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Summary 
This study is a complement to previous studies of regional action plans of green in-
frastructure in Valle (County Administrative Board 2016; County Administrative 
Board 2019). The aim was to identify the relative importance of biotope patches of 
broadleaved forest and open lands with valuable trees, respectively, in Valle for the 
maintenance and enhancement of biodiversity.  

A testversion of the method Biotope Biodiversity Capacity Indicator (BBCI) was 
applied on the two biotopes of broadleaved forest and open lands with valuable 
trees in Valle. BBCI was developed within the project “Landscape biodiversity ca-
pacity: a tool for measuring, monitoring and managing” financed by the Swedish 
Environmental Protection Agency, Miljövårdsanslaget (2019-2021). 

The results of the BBCI-analysis identified hotspots areas for the two studied bio-
topes in Valle, that is, areas with important patches for the sustainability of BBCI. 
For broadleaved forest, the northern part of Valle stands out as highly important 
and for open lands with valuable trees the south-southwest parts of Valle stands out 
as the most important area.  

In this study, effects on BBCI from restauration of broadleaved forests to open land 
with valuable trees was evaluated. Calculations of BBCI shows encouraging results 
of an increased capacity for biodiversity of the biotope with open lands with valua-
ble trees but not a significant decrease in biodiversity capacity of broadleaved for-
est, despite the area losses and fragmentation caused from the restauration. Both bi-
otopes have BBCI values above one, showing that they are sustainable within a 100 
year period.  

The result can be used as support to management plans of nature reserves in a land-
scape setting and as recommendations or advice to private land owners. Moreover, 
the study was produced within the work of BIOGOV, where regional action plans 
for nature, tourisms, culture and small enterprises were under development. 

  

https://tyda.se/search/county+administrative+board?lang%5B0%5D=en&lang%5B1%5D=sv
https://tyda.se/search/county+administrative+board?lang%5B0%5D=en&lang%5B1%5D=sv
https://tyda.se/search/county+administrative+board?lang%5B0%5D=en&lang%5B1%5D=sv
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Introduction 
Research has highlighted the importance of putting ecological processes into a 
landscape context. For conservation purposes, only acting on the immediate local 
environment will not be enough (Uhl et al., 2020). The concept of green infrastruc-
ture is an answer to this need (Hilty et al., 2020). Green infrastructure includes a 
landscape approach involving local communities, landowners and organizations, in 
collaboration, to identify, design and conserve the landscape essentials to promote 
well-functioning ecological systems. To be able to practice green infrastructure, 
important areas and dispersal routes for species must be known, for the landscape 
in question, in order to conserve or improve ecological functionality and biodiver-
sity.  

In 2015, County Administrative Boards in Sweden was given the task to develop 
regional action plans of green infrastructure to enhance physical planning, applica-
tions and permission as well as in the strategical work performed by authorities in 
their work including land use change. The aim of the actions plans was to identify 
biotopes and structures on a landscape level that are of high ecological importance 
for management to maintain or improve the status of biodiversity and ecosystem 
services. Regional action plans are published for each county in Sweden. In the 
plan for the county of Västra Götaland (County Administrative Board 2019), the 
Valle-Billingen area is identified as a landscape with important high density of the 
broadleaved forest. This type of biotope (a specified biotic community) is of spe-
cial interest and the green infrastructure action plan points out the importance to 
conserve and improve infrastructure for the broadleaved forest biotope in this area. 
However, there is also a rich biotope of valuable trees needing open land. And, 
since the broadleaved forest is a closed dense forest but the valuable trees need 
open land, these two biotopes could potentially compete for space. To examine 
how to solve this potential conflict, we here present a study using a holistic ap-
proach that takes into account biodiversity capacity and management for both bio-
topes at the same time in the area of Valle-Billingen (hereafter Valle), in Västra 
Götaland, Sweden.  

This study is a complement to previous studies of regional action plans of green in-
frastructure in Valle (County Administrative Board 2016; County Administrative 
Board 2019). It is a collaboration with the project “Landscape biodiversity capac-
ity: a tool for measuring, monitoring and managing” financed by the Swedish En-
vironmental Protection Agency, Miljövårdsanslaget (2019-2021). This means that 
the used model “Biotope Biodiversity Capacity Indicator (BBCI)” was still under 
development during the study. Yet, the method had proved to be valuable for appli-
cation, and thus, under the awareness that assumptions made in the model might be 
improved in newer versions, this study can still be of high value. 

