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Appendix S1: Details regarding the LEDA trait definitions and the structure of the database.

TRAITS DEFINITIONS 

PERSISTENCE TRAITS

Growth form of the mature plant: A combination of the life-form classification of Raunkiaer (1937) completed with other specialised forms which are based upon their type of nutrient acquisition or living conditions (e.g. halophyte). 

Canopy height: The distance between the highest photosynthetic tissue and the base of the plant (Weiher et al. 1999). 

Plant life span: The mean number of years of persistence of a plant. It refers to genets when individual plants can be distinguished and to ramets in clonal plants where genets could not be identified. This remains problematic when genet longevity and total reproductive output per genet is of interest. Most long-lived species were only assigned to the category perennial, as no further detailed information about life span was available.

Age of first flowering: The earliest age at which a plant can flower in the field. For true monocarpic species age of first flowering is identical with plant life span. For all other species age of first flowering was categorised separately. 

Leaf size and specific leaf area (SLA): The one-sided area of a fresh leaf divided by its dry mass, hence dry leaf mass is one component of the SLA measurements. 

Leaf dry matter content (LDMC): The dry weight per unit volume. 
Woodiness: Three broad categories (soft or hard wood, semi-woody and non-woody or herbaceous). 
Stem specific density (or wood density): The dry mass of a stem segment divided by its fresh volume (Weiher et al. 1999). 

Shoot growth form, branching and distribution of leaves along the stem: Categories (see Table 2). 
Clonal traits:

As plants are highly plastic in their vegetative growth, clonal traits are given mostly in nominal categories rather than numerical measurements. Only adult plants are considered, ontogenetic changes of clonal growth and bud banks in earlier developmental stages are not included.
Bud bank: (1) The number of buds in vertical layers from the root to the top of a plant. (2) The longevity of the bud bank: Seasonal (on plant organs with a life span shorter than two years), perennial (on plant organs with a life span of two or more years) and potential (reflecting the ability of a plant to sprout adventitiously from roots or leaves). 

Clonal growth organs (CGO): Classification according to their position (above, at or below soil surface) and again subdivided to their origin (stem, root or leaf origin) within a hierarchical structure of 17 categories. Then, the role of CGOs has been specified for plant growth: either regenerative, additive, necessary or unknown.

Lifespan of a shoot: Duration of a small life-cycle, i.e. from sprouting of a bud, through the growth, flowering and fruiting of the shoot, until its death. Also known as shoot cyclicity.

Persistence of connection parent-offspring: Duration (or persistence) of the connection between parent and offspring shoots.

Lateral spread/year: Distance covered by lateral spread in one year, given in metres. This trait should not be confused with the distance between offspring ramets or the distance between parent and offspring ramets.
Number of offspring shoots/parent shoot/year: A measure of intensity of clonal multiplication given as the number of offspring shoots produced per year and per parent shoot.
REGENERATION TRAITS

Seed number: The total seed (or spore) production per ramet/shoot/individual species. Seed crop frequency: The frequency of generative reproduction cycles over time, in other words how often species produce seeds in a certain time period (Silvertown & Lovett Doust 1993). 
Seed shedding: The month in which shedding takes place.
Seed weight: The air dried weight of seeds (germinating unit) or dispersules (dispersing unit). 

Seed shape (Vs): Length, width and height of a seed separately divided by length. Calculation of the variance of the three values with the formula: Vs = Σ (xi – mean (x))2/n with n = 3 and x1 = length/length, x2 = height/length and x3 = width/length. Vs is dimensionless, and spans from a minimum value 0 in perfectly spherical seeds to a maximum value of 0.2 in needle- and disc-shaped seeds. 
Types of soil seed banks: ‘Transient’, ‘species with seeds that persist in the soil for less than one year, often much less’; ‘short-term persistent, species with seeds that persist in the soil for between one year and five years’; and ‘long-term persistent, species with seeds that persist in the soil for at least five years’ (Bakker 1989; Thompson 1992; Poschlod & Jackel 1993). One of the unique features of LEDA is that the database can generate, on request, the most updated figure for the Seed Longevity Index (c.f. Bekker et al. 1998) by calculating this over all available records per species.

DISPERSAL TRAITS

Morphological dispersal syndromes:  Classification according to the shape and length of the appendages (e.g. a wing). Other categories are fruit pulps, nutritious nuts, or air-filled balloon structures. If seeds do not display appendages, seed surface is categorised to be either smooth or coarse (Van der Pijl 1972; Hughes et al. 1994). 

