( diameter > 60m or  area > 0.5 ha) 
 

Finally, the different attributes for tree species, natural age class, and crown cover have been com-
bined together to one general quality describing the forest stand structure. The tree species have been 
merged intro three classes: 

• Coniferous forest [CF] (>70% of stand area),  

• deciduous forest [DF] (> 70% of stand area) and  

• mixed forest [MF] 

The natural age classes have been categorised into: 

• mature forest [MF] (>70% of stand area),  

• pole-stage forest [PS] (>70% of stand area),  

• thickets [TH] (>70% of stand area),  

• young growth [YG] (>70% of stand area) and 

• mixed aged forest [MA] (no natural age class has more than 70 % of stand area)  

These classes have been combined with the three crown cover classes. Finally 45 Classes have been 
created (Table 11.3). Examples for the denomination of the interpreted forest structure classes: 

• CF MF vo (Coniferous Forest Mature Forest very open) 

• CF TH o (Coniferous Forest Thicket open) 

• DF YG c (Deciduous Forest Young Growth closed) 
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Table 11.3. Visual interpretation scheme for forest structure based in 30 cm stereophotos 

Patchnumber  Nr.   
  % mixture 
tree species and coniferous forest total   

natural age classes mature forest   
 pole-stage forest   
 thickets   
 young growth   
 deciduous forest total   

 mature forest   
 pole-stage forest   
 thickets   
 young growth   
natural age classes Mature forest - total   
total Pole-stage forest - total   
 Thickets - total   
 Young growth - total   
crown cover closed stand (>60%)  xx 
 open stand (30-60%)  xx 
 very open (<30%)   
 distribution of trees  xx 
gaps  number of gaps  xx 
without aisles percent of stand area  xx 
 size of gaps xx  
 type of gaps  xx 
 distribution of gaps  xx 
 shape of gaps  xx 

aisles  number of aisles  xx 
with open stand surface percent of stand area  xx 
entsprechen width of aisles xx  
 type of aisles  xx 
 distribution of aisles  xx 

closed aisles number of closed aisles  xx 
 distribution of closed aisles  xx 

dead wood appearance of dead wood  xx 
 type of dead wood  xx 
 distribution of dead wood  xx 
 

12.3.6 Segmentation-based classification 
The multiresolution segmentation method also called Fractal Net Evolution Approach (FNEA) was 
commercially introduced by BAATZ & SCHÄPE (1999). The FNEA uses segmentation techniques in an 
object-oriented framework. Contrary to pixel-based methods, segmentation of images extracts objects 
of interest at the scale of the users’ interest, where the finer scale corresponds to the resolution of the 
input data. The goal is to clump pixels with similar values to objects by minimising the heterogeneity 
between them. As a result, the image is segmented into so-called object primitives. These can be 
grouped into meaningful objects by classifying them after user-defined rules by using fuzzy logic the-
ory. Segmentation can be done on hierarchical scales, where a semantic net is built between the differ-
ent levels and their objects. This allows the development of a hierarchical classification scheme where 
the delineated objects can be further categorised into finer classes. Since the user can define the scale, 
which influences the detail of objects segmentation, this method is very useful for landscape ecologi-
cal analysis. For a more detailed description, see BAATZ & SCHÄPE (1999). The FNEA is incorporated 
in the commercially available software, eCognition (Definiens Imaging). 
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The software eCognition, that was used for segmentation in the BIOASSESS project, is based on a re-
gion growing algorithm. The scale factor, which is the definition of a threshold where homogeneous 
pixels are grouped into a segment, was selected in a way that even fine grey value differences where 
taken into consideration, leading to small and high number of objects. Iteratively this process was re-
fined checking if the segments follow visible border lines and changes in the multispectral dimension. 
The segmentation was applied to the AIF-sigma-IHS images. The segmentation algorithm was applied 
to the other two datasets as well (Quickbird and aerial photo) and in the next step all the images were 
classified in the software eCognition. eCognition offers two types of supervised classif iers: one is the 
nearest-neighbour classifier, frequently used in traditional image processing steps, and the second one 
is membership functions. Membership functions are combinations of fuzzy sets of object features 
(spectral, shape, neighbourhood characteristics) that require inclusion of expert knowledge to describe 
certain classes (eCognition User Guide, 2001). They are one-dimensional descriptions of class charac-
teristics giving a discrete interval in the selected channel, whose values describe a certain class. How-
ever, the interval describing class A might also partly describe class B, which results in a considerable 
overlap between the feature spaces of the two classes (see Fig. 11.3). When including several image 
channels in the process the dimensionality of the feature space increases. This might increase the over-
lap between classes tremendously complicating the definition of classes.  

When using nearest neighbour classifiers, the user has to mark objects in the image that typically de-
scribe the class of interest. Since nearest neighbour classifiers operate in a multidimensional feature 
space using factual distribution of image values the description of the selected objects is an easier task 
with this method. When only few, discrete features separate the classes from each other, the use of 
membership functions is the optimal choice. However, when several different features order objects 
into classes, the nearest neighbour method should be used. The usage of membership function is an 
inflexible classification method: once the discrete intervals are defined, it is not possible to apply the 
class-hierarchy on other areas. On the other hand, the nearest neighbour classifier only defines which 
image channels are used in the feature space; objects can be optionally selected from the image. The 
application of the nearest neighbour classifier seemed therefore the appropriate choice for a European 
approach.  

12.3.7 Accuracy assessment 
Accuracy of classification may be defined as the degree or percentage of correspondence between the 
user’s observation on remote sensing images and the reality. For the assessment of the classification 
accuracy, the classified data have to be compared with ground truth data. This information could either 
be gathered by a field visit or with the aid of image data which shows the test site most accurately. As 
for the test sites in Switzerland orthorectified colour infrared (CIR) aerial photos with a scale of 
1:10.000 were available, which allowed to interpret the area very well, and because of the lack of time, 
the option of collecting points with a GPS during field visit was abandoned. In a pixel-based approach, 
mostly randomly selected reference pixels are compared to the classified ones to build the statistical 
background for the accuracy assessment. In object-based methods however, reference pixels in the 
aerial photo cannot be compared to the classified segments. A segmented object is a generalization of 
several pixels belonging to the same contextual unit. Consider a situation where some pixels inside an 
e.g. forest object represent a small opening with grassland. If in the pixel-based accuracy assessment 
the randomly generated reference point falls in one of these pixels, it will be assigned into meadow 
although they are part of a forest object. This leads to misleading accuracy results. The software eC-
ognition offers two possibilities for object oriented accuracy assessment: in the first case, the user 
selects objects in the segmented image, which can be assigned to one of the already existing classes. 
The software then compares these objects to the classification result and computes the accuracy. In the 
second case, the user imports a classified thematic layer prepared from any ground truth data, which 
serves as basis for accuracy assessment.  

In the first approach, there is a risk that the user selects segments, which were used as training samples 
for the nearest neighbour classification. That calls a bias for the accuracy assessment, especially when 
a class consist of very few segments. On the other hand, no ground truth thematic layer was at our 
disposal. Another approach is suggested here, which is not automatic yet thus being time consuming 
and ineffective, therefore was only used for one image. For the rest of the classifications the first ap-
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proach was applied. In eCognition, it is possible to export the segmented objects to a GIS with their 
respective classification, where the classes are listed in the corresponding attribute table. Thus, the 
classified segmentations were exported from eCognition into the software ArcView with the corre-
sponding classification results. In ArcView 250 random points were generated and overlaid to the 
segmentation where the corresponding objects were selected. The classification of the selected 250 
objects was then compared to colour infrared aerial photos, and false classified objects corrected ac-
cording to their real classes. The reclassified objects were than reimported into eCognition for accu-
racy assessment.  

A contingency matrix is a table of numbers set out in rows and columns, which represents the number 
of reference units (e.g. objects, points, pixels) assigned to a particular class relative to the class veri-
fied by the ground truth. This matrix permits to describe the accuracy in different ways: 

• The overall accuracy is the relationship of the correctly classified objects to the total number 
of the points of reference.  

• The user’s accuracy gives information about the reliability of the classified maps and shows 
if an object was assigned according to the class in reality. The user’s accuracy is calculated by 
the division of the correctly classified objects through the number of all classified objects per 
class. 

• The producer’s accuracy does not consider those objects that are classified incorrectly to a 
class. It indicates the probability a pixel in the reference data was classified correctly. The 
producer’s accuracy is calculated by division of the correctly classified objects of a class by 
the number of all referenced points of the same class. 

The contingency matrix was calculated with eCognition. Accuracy of the visual interpretation was not 
proved, since as no field visit was made, visual interpretation itself was considered the ground truth. 

12.3.8 Calculation of remote sensing based indicators of biodiversity  

12.3.8.1 Landscape indices derived from classified landscape features on the LUU level 
In computer supported work remotely sensed data can be used to produce digital maps which represent 
the features of the landscape. With the knowledge about the landscape characteristics, e.g. number, 
extent, size, and perimeter of its patches, it is possible to quantify the landscape by calculating indices 
based on these parameters. Simply measures like perimeter and area as indices itself are not the only 
and best indices for describing landscape objects. For example, two objects with the same area might 
have very different perimeter or vice versa. The combination of both parameters results in an index, 
which is characteristic for one specific landscape feature (Fig. 11.5). 

 

 

 

 

 

 

 

Fig. 11.5. Landscape objects a and b with same area but different perimeters 

 

From a landscape ecological point of view landscape metrics (landscape indices) can be defined on 
three levels: 

• Patch metrics are defined for individual patches and characterise the spatial character of and 
context of patches. 

a b 

2 ha 2 ha 
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• Class metrics are integrated over all patches of a given class.  

• Landscape  metrics are integrated over all patch types or classes over the full extend of the 
data. 

These metrics in general fall into two categories. One describes the composition and refers to features 
associated with the variety and abundance of patch types within the landscape without considering the 
spatial character , placement or location of patches within the mosaic. The other takes spatial configu-
ration like arrangement, position, or orientation of patches in the landscape into account (MCGARIGAL 
ET. AL, 2002).  

In this study, almost all the up to date available landscape indices were calculated with the software 
FRAGSTAS version 3.3 on patch, class and landscape levels. Landscape level metrics use the entire 
landscape i.e. the Land Use Unit as computational basis, thus correspond to the sampling units of bio-
logical data. Class level metrics on the other hand correspond to the number of classes interpreted (or 
classified) inside one Land Use Unit, thus have more entries as the biological data. Accordingly, patch 
level metrics are based on the number of patches one class might have, thus also have more entries 
then the biological data. This has no theoretical disadvantage but makes computation regarding statis-
tical assessment complicated. For this reason, although metrics were calculated on all the three land-
scape level, in the further analysis only landscape level metrics were used (Table 11.4). 

 

Table 11.4. Calculated landscape metrics of the LUUs 
Area/ Density/ Edge 
• Total Area  
• Number of Patches  
• Patch Density  
• Largest Patch Index  
• Total Edge  
• Edge Density  
• Landscape Shape Index  
• Radius of Gyration  
• Patch Area  
Shape 
• Perimeter–Area Fractal Dimension (PAFRAC) 
• Mean Perimeter-Area Ratio 
• Mean Shape Index 
• Mean Fractal Dimension Index 
Core Area 
• Total Core Area 
• Number of Disjunct Core Areas 
• Disjunct Core Area Density 
• Mean Core Area 
• Mean Disjunct Core Area 
• Mean Core Area Index 
Isolation/ Proximity 
• Mean Proximity Index 
• Mean Similarity Index 
• Mean Euclidean Nearest–Neighbour Index 
Contagion/ Interspersion 
• Aggregation Index (AI) % 
• Contagion (CONTAG) % 
• Proportion of Like Adjacencies (PLADJ) % 
• Landscape Division Index (DIVISION) % 
• Splitting Index (SPLIT) 
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• Interspersion and Juxtaposition Index (IJI) % 
• Effective Mesh Size (MESH) 
Connectivity 
• Patch Cohesion Index (COHESION) 
• Connectance Index (CONNECT) 
Diversity 
• Patch Richness (PR) 
• Patch Richness Density (PRD)  
• Relative Patch Richness (RPR) 
• Shannon’s Diversity Index (SHDI)  
• Simpson’s Diversity Index (SIDI)  
• Modified Simpson’s Diversity Index (MSIDI) 
• Shannon’s Evenness Index (SHEI) 
• Simpson’s Evenness Index (SIEI) 
• Modified Simpson’s Evenness Index (SIEI) 
 

The metrics are described in detail with the corresponding formulas in the FRAGSTATS Metrics 
documentation (McGarigal and Marks, 1995). No distribution statistics of the indices were used in the 
factor analysis, e.g. only the mean of the ENN (Euclidean nearest neighbour distance) of the patches in 
the landscape, but not their AM (area weighted mean), MD (median), or RA (range) etc. were used. 
The proximity index was calculated in a 500m searching radius. Connectivity index was defined in a 
25m distance, i.e. 5 pixels in case of the Landsat-IRS database. 

12.3.8.2 Landscape patch indices derived on the plot level of the Swiss test sites 
From a statistical point of view, modelling species diversity based on six test areas (LUU 1-6) is con-
sidered as a handicap due to the very small sample size. For this reason, the analysis of the Swiss test 
site was extended onto the plot level. Within each LUU, 16 sample points have been established by the 
biologists to monitor species diversity. Around each of these points, a sampling plot was established 
depending on the species in concern (see sampling protocols in this band). Indicators of land use in-
tensity derived from remote sensing on the plot level had to be matched to this sampling design. Un-
fortunately the different species had different sampling protocols concerning the size of the plots. In 
case of plants, for instance, a circle of 25 meters radius was sampled while in case of birds a 100m 
radius was used. Considering remote sensing indices on three spatial resolutions, on two classification 
levels, and the number of variables (landscape indices, grey values, and elevation data) assessed, 
matching the sampling design of the remote sensing data with all species samples is not a realistic 
task. Therefore, an arbitrary 25m radius was selected to produce remote sensing indicators on the plot 
level, assuming that this represent the sampling size of the species.  

On this account, the statistical study could be expanded for 96 (6 x 16) units. The major limitation 
when computing landscape indices on the plot level is the very small extend of the defined units. 
Landscape metrics quantify the pattern of the landscape, where the landscape itself should be defined 
inside a logical (economical, social, ecological) boundary. In our case the landscape was reduced to a 
25m radius circle. This influences calculation of landscape indices especially measures like nearest 
neighbours or connectivity. Imagine a species populating in patches outside the 25m boundary. In this 
case the landscape is not connected although the species might happily bridge the 25m distance. Be-
cause of these above mentioned factors, computation of those landscape indices used in the LUU 
level, did not appear meaningful for the plots. Instead, simple metrics describing patch properties were 
used which refer to single patches of the landscape and not to the whole area as a contextual unit. 
Patch properties are thematic units where boundaries causing abrupt changes have dramatic effects on 
the single values. Grey value derivatives and elevation values on the other hand are continuous vari-
ables, where it can be assumed that the neighbouring pixel has the same or very similar value. There-
fore, also a 100 m radius circle was used to calculate patch properties while the grey value derivatives 
were kept on the 25m unit. This was also necessary because the data acquisition inside the 25m radius 
did not result in meaningful values; in many cases there was no other landscape element inside the plot 
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to which i.e. a distance could have been measured. The following patch indices have been computed 
inside the plots (Fig. 11.6):  

• Area of the classes occurring in a 25m and 100m radius plot 

• Number of patches in a 25m and 100m radius plot 

• Number of classes in a 25m and 100m radius plot 

• Distance to the closest landscape element per class inside 25 and 100m, respectively 

• Number of Patches, which are in a radius of 25m and 100m (for each class separated)  

• Code of the class in which a centre of the plot is located in  

12.3.8.3 Grey value and elevation derivatives 
Classification or visual interpretation of remote sensing data is a time consuming method that requires 
high expert knowledge of hardware, software, and processing algorithm. Furthermore, classification of 
original pixel values into land-use classes always introduces errors into the resulting thematic map. 
Pixels with similar radiometric properties might belong to two different classes, that classification 
cannot separate. This way, forested patches might be classified as meadow or other way around, 
meadow objects might be included into a polygon of e.g. deciduous forest. Furthermore, the resulting 
polygons of different land use classes are simplifications of the radiometry of image pixels: a forest 
stand with deciduous and coniferous species will be classified as mixed, although the original pixels 
might have a wide range of varying values. Therefore, an attempt was made to describe the land use 
intensity gradient with grey values as well. The normalised difference vegetation index (NDVI) was 
calculated for the 48 Land Use Units located in the eight countries. NDVI gives the amount of vigor-
ous vegetation in the area and is calculated by dividing the difference of the near infrared and red 
channel with the sum of the near infrared and red channel. Mean and standard devia tion of the NDVI 
values over the 1*1 km LUUs were computed.  

 

 
 

Fig. 11.6. Calculation of patch indices on the plot level 

 

For the Swiss test site original image pixel values and enhanced images on three spatial resolutions 
were used as grey value indicators of the land use intensity gradient. Image enhancement techniques 
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are used in general for pointing out important features of raw, remotely sensed data. The suppression 
of unwanted information makes the image more interpretable to the human investigator and also might 
better describe the desired land-use gradient. In order to tap the full potential of remote sensing data 
many spectral and textural processing methods have been applied to the images. Under spectral grey 
value derivatives that group of image enhancement techniques is meant here that operates with the 
spectral band as one unit without taking into account the spatial location of the pixels in the image. 
Landsat offers up to seven bands, Quickbird four, and the aerial photos three. Where it was possible 
the same channels were derived from all the three images (like NDVI), while in case of Landsat ETM 
– IRS image special derivatives like the Tasselled Cap transformation was used. Pixel values of the 
sampling plots were averaged and the mean values were used in the further analysis. The calculated 
spectral image derivatives are displayed in Table 11.5. 

 

Table 11.5. Spectral enhancement of the images 

 Channel Comment 

NDVI Normalised difference vegetation Index: 
REDNIR
REDNIR

+
−  

TNDVI Transformed NDVI :           5,0+
+
−

REDNIR
REDNIR  

Vegetation Index Vegetation Index :                   REDNIR−  

Ratio 1  
RED
MIR  

Ratio 2  
NIR
MIR  

Ratio 3  
RED
IR  

Ratio 4   
RED
NIR  

Ratio 5  
RED
NIR  

Tasselled Cap  Rotates the data structure axes to optimise viewing for vegetation 
studies 

Sp
ec

tr
al

 e
nh

an
ce

m
en

t 

PCA  Compresses redundant data values into fewer bands, which are 
often more interpretable than the source data 

 

Under spatial grey value derivatives or textures that group of image enhancement techniques is meant 
that operates on the pixel by pixel level, taking the spatial locations of the pixel into account. For each 
calculation a mowing window was applied that sliding across the image calculates new values for the 
centre pixel according to the given algorithm. The window size of the filtering methods were modified 
to 3x3, 5x5 and 7x7 pixels. Texture analysis performs filter operations including variance, skewness, 
angular second moment, homogeneity, entropy, contrast, dissimilarity and correlation. Focal Analysis 
performs filter operations including density, diversity, majority, minority, rank, maximum, and min i-
mum. The usage of textural enhancement has the advantage of: 

• decreasing contrasts in high frequency scenes, in order to emphasize homogeneous informa-
tion 

• avoiding noise-effects, and  

• substituting missing values as a function of interpolation of surrounding values. 

The computed texture and focal images are listed in Table 11.6. 
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Table 11.6. Textural filter enhancement of the images 

 Channel Comment 

Density Returns number of occurrences of the centre pixel value in focal 
window  

Diversity Returns number of different values in focal window  

Rank Returns the number of pixels in the focal window whose value is 
less than the centre pixel 

Standard Deviation Returns standard deviation of pixels in focal window  
Sum Returns sum of pixels in focal window  
Majority Returns the most commonly occurring value in focal window  
Minority Returns the least commonly occurring value in focal window  
Minimum Returns the minimum of values in focal window  

Fo
ca

l A
na

ly
si

s 

Maximum Returns the maximum of the data file values in focal window  
Variance Returns variances in moving window 
Skewness Returns Skewness in moving window 
ASM Returns Angular second moment in moving window 
Homogeneity Returns homogeneity in moving window 
Entropy   Returns entropy in moving window 
Contrast Returns contrast in moving window 
Dissimilarity Returns dissimilarity in moving window 

T
ex

tu
re

s 

Correlation Returns correlation in moving window 
 

For the Swiss test site terrain (DEM = digital elevation model) and surface elevation (DSM = digital 
surface model) values were also used as spatial indicators of species diversity. Primary terrain attrib-
utes were directly used as elevation data and further derivatives such as slope, aspect, planar, and pro-
file curvature were derived from the DEM. The DEM were subtracted from the DSM to achieve eleva-
tion data of all objects which are higher then the ground, e.g. trees and houses. Furthermore, textural 
derivatives like angular second moment, homogeneity, entropy, and focal minimum and maximum 
values were also computed. 