  

https://tyda.se/search/county+administrative+board?lang%5B0%5D=en&lang%5B1%5D=sv
https://tyda.se/search/county+administrative+board?lang%5B0%5D=en&lang%5B1%5D=sv
https://tyda.se/search/county+administrative+board?lang%5B0%5D=en&lang%5B1%5D=sv
https://tyda.se/search/county+administrative+board?lang%5B0%5D=en&lang%5B1%5D=sv
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Aim of this study  
The aim was to identify the relative importance of biotope patches of broadleaved 
forest and open lands with valuable trees in Valle for the maintenance and en-
hancement of biodiversity. Since previous studies have identified Valle as an im-
portant site for broadleaved forests, this study proceeded by addressing more de-
tailed information on the importance of specific patches for landscape biodiversity 
and the complication of the simultaneous need to also conserve the open lands with 
valuable trees. 

More precisely, we aimed to: 

1. identify the patches most important for upholding biodiversity capacity 
2. identify suitable areas for restauration actions to increase biodiversity ca-

pacity 
3. evaluate the effects on biodiversity capacity of a planned restoration sce-

nario that aims to increase the total area of open lands with valuable trees  

The results can be used as support to management plans of nature reserves in a 
landscape setting and as recommendations or advice to private land owners. More-
over, the study was produced within the work of the EU-project BIOGOV BIO-
GOV (BIOGOV Action plan 2021-03-19), where regional action plans for nature, 
tourisms, culture and small enterprises were under development and discussed in 
collaboration with stakeholders. This study was added as knowledge base into the 
BIOGOV project. 

Valle-Billingen study area 
The area of Valle (Figure 1) is about 14 000 hectare and situated in the Southern 
coniferous region.  

 

  
Figure 1. Broadleaved forests and open lands with valuable trees in the area of Valle, Västra Gö-
taland, Sweden.  
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Valle is a well-documented landscape of national and international interest for nat-
ural, cultural and recreational values. The landscape is a pronounced kame land-
scape, with a mixture of ridges, hills and valleys. Next to Valle area, to the east, 
raises the table mountain Billingen. The plateau is covered with coniferous forest 
merging into broadleaved deciduous forests on the calcareous hillsides (Figure 2). 
The landscape is a mosaic of meadows, open grazing land and arable land inter-
mingling with lakes and closed broadleaved deciduous forest and valuable tree ar-
eas (Figure 3). 
 

 
Figure 2. Broadleaved forest in Valle-Nordbillingen with old felled trees, forest floor covered in wild 
garlic (Allium ursinum) and broadleaved trees with rare species such as Lobaria pulmonaria. 

 
Figure 3. Valuable tree areas in Valle-Nordbillingen with broadleaved trees and rare species such as 
Sclerophora pallida.  
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Method 
The Biotope Biodiversity Capacity Indicator (BBCI) evaluates the expected long-
term persistence, over a specified time period, of biodiversity in a biotope frag-
mented into a system of patches, within a given landscape. Here, we have chosen a 
period of 100 year. The BBCI provides one value that can function as a biodiversity 
indicator. More specifically, it is a measure on how well a landscape′s structure 
support biodiversity for individual biotopes. In other words, the likeliness that the 
landscape holds a strong population of a focal species where the focal species act 
as an umbrella species and indicator of high biodiversity. This value can further be 
investigated by sensitivity or elasticity analyses to examine consequences of struc-
tural changes in the landscape. 

Calculation of biotope biodiversity capacity 
The index BBCI is calculated as the dominant eigenvalue, of a biotope matrix, M. It 
takes into account area of biotope patches and the degree of connection between 
the patches within the landscape. The higher the value the better the structural con-
ditions are for supporting biodiversity. A value above one indicates a sustainable 
biodiversity capacity. To be comparable between landscapes with different number 
of patches BBCI is divided by number of patches. 

The matrix, M, is based on a focal species′ perspective, where the focal species rep-
resents the organism community of the biotope under examination, that is, an um-
brella species. The parameters included are dispersal capacities, D, and survival 
probabilities, s: 

M = (
𝑠𝑠1 ⋯ 𝐷𝐷1𝑛𝑛
⋮ ⋱ ⋮
𝐷𝐷𝑛𝑛1 ⋯ 𝑠𝑠𝑛𝑛

Each row and column in the matrix corresponds to individual patches of n number 
of the biotope. The degree of connectedness of a biotope is determined by the focal 
species movements in the landscape which depends on its dispersal ability. The 
connectivity forms the basis for supporting and upholding viable patch populations, 
thus contributing to biodiversity.  

