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We describe the construction of a digital database from the distribution data available
on the printed maps in Atlas Florae Europaeae (AFE) volumes, eleven of them pub-
lished so far. This database is designed to be at the core of the AFE data management
system in the future, both for editing the printed volumes and delivery of plant distribu-

tion data in digital format.
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INTRODUCTION

Atlas Florae Europaeae (AFE), a project for map-
ping the distribution of vascular plants in Europe,
was launched in 1965 as a collaborative effort of
European botanists (see Jalas & Suominen 1967).
One of its primary goals has been to complement
the primarily taxonomic information of Flora Eu-
ropaea (FE; Tutin etal. 1964, 1968,.. ., 1980, 1993)
by providing a more detailed view of plant distri-
bution patterns across Europe. The AFE Secretariat,
responsible for the collection of distribution data
from the national contributors and compilation of
distribution maps, has been permanently located
in Helsinki, Finland. By the end of 1997, eleven
volumes of AFE with 2 927 distribution maps have
been published (Jalas & Suominen 1972,..., 1994,
Jalas et al. 1996).

During the first thirty years of AFE, the basic
technology for the collection of distribution data
and publication of distribution maps has not
changed very much. Recent advances in data pro-
cessing technology, as well as requests to make

AFE data available in a format suitable for compu-
terised statistical analyses, have made it necessary
to reassess the data management scheme of AFE.
There are also a number of inconsistencies in the
mapping grid system used by AFE that should be
resolved in order to make the distribution data more
useful in a wider perspective.

As aresponse to these needs, the construction
of the digital AFE database was started at the Bo-
tanical Museum of the University of Helsinki in
1992, in close collaboration with the AFE Secre-
tariat. Here we shall describe the techniques used
in the conversion of the printed distribution maps
into a digital database, and shortly summarize the
future prospects of AFE.

MATERIAL AND METHODS

The structure of the distribution data

The starting point for the construction of the digital data-
base were the printed distribution maps in the published
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AFE volumes. At the time of the initial database construc-
tion, there were nine of them, with a total of 2 109 distribu-
tion maps. Later volumes 10 and 11 have been processed
after publication according to the same principles.

Apart from some minor changes in the dot locations,
the AFE base map used for the visualisation of distribution
patterns has remained the same in all volumes. However,
only that portion of the map needed to show the distribu-
tion of the taxon in question has been printed. Thus, there
are, in addition to the full map, eight different captions of
the base map used (top, bottom, left and right halves; NE,
SE, SW and NW corners).

On the AFE base map, a total of 4 419 possible dot
locations have been defined as a modification of the stand-
ard Universal Transverse Mercator (UTM) grid. The basic
size of the grid cell is a rectangle of 50 x 50 km?, with wider
and narrower cells located along the buffer zones of the six
degree longitudinal bands of the UTM grid scheme. De-
pending on the status of the taxon in each grid cell, either an
empty cell or one of the 16 symbols indicating the different
status categories (Table 1) is shown on the map. Some of
the symbols have been reserved for showing the distribu-
tion of several taxa on the same base map, and even joint
occurrences in the same grid cell.

Interpretation of the distribution maps

After comparing the tradeoffs between the price and per-
formance of various techniques for extracting the distribu-
tion data from the printed maps into the database, we de-
cided to adopt a fairly simple (and, above all, inexpensive)
solution. Only a part of the map originals were available to
us in the Museum archives, and their large size made them
less than optimal for the interpretation process. Instead, we
chose to use the printed AFE volumes with distribution maps
of a more suitable size.

First, one copy of each AFE volume was cut into sepa-
rate sheets. Each map was then scanned into a black-and-
white bitmap file with a resolution of 300 dots per inch.
With this resolution, the diameter of the map symbols on
the bitmap image was approximately 16 pixels, which we
considered to be large enough for the automation of the
interpretation process.

Table 1. Number and proportion of symbols in the dif-
ferent taxon status categories used in Atlas Florae Eu-
ropaeae (volumes 1 to 11).

Status Count %

Native 581 815 91.7
Unknown 5663 0.9
Established alien 36 852 5.8
Possibly extinct 4365 0.7
Extinct 3184 0.5
Record uncertain 2758 0.4
Total 634 637 100.0
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The next step in the interpretation process was per-
formed by a customized application program that analyzed
the scanned bitmap image of each distribution map. It uti-
lized a file containing the locations of the grid cells on the
base map to calculate the corresponding pixel location on
the bitmap image.

Inside a circle surrounding the calculated pixel loca-
tion of each grid cell, the proportion of black pixels was
calculated. If the proportion was higher than a given thresh-
old value, the program recorded a dot location into the out-
put file. There was an intermediate optimum for the thresh-
old value, due to the fact that some patterns on the base
maps (e.g., the coastline of the Netherlands) were complex
enough to generate artefactual dot locations even without
any symbol on the original map.

Only native occurrences (black dots) were recorded into
the output file. Automatic interpretation of the other sym-
bols shown in Table 1 was considered too complicated given
the time and resources available, therefore they were added
manually. As can be seen from Table 1, this approach was
accceptable due to the fact that black dots were the domi-
nant symbol type on the distribution maps.

The final step in the interpretation process was done
manually by comparing the scanned bitmap image and its
interpretation on a computer screen. Missing or incorrect
symbols (including all the other 15 symbols except black
dots) were added with simple point-and-click mouse op-
erations. The average time for the visual inspection of one
distribution map was about three minutes, which we con-
sidered satisfactory.