Table 11.7. Elevation derivatives  

Channel Comment 

DEM Digital elevation model 
DSM Digital surface model 
Difference Absolute elevation of terrain objects (DEM-DSM) 
Aspect Aspect of the DHM and the DSM 
Slope Slope of DHM and DSM 
Plan Curvature Perpendicular to the direction of maximum slope 
Profile Curvature the direction of maximum slope 
Curvature Plan Curvature - Profile Curvature 
ASM Returns Angular second moment in moving window 
Homogeneity Returns homogeneity in moving window 
Entropy Returns entropy in moving window 
Focal minimum Returns the minimum of values in focal window 
Focal Maximum Returns the maximum of the data file values in focal window 

12.3.9 Statistical analysis 

12.3.9.1 Landscape structure analysis 
Factor analysis (FA) is used to uncover the latent structure (dimensions) of a set of variables. It re-
duces attribute space from a larger number of variables to a smaller number of factors. Factor analysis 
has similar aims as principal components analysis. The basic idea is that it may be possible to describe 
a set of p variables X1, X2, ..., Xp in terms of a smaller number of factors, and hence elucidate the 
relationship between these variables (Manly 2000). FA can be used for many purposes. It can reduce a 
large number of variables to a smaller number of factors for modelling purposes. It can select a subset 
of variables from a larger set, based on which original variables have the highest correlations with the 
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principal component factors. FA can also be used to create a set of factors to be treated as uncorrelated 
variables as one approach to handle multicollinearity in such procedures as multiple regression. There 
are several different types of factor analysis with the most common being principal components analy-
sis. There are four basic steps when performing FA. Firstly a correlation matrix is calculated which 
determines which variables correlate weekly with the others thus should be left out from the analysis. 
Furthermore, the communalities values were used to decide whether the factor model is acceptable. 
Communalities indicate the estimates of variance in each variable that is accounted for by the compo-
nents. In the factor extraction step the different statistical parameters define whether the factor model 
is proper to extract factors from the original variables. The eigenvalue of a factor shows, which 
amount of the total variance through the particular factor is explained and should be above one to ex-
tract the factor. The screeplot shows for each factor the eigenvalue and as a rule of thumb that number 
of factors should be selected where the diagram has a breakpoint. The selected factors are interpreted 
with the factor loadings which shows which variable is mostly explained by the particular factor. For 
the easier interpretation of the factors, the factor matrix can be rotated with e.g. varimax rotation 
where the number of variables with higher loading are minimised.  

Factor analysis was used for several purposes in this research. To reduce the huge number of variables 
into few uncorrelated ones, FA was carried out on the first and second level landscape indices database 
derived from visual interpretations of the standard dataset of the 48 LUUs (all countries). For the fac-
tor analysis, only the landscape level indices were used, since the LUUs as landscape were to be com-
pared. The selected metrics representing the extracted factors showed the dominant features in the 
European landscape and were used to describe land use intensity in the eight countries. Furthermore, 
factor analysis was performed on the plot level landscape indices, grey value derivatives, and elevation 
values to reduce multicollinearity of the variables which were later used in general linear models. To 
decide which variable should be left out from the analysis the variables were checked for outliers. This 
was done based on extreme values on one side, and on the KMO and the MSA values on the other 
side. To improve linearity, the landscape indices were log transformed using log10 prior to the analysis. 
Furthermore, the variables were also standardised (mean of zero and variance of one) to compensate 
the influence of dominant landscape indices.  

To further interpret FA results and landscapes of the eight European countries, cluster analysis was 
carried out with the 48 LUUs of the eight countries. Factors extracted from the landscape indices de-
rived from the first level visual interpretation of the Landsat – IRS dataset gave basis to the clustering 
process. Cluster analysis is similar to factor analysis in the way that both seek to identify homogene-
ous cases of subgroups of cases in a population. That is, cluster analysis seeks to identify a set of 
groups which both minimise within-group variation and maximise between-group variation. The first 
step in cluster analysis is the establishment of the similarity or distance matrix, where the measure of 
similarity of each pair of cases is listed. The mist common measure is Euclidean distance where a 
given pair of cases is plotted on two variables, which form the x and y axes. In hierarchic cluster 
analysis or agglomeration, first all cases are seen as an own cluster. In the first step or hierarchy, the 
two cases between that the distance is the minimum or the similarity is the maximum, will be grouped 
into one cluster. In the following steps the distance measures are computed new, and the cluster are 
grouped into new clusters. The agglomeration proceeds till all the cases are grouped into one cluster. 
The number of clusters that gives a meaningful grouping of the cases, can be decided based in the 
similarity measures between the created clusters. On that hierarchy, where the first highest jump be-
tween the distance coefficients appears, is the building of clusters the most meaningful, since on lower 
hierarchy the clusters are too similar to each other while on higher hierarchy they are too heterogene-
ous.  

Principal component analysis (PCA) is one of the earliest ordination technique applied in ecological 
studies, founded on a linear response model where species abundances are linearly influenced by the 
environmental variables. PCA constructs the theoretical variable that min imizes the total residual sum 
of squares after fitting straight lines to the data. PCA does so by choosing the best values for the sam-
pling sites, the site scores; any other choice of site scores would result in a larger sum of squared re-
siduals (Jongman et al. 1995). The first two axes of PCA are the theoretical variable minimising the 
total residual sum of squares among all possible choices of two explanatory variables. Analogously, 
the first three PCA axes minimize the total residual sum of squares by fitting the data to hyperplanes, 
and so on. PCA is thus a multi-species extension of multiple (least-squares) regression. The difference 
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is that in multiple regression the explanatory variables are supplied environmental variables whereas 
in PCA the explanatory variables are theoretical variables estimated from the species data alone. The 
first PCA axis is the variable that explains the species data best and second and later axes also explain 
the species data best but subject to the constraint of being uncorrelated with previous PCA axes 
(Jongman et al. 1995). In practice higher number of PCA axes that explain only a small proportion of 
variance in the species data can be ignored.  

PCA was applied on the landscape indices, grey value derivatives, and elevation dataset on all datasets 
investigated in the Swiss test site. Prior to the analysis, the datasets were scaled based on inter-sample 
distances to allow distances on the ordination diagram to remain meaningful. The scores of the remote 
sensing data were post normalised by dividing them with the standard deviation of the respective re-
mote sensing variable in the dataset. This normalisation allows better comparisons within ordination 
space because dominant spatial variables do not drastically influence the ordinations. Finally, the spa-
tial data were centred and standardised. Centering was performed by subtracting column means from 
the data to achieve zero column means. Standardisation was performed to reduce the effect imposed 
by dominant species that otherwise tend to heavily weight the principle axis. Four PCA axes were 
extracted from all the datasets, and the eigenvalues and percentage of variance explained by the spatial 
data compared. The eigenvalue is the measure of importance of the axes, values being between 0 and 
1, and it shows the extent of variation among sampling entities along the dimension specified by the 
principal component. The percentage of variance of the species data explained by the axes is derived 
from the eigenvalues and the sum of all unconstrained eigenvalues, e.g. for axis 2, 100*(?1 + ?2) / (sum 
of all eigenvalues). The PCA results performed on the spatial datasets were used to describe the vari-
ability among the sampling plots along the land use gradient based on the spatial data compos ition. 
For further interpretation of the PCA results, sample scores of the first PC axes of the classifications 
and the grey value derivatives were correlated (Pearson’s correlation) to the land use intensity gradi-
ent. 

12.3.9.2 Analysis of the relation between remote sensing indices and species diversity  
To analyse the relation between indicators derived from remote sensing and indicators of biological 
diversity, firstly species richness of plants, carbides, and birds were selected. The species richness 
datasets were calculated on the plots in Switzerland. A general linear model was applied on the differ-
ent remote sensing datasets as explanatory combined with the different species richness as response 
variables, and the difference in correlation coefficients among the datasets studied. Explanatory vari-
ables of the multivariate analysis were the factors extracted with factor analysis from the different 
remote sensing and elevation datasets. The null hypotheses was established, that species richness does 
not depend on the variables extracted from remote sensing data, and as alternative hypothesis the de-
pendence was defined. Another biological data, the percentage of tree species crown cover measured 
on the plots was used to further investigate the relationship between terrestrially measured and remote 
sensing derived indicators. Abundance of woody plant species and the percentage of tree species 
crown cover, both sampled on the plots, were studied in a canonical correspondence analysis (CCA) to 
describe how much variance of the species data the different remote sensing indicators are able to 
describe. The tree crown cover data were further analysed in a CCA ordination diagram.  

Eigenvalues measure how much variation of the species data is explained by the axis and thus by the 
environmental variables. Since the amount of variance explained by an axis is related to the total vari-
ance (or inertia) in the dataset, eigenvalues cannot be compared across analyses since the different 
datasets are likely to have different inertias. Therefore, to compare the different remote sensing indica-
tors, the percentage of variance in the species explained by the first eigenvalue and the total variance 
explained by all the environmental variables were compared. The percentage of variance of the specie s 
data explained is derived from the eigenva lues and the sum of all unconstrained eigenvalues (e.g. for 
axis 2, 100*(?1 + ?2) / sum of all unconstrained eigenvalues). The total variance explained by all the 
environmental variables were calculated as (sum of all canonical eigenvalues / total inertia) * 100. In 
the CCA runs, biplot scaling was selected with focus on inter-species distances and the species data 
were centred, standardised, and transformed to log values.  

Prior to CCA, detrended correspondence analysis (DCA) was run on the species dataset to check for 
unimodality. Many researchers observed that species commonly show bell-shaped response curves 
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with respect to environmental gradients which can be modelled with normal or Gaussian distribution. 
According to Jongman et al. (1995) gradient length of DCA axis above four shows unimodal response 
of the species data to the environmental gradient and thus no linear methods should be used (i.e. re-
dundancy analysis). The reason for this is that the gradient length is given in standard deviations unit 
(SD) and four standard deviations define 99% of the Gaussian or normal distribution. Thus, in case the 
gradient length in the DCA run is higher then four, unimodality is proved and statistical methods like 
e.g. CCA should be applied to link environmental and species data. Otherwise, linear methods like 
redundancy analysis should be applied. The statistical significance of the relationship between the 
species and the whole set of environmental variables was evaluated using the Monte Carlo permuta-
tion test. As null hypothesis the test was taken that the species data are unrelated to the environment 
data and as the alternative hypothesis that the species respond to the environment. Significant envi-
ronmental variables describing species data were manually selected during the single runs based on 
Monte-Carlo permutation test, with 999 permutations. 

 

Fig. 11.7. Flowchart of the remote sensing work done on for all test sites 
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Fig. 11.8. Flowchart of the remote sensing work done on the Swiss test site 

 

12.4 Results 

12.4.1 Topographic normalisation 
Table 11.8 shows the regression parameters for the C- and the Minnaert-method of the Landsat bands 
3, 4, 5, and 7. The different Landsat bands reacted very differently to the two methods, each band giv-
ing good normalised results with one of the two methods. This was so significant, that from both nor-
malised data sets the bands best normalised were selected to build up a final topographically normal-
ised Landsat image. Although this approach cannot be suggested as part of an effective and fast meth-
odology, for the purpose of an accurate data set it was accepted as input for the further classification 
work. In all cases the Minnaert method gave better regression parameters then the C-method, thus 
normalisation of pixel values worked better with this method. Fig. 11.9 shows regression diagrams of 
the uncorrected and corrected Landsat channels (channels 3, 4, 5, and 7) and also the test of the suc-
cess of the Running – Minnaert method. All the uncorrected channels showed strong dependence on 
the cosines of the sun incidence angle thus on the radiance conditions of the terrain. This effect was 
most significant in case of channels four, five, and seven, while channel three showed lower depend-
ency on the terrain / radiation conditions. The normalised channels did not show dependency on the 
cosines if incidence angle thus the topographic normalisation worked well. The test of the normalisa-
tions also proved, that all the four channels were well normalised and the dependency on irradiation 
was reduced to a minimum. To select which method normalised the four channels the best, the R2 val-
ues of the regressions were compared (Table 11.8b). Best normalised channels were those, where the 
least dependence between the cosines I and the grey values could be seen, thus where the R2 values 
were the lowest. Accordingly, channels two, three, five, and seven were best normalised by the Run-
ning – Minnaert method while the Minnaert – method normalised the fourth channel the best. 
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Table 11.8a. Topographic normalisation results using the C- and Minnaert-methods 

 C-method Minnaert-method 

 TM3 TM4 TM5 TM7 TM3 TM4 TM5 TM7 

Slope (m) 10.64 43.04 37.23 18.46 0.36 0.59 0.62 0.55 

Intercept (b) 24.011 27.83 19.05 12.67 3.50 4.22 3.97 0.37 

Correlation 
coefficient 

0.39 0.58 0.48 0.43 0.65 0.74 0.63 0.58 

 

Table 11.8b. R2 values of the topographically  normalised images using the C-, Minnaert-,and Run-
ning Minnaert methods 

 C-method Minnaert Running - Minnaert 
TM2 0.0064 0.0360 0.0003 

TM3 0.0669 0.1003 0.0074 
TM4 0.0195 0.0001 0.0835 
TM5 0.0532 0.1267 0.0026 
TM6 0.0994 0.1704 0.0005 
 

12.4.2 Visual interpretation of the 48 LUUs in the eight countries 
All countries could follow the developed visual interpretation protocol and managed to prepare the 
land use maps. Fig. 11.9 shows the distribution of the interpreted classes among the eight countries 
according to the first level classification. According to the defined land use intensity gradient, land use 
unit one contained mostly old growth forest in all the eight countries. In Finland, France, Hungary, and 
UK, land use unit one contained 100 percent forest. Land use unit one of Spain contained the least 
amount of forest, a bit more then 40 percent. Land use unit six representing intensively managed land-
scapes showed also a heterogeneous picture. In France the sixth LUU contained 100% agro-forestry 
area (grassland with scattered trees), while in Switzerland around 70 percent of the LUU was situated 
in grassland. Finland’s sixth land use unit contained the least amount intensively managed areas, 
amounting to 60 percent, while the rest of the LUU was located in forest. In UK more then 90% of the 
sixth land use unit were situated on grassland and arable land and no forest patches were found there. 

 

Regarding land use units in the middle of the intensity trend an even more heterogeneous situation was 
found. Switzerland’s land use units only contained various percentage of forest and grassland areas, 
which switched into forest towards the extensive land use end of the trend. Land use units in Spain 
were far the most heterogeneous, the fourth land use unit containing six classes: water bodies, agro 
forestry, forest, shrub land, grassland and artificial surface. Portugal was the most outstanding con-
cerning LUUs three, four, and five. These areas are located in Montado forest. This class was difficult 
to pass into the interpretation protocol which defined Montado as forest although its highest crown 
cover percentage was below 30 percent. Montado is a very typical vegetation type in Portugal cover-
ing many areas along the intensity gradient. This is the reason why the above mentioned three LUUs 
in Portugal contain above 90 percent forest which is Montado. Finland had a somewhat similar situa-
tion concerning the forest content of LUUs in the middle of the intensity gradient. LUU three con-
tained more then 90 percent forest, and four more then eighty. This could not be avoided since the 
Finish landscape is very forested. These areas were then selected in an intensively managed forested 
region. 
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Fig. 11.9. Topographic normalisation results of the Running-Minnaert method (x axis = cosines of 
incidence angle, y axis = digital number of the pixels) 
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Fig. 11.9: Distribution of land use classes across the eight BioAsssess countries; note that Portugal  LUU3, 
LUU4, and LUU5 forest is Montado, which was included in the forest class 
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Agro forestry areas were only found in Finland, Spain and UK, although in the latter case it was less 
then five percent of land use unit four. Water bodies were only interpreted in Ireland and Spain. In the 
sixth land use unit of Switzerland a small river flows across the area. However, the five meter spatial 
resolution Landsat-IRS image did not allow the differentiation of this class. The mere knowledge 
about the existence of this class would have only allowed very inaccurate delineation of the class, thus 
it was not interpreted. In these situations visual interpretation might become subjective depending on 
the local knowledge of the interpreter. The goal of the development of the visual interpretation proto-
col was to avoid these situations.  

12.4.3 Segmentation-based classification and visual interpretation of the Swiss test 
sites datasets 
The visual interpretation of the three Swiss datasets followed the interpretation scheme developed for 
the project. In order to capture small landscape features like forest stripes, roads, farms, etc, these were 
digitised as lines and points in a separate shapefile, and in a follow up step a buffer were built in GIS 
to obtain polygons. Plot level indices were calculated from all the three visually interpreted datasets on 
both the level one and two classifications. Fig. 11.10-12 show some example of the visual interpreta-
tion datasets. Fig. 11.10 (right side) displays visual interpretation of the Landsat-IRS dataset. Objects 
have very generalised smooth edges, and small object are not interpreted due to the restriction of the 
low spatial resolution. Fig. 11.11 (right side) displays visual interpretation of the 2.8 m spatial resolu-
tion Quickbird image. According to the higher resolution, objects are interpreted with edges in more 
detail, small objects like streets and group of trees appear, and generally more objects are displayed 
then on the Landsat-IRS dataset. Visual interpretation of the aerial photo (Fig. 11.12, right) shows a 
very similar picture, and indeed the two interpretations are difficult to tell apart. This is due to the fact, 
that small landscape objects were interpreted with the help of buffers in GIS, and larger landscape 
element like a forest stand do not differ on these spatial resolution considerably. Fig. 11.13 shows 
some stereo photo interpretation results of the forest stands on LUU1 in Switzerland. The abbrevia-
tions of forest stand types are explained in the methods chapter, under point 3.5. Fig. 11.13a shows the 
distribution of forest types like deciduous, mixed, and coniferous forest stands in percentage of stand 
area, together with their maturity and crown closure. The distribution and type of dead woods (i.e. 
standing or lying, and their amount) is shown in Fig. 11.13b. The distribution of gaps is shown in Fig. 
11.13c, as the number of gaps inside one stand and the percentage of stand area the gaps occupy. Fig. 
11.13 C shows the percent of coniferous trees interpreted inside a forest stand together with whether 
the trees stand alone or in groups. Fig. 11.13 D is an example of age classes interpretation, which 
shows the percentage of grouped and old trees inside a stand. 

eCognit ion allows the selection of image channels which should be included in the segmentation proc-
ess. This way, panchromatic, multispectral, or a fused channel can be defined and the segmentation 
algorithm defines object edges based on the selected bands. Several combinations of input image 
channels were tried and the results visually investigated. Landsat resampled to 5m spatial resolution 
shows blockiness in the image since the original multispectral information still correspond to 30m 
resolution (Fig. 11.14, A1). Accordingly, segmentation using only the Landsat image will result in 
blocky objects with coarse edges (Fig. 11.14, A2). The produced land use objects will fail to deliver 
enough information for the assessment of land use diversity. The AIF fused image has 5m spatial reso-
lution, however, due to the influence of the panchromatic IRS image, objects edges are clearer and 
smoother now (Fig. 11.14, B1). Due to the filtering algorithm however, structural information inside 
the objects are lost. Segmentation of the AIF-fusion produces more interpretable landscape objects 
(Fig. 11.14, B2), the lack of structure however enables the classification of meaningful land use 
classes. IHS fusion with the original IRS and AIF image transforms the structure information back 
(Fig. 11.14, C1) but here another problem arises. The stripes due to the sensor quality in the IRS image 
strongly influence the segmented objects, and according to the stripes the objects show south-north 
directionality (Fig. 11.14, C2). Using the sigma filtered IRS image to gain back the structural informa-
tion does not show the directionality and accordingly the segmentation results in smooth and easily 
interpretable land use objects (Fig. 11.14, D1 and D2, respectively).  
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Fig. 11.10. Segmentation based classification (left) and visual interpretation (right) of LUU6 based on the Landsat-IRS dataset 
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Fig. 11.11. Segmentation based classification (left) and visual interpretation (right) of LUU6 based on the Quickbird dataset 
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Fig. 11.12. Segmentation based classification (left) and visual interpretation (right) of LUU6 based on the aerial photo dataset 
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Fig. 11.13. Stereo photo interpretation of forest stands on the Swiss test site (LUU1) 
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Fig. 11.14. Segmentations based on the standard dataset 

 

Segmentation based classifications generally extracted more landscape objects then the visual interpre-
tation counterparts (Fig. 11.10-12). While on the visual interpretation of the Landsat-IRS dataset group 
of trees had to be left out according to the visual interpretation protocol, segmentation extracted these 
landscape objects easily. Furthermore, while objects are simple and strongly generalised in the inter-
pretation map, segmentation created edges which better followed the complex landscape objects. Im-
age segmentation allows for the construction of polygons of a few pixels as long as their contrast to 
the surrounding pixels is significant. As a result, small landscape elements are more often realized in 
segmentation based classifications and are ‘stable’ between several independent classifications. In case 
of Quickbird and aerial photos the differences between the two processing methods do not appear that 
strong. Generally, also here segmentation extracted more complex objects while visual in terpretation 
resulted in generalised edges. Furthermore, segmentation delivered more small objects while visual 
interpretation could only define the larger landscape elements well. The main difference between the 
two methods concerns small landscape objects: segmentation followed their edges the used pixel size 
allowed, while visual interpretation created circles in case of houses and straight lines in case of streets 
independent of the real appearance of these objects.  