A matrix, M, has been constructed for the each of the two biotopes, broadleaved 
forest and valuable tree areas, in the Valle landscape. As the focal species we have 
used the butterfly high brown fritillary, Argynnis adippe. 
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Functions of survival and dispersal capacity have been theoretically developed (for 
further information contact the authors) and data for the butterfly have been found 
in literature (Polic et al 2019, Ellis et al 2019). Survival probability (s), that is the 
probability that a species remain in a patch during a period of 100 years, is depend-
ent on patch area (Figure 4a). If a patch area is too small, by having an estimated 
carrying capacity smaller than one individual of the focal species, the patch will be 
removed in the calculations. Dispersal capacity is dependent on distances between 
leaving and receiving patches, measured as edge to edge distances, as well as areas 
of leaving and receiving patches (Figure 4b). 

 
Figure 4. Survival (a) and dispersal (b) functions for the focal species high brown fritillary used in 
the calculations. In b) solid line represents the case in which leaving and receiving patches are of 
equal size, for dotted line leaving patch is smaller and for dashed line leaving patch is larger. Sur-
vival probabilities (as a function of carrying capacity and thus patch area) are based on Foley 
(1994). 

Analysis to identify ecological important patches 
To identify the patches that are the most important for upholding biodiversity ca-
pacity in the landscape we analyzed the effects of patch area reduction on BBCI. 
For each patch at a time, we reduced the area proportionally by 5% and calculated 
the new BBCI-value, a so called elasticity analysis. The larger the decrease in BBCI 
from an area reduction, the more sensitive the biotope biodiversity in the landscape 
is to a change in area of that specific patch. The resulting elasticity values are visu-
alized in heat maps. 

Restauration scenario  
The County administrative board of Västra Götaland have identified areas within 
nature reserves in Valle that are suitable targets for restauration actions to increase 
open land with valuable tree (Figure 5). The main reason that these areas are sug-
gested as restauration areas is because of the relatively high presence of valuable 
trees.  
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Figure 5. Broadleaved areas suggested for restauration (blue color) to increase the open land with 
valuable trees, in relation to the present distribution of deciduous forests and open land with valuable 
trees in Valle. 
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The management actions are suggested to be included in a revision of the manage-
ment plans for the nature reserve. To realize this a certain amount of broadleaved 
forests will be lost. Here, we evaluate the impact from the suggested management 
actions on the biodiversity capacity of the two biotopes broadleaved forest and 
open lands with valuable trees. More specifically we calculate the changes in BBCI 
in the scenario representing the landscape after restauration compared to the pre-
sent landscape. 

Data and maps 
Land cover data is essential when deriving BBCI but the indicator can easily be ad-
justed for the type of data available. Thus, there are no requirements of a standard 
unit of the land cover data. However, more detailed data, i.e. lower least possible 
descriptive unit (e.g. 10m2, 1 acre, 1 ha) provides more solid data on which to ap-
ply ecological theory on, such as species survival and species dispersal distance. 
Hence, we used the most detailed biotope mapping of broadleaved forest and open 
land with valuable trees in Valle provided by the County administration board (see 
Figure 5). For the biotope open lands with valuable trees data included a buffer 
zone of 2 km surrounding the Valle landscape to reduce edge effects for this bio-
tope. For broadleaved forest such data was not available. Patches of the same bio-
tope that was within a maximum distance of 10 meter were aggregated to one 
patch. Using this approach, patches became representatives of ecological units ra-
ther than administrative units. Maps were created using ArcMAP 10.5. Using the 
function calculate geometry, the area (m2) of each biotope patch was assessed. Dis-
tances between patches were calculated as the nearest edge-to edge distance using 
the tool Generate Near Table. 
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Result 

Patches and areas most important for biodiversity capacity 
Given the result of the elasticity analysis, we can visualize the magnitude of patch 
importance for upholding biodiversity capacity in heat maps for each biotope (Fig-
ure 6, see also Appendix A for detailed maps)). Hotspots will be the areas with the 
highest elasticity values, meaning areas where increase of biotope patch area will 
have the largest positive effect on biodiversity capacity, and also the other way 
around, where a decrease of patch area will have the biggest negative effect.  