Structure of the database

After the interpretation process was completed, the distri-
bution data were loaded into a relational database for fur-
ther processing. At the basic level, the structure of the AFE
database is very simple. The main data table (for database
terminology see e.g., Pankhurst 1991) comprises only three
primary fields: taxon name, AFE grid cell name, and taxon
status in the cell. By using the standard technology of rela-
tional databases, these fields are then linked to supporting
datasets providing the necessary information for the taxo-
nomic hierarchy of the plant taxa and geographical location
of the grid cells.

Problems

The manual map production process has made it possible to
deviate from the predefined mapping scheme and to make
adjustments to distribution maps whenever considered nec-
essary by the AFE Secretariat. During the construction of
the digital database, these deviations became apparent.
The correspondence between a symbol on a map and a
record in the database is based on the name of the AFE grid
cell. Some of the printed distribution maps contain sym-
bols at locations which are not among the 4 419 possible
symbol locations on the AFE base map. Often these sym-
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Fig. 1. The number of species in the AFE grid cells, according to the Atlas Florae Europaeae volumes 1-11.

bols indicate interesting occurrences of the taxon along the
coastline or on the islands of the Baltic Sea or the Mediter-
ranean region. Probably the most conspicuous of these maps
is that of Fumaria munbyi (map 2085 in Vol. 9), where the
only dot is in a location not defined on the AFE base map.

The reason for these locations being problematic re-
sults from the fact that the grid as defined on the AFE base
map covers only continental regions and the largest islands.
However, we do not see any technical reasons why the aquatic
areas could not be used as well. Therefore, we are currently
working on a new AFE base map that covers the whole of
Europe, both land and water. For the time being, the maps
containing nonstandard dot locations have been recorded,
but these dots do not have a corresponding record in a data-
base yet.

RESULTS

As aresult of the interpretation of AFE volumes 1
to 11 published so far, we obtained a database

containing a total of 634 637 status records of taxa
in six categories (Table 1). This database covers
only less than 20% of the European vascular flora
(AFEVol. 12 will complete the taxa of Flora Euro-
paea Vol. 1), and is therefore far from complete
as such. This fact should be kept in mind when
interpreting the results shown below.

The digital format of the AFE distribution data
makes it possible to analyse and visualize plant
distribution patterns easily with modern compu-
ter tools. Some of these options are shown in the
digital version of Atlas Florae Europaeae, known
as AFE Update, which is a commercial software
product running on Windows 95/NT computers.

Atthe simplest level, the database can be used
for visualizing the distribution of one single taxon
on the base map. Although this seems like a re-
construction of the printed AFE volumes, the da-
tabase goes somewhat further. Unlike the static
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maps in the printed A FE volumes, it is easy to show
the distribution of any taxon, including higher
level taxa like genera and families. Sometimes
even a species-level distribution map may be in
demand, like in Hill’s (1997) attempt to visualize
the distribution of Cakile maritima from the
printed maps of four separate subspecies. With
the digital AFE database available, we hope to
prevent the “taxonomic tigers” from eating Hill
and his fellow ecologists alive.

Statistical overview maps are also easily cal-
culated from the database. Fig. 1 shows the num-
ber of species in the UTM grid cells in different
parts of Europe. The highest species numbers in
the mountain regions of Central Europe (some-
times enhanced by the coastal effect) are obvi-
ously quite accurate, as well as low figures in
Northern Europe, Iceland and Svalbard. On the
other hand, the steep gradient between Eastern
and Western Europe largely reflects the variation
in the amount of field data available. This map,
together with a number of other examples of sta-
tistical patterns in the flora, is also available at the
AFEWorld-Wide Web site (http://www. helsinki.fi/
kmus/afe. html).

With the availability of the AFE database, sta-
tistical analyses of the European flora should be-
come easier to perform. In addition to analyses of
the flora as such (e.g., Birks 1976, Pedersen 1990,
Myklestad & Birks 1993, Preston & Hill 1997),
distribution data in digital format can also be re-
lated to environmental variables in order to ob-
tain further insight into phytogeographical pat-
terns (e.g., Huntley et al. 1995, Sykes et al. 1996).

DISCUSSION

The first stage of the construction of the AFE da-
tabase can now be considered completed. All the
distribution maps published so far in the printed
volumes are also available in digital format. We
are now ready to move to the next stage.

AFE Vol. 12, about to be published in 1998,
will still be transferred into a digital format by
scanning and interpreting the printed distribution
maps as described above. It will complete the taxa
of FEVol. 1. FE Vol. 2 begins with the large and
taxonomically demanding family Rosaceae. For
the mapping of Rosaceae and the taxa that follow
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it, a new editorial system for AFE will be imple-
mented in 1998. Itis fully computerized and based
on the AFE database, thus simplifying the joint
production of printed and digital versions of AFE
in the future. The new editorial system also ena-
bles the collection of distribution data from na-
tional contributors directly in digital format. These
topics will be discussed in more detail elsewhere.

The very long timespan of the AFE project (at
least a century with the present mapping scheme)
creates a number of problems that the database
approach may alleviate. Older distribution maps
become obsolete long before the last ones will be
published, and obviously none of us living today
will see the distribution map of Hammarbya palu-
dosa (the last species in FE Vol. 5) printed on an
AFE volume.

The dynamic nature of the AFE database
makes it possible to update distribution data for
the published taxa, as well as to make distribution
data, collected from national databases, available
as preliminary maps independently of the edito-
rial process. If this approach gains wider accept-
ance, it implies that the AFFE database may gradu-
ally transform into a European floristic surveil-
lance network that will expand the original mis-
sion of Atlas Florae Europaeae.
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