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1 Introduction

Decision makers and the general public show an increasing interest in understanding
the criterion for conserving and protecting endangered habitats under the EU habitats
directive. Often a well structured visualization may be more convincing than a thick
report explaining the same facts. The distribution and abundance of rare plant and
animal communities influence the spatial arrangement of endangered habitats across
landscapes. 

The "ecological niche" of a species is a basic concept that determines the
requirements, both resources and physical requirements, a species or a group of
species have in order to live and reproduce successfully. In theory, species' or nature
types' distribution may be mapped by mapping environmental factors. The
'fundamental niche' depending on the  suitability of a habitat is usually broader than
the actual 'realized niche' where it actually occurs (Begon et al. 1996). However, by
determining the locations of potential 'fundamental niches' expensive and time
consuming field work may be concentrated to smaller areas with a higher probability
of actually finding a true "hotspot" or endangered habitat patch.  

The Division of Environmental Biology of the Department of Ecology and
Systematics atUniversity of Helsinki is presently participating in Socrates Program
with eight Universities around Europe. The scheme is to educate undergraduate and
graduate students in the problems concerning river basin management and research.
Each University has a target river basin area that has been chosen taking into account
size, physical parameters, and location. The University of Helsinki chose Vantaanjoki
river basin, since it fits the size specifications, it is located at an ideal distance from
teaching facilities, and has physical features, such as distrophic waters, which are
lacking in most of the other participating European watersheds. The Division of
Environmental Biology at the Department of Ecology and Systematics has been
working in improving the geoinformation capabilities at the department for several
years. The use of Geographical Information Systems (GIS) has been tested and taught
to the students increasingly since 1998. The testing of GNU/GPL software has been
been focused on to find alternative solutions to expensive commercial products.

The aim of the pilot phase of this project was to explore the possibilities created by
Geographical Information Systems (GIS) in environmental  research. The study
comprised of four main components:

1. Definition for the chosen target region and completion of a pilot study
(Nieminen 2001): to search for previously undiscovered  rare nature types in
the Vantaanjoki river basin area. 
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2. Data collection and  transformation in the pilot study area, and 
3. Evaluation of whether it is possible to integrate these results and

methodologies into the future teaching curriculum in Environmental Biology. 
4. There are several GIS packages in the market and their prices vary drastically.

It is the intention to prove that the GIS does not have to be an expensive
solution for the identification of the endangered habitats, as well the assessing
of GPL software for sustainable development for instance in research
programs in developing countries.

The results will be used to enhance the knowledge of  potentially existing important
habitats, which are  floristically specialized and rare in Finland and Europe as a
whole. As well, the results will be of value in the development of new methods and
techniques for teaching in environmental biology at the University of Helsinki. 

2 Location

The Vantaanjoki river basin area is situated in Southern Finland stretching from the
Baltic Sea at (60o12''10'N) to behind the town of Riihimäki (60o46''01'N). The river
basin is neighbored by the watersheds of Espoo -, Mankki -, and Karjaa rivers in the
West, and by the watersheds of Kokemäki -, Mustio -, and Sipoo rivers respectively
in the North and East (Figure 1). Extending over 14 municipalities the basin has an
area of 1682 km2 and it is subdivided into regionally 9 distinct sub-basins (Tikkanen
1991).

The vegetation of the region is typical anthropogenically influenced Southern boreal
forest. The area contains about six larger cities with a total population of
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approximately 500,000. Human impact on the nature has been historically
concentrated on agriculture and forestry. However, today the main impact is coming
from the spreading of settlements around the established cities as well as the growing
need for improved infrastructure. The forests have been largely fragmented over the
last couple of hundred years. The natural forests are decreasing at a rapid rate. Hence
the need of searching for the remaining habitats.