The identified hotspots for broadleaved forests and for open land with valuable 
trees are marked in Figure 6. For broadleaved forest, the northern part of Valle 
stands out as highly important, marked by a red oval. Increasing area of patches or 
add new patches with broadleaved forest within this oval would result in the high-
est increase in biodiversity capacity for the biotope. For open lands with valuable 
trees the south-southwest parts of Valle stands out as the most important, marked 
by a pink oval. Increasing area of these patches or add new patches within the oval 
would result in the highest increase in biodiversity capacity for open lands with 
valuable trees.  

Management aiming at increasing biotope biodiversity capacity by increasing area 
of existent patches or add new patches within the ovals poses no major risk for 
trade-offs between the biotopes since their respectively core areas of importance 
are geographically distant from each other.  

The restoration scenario 
The County administrative board in Västra Götaland has identified areas which 
could be targets for restoration to open land with valuable trees. Figure 7 shows 
that almost all of these restauration areas are patches of broadleaved forests with 
low impact on BBCI if their area are changed. Only three patches in the northeast 
part of Valle have a relatively higher importance for BBCI and could potentially be 
reconsidered and excluded from the restauration areas (Figure 7).    
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Figure 6. Elasticity of BBCI showing the effect of changes in patch areas. a) broadleaved forest, b) 
open lands with valuable trees. Ovals show important areas on the landscape level, for each biotope. 
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Figure 7. The majority of 
the areas that are suggested 
for restauration to open 
lands with valuable trees 
consists today of broad-
leaved forests, with a low 
impact on BBCI, if their 
area is changed (dark green 
patches). In the northeast 
part of Valle, three restau-
ration areas consist of 
broadleaved forest with a 
relatively higher importance 
for the BBCI (light green 
areas).  

 

Comparing before and after restauration 
General landscape characteristics at present and after restauration are presented in 
Table 1. After the suggested restauration the total area of broadleaved forest will 
have decreased by 68 ha and valuable trees increased by 82 ha. In addition to de-
creased total area, the broadleaved forest will be a little bit more fragmented, that is 
number of patches will have increased with 16. For the broadleaved forest there is 
61 patches in the present landscape but 73 patches in the landscape after restaura-
tion that are too small for survival of the focal species. These patches were there-
fore removed in the calculations of biodiversity capacity, since they do not add to 
the system.  

Calculations of BBCI shows encouraging results of an increased capacity for biodi-
versity of the biotope with open lands with valuable trees but not a significant de-
crease in biodiversity capacity of broadleaved forest despite the area losses and 
fragmentation (Figure 8). Both biotopes have BBCI values above one, showing that 
they are sustainable within a 100 year period. However, the biotope with open 
lands with valuable trees has a BBCI value very close to one, indicating extra vul-
nerability to loss of biotope area. 
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Table 1. Description of biotope area and number of patches before and after restauration, for broad-
leaved forests (Broadleaved) and open land with valuable trees (Valuable trees).  

 

 

 
Figure 8. BBCI of broadleaved forests and open land with valuable trees, before and after restaura-
tion of open land with valuable trees. Dotted line shows BBCI equal to one, that is, the limit of sus-
tainable biodiversity capacity. Due to different number of patches for the two biotopes, BBCI-values 
of the biotopes are not comparable between them, but can be compared within the biotopes regarding 
before and after restauration.  

 

The effect of the restauration of open lands with valuable trees resulted in an in-
crease of highly important patches, located in the middle parts of Valle (Figure 9 
(see also Appendix B for detailed maps)). These new important areas adds to previ-
ous important areas in the southwest parts of Valle and creates a more robust land-
scape for the biotope of open lands with valuable trees. The three patches in the 
northeast part of Valle, suggested to be restored to open lands with valuable trees, 
did not increase importance of this biotope which thus still point out that these ar-
eas might be reconsidered and excluded from restauration (Figure 9, Figure 10). 

For the broadleaved forests, only minor changes were observed. Here, broadleaved 
forests south and southeast of Lerdala and north of Berg has dropped in elasticity 
values (and hence in importance) and went from yellow areas to light green areas 
(Figure 9).  