12.4.4 Accuracy assessment of automatic classification 
The accuracy assessment was done with the software eCognition whereby the sample units are objects 
and not pixels like in other accuracy methods. The results are shown in Table 11.9. 
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Table 11.9. Accuracies of the landcover classifications according to level 1and level 2 automatic clas-
sifications and to the used remote sensing data 

 Landsat-IRS Quickbird Aerial Photo 
Level 1 
Overall Accu-
racy 

0.948 0.975 0.994 

Accuracy User Producer User Producer User Producer 
Forest 0.995 0.975 1 1 0.998 1 
Grassland 0.946 1 0.993 1 0.994 1 
Artificial sur-
face 

0.733 0.546 0.851 0.722 0.976 0.958 

Open spaces  0.852 0.899 0.882 0.921 1 0.973 
Level 2 
Overall Accu-
racy 

0.900 0.900 0.963 

Accuracy User Producer User Producer User Producer 
Broadleaf 0.804 0.895 0.851 0.701 0.991 0.893 
Coniferous 1 0.488 0.843 0.989 1 0.891 
Mixed 0.833 0.889 0.854 0.676 0.876 0.994 
Cities 1 0.872 0.960 0.792 0.934 0.702 
Roads 1 0.578 0.882 0.886 0.885 0.958 
 

The overall accuracy of the first classification level of all images was over 90%. The aerial photo 
showed the highest accuracy followed by Quickbird and Landsat. In Quickbird the forested objects 
were with 100 percent accuracy classified and also from Landsat and the aerial photos very high accu-
racies resulted. Urban areas and open surface were best classified from the aerial photos and from 
Landsat-IRS the worst. On the aerial photo these objects are clearly defined while on Landsat-IRS 
urban areas are hardly separable from each other. This results in a worse segmentation as well as clas-
sification of these objects. Continuous forested areas were very well classified from all the three re-
mote sensing datasets. 

Although the accuracy of the second level classification was generally lower then that of the first level, 
the second level results were still very good. As before, the aerial photo classific ation gave the best 
overall accuracy results on this level. Deciduous and mixed forest were in all the three datasets with a 
user accuracy between 80 and 90% classified. These classes seem to be the most stabile that is proba-
bly based on the fact that they are the most often present in the area. Coniferous forest was from the 
Landsat-IRS and aerial photo datasets with a much higher accuracy classified as from the Quickbird 
image. Coniferous forest patches are on the Landsat-IRS resolution very homogeneous objects while 
on Quickbird images these objects are very heterogeneous. On the aerial photo resolution, in these 
areas the single coniferous crowns can be segmented separately from deciduous crown, that makes 
their classification more accurate. Surprisingly, roads and urban areas were with 100 % accuracy cla s-
sified from Landsat-IRS images. However, since only very few objects could be segmented and classi-
fied in this category, only few reference objects could be selected thus independent accuracy assess-
ment was not possible. This gives most probably the 100 % accuracy of this category.  

12.4.5 Factor analysis of landscape indices extracted from visual interpretation of the 
standard dataset  
After looking at the variables, the first outlier was the TA (total area) index. Total area was uniformly 
defined as 1ha for all LUUs, therefore high explanatory value could not be expected from this vari-
able. TA was left out from the further analysis, i.e. it was not considered as factor. Furthermore, since 
PAFRAC (perimeter–area-fractal-dimension) is subject to small sample size and should not be used 
when the number of patches in the landscape is < 10. Since this was the case in most of  the countries, 
PAFRAC was also excluded from the further analysis. After the first run the KMO value was 0.661 
that showed that the model was acceptable. CONNECT (connectivity index) had the lowest value in 
the anti image matrix amounting to 0.125. This, however, was not that low to exclude CONNECT 
from the analysis. Regarding the communality values, ENN_MN had the lowest value (0.493), which 
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again was not that low that the index should have been left out from the further analysis. The total 
variance expla ined by the factors were 89.5 percent (5 factors extracted) that was a bit lower then the 
90 percent goal. Also the screeplot (Fig. 11.15) showed that there was no considerable difference be-
tween the extraction of five or six factors and furthermore, the sixth factor was strongly associated to 
one variable. Therefore, another run was made where the 6 factor solution was forced. The percentage 
of variance explained by the single factors and the factors cumulatively is showed in Table 11.10. 

Table 11.10 . Eigenvalues and % of explained variance of the extracted factors 

Factor comp onent 
Total eigen-
value 

% of the 
variance 

Cumulative % of 
the variance 

1 24.80 63.58 63.58 
2 4.08 10.46 74.04 
3 2.69 6.91 80.94 
4 1.99 5.11 86.05 
5 1.35 3.46 89.51 
6 0.88 2.26 91.77 
 

The selected indices representing the 6 extracted factors were: 

1 MSIEI (Modified Simpson’s Evenness Index) 

2 AI (Aggregation Index) 

3 PR (Patch Richness) 

4 CONTIG_MN (Mean Contiguity Index) 

5 IJI (Interspersion and Juxtaposition Index) 

6 ENN_MN (Mean Euclidean Nearest Neighbour Index) 

Fig. 11.15. Screenplot of the FA based on landscape indices extracted from the first level classification 
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In the following the six landscape indices selected to represent the six factors are listed and described. 
The description of the indices corresponds to the Fragstats User Manual (McGarigal and Marks, 
1995).  

MSIEI (Modified Simpson’s Evenness Index) loaded with a value of 0.919 on the first extracted factor 
and thus was selected to represent it. MSIE equals zero when the landscape contains only 1 patch (i.e., 
no diversity) and approaches zero as the distribution of area among the different patch types becomes 
increasingly uneven (i.e., dominated by 1 type). MSIDI = 1 when distribution of area among patch 
types is perfectly even (i.e., proportional abundances are the same). Modified Simpson’s evenness 
index is expressed such that an even distribution of area among patch types results in maximum even-
ness. As such, evenness is the complement of dominance. The distribution of MSIEI in the LUUs of 
the eight countries shows heterogeneous picture (Fig. 11.17). While the first and second LUUs of 
Finland, France, Hungary, and UK show zero and values around zero, in case of Portugal LUU 4 and 5 
have low values. On the other side, the first LUU of Spain has a very high value showing a landscape 
with very evenly distributed patches while other countries with the fifth and sixth LUUs are repre-
sented on the high values. 

The second factor was best represented by the Aggregation Index (AI) with factor loading of 0.841. AI 
equals 0 when patch types in the landscape are maximally disaggregated (i.e., when there are no like 
adjacencies). AI increases as the landscape is increasingly aggregated and equals 100 when the land-
scape consists of a single patch. At the landscape level, the index is computed simply as an area-
weighted mean class aggregation index, where each class is weighted by its proportional area in the 
landscape. The index is scaled to account for the maximum possible number of like adjacencies given 
any landscape composition. Aggregation index is a measure of fragmentation therefore a useful index 
for biodiversity. Although AI loaded with a low value on the first factor. it correlated negatively but 
quite high to MSIEI (-0.659). AI can be seen as a counterpart of the MSIEI index although not just the 
opposite of the other; MSIEI is minimum (i.e. is zero) when the landscape consist of one patch while 
AI is maximum (i.e. is 100) in the same case. MSIEI is maximum (i.e. is 1) when the distribution of 
the area among the patches is perfectly even while AI is minimum (i.e. is zero) when the patch types 
are maximally disaggregated and there is no like-adjacencies between them. Thus, while MSIEI shows 
the even distribution of all the landscape patches, AI displays their like adjacencies regarding the class 
they belong to. Looking at the diagram of AI (Fig. 11.17) at first site it is striking that all countries 
have very high values thus strong aggregation, among them the smallest being the third LUU in Swit-
zerland with the value of 96.68. This results from the high patch number on the third LUU (Number of 
Patches = 23) parallel to the low class number (two classes, forest and grassland). Switzerland had 
generally the lowest values which has to do with the simple landscape the first level classification 
extracted. UK, France, and Finland are represented with the highest AI regarding the forested LUUs, 
since these does not contain any other classes. Land Use Units 3-6 are heterogeneously distributed 
along the Aggregation Index except Portugal whose LUUs are grouped at the end of the AI gradient.  

PR (Patch Richness) had the highest loading on the third factor with the value of 0.770. PR equals the 
number of different patch types present in the landscape. Patch richness is perhaps the simplest meas-
ure of landscape composition, but it does not reflect the relative abundances of patch types. The fourth 
LUU of Spain was the richest with six patches followed by the sixth and first LUUs of UK and Spain, 
both with five patches (Fig. 11.17). While the first LUU of Spain was the richest in the country, the 
first LUUs of UK, France, and Finland were the least richest having only one patch in the landscape. 
LUUs three and four in the middle of the land use intensity trend were also situated in the middle of 
the patch richness gradient.  

The fourth factor was best represented by PARA_MN (Mean Perimeter-Area Ratio) and CON-
TIG_MN (Mean Contiguity Index), with factor loading of 0.964 and -0.964, respectively. PARA_MN 
is a problematic index since it varies with the size of the patch even if the shape is held constant. 
Therefore CONTIG was selected to represent the fourth factor. CONTIG assesses the spatial connect-
edness, or contiguity, of pixels within a patch and provide an index of patch boundary configuration. 
CONTIG equals 0 for a one-pixel patch and increases to a limit of 1 as patch contiguity, or connected-
ness, increases. Large, contiguous landscape patches result in larger contiguity index then small frag-
mented patches. Hungary had an extreme low value in the fifth LUU amounting to 0.16, followed by 
the fifth LUU of Portugal with a CONTIG value of 0.49 (Fig. 11.17). A very small part (0.2 percent) 
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of the fifth LUU in Hungary is arable land, which, on the other hand contains 25 patches. This is a 
drawback of the arbitrary definition of landscape boundary. The 25 small patches are 25 pixels which 
were cut of from a bigger patch as the border of the LUU was drawn. The first LUU of UK, the first 
and second of Finland and France, and the fourth of Portugal have the highest CONTIG values since 
these landscapes only consist of one patch thus all the pixels are maximally connected.  

IJI (Interspersion and Juxtaposition Index) had the highest loading on the fifth factor with a value of -
0.759. IJI is close 0 as the distribution of adjacencies among unique patch types becomes increasingly 
uneven. IJI = 100 when all patch types are equally adjacent to all other patch types, i.e. interspersion 
and juxtaposition reach the maximum. IJI is undefined if the number of patch types is less than 3 
which was the case in some countries. Still this index were selected, since the low number of patches 
was only subject to small size of the LUUs and the index has a unique meaning. IJJ shows a very het-
erogeneous picture with no extreme values in the LUUs (Fig. 11.17). The third and fourth LUUs in 
Switzerland and the sixth LUU of Portugal had the lowest values thus the most uneven landscapes. 
The third LUU in Switzerland for instance contains three classes as grassland, forest, arable land with 
5, 15, and 3 number of patches, respectively. This shows a very uneven landscape composition. The 
fifth LUU of Hungary shows the highest adjacencies of patches with a value of 90,6. The fifth Hun-
garian LUU contains five classes as forest, arable land, grassland, and open spaces with 2, 5, 2, and 2 
number of patches, respectively.  

ENN_MN (Mean Euclidean Nearest-Neighbour Distance) had the highest loading on the sixth factor 
(0.803). ENN_MN equals the distance (m) to the nearest neighbouring patch of the same type, based 
on shortest edge-to-edge distance. Euclidean nearest-neighbour distance is one of the simplest measure 
of patch context and has been used extensively to quantify patch isolation. Here, nearest neighbour 
distance is defined using simple Euclidean geometry as the shortest straight-line distance between the 
focal patch and its nearest neighbour of the same class. ENN approaches 0 as the distance to the near-
est neighbour decreases and the upper limit  is constrained by the extent of the landscape. The second 
LUU of Ireland had an extreme value of 665.9, while its first LUU had the second highest value 
amounting to 364.5 (Fig. 11.17). The second LUU of Ireland consist of grassland (two patches) and 
one forest patch, which take 11 and 89.3 percent of the landscape. The two grassland patch lie on the 
opposite ends of the landscape separated by forest which gives the high ENN_MN value. Finland’s 
LUUs 1-3, France’s LUUs 1-2, the first LUU in Hungary, LUUs 2-5 in Portugal, and the first and 
second LUUs in UK showed ENN_MN values of zero. These LUUs either contain only one patch or 
few, where a very big patch dominates meaning low distance to the nearest neighbour patch. 

Fig. 11.16. Land Use Units plotted against the first and second factor scores 
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Fig. 11.17. Landscape indices representing the six extracted factors on the first level classification 
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 C A S E    0         5        10        15        20        25 
Label   Num +---------+---------+---------+---------+---------+ 
 
 
fr1     37   òø 
fr2     38   òú 
fi1      1   òú 
fi2      2   òôòø 
uk1     31   òú ùòòòòòòòòòòòòòòòòòòòòòòòø 
po4     46   ò÷ ó                       ùòòòòòòòòòòòòòòòòòòòòòø 
po2     44   òòò÷                       ó                     ó 
po5     47   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷                     ó 
 
sw3     27   òòòòòòòòòòòòòòòòòòòûòòòòòòòòòø                   ó 
sw6     30   òòòòòòòòòòòòòòòòòòò÷         ó                   ó 
 
hu3      9   òòòòòòòòòòòòòûòòòòòòòòòø     ó                   ó 
fr3     39   òòòòòòòòòòòòò÷         ó     ó                   ó 
sw4     28   òòòòòòòòòòòûòòòòòòòòòòòôòòòø ùòòòòòòòòòø         ó 
sw5     29   òòòòòòòòòòò÷           ó   ó ó         ó         ó 
fi6      6   òòòòòòòòòòòòòûòø       ó   ó ó         ó         ó 
hu4     10   òòòòòòòòòòòòò÷ ùòø     ó   ó ó         ó         ó 
ir4     16   òòòòòòòòòòòòòòò÷ ó     ó   ùò÷         ó         ó 
uk6     36   òòòòòòòòòòòòòòòòòôòòòø ó   ó           ó         ó 
uk4     34   òòòòòòòòòòòòòòòòò÷   ùò÷   ó           ó         ó 
sp1     19   òòòòòòòòòòòòòòòòòòòûò÷     ó           ó         ó 
sp4     22   òòòòòòòòòòòòòòòòòòò÷       ó           ó         ó 
fi5      5   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷           ó         ó 
 
fi4      4   òòòòòòòòòòòòòûòòòø                     ó         ó 
fr4     40   òòòòòòòòòòòòò÷   ùòø                   ó         ó 
ir1     13   òòòòòòòòòûòòòø   ó ó                   ó         ó 
sw1     25   òòòòòòòòò÷   ùòòò÷ ùòòòø               ó         ó 
ir6     18   òòòòòòòòòòòòò÷     ó   ó               ùòòòòòòòø ó 
hu2      8   òòòòòòòòòòòòòûòòòø ó   ó               ó       ó ó 
po6     48   òòòòòòòòòòòòò÷   ùò÷   ó               ó       ó ó 
hu6     12   òòòòòòòòòòòòòòòûò÷     ùòòòòòø         ó       ó ó 
sp5     23   òòòòòòòòòòòòòòò÷       ó     ó         ó       ó ó 
fr5     41   òòòòòòòòòûòòòòòø       ó     ó         ó       ó ó 
fr6     42   òòòòòòòòò÷     ùòòòòòø ó     ó         ó       ó ó 
po1     43   òòòòòòòòòòòòòòò÷     ó ó     ó         ó       ó ó 
sp6     24   òòòòòòòûòòòòòø       ùò÷     ùòòòòòòòòòú       ó ó 
uk3     33   òòòòòòò÷     ùòø     ó       ó         ó       ó ó 
sp3     21   òòòòòòòòòòòòò÷ ùòòòòò÷       ó         ó       ùò÷ 
uk5     35   òòòòòòòòòòòòòòò÷             ó         ó       ó 
ir2     14   òòòòòòòòòòòòòòòòòûòòòòòòòø   ó         ó       ó 
sw2     26   òòòòòòòòòòòòòòòòò÷       ó   ó         ó       ó 
fi3      3   òòòòòòòûòòòø             ùòòò÷         ó       ó 
po3     45   òòòòòòò÷   ùòòòø         ó             ó       ó 
sp2     20   òòòòòòòòòòò÷   ùòòòø     ó             ó       ó 
uk2     32   òòòòòòòòòòòòòòò÷   ùòòòòò÷             ó       ó 
hu1      7   òòòòòòòòòòòòòòòòòòòú                   ó       ó 
ir5     17   òòòòòòòòòòòòòòòòòòò÷                   ó       ó 
 
ir3     15   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ó 
 
hu5     11   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ 
Fig. 11.18. Dendrogram of hierarchic cluster analysis using average linkage (between groups) with 
landscape indices derived from level 1 visual interpretation of the 48 LUUs 

Fig. 11.16 shows the Land Use Units plotted against the values of the first and second factors (repre-
sented by MSIEI and AI), which explained 74.04 percent of the total variance. The land use gradient 
of the countries shows a very heterogeneous picture. Since the LUUs were selected according to the 
percentage of forest the areas could contain (which represent the human influenced land use intensity), 
it was expected that similar LUUs in the eight countries are located in the same part of the diagram. As 
was shown in Fig. 11.9, the LUUs contain different percentage of land use classes and also the distri-
bution pattern differs from country to country. This results in factors that have different meaning 
across the countries (Fig. 11.17). In Fig. 11.16, no clear trend can be seen regarding the selected land-
scape indices according to the intensity gradient the LUUs represent 
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Table 11.11. Membership of the 48 LUUs of the eight countries to two, three, four, five, six, and 
seven clusters 

  clu_7 clu_6 clu_5 clu_4 clu_3 clu_2 
fi1 1 1 1 1 1 1 
fi2 1 1 1 1 1 1 
uk1 1 1 1 1 1 1 
fr1 1 1 1 1 1 1 
fr2 1 1 1 1 1 1 
po2 1 1 1 1 1 1 
po4 1 1 1 1 1 1 
po5 1 1 1 1 1 1 
fi3 2 2 2 2 2 2 
fi4 3 2 2 2 2 2 
hu1 2 2 2 2 2 2 
hu2 3 2 2 2 2 2 
hu6 3 2 2 2 2 2 
ir1 3 2 2 2 2 2 
ir2 2 2 2 2 2 2 
ir5 2 2 2 2 2 2 
ir6 3 2 2 2 2 2 
sp2 2 2 2 2 2 2 
sp3 3 2 2 2 2 2 
sp5 3 2 2 2 2 2 
sp6 3 2 2 2 2 2 
sw1 3 2 2 2 2 2 
sw2 2 2 2 2 2 2 
uk2 2 2 2 2 2 2 
uk3 3 2 2 2 2 2 
uk5 3 2 2 2 2 2 
fr4 3 2 2 2 2 2 
fr5 3 2 2 2 2 2 
fr6 3 2 2 2 2 2 
po1 3 2 2 2 2 2 
po3 2 2 2 2 2 2 
po6 3 2 2 2 2 2 
fi5 4 3 3 3 2 2 
fi6 4 3 3 3 2 2 
hu3 4 3 3 3 2 2 
hu4 4 3 3 3 2 2 
ir4 4 3 3 3 2 2 
sp1 4 3 3 3 2 2 
sp4 4 3 3 3 2 2 
sw4 4 3 3 3 2 2 
sw5 4 3 3 3 2 2 
uk4 4 3 3 3 2 2 
uk6 4 3 3 3 2 2 
fr3 4 3 3 3 2 2 
hu5 5 4 4 4 3 2 
ir3 6 5 5 2 2 2 
sw3 7 6 3 3 2 2 
sw6 7 6 3 3 2 2 
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Hierarchic cluster analysis of the 48 LUUs showed, that the most meaningful grouping of the test ar-
eas results in six clusters. In the agglomeration table (Table 11.12) the first big jump appears between 
steps six and seven, from 0.775 to 1.500. This shows, that before the sixth agglomeration (thus six 
cluster), clusters were too homogeneous, while after the seventh steps the built clusters involved too 
heterogeneous LUUs. After the sixth step, no other clusters were built till the tenth hierarchy (not 
shown in the table) which also supports the fact that with six groups the cluster building is meaning-
fully closed. The dendrogram in Fig. 11.18 shows the grouping process and Table 11.11 shows the 
contents of the clusters, when two, three, four, five, six, and seven clusters are built. The first group is 
consistent across all the seven displayed hierarchy (Table 11.11) i.e. in all the seven cluster solutions. 
It contains the first LUU of UK, the first and second LUUs of Finland, France, Portugal, and the fourth 
and fifth LUUs of Portugal. The second cluster is consistent until the sixth hierarchy, while on the 
seventh step its members are variously divided between cluster two and three. The second cluster is 
the biggest and the most heterogeneous cluster where all countries have LUUs as members. Ireland 
and Spain are represented with four LUUs in this group, which are well distributed along the land use 
intensity gradient. Finland and Switzerland are only represented with two LUUs in the second cluster, 
the former with LUUs three and four, while the latter with LUUs one and two. Hungary, UK, France, 
and Portugal are displayed with three LUUs in different composition, although LUU six of all the 
three countries is the member of this cluster. The third cluster is the second biggest cluster with 12 
members. All the countries, are represented with mixed till intensively managed areas in the third clus-
ter. The only exception is the first LUU of but Spain which was also clustered to the second group. 
Only Portugal is not represented in the third cluster, the LUUs of which were already grouped into the 
first and second clusters. Both the fourth and fifth clusters are represented with one single test area, 
namely the fifth LUU of Hungary and the third LUU of Ireland, respectively. The fifth LUU of Hun-
gary built an own cluster already from the third step on, while the third LUU of Ireland is an own clus-
ter from the fifth cluster solution on. The sixth cluster contains the third and sixth LUUs of Switzer-
land, which in case of five cluster solution belonged to the third cluster. 