3 Legislative background

With the new Finnish environmental law and EU legislation there has been the need
to unify the classification schemes of European states to include important natural
habitat types into a class of their own. The  Finnish environmental legislation
(1096/96) aims to protect and preserve these special habitat fragments from further
human disturbance and subsequent vanishing. In total nine special habitat types have
been named to receive special attention in Finland. The key-habitats in question
according to the Nature Conservation Act (1096/1996 §29) and EU Habitats directive
have to be preserved by law (Table 1).   

Table 1. Nature Conservation Act 1096/1996 December 20, 1996 Chapter 4, Section 29
Protected habitat types .
It is prohibited to alter any of the following natural habitat types or comparable habitats in such a
way as to jeopardize the preservation of the characteristic features of the area in question: 

1) wild woods rich in broad-leafed deciduous species;
2) hazel woods;
3) common alder woods; 
4) sandy shores in their natural state;
5) coastal meadows; 
6) treeless or sparsely wooded sand dunes; 
7) juniper meadows; 
8) wooded meadows; and 
9) prominent single trees or groups of trees in an open landscape. 

Habitats focused on in this study

The habitats most likely to be found from Vantaanjoki watershed area and hence
focused on in this study are: wild woods rich in broad-leafed deciduous species, hazel
woods, common alder woods,  juniper meadows, and wooded meadows. The sandy
shores in their natural state and coastal meadows are unlikely to be found from this
region since the watershed has no coastline. Furthermore it will not be possible to
locate prominent single trees or groups of trees in an open landscape by the  methods
used in this study. 

3 Methods

Overlay

Overlay analysis was performed on all the given data sets. Data limited by the
watershed boudaries was chosen from the small scale data sets, and the  rest was
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omitted as obsolete. The watershed boundaries used were based on the SYKE1 data
on Finnish watersheds. The overlay analysis limited the study area to the targeted
1682km2  river basin.

Distance operations
Location distance operations were performed to determine the suitability of habitat.
Infrastructure, miscellaneous human influence and hydrology coverages were deemed
necessary  to be buffered. Major roads class 1A, and 1B were described using the
initial width of 20 m and five buffer-zones (50,100,200,500,>500m). Each buffer was
reclassified so that  new values were given (-10,-5,-2,1, and 2 respectively). All the
other layers were weighted depending on the habitat being searched for. They were
reclassified as shown in Table 3.

Map algebra
Map algebra operations  were performed as the deductive approach in finding the
habitats. Data layers described in the earlier section where calculated using the
following expression:

 potentiality=((roads+urban+waters)*(soils+geology)*(slope+aspect))

A classification map of potentiality was produced (Figure  2). Based on this five
potential habitat types were defined. A further attempt was made to define similar
index maps for different resolutions. The original potentiality map was calculated at a
nominal resolution of 50x50m giving the theoretical chance of locating small isolated
habitat patches. The resolutions of 250x250m and 500x500m (Figure 3) were also
calculated. Habitat potentiality did not change significantly (Table 2). Even though
the resolution of the map was significantly altered,  the over all trends  remain
similar. 

1 SYKE:  National Environmental Center 
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 Interpolation methods

In this study Spline, IDW and Kriging interpolation methods were applied. These
three interpolation methods work in a different way. Because of this the resulting
DEM looks different in some part of the area, depending on how the interpolation
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Table 3. Example on the weighting of layer values