 Total 
area (ha) 

No of 
patches 

Mean patch 
size (ha) 

Min patch 
size (ha) 

Max patch 
size (ha) 

Present landscape 
Broadleaved 1682 796 2.1 0.001 75 

Valuable trees 305 539 0.6 0.3 47 
After restauration 

Broadleaved 1614 812 2.0 0.0002 75 
Valuable trees 387 532 0.7 0.2 47 
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Figure 9. Elasticity of BBCI, after restauration of open lands with valuable trees, showing the effect 
of changes in patch area. a) broadleaved forest, b) open lands with valuable trees. Ovals show the 
important areas, for each biotope, at the landscape level. 
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Figure 10. The figures shows the result of the BBCI elasticity analysis before (a) and after (b) restau-
ration, in the area of Valle, east of Lake Lången. Three patches in light green with black borders in 
figure a are contributing more to the BBCI of broadleaved forests compared to how much the same 
three patches would contribute to the BBCI of open land with valuable trees (figure 11b), if they were 
restored to that biotope.  
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Discussion 
Calculating landscape biotope biodiversity capacity by BBCI and examine its elas-
ticities shows a way to objectively describe landscape effects and what impact 
management approaches of individual patches could have on biodiversity at the 
landscape scale. Assuming that the underlying assumptions in the method is valua-
ble, rather specified management decisions can be given.  

Areas important to be conserved and developed for the two biotopes, broadleaved 
forest and open lands with valuable trees, could be pointed out. The northern parts 
of Valle should thus, according to the results of this study, be areas for preservation 
of broadleaved forests. To further connect the northern parts of broadleaved forests 
with the middle and south parts of Valle, and enhance landscape biodiversity for 
this biotope, the east part of Valle with the slope of Billingen mountain, could be a 
potential area to develop. The west part around Eggby could also be of develop-
ment interest. Depending on management possibilities, a further exploration of dif-
ferent scenarios might give additional useful information. 

The comparison of the current landscape with the suggested restauration scenario 
for open lands with valuable trees provided good insight of the benefits for the bio-
tope. The suggested restauration plan showed an effective way to increase im-
portant areas. The restauration also connects the southern parts of Valle with the 
middle parts. In addition, this examination also pointed out a suggestion of a minor 
change in the plan that could further preserve biodiversity at the landscape scale as 
a whole, by taking into account the conflict between the two biotopes. The sugges-
tion is to exclude three patches of broadleaved forest from conversion to open 
lands. Restoring this three patches would not enhance biodiversity capacity of open 
lands with valuable trees as much as they today add to the broadleaved forest bio-
tope (Figure 10).  

Research has shown that too high levels of heterogeneity in a landscape might sup-
press biodiversity by having negative effects on specialist species (Redon et al., 
2014). As a consequence of this, intermediate levels of heterogeneity may support 
more species in a landscape than very high levels of heterogeneity. In Valle, on the 
whole, comparing the two biotopes broadleaved forests and open lands with valua-
ble trees the result shows that there are no large trade-off between the sustainability 
of the two biotopes. Ecological important areas of each biotope do not geograph-
ically overlap.  

If the aim in Valle is to preserve or improve the biodiversity for the entire land-
scape, the best strategy would be to manage biodiversity capacity as a multi bio-
tope landscape and not treat each biotope separately. In areas where one biotope 
has a more robust structure, part of this biotope area could be converted to another 
biotope with less robust structure. In Valle, the result from this study shows that 
this is the case for the two biotopes studied, that is, broadleaved forest could be 
converted to open lands with valuable tress, as suggested in the restauration sce-
nario in this study. 
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Appendix A – detailed maps with elasticity of BBCI before res-
tauration of open land with valuable trees 

Atlas showing the elasticity of biotope biodiversity capacity index (BBCI) to 
changes in patch area of broadleaved forests and open land with valuable trees,  
respectively. 

 

 



- 21 - 

 

 
 

 

 

 

 



- 22 - 

 

 
 

 

 

 

 



- 23 - 

 

 
  



- 24 - 

 

 
 

  



- 25 - 

 

 
 

  



- 26 - 

 

 
 

  



- 27 - 

 

  



- 28 - 

 

Appendix B – detailed maps with elasticity of BBCI after restau-
ration of open land with valuable trees 

Atlas showing the elasticity of biotope biodiversity capacity index (BBCI) to 
changes in patch area of broadleaved forests and open land with valuable trees,  
respectively. 
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