 

Table 11.12. Agglomeration table of the cluster analysis 

 
Merged 
cluster Coefficients 

First appearing of the 
cluster 

Next 
Step 

Step Cluster 1 Cluster 2  Cluster 1 Cluster 2  

1 37 38 .000 0 0 2 
2 1 37 .000 0 1 4 
3 2 31 .000 0 0 4 

4 1 2 .000 2 3 5 
5 1 46 .327 4 0 6 
6 1 44 .775 5 0 41 
7 3 45 1.500 0 0 11 
8 24 33 1.642 0 0 15 
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Fig. 11.19. NDVI mean values and standard deviations in the 48 LUUs of the eight countries 
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Fig. 11.19 shows the mean and the standard deviations of the NDVI values calculated in the six LUUs 
of the eight countries. NDVI measures the amount of vigorous vegetation in an area. In NDVI images, 
areas with sparse vegetation have low values and with dense vegetation have high va lues. Rich, exten-
sively used meadows have higher values then poorer, intensively managed ones, while coniferous 
forest normally have lower value then deciduous forest. As with the landscape indices, for the LUUs a 
very heterogeneous picture results from the NDVI values. Highest NDVI values were measured in 
France and Ireland while the lowest in Portugal. In Ireland constant high values were measured, while 
in France and Hungary a steady decrease can be seen from LUU one to six. A more or less steady in-
crease of NDVI values appeared in Finland. while mean NDVI values of Portugal and UK varied 
along more or less the same value. NDVI values of Hungary decreased across the widest range with 
also the highest standard variation along the mean values. NDVI values in Portugal were the lowest in 
the two end of the gradient, while LUUs in the middle showed higher values. On the contrary, LUU 
three in Finland had lower value then the LUUs on the two ends of the gradient. Spain showed abrupt 
changes between the LUUs while other countries showed more steady patter. This shows, that based 
on the NDVI values, also no ordination of the LUUs along the intensity gradient is possible. 

12.4.6 Principal component analysis for description of the land use intensity gradient 
on the Swiss test sites 
Table 11.13 shows PCA ordination results of the patch indices derived from segmentation based first 
level classification and first level visual interpretation of the three remote sensing datasets. Regarding 
the first PC axes, the eigenvalue derived from Landsat-IRS visual interpretation dataset was the high-
est thus patch indices derived from this dataset explained the most variation among the sampling plots. 
First PC of segmentation based classification of the aerial photo explained the second most variance in 
the sampling plots. The variances explained by the eigenvalues are also shown in Table 11.13. Con-
cerning the first and second axes together, visual interpretation of the Landsat-IRS and segmentation 
based classification of the aerial photo datasets explained 46.7 and 43.7 percent of the total variance, 
respectively. This shows, that on the level one classification when few classes are to be extracted, 
patch indices calculated from low spatial resolutions might give better results then higher spatial 
resolutions.  

Table 11.13. PCA analysis results of the landscape indices derived from segmentation based classif i-
cation (level1), visual interpretation (level1) and grey values of the three remote sensing datasets. 

Level 1  Landsat-IRS Quickbird Aerial photo 

 segmentation visual segmentation visual segmentation visual 

Eigenvalue of the 
1st axis 

0.238 0.303 0.227 0.202 0.244 0.212 

Eigenvalue of the 
2nd axis 

0.178 0.164 0.158 0.158 0.193 0.183 

% of variance of 
patch indices data 
explained by the 
first axis 

23.8 30.3 22.7 20.2 24.4 21.2 

% of variance of 
species data ex-
plained by the first 
2 axes 

41.6 46.7 38.5 36 43.7 39.5 

 

Table 11.14 shows the PCA analysis results of the patch indices derived from second level segmenta-
tion based classification and visual interpretation of the three remote sensing datasets. As the resolu-
tion gets higher, the eigenvalue of the segmentation based classification increased while the eigen-
value of the visual interpretation stagnated around more or less the same value. Only in case of visual 
interpretation of the Landsat-IRS dataset was the eigenvalue of the first PCA axis higher then the seg-
mentation based classification. Second level classifications gave worse PCA analysis results then first 
level classifications, i.e. all the eigenvalues were higher in case of the first level classifications. Ac-
cordingly, patch indices extracted after the first level classification scheme also explained considerably 
higher variance in the sampling plots. In all cases, eigenvalues of the first PCA axes derived from im-
age grey values and elevation data (Table 11.13) were higher then eigenvalues of the landscape indices 
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extracted from second level classification counterparts. This difference gets more signif icant as the 
spatial resolution of the images increases and is most striking in case of the aerial photo. 

Table 11.14. PCA analysis results of the landscape indices derived from segmentation based classif i-
cation (level2), visual interpretation (level2) and grey values of the three remote sensing datasets. 

Level 2  Landsat-IRS Quickbird Aerial photo 

 segmentation visual segmentation visual segmentation visual 

Eigenvalue of the 
1st axis 0.116 0.120 0.146 0.124 0.152 0.122 

Eigenvalue of the 
2nd axis 0.087 0.083 0.094 0.088 0.121 0.094 

% of variance. of 
patch indices data 
explained by the 
first axis 

11.6 12 14.6 12.4 15.2 12.2 

variance 
explained by the 
first 2 axes 

20.3 20.3 24 21.3 27.3 21.6 

 

Table 11.15 shows PCA ordination results from the grey value derivatives of the three spatia l resolu-
tions and the elevation derivatives. First PCA axis of grey values derived from the aerial photo showed 
the highest importance with eigenvalue of 0.523. The second highest importance came from the eleva-
tion data with eigenvalue of 0.478. The importance of the first PCA axes followed the spatial resolu-
tion of the images, aerial photo being the most, and Landsat-IRS greyvalues the least important. 
Quickbird and aerial photo grey value derivatives extracted more important eigenvalues then the cor-
responding landscape indices datasets. Only eigenvalues of visual interpretation of the Landsat-IRS 
dataset were higher then the eigenvalue of the grey value derivatives of the image. Accordingly, the 
grey values derived from the aerial photo explained 73.5 percent of the variance among the sampling 
plots, which was far the highest in the analyses. Elevation data explained 62.1 percent of the variance 
being the second most important factor when describing variation of plots selected along the land use 
intensity gradient. All together it seems, that original grey values of the images and terrain and surface 
elevation data are stronger associated to the variation between the sampling plots then classified pixel 
values. 

Table 11.15. PCA ordination results of the grey value derivatives and elevation data  

 Landsat-IRS 
greyvalue 

Quickbird 
greyvalue 

Aerial photo 
greyvalue 

Elevation  
data 

Eigenvalue of the 1 st axis 0.266 0.328 0.523 0.478 

Eigenvalue of the 2nd axis 0.162 0.217 0.213 0.144 

% of variance. of patch 
indices data explained by 
the first axis 

26.6 32.8 52.3 47.8 

variance 
explained by the first 2 axes 

42.8 54.5 73.5 62.1 

 

Fig. 11.20 shows four examples of PCA analysis diagrams: first level segmentation based classifica-
tion (20a), visual interpretation (20b), and grey value derivatives (20c) of the aerial photo and eleva-
tion data (20d). These diagrams were selected to demonstrate the indicator value of grey value deriva-
tives which had the highest eigenvalue in ordination of the plots. In the diagrams the sample  scores 
that were derived from the species (i.e. from the landscape indices, grey value derivatives, and eleva-
tion data) are plotted against the first and second PC axes. The sample scores of plots are signed with 
different icons showing the six LUUs to which they belong.  

The ordination diagram of the automatic classification (Fig. 11.20a) shows. that the first two principal 
components fail to group the sampling plots according to the LUU they represent. Open habitats like 
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LUU6. LUU5. and LUU4 are placed on the lower right side of the diagram, where land use unit six is 
separated better then the five and four. Sampling plots of land use unit three (mixed land use), of two 
(managed forest), and of one (old-growth forest) are plotted on the left side of the diagram more or 
less separated from open habitats. The sampling plots are mostly distributed along the first PC axis 
while the more intensive landuse plots of LUU6 are rather distributed along the first axis. Fig. 11.20b 
shows PC ordination diagram of visua l interpretation. Generally, visual interpretation orders the sam-
pling plots similar to segmentation based classification. Open habitats located on the lower right and 
forested and mixed habitats are located on the left side of the diagram. Only sampling plots in old 
growth forest (green quadrate) are better distributed along the first axis. Grey value derivatives of the 
aerial photo (Fig. 11.20c) show a somewhat clearer picture. Forested sampling plots (LUU1 old-
growth forest and LUU2 managed forest) are clearly plotted on the lower right part of the diagram 
well separated from the more open habitats of LUU three, four, five, and six. Although the difference 
between these groups are clear, there is no further separation between the above mentioned two 
classes. 

Fig. 11.21 displays examples of segmentation based classification, visual interpretation, and grey 
value derivative of the aerial photo dataset and one example of an elevation data. The grey value de-
rivative is the so called GLCM Entropy texture image, while the elevation data example is a surface 
model. All examples display LUU six in Switzerland. Segmentation based classification and visual 
interpretation translate pixel values into land use classes, and between them clear borderlines are 
drawn. Different vegetation types like deciduous and coniferous forest, or land cover like houses and 
roads are clearly distinguishable from each other. These differences are difficult to extract from ra-
diometric properties. Indeed, the GLCM Entropy image mostly differentiate vegetation types which 
are rich and poor in texture, such as forest and meadow land covers, but forests and roads are not well 
separated. Elevation data has even less power in differentiating between different land covers. Forest 
is well separated from its surrounding because of the height differences, but on the other hand roads 
and grassland objects appear the same in the image.  

For further interpretation of the results. PCA sample scores of the classifications, grey value deriva-
tives, and elevation data were correlated (Pearson’s correlation) to the land-use intensity gradient. 
Table 11.16 displays the correlation coefficients and their significance for the first level segmentation 
based classifications and visual interpretations. It is striking at the first site, that all the first PCA axes 
correlated significantly on the P < 0.1 level. In all the three spatial datasets, sample scores derived 
from segmentation based classifications correlated better to the land-use intensity gradient then sample  
scores derived from visual interpretations. Interestingly, with the increasing spatial resolution the cor-
relation coefficients steadily decreased. Although the first PC axis of the automatic Landsat ETM – 
IRS classification had only a moderate eigenvalue and explained only a moderate amount of variation 
in the sampling plots, its sample scores correlated the best to the land use intensity gradient. Second 
and further PC axes correlated moderately to the land use intensity gradient, although partly with high 
significance. 

Table 11.16. Pearson’s correlation coefficients between the PCA sample scores of the four ordination 
axes of level 1 segmentation based classifications and visual interpretations and the land use intensity 
gradient. 

Level 1 Landsat-IRS Quickbird Aerial photo 

 segmentation visual segmentation visual segmentation visual 

PC1  0.709 
0.000 

0.512 
0.000 

0.613 
0.000 

0.481 
0.000 

0.555 
0.000 

0.418 
0.000 

PC2  
-0.061 
0.553 

-0.296 
0.003 

0.002 
0.988 

-0.369 
0.000 

-0.331 
0.001 

-0.285 
0.005 

PC3  -0.203 
0.047 

-0.029 
0.778 

0.198 
0.054 

0.032 
0.761 

-0.014 
0.894 

0.341 
0.001 

PC4  
-0.229 
0.025 

-0.262 
0.010 

0.174 
0.090 

0.262 
0.010 

0.002 
0.987 

0.053 
0.611 
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Table 11.17 shows Pearson’s correlation coefficient between PCA sample scores extracted from seg-
mentation based classifications and visual interpretations on three spatial resolutions and the land use 
intensity gradient. There are strong differences when compared to the first level classifications. Sam-
ple scores of the PC axes derived from second level classifications generally correlated worse to the 
land use intensity gradient then sample scores derived from first level classifications. Also the signif i-
cance of the correlations was lower, where segmentation of Landsat – IRS and visual interpretation of 
the aerial photo dataset showed practically no significance (P = 0.241 and 0.545, respectively). There 
was no clear trend on the level two classifications between segmentation and visual interpretation and 
also spatial resolution did not seem to strongly influence the results. Visual interpretation of the aerial 
photo showed practically no correlation to the land-use intensity gradient, while segmentation showed 
good correlation (R = 0.062 and 0.417, respectively). Interestingly, the highest correlation to the land-
use intensity gradient resulted from the third PC axis derived from segmentation based classification 
of the Landsat-IRS dataset and visual interpretation of the Quickbird dataset with P value < 0.01. 

Table 11.18 shows Pearson’s correlation coefficients between PCA sample scores extracted from grey 
value derivatives and elevation data and the land use intensity gradient. Correlations of first PC axes 
of the grey value derivatives followed the spatial resolution of the images, from Landsat-IRS data 
showing practically no correlation with no significance to aerial photo grey values with good correla-
tion and significance level (R = -0.634 and P = 0.000, respectively). First PC axes of elevation data 
correlated even higher to the land use intensity gradient which was the highest among the first axes. 
Interestingly however, sample scores of second PC axes derived from Landsat - IRS grey values 
showed overall highest correlation to the land-use intensity gradient, with R value of 0.722. Also the 
third PC axis derived from grey values of the aerial photo showed high correlation and significance to 
the land-use intensity gradient (R = 0.622 and P = 0.000). 

Table 11.17. Pearson’s correlation coefficients between the PCA sample scores of the four ordination 
axes of level 2 segmentation based classifications and visual interpretations and the land use intensity 
gradient. 

Level 2 Landsat-IRS Quickbird Aerial photo 

 segmentation visual segmentation visual segmentation visual 

PC1  
0.121 
0.241 

0.392 
0.000 

0.580 
0.000 

0.344 
0.001 

0.417 
0.000 

0.062 
0.545 

PC2  
0.455 
0.000 

-0.576 
0.000 

-0.410 
0.000 

-0.282 
0.005 

-0.699 
0.000 

-0.133 
0.198 

PC3  
-0.634 
0.000 

0.103 
0.317 

-0.085 
0.413 

-0.631 
0.000 

-0.170 
0.098 

-0.224 
0.028 

PC4  0.068 
0.510 

-0-093 
0.366 

0.214 
0.037 

0.194 
0.058 

0.005 
0.596 

-0.205 
0.045 
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Fig. 11.20. PCA diagrams of segmentation based classification (a), visual interpretation (b), grey value 
derivatives (c) and elevation data (d) of the aerial photo 
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Fig. 11.21. Example of first level segmentation based classification, visual interpretation, grey value 
derivative of the aerial photo and of an elevation data (digital surface model) on LUU6 in Switzerland. 

 
Table 11.18. Pearson’s correlation coefficients between the PCA sample scores of the four ordination 
axes of greyvalues derivatives. elevation data and the land use intensity gradient. 

 Landsat-IRS 
greyvalue 

Quickbird 
greyvalue 

Aerial photo 
greyvalue 

Elevation  
data 

PC1  0.004 
0.968 

0.155 
0.131 

-0.634 
0.000 

-0.664 
0.000 

PC2  
0.722 
0.000 

0.421 
0.000 

0.365 
0.000 

-0.123 
0.234 

PC3  -0.143 
0.164 

0.622 
0.000 

-0.200 
0.051 

0.280 
0.006 

PC4  
0.162 
0.115 

0.023 
0.827 

0.168 
0.103 

-0.059 
0.570 

 

a: automatic classification b: visual interpretation 

c: entropy grey value derivative d: digital surface model 
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12.4.7 Correlation between terrestrially collected and remotely sensed data  

12.4.7.1 Modelling woody plants species richness with remote sensing indices 
Table 11.19 shows outputs of linear regression models with woody plant species richness is dependent 
and patch indices extracted from first level segmentation based classifications and visual interpreta-
tions of the three datasets as independent variables. In all analyses the models were highly signif icant 
(P < 0.01), i.e. the null hypothesis that woody plant species richness in Switzerland cannot be ex-
plained with the classified remote sensing data can be rejected. Visual interpretation of the Quickbird 
dataset showed the best fit with an R2 of 0.706, i.e. around 70 percent of woody species richness can 
be explained by visually interpreted landscape indices. The second highest fit resulted from visual 
interpretation of the aerial photo dataset (R2 = 0.688), but all other classifications correlated well with 
the species richness data. Visual interpretation of the Landsat-IRS dataset gave the lowest fit with a 
goodness of R2 = 0.60. The lower part of Table 11.19 displays the influence of the single explanatory 
variables (here extracted factors) on species richness, showing factors with P < 0.05. In case of seg-
mentation of the Landsat-IRS dataset, five factors were significant on the 5 percent level, in the visual 
interpretation of Quickbird dataset model four, while in the other models only three factors were sig-
nificant. Although segmentation based classifications and visual interpretations extracted the same 
landscape features (only with different quality) different factors were significant in explaining woody 
plant species richness. Table 11.20 displays variables representing the four factors of the visually in-
terpreted Quickbird dataset, which had significant explanatory power regarding woody species rich-
ness. Area of grassland patches in the landscape had the highest explanatory significance (P = 0.000) 
followed by the distance to water objects in a 100 m radius (P = 0.007). Distance to grassland inside 
100 m and area of artificial surfaces were also important when explaining woody species richness. 
Appendix 1 displays the significant factors extracted from the other classifications, which explain 
woody species richness signif icantly.  

Table 11.19. Linear regression model outputs and significant factors best describing woody plant spe-
cies richness based on level 1 classif ications 

Level1 Landsat-IRS Quickbird Aerial Photo 

 segmentation visual segmentation visual segmentation visual 

R2 
Significance 

0.630 
0.000 

0.600 
0.000 

0.642 
0.000 

0.706 
0.000 

0.665 
0.000 

0.688 
0.000 

Factors with 
significance  
P < 0.05 

 
F1; 0.008 
F2; 0.000 
F3; 0.007 
F5; 0.001 
F6; 0.010 

 
F2; 0.000 
F4; 0.040 
F8; 0.000 
 

 
F1; 0.000 
F5; 0.023 
F7; 0.004 

 
F1; 0.000 
F3; 0.037 
F4; 0.007 
F6; 0.039 

 
F1; 0.000 
F2; 0.006 
F3; 0.003 

 
F2; 0.000 
F5; 0.010 
F9; 0.001 

 

Table 11.21 displays output of the linear regression model procedure describing woody plant species 
richness with patch indices extracted from level two segmentation based classifications and visual 
interpretations on three spatial resolutions. All the models were highly significant on the P < 0.01 
level, thus the alternative hypothesis that species richness can be explained with patch indices can be 
accepted. Generally, second level classifications resulted in better fit for species richness then level 
one classifications. Patch indices derived from visual interpretation of the Quickbird dataset gave 
again the best fit followed by indices derived from segmentation based classification of the aerial 
photo dataset. Visual interpretation of the Landsat-IRS dataset resulted in the poorest fit with an R2 
value of 0.584. There was no clear trend between segmentation and visual interpretation nor between 
increasing spatial resolution. In the model of segmentation based classification of the aerial photo 
dataset nine explanatory variables (i.e. factors) were significant on the P < 0.05 level followed by cla s-
sifications of the Quickbird dataset (eight factors). As in the level one classifications different segmen-
tation and visual interpretation based factors had significant explanatory value on woody species rich-
ness. Table 11.22 displays variables having significant explanatory value on woody species richness, 
extracted from level two visual interpretation of the Quickbird image. Most significant landscape fea-
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tures were open mixed and open coniferous forest patches, besides gravel, agricultural and storm dam-
aged areas. 