Terminal velocity: The rate of fall of a dispersule in still air, using the machine described in Askew et al. (1996). 

Seed releasing height: The distance between the soil and the highest part of the plant from where seeds are released. 

Buoyancy (floating capacity):  Floating capacities of diaspores measured after different time periods. We measured buoyancy only for species growing in habitats that are associated with water dispersal, such as open water, river banks, wet meadows, and mires. 

Epizoochory: The number of seeds released from fur for a certain time period using a shaking machine (see Tackenberg et al. 2006). Additionally, potential attachments predicted from seed weight and seed morphology by a regression function are included (see Römermann et al. 2005). 

Endozoochory: Survival capacity determined by a lab-method simulating the digestion system of a ruminant (see Bonn 2004). Additionally, published data on survival of digestion from feeding experiments as well as data on endozoochory derived from dung analyses were included.

Seed dispersal vector: Seeds are dispersed by various vectors. General information about dispersal types as well as more specific information about the dispersal vector of plant species was compiled in the database DIASPORUS (Bonn et al. 2000). In the LEDA Traitbase, DIASPORUS has been extended with more data on dispersal type and vector including improved referencing. It is now possible to calculate dispersal spectra instead of assigning one exclusive dispersal type to a single plant species. 
THE LEDA TAXONOMIC CORE 

The taxonomic core of the LEDA Traitbase consists of one synonymised plant list at the species level, completed with authorities. The list was collated from the national lists of the British Isles (Stace 1997), the Netherlands (Van der Meijden 1990), Germany (Wisskirchen & Haeupler 1998), Norway (based on Lid & Lid 1994) and species lists composed by local experts of Belgium, the Czech Republic (an updated version for Central Europe based upon Ehrendorfer 1973), the Nordic list for Scandinavia (Thomas Karlsson, http://linnaeus.nrm.se/flora/chk/chk3.htm), Poland, France (Kerguélen 1999), Latvia (Gavrilova & Šulcs 1999), and Lithuania.
TECHNICAL STRUCTURE OF THE DATABASE 

The LEDA Traitbase is a combination of a relational database holding the trait data and several web applications allowing for input, access and analysis of trait related data. The database features structured data storage and provides transaction-based multi-user access to the data. The database structure is described by a relational database scheme following the entity relationship model. It is used to declare tables (entity types) for data storage and the relationships of records within these tables (entities) to each other. 

The functionality of the LEDA Traitbase is delivered through web based applications.

DATA RETRIEVAL

In order to retrieve data, one can either use the species fact sheet or the LEDA web query tool. The species fact sheet accepts a species name as input and returns a single aggregated value for each trait of the selected species. As an example for a GIS link, the German plant atlas FloraMap (http://www.floraweb.de) is accessible from within the LEDA web query application. This allows access to further trait data, species distribution data and related information (in German). 
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Fig. S1. Aggregation levels in data flow through the LEDA Traitbase.

Within the LEDA web query tool, aggregated results are computed at run-time (Fig. S1). Depending upon the trait considered, several types of aggregated values are available. Examples are: relative frequency of categories, absolute frequency of categories, modal categories, index functions, maximum, minimum, average, standard deviation and median. Aggregation may either be carried out on the original values stored in the database or from derived values (Stadler et al. 2004). For instance, if the average canopy height of a species is to be calculated both from records containing a maximum observed value and a minimum observed value and from records containing a single observed value, a single value is calculated on a per-record basis from minimum and maximum values for the former records. The resulting calculated single values are then aggregated together with the single values present in the database. 

DATA ANALYSIS

For data analysis purposes, a web based tool for data mining called DIONE has been designed (Stadler et al. 2005) which is available on request. It supports the construction of decision trees, decision rules and association rules as well as the centre-based calculation of clusters (see e.g. Han & Kamber 2001). LEDA data to be analysed can directly be transferred from the Traitbase to the data miner. It is also possible to upload external data to DIONE.
REFERENCES
Askew, A.P., Corker, D., Hodkinson, D.J. & Thompson, K. (1996) A new apparatus to measure the rate of fall of seeds. Functional Ecology 11, 121-125.

Bakker, J.P. (1989) Nature Management by Grazing and Cutting. Kluwer Academic Publishers, Dordrecht.