Roads Buffer zones(m) Weighted value

High ways (1A & 1B) 50, 100, 200, 500, & >500 -10, -5, -2, 1, & 2 

Main roads (2A & 2B) 50, 100, 200, 350 & >350 -7, -3, -1, 1 & 2

Medium roads(3A & 3B) 50, 100, 200 & >200 -5, -2 , 1 & 2

Small roads (4) 10,50 & >50 -1,1 & 2

Anthropogenic effect

Urban areas 50, 100, 200, 500, & >500 -10, -5, -2, 1, & 2 

Fields 50, 100, 200, 350 & >350 -7, -3, -1, 1 & 2

Forest management areas 50, 100, 200 & >200 -5, -2 , 1 & 2

Peat production 50, 100, 200 & >200 -5, -2 , 1 & 2

Hydrology Weighted value

Rivers & lakes 5, 10, 15, 25& >25 4, 3, 2, 1, & 0

Streams 5, 10, 15 & >15 3, 2, 1,& 0

Ditches 5, 10, & >10 2, 1,& 0

Geology Description Weighted value

Limestone Very good site 3

Amphibolite and vulkanites Good site 2

Gabbro and diorite Medium good site 1

Other (granites/gneiss etc.) Not so good site 0

Table 2. Habitat potentiality
% of total area

Potential of finding a site Class 50x.50m 250x250m 500x500m

No 1 8.17 8.19 8.11

2 16.7 16.8 16.02

3 25.31 25.07 26.85

4 22.15 22.16 21.67

Moderate 5 13.02 13.03 12.76

6 11 11.08 10.91

7 3.42 3.41 3.53

High 8 0.23 0.26 0.14



In search of habitats ~ testing a GNU approach

method perceived the input data. IDW was most appropriate of the three methods in
calculating the elevation model, since it forced the data to curve exactly from the
points given as inputs. The DEM's (Figure 4) importance is apparent when the slope,
aspect, and curvature layers are generated. If for some reason the DEM has
misinformation then that error is passed on to the resulting layers and maps as well.
The methods were used to calculate a number DEMs of which the most 'realistic' was
chosen to be used as the elevation base of this studies. Of the three DEM types the
elevation model produced by IDW (s.surf.idw2) the elevation seemed to follow the
given values most accurately. So this map was chosen. The DEM produced was used
further to calculate the aspect, slope, insolation, and curvature maps. Each of these
parameters was used in the final analysis in searching of habitats.

Comparison of software packages was performed interpolating 1/3 of the study area
with 10m resolution. The software's performace was measured by time used, need of
addon component, level of difficulty in using the package (user friendlyness of GUI
and manuals, number of steps necessary) and over-all cost.

4. Results

The habitat patches shown in Figure 5 were delimited by several factors: relative
proximity to human interaction with the environment (roads, fields, towns etc.),
topography, mineral family, soil type, land cover, hydrology, soil moisture index,and
species richness (when available). The three classes in the map have been given
according to the potentiality of a given habitat type of being found in that locality.
Resulting areas were then finally masked out from  existing nature reserves in the
basin area. Using these variables a number of sites where discovered and cross
checked  with maps produced by Metsätähti, which has been looking for similar areas
using different methods. These results showed that some areas found using these
methods were similar to those discovered by Metsätähti. However, it may be
concluded that due to missing of several floristically important subcomponents, these
results may be more unreliable than if more floristical data had been available. The
found potential habitats are listed in Table 4. 

A modified GAP-analysis-method was used with filters from topological,
hydrological, land usage and vegetation layers. As a result one may find that
hydrology and vegetation play a large role in the location of the potential habitat
patch. However, since GAP-analysis has been developed for the finding of gaps in
protected areas the result shows that gaps do exist in the protection of small
potentially important sites. The GAP-analysis was suitable for seeing how many of
the found potential sites were already under protection.

The over-all results map also shows clearly how human impact plays a large role in
the potentiality index (Figure 5). The most potentiality important sites are situated
closer to the Northwest of the basin where human activities are the least. 
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GIS methodologies for analyzing represented data proved to be useful in researching
the issue in question. GIS analysis tools gave a flexible, easily repeatable and
adequate base for examining readily available spatial data from multiple sources.
Through the combination of data it was possible to assess to some extent the potential
location of the rare and endangered habitats mentioned in the EU  Nature Legislation.

Originally 4214 potential sites were located. These sites were filtered, combined, and
classified when possible. Hence, only 120 highly potential sites were found (Table 4)
and they will be verified in the field. The medium and low potential sites will be
ommitted from field verification at this point. The results have also been compared
with the findings of field work done by both Metsätähti2 and UYK during the
summers 1999 and 2000. These sites are indicated as reference sites in Table 4.
Many of the areas discovered in the field were too small to be found by these
methods from the given data.