Table 11.20. Variables extracted from level one visual interpretation of the Quickbird data best influ-
encing woody species richness  

Factor Variable representing the significant factor 

F1 Area of grassland in a 25m radius 

F3 Distance to grassland patches in a 100m radius 

F4 Distance to water in a 100m radius 

F6 Area of artificial surface in a 25m radius 
 

Table 11.21. Linear regression model outputs and significant factors best describing woody plant spe-
cies richness based on level 2 classif ications 

Level2 Landsat-IRS  Quickbird Aerial Photo 

 segmentation visual segmentation visual segmentation visual 

R2 
Significance 

0.669 
0.000 

0.584 
0.000 

0.707 
0.000 

0.773 
0.000 

0.722 
0.000 

0.694 
0.000 

Factors with 
significance  
P < 0.05 

 
F1; 0.000 
F5; 0.000 
F7; 0.000 
F9; 0.017 
F13; 0.046 
F19; 0.002 
F21; 0.006 

 
F3; 0.012 
F5; 0.000 
F10; 0.000 
F12; 0.024 
F17; 0.000 
F20; 0.002 

 
F1; 0.020 
F2; 0.000 
F3; 0.010 
F9; 0.004 
F10; 0.039 
F14; 0.000 
F15; 0.000 
F16; 0.000 

 
F1; 0.000 
F4; 0.000 
F5; 0.021 
F6; 0.000 
F7; 0.000 
F8; 0.012 
F10; 0.000 
F13; 0.000 
 

 
F1: 0.000 
F2; 0.022 
F3; 0.000 
F5; 0.000 
F6; 0.019 
F9; 0.023 
F11; 0.029 
F13; 0.000 
F14; 0.000 

 
F2; 0.004 
F3; 0.001 
F5; 0.002 
F8; 0.000 
F10; 0.004 
F15; 0.000 

 

Table 11.22. Landscape variables extracted from level two visual interpretation of the Quickbird data 
best explaining woody species richness 

Factor Variable representing the significant factor 

F1 Area of gravel patches  

F4 Number of open mixed forest patches in a 25m radius 

F5 Number of closed broadleaved forest patches in a 25m radius  

F6 Number of storm patches in mixed forest in a 100m radius 

F7 Area of open coniferous forest patches 

F8 Number of urban patches in a 25m radius 

F10 Number of storm pat ches in mixed forest in a 25m radius 

F13 Number of agricultural patches in a 100m radius 

 

Table 11.23 displays general linear model output concerning woody plant species richness as depend-
ent and grey value derivatives and elevation data as explanatory variables. All the models were highly 
significant on the P < 0.01 level, thus the alternative hypothesis that the variation in species richness 
can e explained with grey value derivatives can be accepted. Factors extracted from grey value deriva-
tives showed much better explanatory value then factors of the elevation data, the goodness of fit of 
the latter being only R2 = 0.275. All the models were highly significant thus the hypothesis that woody 
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species richness does not correlate with the extracted remote sensing indicators can be rejected. Grey 
value derivatives of the aerial photo dataset showed the best fit, which was however more or less the 
same as the fit resulting from the Landsat-IRS dataset (R2 = 0.647 and 0.644, respectively). The linear 
model of the Landsat - IRS dataset contained six factors with significant influence on species richness 
(P < 0.05), the Quickbird and Aerial photo dataset four, while in case of the elevation data only the 
first factor had significant explanatory value. Overall. Grey value derivatives gave similar correlations 
as landscape indices extracted from the first level classifications, but second level classifications gave 
better correlation to woody plants species richness. Table 11.24 displays the grey values variables 
extracted from the aerial photo, which significantly explained woody species richness. Only texture 
derivatives had high explanatory value, variance and focal maximum filter being the most significant.  

Table 11.23. Linear regression model outputs and signif icant factors best describing woody plant spe-
cies richness based on grey value derivatives and elevation data. 

Level1 Landsat-IRS 
greyvalues 

Quickbird 
greyvalues 

Aerial photo 
greyvalues 

Elevation 
data 

R2 
Significance 

0.644 
0.000 

0.562 
0.000 

0.647 
0.000 

0.275 
0.000 

Factors with 
significance  
P < 0.05 

 
F2; 0.000 
F3; 0.000 
F7; 0.000 
F8; 0.005 
F9; 0.009 
F10; 0.001 

 
F2; 0.030 
F3; 0.000 
F4; 0.000 
F5; 0.002 

 
F1; 0.000 
F2; 0.000 
F3; 0.001 
F5; 0.004 

 
F1; 0.000 

 

Table 11.24. Variables extracted from grey value derivatives of the Quickbird data best explaining 
woody species richness 

Factor Variable representing the significant factor 

F1 Variance of the green channel  

F2 Focal maximum filter of the green channel  

F3 GLCM entropy texture of the near infrared channel 

F5 GLCM correlation texture of the blue channel 

12.4.7.2 Modelling species richness of birds with remote sensing indices  
Table 11.25 displays outputs of the general linear model for birds species richness (response) and 
patch indices extracted from the first level segmentation based classifications as well as visual inter-
pretations (as explanatory variables). The models showed generally worse fit then in case of woody 
plant species, although all were highly significant on the P < 0.01 level. Best fit resulted when fitting 
factors extracted from landscape indices of segmentation based classification of the aerial photo data-
set with an R2 value of 0.586. Visual interpretation of the Landsat – IRS dataset gave the poorest re-
sult, the goodness of fit being only 0.481. There was a slight trend when looking at the spatial resolu-
tion of the remote sensing images; as the resolution increased the models gave slightly better fits. Fur-
thermore, segmentation based classifications gave also slightly better fit than visual interpretation of 
the satellite images. Classifications of the aerial photo extracted five factors having significant (P < 
0.02) explanatory value concerning bird species richness. Visual interpretation of the Landsat-IRS 
dataset. that gave the poorest fit, extracted only two significant factor with explanatory power in spe-
cies richness. Table 11.26 displays patch variables extracted from segmentation based classification of 
the aerial photo which had significant explanatory value on birds species richness. Most significant 
variables were area of forest and number of grassland patches in a 25m radius. Artificial surface and 
wetland patches showed also high explanatory value.  
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Table 11.25. Linear regression model outputs and significant factors best describing bird species rich-
ness based on level one classifications 

Level1 Landsat-IRS  Quickbird Aerial Photo 

 Segmentation visual segmentation visual segmentation visual 

R2 
Significance 

0.508 
0.000 

0.481 
0.000 

0.554 
0.000 

0.573 
0.000 

0.586 
0.000 

0.553 
0.000 

Factors with 
significance 
P < 0.05 

 
F1: 0.000 
F2; 0.000 
F3; 0.012 

 
F2; 0.000 
F6; 0.000 

 
F1: 0.000 
F4; 0.006 
F7: 0.000 

 
F1: 0.000 
F3; 0.000 
F4; 0.046 
F8; 0.008 

 
F1; 0.000 
F4; 0.000 
F5; 0.016 
F8; 0.010 
F9; 0.013 

 
F2; 0.000 
F4; 0.000 
F5; 0.016 
F8; 0.010 
F9; 0.013 

 

Table 11.26. Variables extracted from the first level segmentation-based classification of the aerial 
photo data best explaining birds species richness. 

Factor Variable representing the significant factor 

F1 Area of forest  

F4 Number of grassland patches in a 25m radius 

F5 Number of artificial surface patches in 25m radius 

F8 Distance to artificial surface patches in a 100m radius 

F9 Distance to wetland patches in a 100m radius 

 

Table 11.27 displays the output of the general linear model for the second level segmentation based 
classifications and visual interpretations as explanatory and bird species richness as response variable. 
All models were significant on the P < 0.01 level, thus the alternative hypotheses that birds species 
richness can be described with patch indices extracted from second level classification can be ac-
cepted. As in the previous runs, factors extracted from visual interpretation of the Quickbird data gave 
the best fit on the birds data, with an R2 value of 0.710. Factors extracted from visual interpretation of 
the aerial photo data gave the poorest fit on the birds species data and the goodness of fit was 0.477. 
There were no clear differences between processing methods and spatial resolutions. Visual interpreta-
tion of the Quickbird data extracted far the most factors that significantly explained birds species rich-
ness (eleven factors) while visual interpretation of the aerial photo dataset resulted in the least number 
of significant factors. Table 11.28 shows the variables representing the factors which have significant 
explanatory values in birds species richness. Generally, landscape objects in a 100m radius were more 
significant then objects inside 25m distance. Most significant variables were gravel. storm damage in a 
mixed forest, open coniferous forest, and agricultural patches in the landscape. The least significant 
variable was distance to lakes with significance of P = 0.026. 

 

Table 11.27. Linear regression model outputs and significant factors best describing bird species rich-
ness based on level two classifications 

Level2 Landsat – IRS Quickbird Aerial photo 

 segmentation visual segmentation Visual segmentation visual 

R2 

Significance 

0.627 

0.000 

0.558 

0.000 

0.617 

0.000 

0.710 

0.000 

0.642 

0.000 

0.477 

0.000 
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Level2 Landsat – IRS Quickbird Aerial photo 

 segmentation visual segmentation Visual segmentation visual 

Factors with 

significance P < 

0.05 

 
F1; 0.000 
F4; 0.005 
F6; 0.001 
F7; 0.020 
F11; 0.007 
F12; 0.005 
F13; 0.000 
F19; 0.000 

 
F4; 0.004 
F5; 0.002 
F10; 0.000 
F11; 0.047 
F17; 0.036 
F20; 0.008 

 
F4; 0.031 
F5; 0.000 
F7; 0.001 
F13; 0.032 
F14; 0.001 
F15; 0.000 
F16; 0.000 

 
F1; 0.000 
F6; 0.000 
F7; 0.000 
F11; 0.002 
F13; 0.000 
F15; 0.026 
F16; 0.005 
F18; 0.002 
F19; 0.011 
F21; 0.024 
F23; 0.003 

 
F4; 0.002 
F8; 0.000 
F10; 0.029 
F13; 0.000 
F15; 0.023 

 
F2; 0.016 
F4; 0.018 
F7; 0.000 
F15; 0.000 

 

Table 11.28. Variables extracted from the second level visual interpretation of the Quickbird data  

best explaining birds species richness. 

Factor Variable representing the significant factor 

F1 Area of gravel patches  

F6 Number of storm damaged area in mixed forest in a 100m radius 

F7 Area of open coniferous forest 

F11 Number of very open coniferous forest patches in a 25m radius 

F13 Number of agricultural patches in a 100m radius 

F15 Distance to lakes in a 100m radius 

F16 Number of moor areas in a 100m radius 

F18 Number of closed coniferous forest patches in a 25m radius 

F19 Number of closed coniferous patches in a 100m radius 

F21 Distance to roads in a 100m radius 

F23 Distance to closed mixed forest patches in a 25m radius 

 

Table 11.29 displays output of linear regression models with grey value derivatives of the three data-
sets as explanatory and birds species as response variable. All the models were highly significant (P < 
0.01) thus the null hypothesis that birds species richness cannot be explained with grey value deriva-
tives and elevation data can be rejected. Best fit resulted from the Landsat – IRS dataset (R2 = 0.648), 
which gave overall the second best result concerning birds species richness. This shows strong ex-
planatory power of image pixel values. As the spatial resolution of the images increased. the goodness 
of model fit decreased. aerial photo pixel values gave the lowest value. Elevation data also showed 
good explanatory value of birds species richness, but it gave overall the poorest fit. Overall, grey value 
derivatives of the Landsat – IRS dataset can compete well with the classified pixel values, while 
Quickbird and aerial photo variables have less explanatory power. Table 11.30 displays the variables 
representing the factors extracted from the Landsat – IRS dataset. that best explained birds species 
richness. None of the original or fused channels were significant and mostly texture features and fil-
tered channels showed influence on the species data. Variables with highest signif icance (P = 0.000) 
were the first principal component of the six Landsat channels, the focal standard deviation filter of the 
middle infrared channel of the AIF fused image, and the GLCM Entropy texture of the IRS image. 
Least significant variable was the skewness filtered blue channel of the Landsat image (P = 0.045). 
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Table 11.29. Linear regression model outputs and significant factors best describing birds species 
richness based on grey value derivatives and elevation data. 

 Landsat-IRS 
greyvalues 

Quickbird 
greyvalues 

Aerial photo 
greyvalues 

Elevation 
data 

R2 

Significance 

0.648 

0.000 

0.516 

0.000 

0.421 

0.000 

0.439 

0.000 

 
Factors with 

significance 

P < 0.05 

 
F1; 0.036 
F2; 0.000 
F4; 0.000 
F6; 0.045 
F7; 0.000 
F9; 0.035 

F10; 0.029 
F15; 0.010 
F20; 0.020 

 
F3; 0.000 
F4; 0.000 
F5; 0.002 
F8; 0.004 

 
F1; 0.000 
F2; 0.000 
F3; 0.044 
F4; 0.005 

 
F1; 0.000 
F3; 0.001 
F4; 0.003  

 

Table 11.30. Variables extracted from grey value derivatives of the Landsat – IRS dataset 

best explaining birds species richness. 

Factor Variable representing the significant factor 

F1 Variance of the blue channel of the AIF fused Landsat – IRS image 

F2 First principal component of the six Landsat channel  

F4 Focal standard deviation filter of the middle infrared channel of the AIF fused image 

F6 Skewness filter of the blue channel of the Landsat image 

F7 GLCM Entropy texture of the IRS image 

F9 Skewness filter of the middle infrared channel of the AIF fused image 

F10 Focal rank filter of the near infrared channel of the AIF fused image 

F15 The fourth tasselled cap channel of the Landsat image 

F20 Skewness filter of the far infrared channel of the Landsat image 

12.4.7.3 Modelling species richness of carabids with remote sensing variables  
Table 11.31 displays general linear model results with level one segmentations as explanatory and 
carabids species richness as response variable. All the models were significant on the P < 0.05 level, 
some also on the P < 0.01 level. Most significant linear regression model resulted from visual interpre-
tation of the Landsat dataset as explanatory variable. Thus, the alternative hypotheses that carabids 
species richness can be explained with patch indices derived from first level classif ications can be 
accepted. Best fit resulted from the visual interpretation of the Landsat - IRS dataset where the model 
also had the highest significance (R2 = 0.264 and P = 0.001, respectively). However, this fit was the 
poorest concerning the modelled species richness values so far. Poorest fit with poorest significance 
resulted from visual interpretation of the aerial photo dataset. Interesting is however, that segmentation 
based classification of the aerial photo gave the second best fit when modelling carabids species rich-
ness with good signif icance, showing big difference between classification methods of high spatial 
resolution remote sensing data. Visual interpretation of the Landsat – IRS datasets selected the most 
significant factors among the level one general linear models, with P < 0.05 significance. Table 11.32 
shows the variables representing the factors extracted from the Landsat – IRS dataset, which best ex-
plained carabids species richness of the level one classifications. Most signif icant variable was the 
landscape object where the sampling plot was located, followed by the number of grassland patches in 



 

 430 

a 25m radius. Distance to open spaces and number of forest patches inside 100m were also important 
variables in explaining carabids species richness.  

Table 11.31. Linear regression model outputs and significant factors best describing carbides species 
richness based on level one classifications. 

Level1 Landsat-IRS Quickbird Aerial photo 

 segmentation visual segmentation visual segmentation visual 

R2 

Significance 

0.209 

0.006 

0.264 

0.001 

0.226 

0.011 

0.221 

0.022 

0.253 

0.002 

0.193 

0.037 

 
Factors with 

significance 

P < 0.05 

 
F2; 0.002 

 
F2; 0.003 
F3; 0.004 
F7; 0.016 
F8; 0.016 

 
F1; 0.001 
F5; 0.047 

 
F1; 0.002 
F7; 0.014 

 
F1; 0.001 
F5; 0.016 
F7; 0.043 

 
F2; 0.001 

 
Table 11.32. Variables extracted from the first level visual interpretation of the Landsat - IRS data 

best explaining carabids species richness. 

Factor Variable representing the significant factor 

F2 The class where the plot is located in 

F3 Number of grassland patches in a 25m radius 

F7 Distance to open spaces in a 100m radius 

F8 Number of forest patches in a 100m radius 

 

Table 11.33 displays results of modelling carabids species richness based on second level segmenta-
tion based classifications and visual interpretations of the three remote sensing datasets. All the mod-
els were significant on the P < 0.05 (some highly significant on the P< 0.01 level) besides segmenta-
tion based classification of the Quickbird dataset. Highest significant resulted from segmentation 
based classification of the Landsat – IRS dataset which showed also the best fit (P = 0.003 and R2 = 
0.394). Overall, patch indices extracted from the second level classifications gave better fit then the 
first level when modelling carabids species richness, although the goodness of the models was not 
more significant. Segmentation based classifications gave slightly better results then visual interpreta-
tion, although the difference was not significant. Considering their explanatory power in carabids spe-
cies richness, there was no clear trend along the spatial resolution of the images either. Linear regres-
sion with segmentation based classification of the Landsat – IRS dataset defined four factors which 
significantly explained carabids species richness. Table 11.34 shows the patch indices which represent 
the significant factors. Best explanatory power resulted from the distance to closed broadleaved forest 
patches followed by the distance to gravel patches inside 100m radius (P = 0.001 and 0.003, respec-
tively). Roads and number of gravel patches inside 25 m also could significantly explain carabids spe-
cies richness.  

Table 11.33. Linear regression model outputs and significant factors best describing carabids species 
richness based on level two classifications. 

Level2 Landsat – IRS Quickbird Aerial photo 

 segmentation visual segmentation visual segmentation visual 

R2 

Significance 

0.394 

0.003 

0.345 

0.016 

0.293 

0.058 

0.368 

0.025 

0.317 

0.018 

0.301 

0.008 
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Level2 Landsat – IRS Quickbird Aerial photo 

 segmentation visual segmentation visual segmentation visual 

 
Factors with 

significance 

P < 0.05 

 
F7; 0.008 
F12; 0.001 
F18; 0.003 
F19; 0.012 

 
F2; 0.000 
F3; 0.042 
F5; 0.013 

 
F2; 0.026 
F3; 0.025 
F1; 0.012 

 
F1; 0.023 
F7; 0.000 

F10; 0.029 

 
F1; 0.007 
F2; 0.006 
F5; 0.042 
F6; 0.049 

F11; 0.011 

 
F3; 0.043 

F13; 0.040 
F15; 0.000 

 

Table 11.34. Variables extracted from the second level segmentation-based classification of the Land-
sat - IRS data best explaining carabids species richness 

Factor Variable representing the significant factor 

F7 Number of gravel patches in a 25m radius 

F12 Distance to closed broadleaved forest patches in a 100 m radius 

F18 Distance to gravel patches in a 100m radius 

F19 Area of paved surfaces (roads)  

 

Table 11.35 displays the outputs of general linear regression models with grey values derivatives of 
the three remote sensing images as explanatory and carabids species richness as response variable. All 
the models were highly significant on the P < 0.01 level, thus the null hypotheses, that carabids species 
richness cannot be described with remote sensing and elevation data, can be rejected. Modelling 
carabids species richness with grey value derivatives of the Landsat – IRS and Quickbird data gave 
better fit then any of the models based on cla ssified pixel values. Grey values of the aerial photo also 
gave good results when compared to the classifications. There was a clear trend in different spatial 
resolutions, aerial photo with the highest spatial resolution giving the poorest fit. Best fit resulted from 
the Landsat – IRS dataset with an R2 value of 0.432 and the model extracted four factor significantly 
explaining the species data. Table 11.36 displays the grey value variables of the Landsat – IRS dataset 
that represent the significant factors. Best explanatory power resulted from the first principal compo-
nent of the six Landsat channels followed by TNDVI. skewness filtered blue channel and the fourth 
tassels cap channel of the Landsat image. Interestingly, no variables were selected from the fused AIF 
and the IRS image and texture variables also did not play as an important role as in case of woody 
plant species and birds. 

 

Table 11.35. Linear regression model outputs and significant factors best describing carabids species 
richness based on grey value derivatives and elevation data. 

 Landsat – IRS 
greyvalue 

Quickbird 
greyvalue 

Aerial photo 
greyvalue 

Elevation 
data 

R2 

Significance 

0.432 

0.001 

0.423 

0.000 

0.379 

0.000 

0.278 

0.000 

 
Factors with 

significance 

P < 0.05 

 
F2; 0:000 
F3; 0:002 
F6; 0.002 

F15; 0.034 

 
F4; 0.002 
F5; 0.001 
F8; 0.004 
F9; 0.000 

 
F1; 0.000 
F3; 0.001 
F7; 0.002 

 
F1; 0.000 
F3; 0.000 
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Table 11.36. Variables extracted from the grey value derivatives of the Landsat - IRS data  

best explaining carabids species richness. 

Factor Variable representing the significant factor 

F2 First principal component of the six Landsat channels 

F3 TNDVI of the Landsat image 

F6 Skewness filter of the blue channel of the Landsat image 

F15 The fourth tasselled cap channel of the Landsat image 

12.4.7.4 Detrended and canonical correspondence analysis of species abundance data 
Detrended correspondence analysis was carried out on the species data to define based on the length of 
the gradient how unimodal the species response is along the ordination axis. If a gradient length is 
over 4 SD (see chapter 3.9.2) there are species in the dataset that show a clear unimodal response 
along the gradient. This becomes important in order to relate environmental data, like remote sensing 
indicators, to the species datasets; in case of unimodal response, canonical correspondence analysis 
can be used. Table 11.37 displays DCA ordination parameters of woody plants, birds, carabids, and 
the percentage of tree species crown cover sampled in the plots. Woody plants, birds, and carabids 
showed clear unimodal response concerning the land use intensity gradient. Only the percentage of 
tree crown cover measured in the plots showed lower gradient length (3.832 SD) but as it was close to 
the 4SD limit it was assumed to be unimodal. According to Jongman et al (1995) eigenvalue of 0.5 
and higher show good association to the environmental gradient. All the species had very high eigen-
values concerning the first DCA axes thus all showed good response to the land-use intensity gradient.  