Bekker, R.M., Schaminée, J.H.J., Bakker, J.P. & Thompson, K. (1998) Seed bank characteristics of Dutch plant communities. Acta Botanica Neerlandica 47, 15-26.

Bonn, S., P. Poschlod & Tackenberg, O. (2000) Diasporus - a database for diaspore dispersal - concept and application in case studies for risk assessment. Zeitschrift für Ökologie und Naturschutz 9, 85-97.

Ehrendorfer, F. (1973) Liste der Gefasspflanzen Mitteleuropas. 2nd editon. Gustav Fischer Verlag, Stuttgart.

Gavrilova Ģ. & Šulcs V. (1999) Latvijas vaskulāro augu flora. Taksonu saraksts. Latvijas Akadēmiskā bibliotēka, Rīga.
Han, J. & Kamber, M. (2001) Data Mining – Concepts and Techniques. Morgan Kaufmann Publishers, San Francisco.

Hughes, L., Dunlop, M., French, K., Leishman, M.R., Rice, B., Rodgerson, L., & Westoby, M. (1994) Predicting dispersal spectra: a minimal set of hypotheses based on plant attributes. Journal of Ecology 82, 933-950.

Kerguélen, M. (1999) Index synonymique de la flore de France. Institut National de la Recherche Agronomique. URL:  http://www.dijon.inra.fr /flore-france.

Lid, J. & Lid, D.T. (1994) Norsk flora. (ed. R. Elven). Det Norske Samlaget, Oslo. 

Poschlod. P. & Jackel, A.-K. (1993) Untersuchungen zur Dynamik von generativen Diasporenbanken von Samenpflanzen in Kalkmagerrasen. I. Jahreszeitliche Dynamik des Diasporenregens und der Diasporenbank auf zwei Kalkmagerrasenstandorten der Schwäbischen Alb. Flora 188, 49-71.

Raunkiaer, C. (1937) Plant life forms. Oxford, Clarendon Press.
Römermann, C., Tackenberg, O. & Poschlod, P. (2005) How to predict attachment potential of seeds to sheep and cattle coat from simple morphological seed traits. Oikos 110, 219-230.

Silvertown, J.W. & Lovett Doust, J. (1993) Introduction to plant population biology. Blackwell Scientific Publications, London.

Stace, C. (1997) New Flora of the British Isles. Cambridge University Press.

Stadler, M., Bekker, R.M., Finke, J., Kunzmann, D. & Sonnenschein, M. (2005) Using data mining techniques for exploring the key features of plant dynamics upon a newly built plant trait database. Proceedings of the 19th International Conference of Informatics for Environmental Protection (eds J. Hrebicek & J. Racek, J.), pp. 90-94. Brno, Czech Republic.

Stadler, M., Kunzmann, D., Schlegelmilch, J., Sonnenschein, M. (2004) Data Quality, Abstraction and Aggregation in the Leda Traitbase. Proceedings of the 18th International Conference Informatics for Environmental Protection, pp. 515-525. Geneve, Switzerland.

Tackenberg, O., Römermann, C., Poschlod, P., & Thompson, K. (2006) What does diaspore morphology tell us about external animal dispersal? Evidence from standardized experiments measuring seed retention on animal coats. Basic and Applied Ecology 7, 45-58.
Thompson, K. (1992) The functional ecology of seed banks. In Seeds: The Ecology of Regeneration in Plant Communities (ed. M. Fenner), pp. 231-258. CAB International, Wallingford.

Van der Meijden, R. (1990) Heukels’ Flora van Nederland. Wolters-Noordhoff , Groningen.

Van der Pijl, L. (1972) Principles of dispersal in higher plants. Springer, Berlin.

Weiher, E., Van der Werf, A., Thompson, K., Roderick, M., Garnier, E. & Eriksson, O. (1999) Challenging Theophrastus: A common core list of plant traits for functional ecology. Journal of Vegetation Science 10, 609-620.

Wisskirchen, R. & Haeupler, H. (1998) Standardliste der Farn- und Blütenpflanzen Deutschlands. Ulmer, Stuttgart.


































Storage for non aggregated data (access restricted)





Storage for preaggregated data














Data upload application





Automatic preaggregation








Non aggregated data








Aggregated data





Data input











Data retrieval applications





User selectable aggregation





Data on different aggregation levels





Data output