The aims were achieved by comparing commercially available GIS packages  and the
GNU(GPL) licensed GRASS. The software packages were subjected to similar
analysis and it was concluded that the analytical tools and capabilities differ to an
extent (Table 5). However,  GNU-ware used  may have positive implications on the
future development of teaching, research and sustainable development projects.  The
effort needed to teach a GNU/GIS system to students is similar when compared to
teaching a commercially available alternative.  However, when comparing costs of
using GNU software with costs of commercial GIS packages 

2 a private consulting company 
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Table 4. Potential habitats found in the region - #found, number of sites found; % of total, river
basin area; and % in danger, refers to percentage of the given site under potential
danger of disappearing caused by anthropogenic activities. The numbers are not definite
values.

Processed sites for potential habitat locations Total amount % of total area

High potentiality of being a habitat site 120 0.13

Medium potentiality of being a habitat site 650 1.2

Low potentiality of being a habitat site 2421 3.4

Referenced Habitat (Section) # found % of total area

Wild woods rich in broad-leafed deciduous species 10 0.02

Hazel woods 12 0.04

Common alder woods 15 0.03
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5. Discussion 

This study used an approach where existing data on species distribution, ecology, and
habitat characteristics were assessed using GIS tools to locate potential nature type
"hotspots". The study was limited to the potential species richness, or simply the
number of indicator species potentially inhabiting the landscape at a given location. .
The approach used was a combination of deductive and inductive GIS modeling.
Inductive habitat modeling involves the use of readily available characteristics of a
location at which a habitat is present, these characteristics are then generalized to the
rest of the study area. Deductive modeling involves the use of parameters believed to
be important criteria for the location of a habitat (Stoms et al 1992). The deductive
approach analyzed the potentiality of locating a habitat by combining several data
layers (slope, aspect,soils hydrology etc.).  Fundamentally it was attempted to find
suitable criteria for separate habitat 'niches'. 

The one of the aims of this study was to find potential habitat patches previously
undiscovered in the Vantaanjoki basin area. This aim was satisfied to some extent.
Some sites were found.  A good example may be seen in Figure 5 where a "potential"
Natura 2000 site was located (672.1N:339.2E) Since the environmental factors that
limit the existence of these sites are quite strict, the found sites may actually be quite
close to reality. However, more ecological factors should be taken into consideration
before accepting these locations. The weighing of attribute information allows the
construction of a potentiality index system, from which it is simple to pick the most
suitable sites or areas depending on how large their weight is. Stoms (1993) stated
that weights assigned to edge types should vary, since different species react to edge
habitats differently, and thus their preferences for such habitats also differ
considerably. Habitat patches that are located close to  may not be present in this pilot
analysis since this weighting was not performed.

A heterogeneous landscape will have a wider range of habitat and thus will be richer
than a less heterogeneous one. Also the more fragmented and disjunct the habitat
patches get, the more the regional richness in species composition will decline. This
usually is caused by human activities of land use conversion affecting the land cover
and thus reducing the quantity and quality of natural habitat (Begon et al. 1996). As
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Table 5. Software comparison. The comparison task was to interpolate 1/3 of the study region with
10m resolution. * not included in minimum price, (1) Spatial Analyst (4500 EUR), 3d
Analyst (2200 EUR),

SOFTWARE # analysis succeeded
 addons

without    /   with 

TIME
USED

LEVEL OF
DIFFICULTY

NEED FOR
"ADD
ONS"