 

Table 11.37. DCA ordination parameters of the species data 

 Woody plants  Birds Carabids TCC% 

Eigenvalue of the 1st 
axis 0.900 0.662 0.718 0.642 

Length of the gradient 
of the 1st axis 

7.591 4.967 4.925 3.832 

TCC% = percentage of tree species crown cover sampled in the plots 

 

Table 11.41 shows CCA ordination results of the percentage of tree crown cover data (TCC%) based 
on the first level segmentation based classifications and visual interpretations. All models were again 
significant on the P = 0.001 level thus it can be stated that the TCC% data can also be explained sig-
nificantly with patch indices derived from first level classifications. All the eigenvalues were above 
0.5, thus remote sensing data were able to explain a high amount of variation in the tree species data. 
Patch indices visually interpreted from the Landsat – IRS data gave the highest eigenvalue of the first 
axis, and the first two axis explained 39% of variation in the species data. Concerning the explanatory 
power of the environmental variables, which is comparable across the datasets, visual interpretation of 
the Quickbird data provided the best result, where the whole dataset explained 34.8 percent of the 
variance. Second CCA axes of the TCC% dataset gave modest eigenvalues showing the dominance of 
the first axes.  

CCA ordination results of the TCC% data based on second level classifications are displayed in Table 
11.42. All the ordination models were significant on the P = 0.001 level thus the percentage of tree 
crown cover measured in the plots can be explained by patch indices derived from second level classi-
fications. Visual interpretation of the Landsat – IRS dataset resulted in the highest first axis eigenvalue 
(0.621) and the first two axes explained 53.1% of the variance in the tree species data. Generally, 
patch indices extracted from the second level classif ications explained higher amount of variation in 
the tree species data. Second highest eigenvalue resulted from segmentation based classification of the 
Landsat – IRS dataset which also explained the second highest percentage of variance (34.5%). CCA 



 

 433 

axes of the second level classifications explained overall higher percentages of variance in the species 
data then CCA axes from the first level classifications. In case of the visual interpretation of the Land-
sat – IRS dataset it was 36.1 percent, which was the highest among both the woody plant species and 
percentage of tree species dataset.  

Table 11.41. CCA of TCC% data with first level segmentation based classifications and visual inter-
pretations. 

Level1 Landsat - IRS Quickbird Aerial photo 

 segmentation visual segmentation visual segmentation visual 

Eigenvalue of the 
1st axis 0.565 0.613 0.607 0.607 0.592 0.573 

Eigenvalue of the 
2nd axis 0.163 0.108 - 0.203 0.168 0.170 

% of variance of 
TCC% data 
explained by the 
first 2 axes 

24 39 - 26.7 25 24.5 

Total variance 
explained by all the 
environmental 
variables 

24 23.7 19.9 34.8 28 27.6 

Monte Carlo 
Permutation test of 
the 1 st two axes 

0.001 0.001 - 0.001 0.001 0.001 

 

Table 11.42. CCA of TCC% data with second level segmentation based classifications and visual 
interpretations. 

Level2 Landsat - IRS Quickbird Aerial photo 

 Segmentation visual segmentation visual segmentation visual  

Eigenvalue of the 1st 
axis 

0.615 0.621 0.613 0.604 0.531 0.613 

Eigenvalue of the 2nd 
axis 0.434 0.428 0.421 0.340 0.364 0.314 

% of variance of 
TCC% data 
explained by the first 
2 axes 

34.5 34.5 34 31.1 29.5 30.5 

Total variance ex-
plained by all the 
environmental vari-
ables 

35.9 53.1 43 38.8 37.8 30.5 

Monte Carlo Permu-
tation test of the 1st 
two axes 

0.001 0.001 0.001 0.001 0.001 0.001 

 

Table 11.43 displays CCA ordination results of the TCC% dataset based on grey value derivatives and 
elevation data. All the models were significant on the P = 0.001 level thus percentage of tree crown 
cover measured in the plots can be explained by grey values and elevation data. The first CCA axis of 
the Landsat-IRS dataset had a surprisingly high eigenvalue of 0.608 even higher then visual landscape 
indices of Quickbird or automatic classification of the aerial photo. The second CCA axis of the Land-
sat-IRS dataset also had very high eigenvalue of 0.384 showing importance in the TCC % dataset. 
Grey value derivatives of the Landsat – IRS dataset explained the most amount of variation in the 
TCC% data, amounting to 32.6 percent. This was almost as high as the best value of the patch indices 
of the Landsat – IRS dataset, showing that the fused Landsat – IRS dataset is superior when describing 
the tree crown cover data measured in the plots. 
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Table 11.43. CCA of TCC% with grey value derivatives and elevation data . 

 Landsat – IRS 
greyvalues 

Quickbird 
greyvalues 

Aerial Photo 
greyvalues 

Elevation 
data 

Eigenvalue of the 1st axis 0.607 0.536 0.424 0.324 

Eigenvalue of the 2nd axis 0.384 0.337 0.138 0.170 

% of variance of TCC% data 
explained by the first 2 axes 

32.6 28.7 18.5 16.2 

Total variance explained by 
all the environmental vari-
ables 

35.2 31.4 21.2 16.2 

Monte Carlo Permutation test 
of the 1st two axes 0.001 0.001 0.001 0.001 

 

Fig. 11.22 shows the CCA ordination diagram of the percentage of tree species crown cover (TCC%) 
data based on patch indices of the second level visual interpretation of the Landsat-IRS dataset. Area 
of lakes, gravel, distance to mixed closed forest in a 100m circle, and the area of closed coniferous 
forest patches on the landscape were only weekly related to the pattern of the TCC% data, since they 
are represented with very short arrows. The area of mixed closed forest is represented with a long ar-
row and correlates well to the second CCA axis (Table 11.44) thus to the pattern in tree species 
distribution. This supports the fact, the mostly mixed closed forest is represented in the six LUUs of 
the Swiss test areas. Abies alba is located the closest to the head of the arrow and this is the species 
that is most abundant in mixed forest stand. The area of gravel objects is also represented with a very 
long arrow. Gavel is mostly found near rivers in the six LUUs which might explain the importance of 
this landscape object in tree species distribution. Fraxinus Excelsinor and Salix Purpurea are located 
on the end of the gravel arrow being the two species that were found near river banks. The third 
important environmental variable was the distance to very open coniferous forest patches within a 
100m radius. However, the coniferous tree species Picea Abies is not represented well in the sample 
since it is located close to the middle of the diagram. Pinus Sylvestris is positively correlated to open 
coniferous forest patch indices; the more open the forest gets the more this species appears in the 
landscape. Abies Alba, on the other hand, is negatively correlated to patches that were interpreted as 
very open coniferous forest meaning that this species appear mostly in closed coniferous forest.  

The right diagram in Fig. 11.22 is a biplot of the sample scores and patch indices derived from the 
constrained ordination of the TCC% data. Plots located in forests like LUU one (old-growth forest) 
and LUU two (managed forest) are well distributed along the second CCA axis and along the envi-
ronmental variables describing forest properties. Plots located in LUU one are mostly negatively re-
lated to the area of mixed closed forest. and only one plot located in the first LUU shows week posi-
tive correlation to closed mixed forest. This supports the fact, that the first LUU is mostly covered by 
open mixed forest only with some closed mixed patches. Plots of the second LUU are mostly located 
in open and very open coniferous forest stands. Accordingly, sample scores of these plots are distrib-
uted along the distance to very open coniferous forest patches. They are located on the side of the head 
of the arrow showing a positive correla tion with this variable. One plot in LUU four are located in the 
open coniferous forest, while other plots of LUU four are grouped together with LUU three and five 
around the distance to mixed closed forest within 100m arrow. One plot of LUU six is located just at 
the head of the area of gravel arrow. which is the plot where Alnus incana and Salix Purpurea are 
found in large number. Distance to lakes, gravel objects and mixed closed forest in 100m radius are 
represented only with short arrows, thus are not strongly correlated to the pattern of variation in tree 
species composition. Indeed, these variables although significantly but very weekly correlate to the 
first two CCA axes (Table 11.44). However, distance to gravel objects and mixed closed forest within 
100m very strongly correlate to the third and fourth CCA axes (correlation of 0.913 and 0.819. respec-
tively). 
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Table 11.44. Inter-set correlation of selected patch indices (level 2 visual interpretation of Landsat-
IRS dataset) with the CCA axes. 

 AX1 AX2 AX3 AX3 

aGrvl2   0.962  0.166 -0.011  0.024 
aMxcll2 -0.327  0.734 -0.098 -0.020 
Grav100  0.255  0.033  0.913  0.145 
Lake100 -0.047 -0.049 -0.023 -0.153 
Mixcl100 -0.032 -0.186 -0.191  0.819 
Abbreviations: aGrvl2  = area of gravel patches; aMxcll2 = area of mixed closed forest; Grav100 = distance to gravel patches within 100m; 
Lake 100 = distance to lake patches within 100m; Mixcl100 = distance to mixed closed forest patches within 100m 

Fig. 11.23 shows the CCA ordination diagram of the TCC% data based on the grey value derivatives 
of the Landsat-IRS dataset. Out of the grey value derivatives more variables were selected that signif i-
cantly described the species data then from visual interpretation, and also, the variables were stronger 
correlated to the variation in tree species composition (longer arrows). At a first site it is striking, that 
none of the original channels of the Landsat or IRS image described the species data but mostly first 
and second order texture derivatives like variance, homogeneity or entropy. The two most important 
environmental variable (having the longest arrow) are the variance and the GLCM contrast texture of 
the IRS image (Fig. 11.24). They correlate the strongest to the first CCA axis (Table 11.45) thus to the 
pattern in tree species distribution (0.884 and 0.732. respectively). The important property of the vari-
ance image is the enhancement of the edges of different landscape objects like edges of riparian forest 
and river. Salix purpurea, Alnus incana, and Fraxinus excelsior show high abundance as the variance 
of the image pixel values increases. This can be most probably supported with the fact that these spe-
cies were mostly found nearby the river. Also important is the so called GLCM entropy texture meas-
ure of the IRS image (Fig. 11.24), represented with a long arrow in the diagram, which showed higher 
correlation to the second CCA axis (0.520). Homogeneous landscape objects have low entropy and 
thus appear dark or black in the image, while heterogeneous landscape object having high entropy 
appear bright or white like e.g. forest. Ulmus glabra shows positive correlation to the texture image 
along the second axis while coniferous species seem to have negative correlation. Tasselled cap trans-
formation of the middle infrared channel of the AIF Landsat - IRS image (Fig. 11.24) shows negative 
correlation to both the first and second axes (-0.532 and -0.498. respectively).  

The right side of Fig. 11.23 shows CCA biplot with sample scores and environmental variables of the 
TCC% data. GLCM variance and contrast texture of the IRS image shows high importance in one plot 
of LUU6, where Salix purpurea and Alnus incana was found in high number. Other plots do not show 
high correlation to these grey value derivatives. Mostly plots of LUU six show positive correlation to 
the GLCM entropy texture measure of the IRS image and to the skewness filter of the blue Landsat 
channel. Plots located in the second LUU on the other hand show negative correlation to these meas-
ures but positive to the homogeneity filter of the IRS image. While the first LUU was mostly covered 
by closed mixed forest, LUU two mainly contained open coniferous stands. Texture measures seem to 
differentiate well between landscapes different in their dominant forest stands. Tasselled cap transfor-
mation of the middle infrared channel of the AIF Landsat – IRS image behaves similar to the homoge-
neity measure of the IRS image, showing positive correlation to the plots of LUU two and negative to 
the plots of the first LUU. 

Table 11.45. Inter-set correlation of selected grey value derivatives (Landsat-IRS dataset)with the 
CCA axes. Abbreviations: lsskew31 = skewness filter of the blue Landsat channel. AIFTC5 = tasselled cap transformation of the middle 
infrared AIF fused Landsat – IRS image; i1gent94 = GLCM entropy of the IRS image; Ivar = GLCM variance of the IRS image; Ihom = 
GLCM homogeneity of the IRS image; Icon = GLCM contrast of the IRS image; aifocdv4 = focal diversity filter of the infrared AIF fused 
Landsat – IRS image. 

 AX1 AX2 AX3 AX3 

lsskew31 -0.0356  0.3206 -0.3608  0.2096 
AIFTC5 -0.5325 -0.4983  0.0140 -0.0628 
i1gent94  0.1817  0.5202  0.2654  0.0101 
Ivar  0.8839  0.1568  0.0480 -0.0662 
Ihom -0.1287 -0.3125 -0.0356  0.1118 
Icon  0.7318  0.1021  0.0890 -0.1030 
aifocdv4  0.3851 -0.0394  0.1283  0.3984 
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Fig. 11.22. CCA diagram of the TCC% data with the second level visual interpretation of the Landsat – IRS dataset; biplot of species and environmental variables 
left. biplot of samples and environmental variables right. 
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Fig. 11.23. CCA ordination diagram of the TCC% data with grey values derivatives of the Landsat – IRS dataset; biplot of species and environmental variables 
left. biplot of samples and environmental variables right 
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Fig. 11.24: Some of the selected grey 
value derivatives  of the Landsat – IRS 
dataset in the CCA ordination of the 
TCC%  dataset  

4. Homogeneity image 

3. Focal diversity image 1. Variance image 2. Entropy image 

5. AIF Landsat-IRS image 
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12.5 Discussion 

12.5.1 Image processing, segmentation based classification and visual interpretation 
Topographic normalisation of the Landsat channels showed, that in case of the Swiss dataset the Min-
naert and Running – Minnaert methods provided better normalisation of the images then the C-
method. The three methods resulted in different success when normalising the six Landsat channels. 
The fourth band was best normalised by the Running – Minnaert method while the rest of the bands 
were best normalised with the Minnaert method. These results should be tested on other Landsat im-
ages as well in order to derive significant conclusions. Thus, how the different Landsat bands really 
react on the different normalisation methods remains still unproved for the lack of time and work ca-
pacity. Probably, the success of the different methods is dependent on the particular images, with dif-
ferences in data acquisition time, atmospheric conditions, sun elevation, image quality, etc.  

The sharpening of edges with image fusion proved to be an important pre-condition for a clear auto-
matic delineation as well as successful visual interpretation of landscape objects and habitats. The 
image fusion was performed with the high spatial resolution IRS image to improve the radiometric 
information of the Landsat image. Out of the several fusion methods tested (IHS, Brovey, Principal 
Component) the adaptive image fusion (AIF, Steinnocher 1999) algorithm proved to deliver the best 
results. The approach provided the extraction of landscape objects from the high resolution IRS im-
ages while keeping the original radiometry of the Landsat image. The most important advantage of 
this fusion method against others is, that the original radiometry of the multispectral image is kept 
while landscape objects appear in the resolution of the panchromatic image. With other techniques, 
original image radiometry is more or less changed and objects in the fused image appear blurred. The 
disadvantage of this method is that structural information inside objects are smoothed out, thus differ-
ences between homogeneous and heterogeneous object structures disappear. This strongly influences 
segmentation of the images, since the assignment of single pixels to objects will be restricted to ra-
diometric/spectral characteristics. Since the radiometric differences are changed during the fusion 
process, less objects will be delineated in the segmentation process. The use of the sigma filter on the 
IRS image before the fusion process improved the quality of the fused image. The filter with carefully 
selected parameters improved sensor dependent irregularities, like stripes, in the image. In the AIF-
sigma-IHS image, stripes were strongly reduced within homogeneous landscape objects while struc-
tures due to objects, like different forest stands, were kept. Based on these fused images, both the 
segmented and visually interpreted landscape objects provided good results.  

There are several major differences between automatic classification and visual interpretation of re-
mote sensing images. Besides image enhancement, segmentation requires extensive expert knowledge 
on digital image processing methods. Visual interpretation does not require expert knowledge on im-
age processing, but needs training to perform the interpretation. Nevertheless, training on image inter-
pretation is less time consuming then training on image processing. In addition, in case of automatic 
methods an expensive and sophisticated hardware and software laboratory is necessary for the suc-
cessful image processing. On the other hand, segmentation based classification is standardisable and 
the results are not biased by the interpreters. Visual methods are to some extent standardisable if a 
working protocol is provided and if each of the steps are strictly followed by the different interpreters. 
Standardisation of remote sensing methods is a very important topic in a European wide research pro-
ject since different approaches might deliver very different results. Automatic methods (like segmenta-
tion) are also much faster then visual interpretation and thus are time and cost effective. Visual inter-
pretation is extremely time consuming, which increases exponentially with the degree of detail. There-
fore, automatic classification seems to be the only feasible approach for any large areas and continu-
ous monitoring. The delineation of single, small and narrow patches like group of trees or streets are 
very difficult to standardise between different interpreters. These landscape elements change in their 
size, extent, and form significantly across different interpreters. One would not even notice a patch 
that appears important to others. Therefore, for visual interpretation a minimum size, width, and extent 
of polygons has to be defined to be delineated. In the present project half a hectare was used as mini-
mum object size. Due to the small size of the LUUs, much higher values would have reduced the 
number of delineated objects too much.  
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Automatic classifications were tested for their accuracy while in case of visual interpretation the accu-
racy was assumed to be very good. With values above 90% and often with 100% the contingency ma-
trix showed extreme good values, which in traditional pixel-based methods hardly ever is the case. 
These values, however, are often misleadingly high due to the limited areas and the bias of object 
based accuracy assessment of the classifications. In object based methods, generalised objects are 
checked for their accuracy while in pixel based methods the single image pixels are tested. Single im-
age pixels within an objects have often very high grey value variance, which leads in many cases to 
misclassification of single pixels. Furthermore, the class to which the particular pixel belongs to is 
often very difficult to define. Generalised objects might contain pixels belonging to several different 
classes, still the category the pixel are grouped into is correctly classified according to the object based 
approach. In case the accuracy of a single classified pixel inside this object is assessed, the pixel might 
appear incorrectly classified. In an extreme case, none of these pixels of such an object are correctly 
classified after a pixel based accuracy assessment approach. On the other hand, whether the 100 % 
accuracy after the object based methodology is really correct would be part of another paper.  

12.5.2 Factor and cluster analysis of landscape indices derived from the European 
landscape 
Factor analysis was used on landscape indices calculated from the 48 visually interpreted landuse 
maps. The forty landscape level metrics were reduced to six factors. The index with the highest load-
ing was selected to represent the particular factor. The first factor explained 64 % of the total variation 
thus the main part of the information was contained in it. The first factor was represented by the modi-
fied Simpson’s evenness index (MSIEI) that shows how uneven the distribution of patches across the 
LUUs is. Since the LUUs were selected along a land-use intensity gradient, it was expected to be re-
flected by the extracted landscape indices. Therefore, the same LUU types were expected to be located 
on the same part of the factor diagram (Fig. 11.17). In case of the MSIEI index however, the same 
LUU types of the countries were located in different parts of the diagram. LUUs 4-6 of UK, Spain, 
Ireland, France, and Finland showed even distribution (right part of the diagram), while the similar 
intensively managed LUUs of Portugal, Hungary, and Switzerland were modestly even (located in the 
middle of the diagram). The extensive LUUs of UK, Spain, Hungary, France and Finland contained 
only one patch thus showed no landscape diversity and were located on the left part of the diagram. In 
case of Portugal, the intensive LUUs four and five appeared the most even and were placed within the 
extensive LUUs.  

Land Use Units representing extensive landscapes mostly had one patch (forest) because of the small 
size of the area, thus showed no landscape diversity. This was the case in the second, fourth, and fifth 
LUUs of Portugal, where Montado forest represented even the intensive Land Use Units, thus these 
LUUs were located on the same side of the diagram as unmanaged LUUs from other countries. This 
shows, that a land-use intensity gradient means very different landscape composition across different 
countries in Europe, and the same intensity unit might contain very different distribution of land use 
classes. In case of Portugal, for example, Montado is the main land use form, which after the classif i-
cation scheme belongs to forest. Therefore, defining land use intensity after the percentage of forest an 
LUU can contain is probably not the best way to assess human influence on biodiversity. The first and 
second factor together explained 74% of the total variation, thus the main part of the information con-
tained in the landscape indices was summarised in the first two factor. The most variation occurred 
along the first factor axis (Fig. 11.16) thus the Modified Simpson’s Evenness Index was more impor-
tant in the European landscape then the Aggregation Index.  

Cluster analysis of LUUs in the eight European countries (based on the extracted landscape indices 
factors) supported the results of factor analysis, concerning the heterogeneity of the land use intensity 
gradient across Europe. Logically, the 48 LUUs should be either clustered into the eight biogeographi-
cal zones or into six clusters after the selected land-use intensity gradient. The similarity coefficient of 
the analysis defined six meaningful clusters. The first cluster included eight extensively managed 
LUUs, belonging to Finland, UK, France and Portugal. However, the fourth and sixth intensive LUUs 
of Portugal were also grouped into the first cluster. On the other hand, taking the above mentioned 
problem of the intensive LUUs in Portugal into account, the first cluster group extensive, forested 
LUUs together. The intensive Portuguese LUUs contain 100% Montado forest, which represent inten-
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sively managed areas in Portugal, but because of the similar land-use composition these were grouped 
into the most forested extensive areas of the land-use intensity gradient. The second cluster contained 
the most LUUs (24 out of 48) with the most heterogeneous composition and it was the only cluster 
where all countries were represented. LUUs on both sides of the land-use intensity gradient were 
placed into this cluster, i.e. the first LUUs of Hungary, Ireland, Switzerland, and Portugal and the sixth 
LUUs of Hungary, Ireland, Spain, France, and Portugal. Furthermore, the middle of the land-use in-
tensity gradient was represented with LUUs from Finland, Spain, UK, and Portugal. Again, the land-
scape indices did not seem to group the test areas according to the selected land-use intensity gradient.  

The third cluster was smaller and slightly more homogeneous then the previous ones with mostly 
mixed and intensively managed LUUs. The only exception was Spain with the extensive first LUU in 
this cluster. The reason for this is that the first LUU of Spain had very heterogeneous land-use compo-
sition (five classes) which corresponded to the modestly intensive LUUs of the other countries (Fig. 
11.9). The fifth LUU of Hungary was very heterogeneous from any other test areas, and thus built the 
fourth cluster. This LUU appeared already in case of three cluster solution as an own cluster (Table 
11.11). However, this arose from the fact, that the arable land class occupied only 0.22 percent of the 
fifth LUU, and still contained 25 patches. These 25 patches were 25 pixels in the edge of the visually 
interpreted maps, which were left over from arable  land polygons outside the boundary of the fifth 
LUU. Also Irelands third LUU appeared as an own cluster, the reason for which is somewhat unclear. 
This LUU is so heterogeneous from the others, that it was only grouped in the 44th agglomeration step 
into other clusters. The third LUU of Ireland consists of three classes, 51% grassland, 45 % forest and 
4 % arable land. Grassland and arable land classes consist of one patch while forest has two patches, 
one of them is located on the edge of the map and belongs to a forest class outside the LUU. The 
uniqueness of this LUU concerns that its area is dominated by two big classes where forest consists of 
a very big and one very small polygon. The third and sixth LUUs of Switzerland were grouped into 
the sixth cluster. Both LUUs had one of the highest number of patches compared to other countries 
(number of patches are 23 and 26, respectively). Furthermore, these landscape objects were very small 
thus the landscapes were more fragmented then the LUUs of the other countries.  

Similar Land Use Units of Finland, France, Hungary, Ireland, Spain, Portugal, Switzerland and UK 
appeared to be heterogeneous concerning the defined land-use intensity gradient. Factors extracted 
from the landscape indices failed to order the LUUs according to the selected land–use intensity gradi-
ent. They showed a rather mixed composition regarding the test areas, where similar LUUs were 
placed in different parts of the factor diagram and different LUUs appeared next to each other. Thus, 
landscape indices were not able to identify similar stages of the land-use intensity gradient in Europe. 
When land-use intensity is to be quantified based on landscape indices, a better approach would be to 
perform country specific factor analysis of the selected landscape indices. Cluster analysis of the 48 
LUUs across Europe also supported these results. The analysis were performed with the extracted 
factors, where the 48 LUUs were grouped into six clusters. Results clearly showed, that clustering of 
the LUUs mostly depended on the main land use/land cover type the LUU contained rather then the 
management stage. Thus, clusters were mainly influenced by the percentage of forest or non-forested 
areas the LUUs contained. This way, the fourth and fifth LUUs of Portugal were grouped together 
with extensively managed LUUs, or in the second cluster extensive and intensive LUUs were mixed 
together. Thus, different management intensities cannot be represented with landscape indices as long 
as management is defined after the percentage of forested landscape.  

NDVI mean values calculated in the LUUs of the eight countries based on the Landsat image also 
showed very heterogeneous pattern both between and within the countries (Fig. 11.18). Highest NDVI 
values appeared in the first LUU of France (mostly broadleaved and mixed forest) and LUUs one in 
Ireland (mostly broadleaved forest ). Lowest mean NDVI value resulted from the LUUs in Portugal. 
The most abrupt decrease in NDVI values along the land-use intensity gradient appeared in Hungary. 
In Finland on the other hand, NDVI values increased along the land-use intensity gradient, which was 
represented by a chain of closed forest to intensive arable land. This showed, that Europe is not homo-
geneous regarding land-use, since the same land-use intensity type might mean very different land-
scapes across the eight countries. The factors extracted from the landscape indices described Europe as 
a whole. When working on country level, factor analysis of landscape indices extracted from each 
countries separately might provide a better approach. NDVI values, being continuous variables, are 
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not dependent on the size and distribution of landscape elements but rather describe the LUUs as one 
unit. Still, the fact that very different NDVI values were measured shows, that not only landscape 
composition but management and climate dependent conditions differ across the countries within the 
same landuse intensity unit.  

12.5.3 Explanatory analysis of land use intensity with remote sensing images on three 
spatial resolutions: PCA of patch indices, grey value derivatives, and elevation data in 
the Swiss plots 
PCA was performed on the patch level indices, grey value-, as well as elevation derivatives of three 
remote sensing datasets. To evaluate to what extent the different datasets model land-use intensity, 
eigenvalues of the first PCA axes and the % of variance the first two PC axes explained, were com-
pared. To facilitate interpretation of the results, PCA sample scores were correlated (Pearson`s correla-
tion) to the land-use intensity gradient and the correlations compared among the datasets. Patch indi-
ces derived from first level classifications described variation among the sampling plots better then 
second level classifications. This is probably due to the fact, that the land use intensity gradient was 
defined after the percentage of forest in the LUUs. Information on forest cover of the LUUs was ex-
tracted from the first level classification which might explain the better results from first level classif i-
cations. Furthermore, higher spatial resolution of the remote sensing data did not influence the PCA 
results pos itively. Also, no significant differences resulted from the applied classification methods. 
Highest eigenvalue and percentage of variance explained resulted from first level visual interpretation 
of the Landsat - IRS images. however the second highest values were not significantly lower. More 
analysis is needed concerning image acquisition, test area, interpretation, and classification to come up 
with reliable conclusions.  

Based on these results, high spatial resolution remote sensing images are not superior to perform quan-
titative landscape analysis based on classified pixel values. However, two important factors must be 
mentioned. Firstly, these results only concern land use intensity which was defined for the purpose of 
this project. i.e. where the percentage of forest and agriculture in the landscape define how intensive 
the management is. When features like the percentage of roads, houses, paved surfaces etc. were crite-
ria for land-use intensity, higher resolution images would probably deliver the better results. Secondly. 
the results are based on a classification scheme which was applied to all datasets regardless the infor-
mation which could possible have been extracted from the data. Thus, the classification scheme de-
signed according to the Landsat – IRS dataset was applied to aerial photos as well, ignoring those 
landscape features only aerial photos could be extracted. Therefore, when the cla ssification scheme 
had been individually adjusted to the spatial resolution of the particular image, most probably the ad-
vantage of higher spatial resolution would become obvious. However the question remains, whether 
the extraction of more details is really needed for land-use intensity modelling. 

Grey value derivatives and elevation data had generally higher eigenvalues then patch indices. A clear 
trend could be observed regarding spatial resolution of the remote sensing images. The lowest resolu-
tion Landsat – IRS image extracted an eigenvalue comparable to that of the patch indices. the Quic k-
bird and aerial photo data on the other hand showed higher eigenvalues then any of the patch indices 
datasets. Indeed. the first PC axis of the aerial photo grey value derivatives with eigenvalue of 0.523 is 
clearly superior to the best eigenvalue of the classifications (0.303). The first eigenvalue of the aerial 
photo dataset explained 52.3 percent of the variation in the grey value derivatives. Thus, considerable 
amount of information contained in the grey values could be compressed in the PC axes, and that ex-
plained the highest amount of variation between the sampling plots. PCA of the elevation dataset also 
resulted in better ordination parameters then patch indices derived from the classifications. Indeed, 
elevation data delivered the second best results when describing variation between the sampling plots 
along the gradient.  

Regarding correlation of PCA sample scores to the land-use intensity gradient, first level classifica-
tions were also superior to the second level ones. Furthermore, there were bigger differences between 
spatial resolutions and analysis methods. Among the classifications, the first level patch indices de-
rived from the segmented Landsat – IRS image showed the highest correlation coefficient. The first 
PC axis correlated to 70 % with the gradient with a P = 0.000 significance level. Second PC axis of the 
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segmented aerial photo showed similar but negative correlation to the land use intensity gradient (-
0.699) with the same significance. Concerning correlation of PCA sample scores to the land-use inten-
sity gradient. also grey value derivatives performed the best. Interestingly however. while grey value 
derivatives of the aerial photo described the most variance within the sampling plots. second PC axis 
of grey values derived from the Landsat – IRS image correlated overall the best to the land use inten-
sity gradient. The difference between the correlation coefficients across the different datasets was 
more significant as the difference between the eigenvalues. With increasing spatial resolution an in-
crease could be observed in the eigenvalues of the grey value derivatives, and accordingly with the 
increasing spatial resolution the correlation to the land -use intensity also increased.  

Grey value derivatives showed very high variation between pixels of an object, while classif ication 
provides one value per object (i.e. forest). In the reality, however, a forest stand has deciduous and 
coniferous tree species, gaps between the trees and even shadow within the crowns. This information 
is much better kept when the original grey values are used. The image derivative example in Fig. 
11.18 is a so called entropy texture image. Pixels in areas with strong texture or heterogeneity have 
high entropy and appear bright. Pixels in areas with low texture or homogeneity have low entropy and 
are therefore dark or black. Thus, pixels representing a forest stand (in the middle of the image) or 
hedgerows, are very bright while grassland objects appear dark. Classification of image pixels allow 
better differentiation between habitat types (like coniferous or broadleaved forest) while pixel grey 
values better indicate morphological differences (like forest and none forest). Original pixel values, on 
the other hand. keep the variance between the single pixel values. That might be the reason for 
stronger association to the land-use intensity gradient by the grey value derivatives compared to classi-
fication. Also important to note is, that segmentation based classification of remote sensing images is 
time consuming and introduces errors, and in case of visual interpretation standardisation problems 
may arise in addition. Furthermore, classification success is also dependent on the extracted level of 
information i.e. the number of classes. In this context the question arises, whether classification of 
remote sensing images is necessary for quantification of a land use intensity gradient. 

12.5.4 Modelling species richness based on remote sensing indices on different spa-
tial resolutions: case study of woody species, birds, and carabids in Switzerland 
To avoid multicollinearity. FA was used to reduce the classifications, grey value derivatives and eleva-
tion datasets into few uncorrelated factors. Afterwards. a general linear model was performed on the 
plot level to relate patch indices, grey value derivatives, and elevation data to the variation of woody 
plants, birds, and carabids species diversity. The null hypothesis was established that species richness 
is independent on the above mentioned environmental data, and as alternative hypothesis the depend-
ence was defined. Concerning woody plant species richness, all the models were highly significant on 
the P = 0.001 level. Thus the hypothesis that woody plant species diversity is dependent on patch indi-
ces, image grey values, and elevation data can be accepted. In general, segmentation based classific a-
tions showed slightly better results then visual interpretations, although best R2 value resulted from 
second level visual interpretation of the Quickbird data. Generally, there was no significant difference 
between classification methods or spatial resolution of the images concerning woody plant species 
richness. Predictive power of the grey value derivatives of the images was also high, although some-
what lower then that of classifications. Elevation data did not seem to have strong value in modelling 
of woody species richness. All together, remote sensing indices seemed to be good indicators of 
woody species richness but elevation derivatives showed only week performance.  

Concerning birds species richness, all the models were highly significant on the P = 0.001 level. Thus, 
the alternative hypotheses, that birds species richness is dependent on the selected remote sensing in-
dices can be accepted. Generally, patch indices of segmentation based cla ssifications showed slightly 
better correlations to species richness then visual interpretations, although the best R2 value resulted 
from second level visual interpretation of the Quickbird dataset. There was no significant differences 
between classification methods and spatial resolution of the images regarding birds species richness. 
Grey value derivatives of the images showed also high correlation to birds species richness, although 
this correlation was somewhat lower then in case of classifications. Interestingly, there was a negative 
trend across increasing spatial resolution of grey value derivatives. The Landsat – IRS dataset showed 
the highest correlation to birds species richness, while indices of the aerial photo only showed modest 
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correlation. Elevation derivatives correlated also only modestly to birds data. All together, the ex-
tracted remote sensing indices proved to correlate well with birds species data. Furthermore, remote 
sensing indices seemed to correlate slightly worse to birds species richness then to woody species 
richness, although not significantly. On the other hand, this might be the result of the sampling area 
bias. As discussed before, the different species were sampled on slightly different sampling plots but 
remote sensing indices were calculated on the same area. Adjusting remote sensing indices to the spe-
cies described might change the results.  

When describing carabids species richness, all the models were significant on the P = 0.05 level. Only 
exception was segmentation based classification of the Quickbird data, which was only significant on 
the P = 0.058 level. Thus the alternative hypothesis, that carabids species richness is dependent on the 
extracted remote sensing indices can be accepted in all cases besides segmentation of Quickbird data. 
Generally, patch indices extracted from segmentation based classifications showed slightly better cor-
relation to the species data then indices extracted from visual interpretation. However, best R2 value 
resulted from grey value derivatives of the Landsat – IRS dataset, and also grey value derivatives of 
the Quickbird data showed higher correlation to carabids species richness then any of the patch indices 
datasets. There was a slightly decreasing trend concerning increasing spatial resolution of image grey 
value derivatives. There was, again, no significant differences between classification methods and 
spatial resolution of the derived patch indices regarding carabids species richness. Elevation data only 
modestly correlated to carabids species richness.  

All in all, it can be stated that regarding the investigated species, remote sensing and derived indices 
are good indicators of species diversity expressed by species richness. Classified pixel values and the 
derived patch indices correlated well with species richness, but there was no evidence for the need of 
expensive, high resolution imagery. There was also no clear difference between the performance of 
patch indices extracted from visual interpretation and patch indices extracted from segmentation based 
classification. Thus cost- and time effectivity and standardisation should be the decisive factor when 
selecting image processing methods. Grey value derivatives of the satellite images correlated also well 
to all the species data. There was no clear evidence, that classified pixel values and the derived land-
scape patch properties would correlate significantly more to species richness data then grey value de-
rivatives. Thus, time consuming classifications, which introduce uncertainties into the classified land-
use / land cover maps, might have less importance then image pixel derivatives. Moreover, digital 
image processing is highly standardisable while classification is always the issue of human influence 
(i.e. selection of training areas for the classification). More research is necessary to uncover the impor-
tance of pixel properties in species diversity.  

12.5.5 Analysing species abundance with remote sensing indices on different spatial 
resolutions: CCA case study of percentage of tree species crown cover in Switzerland 
The percentage of tree crown cover measured in the plots was taken to test with canonical correspon-
dence analysis how the different spatial resolutions describe the variance in the tree species data. All 
the CCA ordinations were highly significant in the P = 0.001 level. Second level visual interpretation 
of the Landsat - IRS dataset showed the highest CCA eigenvalue. The other classifications as well as 
the grey value derivatives showed similarly good results. Elevation data had the lowest eigenvalue of 
the first CCA axis. Grey value derivatives of the aerial photo data showed lower eigenvalue then the 
other image derivatives, but still were able to describe a considerable amount of variation in the tree 
species data. Thus, all the investigated datasets were capable to describe a considerable amount of 
variation in the tree species data and could be subject of comparison. The performance of the different 
remote sensing data was compared with the total variance the selected remote sensing indices ex-
plained in the tree species data. Second level visual interpretation of the Landsat – IRS dataset ex-
plained the highest amount of variance and it was considerable higher then many other datasets. For 
example, elevation data derivatives could only describe 16.2 % while patch indices of the visually 
interpreted Landsat – IRS dataset explained 53.1 percent of the species data. Patc h indices from the 
second level classifications generally showed better performance then the first level counterparts, but 
there was no clear difference between classifications, visual interpretations, and spatial resolution of 
the indices. There was, on the other hand, a clear trend between spatial resolutions of the grey value 
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derivatives. Derivatives of the Landsat – IRS dataset gave the best performance while grey value de-
rivatives of the aerial photo could only explain considerably less variation in the species data. 

The CCA ordinations were also represented in biplot diagrams, showing species and selected envi-
ronmental variables on one hand and the selected environmental variables and samples plots on the 
other hand. The selected examples were ordinations based on the second level visual interpretations 
and on the grey value derivatives of the Landsat – IRS image. Two of the selected grey-value deriva-
tives were the GLCM entropy and GLCM homogeneity texture measures of the IRS image, the former 
being more or less the opposite of the letter. Homogeneous objects appear bright and heterogeneous 
objects dark in the image. In the ordination diagram, Abies alba shows higher abundance as the en-
tropy increases while Ulmus glabra is more abundant as the homogeneity of the objects gets higher. 
Both deciduous and coniferous species probably react on the heterogeneity of the landscape objects 
like mixed or pure stand that might explain the importance of this image channels in explaining the 
diversity of this species. The focal diversity texture function, another selected grey value derivative, 
returns the number of different pixels around the focal pixel in the mowing window. Salix purpurea, 
Alnus incana, and Fraxinus excelsior are located on the far end of the focal diversity arrow thus they 
prefer landscape patches with less diversity, while Ulmus glabra prefers areas with higher diversity. 
However, more research is needed to discover how the different tree species react on texture measures, 
or on any other grey value derivatives.  

To interpret the biological meaning of the analyses was not the goal of this study but rather to investi-
gate whether remote sensing is a valuable tool when assessing species diversity. Both the Multivariate 
regression and the CCA analysis showed. that both landscape indices and image grey value derivatives 
contribute significantly to the assessment of plant and bird species diversity. Furthermore. image grey 
values showed surprisingly high significance that makes them a good candidate when replacing time 
consuming classification. Furthermore. classification is also a generalisation of original grey values 
that introduces mistakes in the resulting land use maps which can be avoided when working with im-
age grey values. 

12.6 Conclusions 
Factors extracted from landscape indices of the eight countries failed to order the LUUs according to 
the selected land–use intensity gradient and showed a rather mixed composition. The different man-
agement intensities could not be represented with landscape indices because management was defined 
after the percentage of forested area in the LUUs. When land-use intensity is to be quantified based on 
landscape indices, a better approach would be to perform country specific factor analysis of the se-
lected landscape indices. Cluster analysis of the 48 LUUs across Europe also supported these results. 
Clusters were mainly influenced by the percentage of forested or non-forested areas the LUUs con-
tained. Thus, clusters were built after land use composition rather then management type, because the 
same management intensity did not necessarily mean the same land use composition in the similar 
LUUs. NDVI values averaged in the LUUs were also very heterogeneous, both within as well as be-
tween the eight countries. That supported the fact, that the same management intensities meant differ-
ent vegetation vigour and thus vegetation cover in the similar LUUs across the eight countries. Thus, 
when remote sensing is used in land-use studies, the main concern of the study design should be vege-
tation cover on the test areas.  

The performance of spatial resolutions and classification methods of remote sensing images in de-
scribing land use intensity was tested on the test areas in Switzerland. Sample scores of PCA ordina-
tions of patch indices and of grey value derivatives were correlated to the land use intensity gradient. 
Grey value derivatives were able to describe higher amount of variance between the sampling plots 
and were also better correlated to the land-use intensity gradient then classified pixel values. Espe-
cially grey value derivatives of the aerial photo preformed well, and there was also a positive trend 
along increasing spatial resolution. Therefore, this study proved, that classification of images is not the 
only possibility in land use studies which are based on remote sensing. This is important in large scale 
studies, since classification is time consuming and introduces errors in the land use maps. Further-
more, there was no significant difference between segmentation-based classifications and visual inter-
pretations of the images. Thus, segmentation-based classification is an optimal alternative of visual 
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interpretation especially in large areas. On one hand, segmentation is faster thus time and cost effec-
tive, and on the other hand the process is highly standardisable. First level classifications showed bet-
ter correlation to the land-use intensity gradient then second hierarchical levels. This was due to the 
fact, that land-use intensity was defined after the percentage of forest which corresponded to the first 
level classification scheme. In case land-use intensity was defined after other landscape properties, 
second and higher level classifications might have provided better correlation to the land-use intensity 
gradient. Elevation derivatives in the Swiss test sites showed good performance in describing the land-
use intensity gradient. However, since Switzerland is dominated by strong topographic conditions, 
these results need to be conform in other test areas with less elevation differences. 