Mimum price
not including
hardware

GRASS all Not needed ½ h Moderately Easy No 0 EUR

Arc Info (Unix) all Not needed 1 h Difficult No 16 000+ EUR

TNTlite/TNTmips all Not needed 10 min
(1/5 of the
area) / not
tested

Easy / Easy No 0 FIM / 1000 EUR

ArcView 2 of 6 4/6 (1) 1 h Easy Yes 2000 + EUR*

MapInfo 1 of 6 No access  n/a n/a Yes 600  EUR
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patches are fragmented by anthropogenic activities (e.g. logging, building
developments, and road construction), edge dwelling species tend to replace the patch
interior dwellers. Species find re-colonization of isolated patches more and more
difficult (Stoms 1993). The Vantaanjoki basin area has been under human influence
for a long time, and this has resulted in severe fragmentation of the all natural
vegetation patterns. It is quite possible that the fragmentation will continue and the
areas that have been found to date will cease to exist due to the diminishing  inflow of
viable populations of plants and animals.

Most of the gallery forest along the Vantaanjoki have been fragmented by increasing
agricultural activities and spreading human settlements over the last centuries (Tynys-
Saarhelo 1999). This may be seen when carefully examining all the main tributaries
of the drainage basin. Similar fragmentation effects can be seen in all other parts of
the river basin region as well. Hence, it can be concluded that the exchange of
variation is becoming more and more difficult in this region with the ever increasing
road network, spreading housing developments and perhaps even from the mere
recreational  activities in the region.
 
GIS provided the methodological framework for image classification, digital terrain
models, and calculating landscape pattern metrics (Allen & Walsh 1996). Different
decisions are perhaps  to be made where to conduct more detailed field surveys and
possibly to establish protected areas with the results of such a pilot study. Therefore it
would be important to further explore the possibilities that GIS analysis gives to
ecological research as well as the utilization of analysis results for public decision
making processes.

The accuracy of the results of landscape parameters depends on the reliability of the
spatial data and the precision with which each layer can be registered together (Lo &
Shipman 1990). The accuracy was probably determined by the precision when
digitized and the size of the the grid cell when rasterized (Lo & Shipman 1990).

Unfortunately, data on the distribution of many species are sparse, so patterns of
species richness are poorly known. Therefore it is virtually impossible to  give a
comprehensive view on their probability of occurrence in a given part of the study
area. When searching for hotspots of this nature, the potential distribution of
indicators  from maps representing  vegetation cover, topography, hydrology,
geology, and soil were combined with the biological and ecological knowledge of
"preferred" habitats as such (Stoms 1992, 1993).

According to Aronoff (1989) (Stoms 1992), in any mapping program, the tradeoff
between the level of effort and the quality of results must be evaluated. It is therefore
necessary to decide at which level of accuracy data will be analyzed and still
acceptable results will be produced. Hence, it would be most useful to repeat this
study at several differing minimum mapping unit (MMU) sizes to determine, if
similar results are received.

Generalization decreases the predicted richness of patches, since smaller patches are
no longer mapped and hence go undetected. This will result in the elimination of a
habitat type from a given location. However, that error would decrease and be less
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important, as the grid cell size increases. With generalization the tradeoffs are the
prediction of patches that are too small  to meet the criteria (errors of commission)
and not predicting important small patches but critical habitat patches (errors of
omission) (Stoms 1992).  It has been shown that it is much easier to produce a
relatively accurate, highly  generalized map than a very detailed and very accurate
one (Stoms 1992).

The indicator species used for the analysis are quite common. A more complete
knowledge of the indicator species ecology, dispersal, distribution and quantitative
data would be necessary to get a reliable prediction on the floristic composition of the
potential areas. The results would have been more precise if the localities of verified
endangered habitats would have been available. In the future supervised analysis
techniques may be used when more sites have been verified by field work.

There is a wide range of possible errors involved in a study like this. The most critical
is the quality of raw data that was used in the analysis. The data was received from
several sources in various formats. The analysis necessitates the utilization of data
with a unified MMU, projection, and spatial resolution. Since not all of the raw data
included meta-data, it is possible that due to a false accuracy results are not reliable at
the scale given. Therefore, a parallel study should be performed with a differing
spatial scale, resolution and MMU to verify the possible errors caused by miss
classification. 
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