The derived remote sensing indices showed good potential in predicting species diversity data. Patch 
indices derived from classified pixel values showed slightly better correlation to species diversity then 
image grey value derivatives, although in case of carabids, the linear regression model showed better 
fit based on image grey values. Thus, the study showed that image grey values are possible alterna-
tives of classifications when predicting species diversity on the landscape. There was no significant 
difference between patch indices extracted from segmentation-based classifications and visual inter-
pretations as possible biodiversity assessment tools. Thus, automatic segmentation being fast, stan-
dardisable, and cost effective might replace visual interpretations in landscape level studies of biologi-
cal diversity. Patch indices derived from second level classifications showed slightly better correlation 
to species diversity then first level classifications. Thus, detailed landscape description is advanta-
geous when assessing species diversity based on land-use intensity. Furthermore, there was no signif i-
cant difference between patch indices derived from different spatial resolutions. Thus, classification of 
cheaper low resolution images might be as valuable tool in assessing species diversity as more expen-
sive and higher spatial resolution images. However, this results only concern the used classification 
scheme which was used for all the images, regardless their information content. In case cla ssification 
had been adjusted according to the information of the higher spatial resolution images, the results 
might also have been different. There was also no significant differences between spatial resolutions 
of the grey value derivatives when predicting woody plant species and carabids species richness. In 
case of birds, however, there was an increasing trend in correlations with increasing pixel size of the 
remote sensing images. Elevation derivatives showed less potential in predicting woody plants and 
carabids species richness then remote sensing derived indices. In case of birds species richness, eleva-
tion derivatives showed good results. There is a need for further study this phenomenon.  

Remote sensing derived indices showed also high potential when species abundance data were used 
instead of species richness. CCA ordination of the percentage of tree species crown cover data regis-
tered in the Swiss plots showed eigenvalues above 0.5 based on most of the remote sensing indices. 
Thus, both patch indices and grey values extracted from remote sensing could describe most of the 
variation in the species abundance data. CCA of the elevation derivatives showed only weaker per-
formance in describing variation in the tree species crown cover data. There were, on the other hand, 
clear differences between the total variance that the single remote sensing datasets explained in the 
tree species data. Second level visual interpretation of the Landsat image explained the most amount 
of variation thus in this case classification was advantageous to grey value derivatives. Second level 
patch indices could explain more variation in the species data then the first hierarchy level, due to the 
fact that information on tree species correspond better to forest type description. On the other hand, 
there was no clear difference in spatial resolution or classification methods of the patch indices. Thus, 
this study did not show the need of high resolution images when describing species abundance data 
based on patch indices. Furthermore, segmentation proved to be an optimum alternative of visual in-
terpretations of land-use data for species diversity studies. Additionally, there was an increasing trend 
in the performance of grey value derivatives along increasing pixel size. Thus, according to the results 
in tree species data, there is no need of expensive aerial photo data when using grey values for the 
assessment of species diversity. 
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15.1 Background – the increasing need for biodiversity 
assessment methodologies  
Recently agreed international policies for the conservation of biodiversity are likely to fail 
unless scientific knowledge is directed towards their implementation.  The WEHAB Initiative 
from the Johannesburg Summit on Sustainable Development sets a target to reduce the loss of 
biodiversity by 2010.  The Göteborg Summit of the European Union set a more ambitious 
target to “protect and restore habitats and natural systems and halt the loss of biodiversity by 
2010”.  The establishment of these targets begs the crucial questions: what are the current 
status and trends in biodiversity.  Monitoring of biodiversity is therefore a key to the effective 
implementation of policies to conserve biodiversity.  However, there is no doubt that we 
currently lack the ability to accurately assess the effectiveness of policies to conserve 
biodiversity. 

It is impossible to comprehensively monitor biodiversity at all temporal and spatial scales, 
although attempts are being made to carry out complete biodiversity inventories (e.g. 
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Sittenfeld et al. 1999).  It is, of course, possible to measure some components of biodiversity, 
e.g. bird diversity, and to use the information as an indicator for biodiversity generally.  In the 
UK, for example, the population trends of breeding birds is used as a “headline indicatory” 
for biodiversity (Gregory et al. in press) and biodiversity indicators are a major cross-cutting 
issue for the Convention on Biological Diversity (following Article 7).  Much has been 
written about the potential use of indicators of biodiversity (e.g. McGeoch 1998, Noss 1999, 
Niemelä 2000, Duelli and Obrist 2003, Lawler et al. 2003, Puumalainen, Kennedy and 
Folving 2003, Rainio and Niemelä 2003).  However, there have been few attempts to 
critically evaluate indicators of biodiversity and these have usually shown that spatial and 
temporal trends in the diversity of one taxon provide poor predictions of the diversity of other 
taxa (Prendergast et al. 1993, Prendergast 1997, Lawton et al. 1998, Oliver et al. 1998, Negi 
and Gadgil 2002, Vessby et al. 2002, Krupnick and Kress 2003).  Although recent research in 
agroecosystems (Duelli and Obrist 1998, Sauberer et al. in press), and forests (Saetersdal et 
al. 2003) has given some support to the use of indicators to measure biodiversity, there is an 
urgent need to revaluate the methods used for monitoring biodiversity, particularly in 
quantifying and understanding the impacts of the many potential threats to biodiversity (e.g. 
Krebs et al. 1999) and the measures taken to alleviate these threats, some of which may not be 
as effective as intended (e.g. Kleijn et al. 2001). 

A major objective of the BIOASSESS project was therefore to critically evaluate a range of 
organisms as indicators suitable for measuring trends in biodiversity, from local to 
international scales.  We evaluated the potential of a range of taxa as indicators of 
biodiversity in managed terrestrial habitats in Europe.  This was done by measuring the 
diversity of these taxa along gradients of land use intensity in eight countries, Portugal, Spain, 
France, Switzerland, Hungary, Ireland, Finland and the UK, thereby encompassing six major 
biogeographical zones (Boreal, Atlantic, Continental, Alpine, Mediterranean and Pannonian).  
The following taxa were chosen both as representing major components of biodiversity and as 
potential indicators of biodiversity; birds, butterflies, lichens, plants, ground beetles 
(Carabidae), soil macrofauna and soil Collembola.  

15.2 Methods 
Field sites.  The study was conducted in eight European countries: Finland (coordinates of the 
study area 60°29’-36 N, 25°16’-27’E), France (47°06’-52’ N, 3°68’-4°35’E), Hungary 
(47°26’-32’ N, 19°40’-70’ E), Ireland (52°87’-53°10’ N, 6°97’-7°62’ W), Portugal (38°45’-
52’ N, 8°40’-52’ W), Spain (39°26’-51’ N, 4°30-55’ W), Switzerland (46°78’-89’ N, 7°99’-
8°14’ E) and the United Kingdom (57°01’-07’ N, 02°61’-87’ W).  Six sample sites were 
selected in each of the eight countries.  Each site consisted of a 1-km square.  The sites were 
numbered 1, predominantly old-growth or mature forest; 2, managed forest; 3, mixed-use 
landscape dominated by forest of woodland; 4, mixed-use landscape not dominated by a 
single land use; 5, predominantly pasture; and 6, predominantly arable agriculture.  Within 
each site, for the sampling of most taxa, 16 points were located on a regular 200 x 200 m grid 
with the outermost points positioned 200 m from the edge.  Hence, 12 points were located 
200 m from the edge of the square and four points were 400 m from the edge of the square.   
All taxa were sampled in 2001 and/or 2002 and all, apart from the soil macrofauna were 
identified to species.  Within the soil macrofauna, Coleoptera and Lumbricidae were 
identified to species. 

Sampling methods are summarised in Chapter 6 and presented in more detail in Chapters 7-
13. 

15.3 Comparing the diversity of different taxa 
A total of 3,474 species were recorded from six 1 km2 sites along a land use intensity gradient 
in each of eight countries, ranging from 1442 plants to 111 birds (Table 15.1).  Mean species 
richness across the land use gradient ranged from 321 plant to 34 butterfly species.  Different 
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taxa varied in their sensitivity to land use.  The impact of land use ranged from a mean 
difference of 40% (27 species) between the species richness of carabids recorded in the most 
and least species rich sites to a mean difference of 25% (17 species) between the species 
richness of Collembola.  The most speciose taxa, plants and lichens showed a 31% (98 
species) and 35% (61 species) difference, respectively. 

Table 15.1.  Total number of species recorded in six sites in eight countries (A), mean species 
richness per country (B) and the impact of land use on the number of species recorded as the 
mean range (difference between the maximum and minimum) in the number of species 
recorded (C), and expressed as a percentage of the species recorded (D).  The number of birds 
shown is the number of breeding birds; the total number, including species with no evidence 
of breeding in the sites was 152. 

Taxon Species 
recorded (A) 

Mean species 
richness (B) 

Mean range 
(species) (C) 

Mean range (%) 
(D) 

Collembola  281 67 17 25 
Soil macrofauna1 457 77 20 26 
Carabids 301 68 27 40 
Plants 1442 321 98 31 
Lichens 757 173 61 35 
Butterflies 125 34 12 35 
Birds 111 37 11 30 
1Species richness of macrofauna only includes Coleoptera and Lumbricidae because only these taxa 
were identified to species in all countries.  Preliminary identification of all macrofauna resulted in 908 
species from 131 families in 17 orders. 

 

For all taxa, country had a significant impact on species richness (birds F7,40=6.74 P<0.0001, 
butterflies F7,40=26.56 P<0.0001, lichens F7,40=16.63 P<0.0001, plants F7,40=7.06 P<0.0001, 
carabids F7,40=5.04 P<0.0001, soil macrofauna, beetles and earthworms only, F7,40=12.74 
P<0.0001, soil Collembola F7,40=18.45 P<0.0001).  Soil Collembola, butterflies and lichens 
were most speciose in Switzerland, carabids in Hungary, soil macrofauna and birds in France, 
and plants in Spain.  Subsequent statistical analyses were therefore designed to take the effect 
of biogeographical differences in biodiversity into account. 

No single taxon correlated with all other taxa (Table 15.2).  There were however, significant 
relationships between the species richness of several taxa, notably between plants, lichens, 
butterflies and birds (Table 15.2, Figs 15.1-3).   

Table 15.2.  Results of analysis of variance (F statistic s and level of significance) testing the 
relationship between species richness of pairs of taxa. 

Taxon Butterflies Lichens Plants Carabids Macrofauna Collembola  
Birds 11.94** 4.77* 30.53*** 0.90 2.21 1.16 
Butterflies  16.51*** 18.77*** 2.00 6.15* 3.49 
Lichens   4.76* 0.38 1.63 16.98*** 
Plants    3.43 8.41** 0.01 
Carabids     6.08* 0.02 
Macrofauna      0.00 
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Fig. 15.1. Relationship between bird species richness and plant species richness.  Each point 
represents the richness of both taxa in one 1km2 site (LUU).  The figure on the right shows 
the country of each site. 

 

 

 

 

 

 

 

 

 

 

Fig. 15.2. Relationship between butterfly species richness and plant species richness.  Each 
point represents the richness of both taxa in one 1km2 site (LUU).   

 

 

 

 

 

 

 

 

 

 

Fig. 15.3. Relationship between butterfly species richness and plant species richness.  Each 
point represents the richness of both taxa in one 1km2 site (LUU).   
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Fig. 15.4. Relationship between carabid species richness and plant species richness.  Each 
point represents the richness of both taxa in one 1km2 site (LUU).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15.5. Relationship between carabid species richness and the species richness of four 
other taxa – birds, macrofauna, Collembola and butterflies.  Each point represents the richness 
of both taxa in one 1km2 site (LUU).   

 

In contrast, there was a generally poor degree of correlation between the species richness of 
soil Collembola, soil macrofauna and carabids (Fig. 15.3-5) and between these taxa and 
plants, lichens, butterflies and birds (Table 15.2).  The only exception was the soil 
macrofauna, which was significantly related to plants, butterflies and carabids.  Collembola 
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species richness was significantly related only to lichen species richness and Collembola 
richness only to macrofauna richness. 

15.4 Selecting biodiversity assessment tools and monitoring 
biodiversity in Europe 
This study of biodiversity across gradients of land use intensity in eight European countries 
showed that the diversity of several taxa, as measured by species richness, was significantly 
related to the diversity of other taxa.  The species richness of plants, lichens, birds and 
butterflies, in particular, were significantly related to each other.  The species richness of the 
three other taxa studied, two soil-dwelling taxa, soil macrofauna and soil Collembola, and the 
epigeal (ground-surface dwelling) ground beetles tended not to be related to each other.  
Above-ground biodiversity tended not to be related to below-ground biodiversity with the 
notable exception of soil macrofauna, which were significantly related to plant, butterfly and 
Carabid diversity.  These results give limited support for the use of indicators of biodiversity 
and have relevance for the design of monitoring programmes, and research associated with 
these programmes, both in Europe and elsewhere.   

The most important criterion for a biodiversity indicator is its biological relevance (Chapter 
3).  Table 15.3 summarises the biological relevance of each of the potential indicators 
evaluated in the BIOASSESS project, based on the analyses presented in this Chapter.  The 
Table also lists some of the other factors that are important in selecting particular taxa. 

Table 15.3  Summary of the biological relevance of potential indicators of biodiversity and 
other major factors influencing their selection in “biodiversity assessment tool-kit”, or set of 
indicators. 

Taxon Biological relevance Other factors 

Birds Significant predictors of the species 
richness of butterflies, lichens and plants; 
poor indicators of soil biodiversity.   

Ease of identification; existence of 
bird monitoring schemes; more 
threatened than most other taxa.  

Butterflies Significant predictors of the species 
richness of birds, lichens and plants; poor 
indicators of soil biodiversity.   

Relatively simple group of 
invertebrates to survey and 
identify; butterfly monitoring 
schemes in existence in several 
countries; biology and ecology 
well known. 

Plants Significant predictors of the species 
richness of birds, butterflies, and lichens; 
poor indicators of soil biodiversity. 

Relatively easy to survey and 
identify; as primary producers 
they play a critical role in 
supplying ecosystem goods and 
services; single most important 
group of organisms in shaping the 
habitats and determining the 
physical environments for other 
species. 

Lichens Significant predictors of the species 
richness of birds, butterflies and plants, 
although a poorer predictor of the 
richness of other groups of species than 
birds, butterflies and plants; poor 
indicators of soil biodiversity. 

Easy to survey and many species 
– the macrolichens – are relatively 
easy to identify; particularly 
sensitivity to a wide range of 
anthropogenic factors; 
Macrolichen diversity is a good 
predictor of total lichen diversity. 
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Taxon Biological relevance Other factors 

Macrofauna Most promising of the three groups of 
soil (or soil-surface) dwelling organisms 
as an indicator of the richness of other 
taxa, showing weak correlations with 
butterflies and carabids and stronger 
correlations with plants.  However, only 
two of the many invertebrate groups that 
comprise soil macrofauna  – soil 
Coleoptera and earthworms – were 
evaluated at species level, leaving the 
potential of this taxon least well 
understood in this project.  

A rapid assessment of soil 
macrofaunal could be done 
through combining measures of 
ant and earthworm diversity with 
macrofaunal family diversity. 

Carabidae Poor indicator of other elements of 
biodiversity, only showing a weak 
correlation with soil macrofauna. 

Very easy group of invertebrates 
to survey and are relatively easy 
to identify. 

Collembola Poor indicator of other elements of 
biodiversity, only showing a weak 
correlation with lichens. 

Easy group of soil invertebrates to 
survey; possible to compare 
samples at a higher taxonomic 
level (genus) thus decreasing 
identification costs. 

 

Of the landscape indices derived from remote sensing, several indices were shown to be 
potentially useful indicators of the richness of single taxa and although no single index was 
correlated with the diversity of all components of biodiversity studied, a few indices 
correlated with more than one taxon.  Total core area or disjunct core area density correlated 
with the richness of lichens, butterflies and ground beetles.  Patch richness correlated with the 
richness of birds and Collembola.  Landscape evenness correlated with the richness of birds 
and butterflies.  Intensive study of one set of sites (Switzerland) provided more information 
on the potential use of landscape indices derived from remote sensing (Chapter 14).  

Few previous studies have explicitly evaluated the potential of a range of taxa as indicators of 
temporal change in biodiversity (Duelli and Obrist 1998, Lawton et al. 1998, Oliver et al. 
1998, Negi and Gadgil 2002, Vessby et al. 2002, Sauberer et al. in press).  Lawton et al. 
(1998), for example, found that the species richness of birds and seven invertebrate taxa did 
not correlate with each other along a gradient of forest disturbance in Cameroon. 

In this study, no single taxon emerged as an indicator of all the other components of 
biodiversity measured.  Furthermore, although this study was based on the assessment of 
biodiversity in seven major taxa, the relationship between the diversity of these taxa and the 
many other taxa present remains unknown.   The relationships demonstrated between several 
taxa were derived from data collected across a wide biogeographical area and in sites 
experiencing a wide range of land uses.  Land use has long been known to have a major 
influence on biodiversity (e.g. Lawton et al. 1998, Dupouey et al. 2002).  However, this study 
is the first to quantify comparatively the impact of land use on a wide range of taxa across a 
wide biogeographical area, showing surprisingly similar changes in species richness, despite 
large differences in species composition between countries and between sites within single 
countries, particularly among above-ground taxa.  Despite the importance of land use as a 
major influence on biodiversity, other factors, such as pollution, invasive species and climate 
change (e.g. McLaughlin et al 2002), also affect biodiversity and are likely to become a more 
important influence than land use change.  However, the relationship between biodiversity 
and these factors may be indirect and mediated through their primary effect on land use and 
habitat change.  Relationships derived, as here, from data on biodiversity largely under the 
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influence of land use and biogeography may not hold true when other factors such as climate 
change, and the interactions between different factors, are more important influences on 
biodiversity.   Recent studies on the combined influence of climate change and fragmentation 
on butterflies, for example, imply that the relationship between plant and butterfly diversity is 
susceptible to these factors. 

There are, therefore, several reasons why the use of a single taxon, such as birds, as an 
indicator of biodiversity can be criticised.  Nevertheless, these results should be seen against a 
background of declining biodiversity, increasing pressure on biodiversity from land use and 
climate change and an international policy response to this situation.  There is a clear need to 
monitor biodiversity not only to measure trends in biodiversity, but also to assess the impact 
of different pressures on biodiversity and to evaluate the measures taken to conserve 
biodiversity.  However, to provide a complete assessment of the status and trends in 
biodiversity, monitoring programmes should ideally include a large and therefore 
prohibitively expensive number of taxa.  The response has been to select and in some cases 
implement indicators of biodiversity.  Despite the progress in the development of indicators 
there has been very little research on the theoretical basis for the selection of indicators and 
very few studies have compared the potential of different taxa as indicators of biodiversity.   

This is the first study to explicitly evaluate the potential of a range of taxa as indicators of 
biodiversity.  It suggests that proposed indicators, such as birds, may succeed in predicting the 
status and trends in other major components of biodiversity.  International initiatives to 
monitor trends in the abundance and diversity of birds are therefore important in indicating 
more general trends in biodiversity.   

However, the results presented here show that such initiatives would fail to predict trends in 
the diversity of many taxonomic groups.  Not only are these taxa likely to be susceptible to a 
range of anthropogenic pressures, such as land use change, but also some of them will 
determine the ability of ecosystems to supply essential goods and services. 

We therefore argue for a two-level approach to monitoring biodiversity in Europe and 
elsewhere. The first level comprises extensive monitoring of a limited number of taxa, such as 
birds, which are both intrinsically important and are also potential indicators of other 
components of biodiversity. We recommend the use of the ‘shopping basket’ approach of 
selecting a limited number of indicator taxa representing various trophic levels and functional 
groups (Niemelä and Baur 1998). The second level consists of intensive observation of a 
wider range of taxa in a limited but carefully selected number of sites.  In addition to the 
monitoring initiatives on birds referred to above, there are other extensive monitoring 
programmes in various stages of development.  Most of these programmes have a limited 
geographical coverage but methods exist to aggregate data from a variety of sources to 
provide a comparable indicator of biodiversity.   

Given the limited value of one or few taxa as indicators of all other components of 
biodiversity, a network of sites for the intensive observation of biodiversity is also essential 
(the second level of monitoring referred to above).  Such a network should provide 
information on those components of biodiversity that extensive monitoring programmes do 
not address.  It should also serve as a focus for research, evaluating indicators of biodiversity 
used in extensive programmes and developing new indicators, including indicators based on 
earth observation.  In addition, a network of intensively monitored sites would provide a basis 
for an improved understanding of the impact of anthropogenic drivers and pressures on 
biodiversity in the context of natural temporal and biogeographic influences on biodiversity.  
To effectively address the 2010 targets to reduce or halt the loss of biodiversity we need 
information on trends on biodiversity delivered to those that need it to take the required action 
in the timescale needed to do so.  Effective action does, however, require that we have a much 
better understanding of the impacts of various anthropogenic drivers and pressures on 
biodiversity.  A network of intensively monitored observation and research sites would 
therefore serve to both provide an improved understanding of trends in biodiversity and also a 
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better understanding of their causes.  It would also serve to bring scientists, policy makers and 
other stakeholders closer together and, therefore, improve the likelihood of effective action to 
conserve biodiversity. 
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