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A B S T R A C T

We introduce and provide a new data-set of species-specific ecological indicator values (alternative ‘Ellenberg
values’ for climatic variables, light, moisture, soil reaction/pH, salinity, nitrogen and phosphorus plus response
to management and disturbance), physiological and reproductive traits (including symbionts, phenology, pol-
linators, nectar production, seed properties), indices of relevance for conservation (including introduction his-
tory and biodiversity relevance), and presence in 38 main vegetation types for all vascular plant species of
Sweden based on a broad survey of published and unpublished data. The potential uses and limitations of the
values, traits and indices are briefly outlined and discussed.

1. Introduction

‘Ecological indicator values’ or lists of species-specific traits have for
decades been widely used in vegetation science to estimate difficult-to-
measure edaphic variables from lists of plant species and their abun-
dances (Persson, 1981; Diekmann, 2003). Analyses based on vegetation
data have commonly been used to pin-point the drivers behind tem-
poral and spatial vegetation gradients (e.g. Wiegmann and Waller,
2006; Naaf and Wulf, 2011), but it has also been used to analyze
functional differences between different plant groups (Gustafsson,
1994). For example, such analyses have been performed to separate the
effects of climate change on biodiversity from that of e.g. changes in
land use (e.g. Sundberg, 2014; Hedwall and Brunet, 2016; Tyler et al.,
2018b).

The most well-known and widely used ecological indicator values
are the ‘Ellenberg values’ first proposed by Ellenberg (1974), latest
updated by Ellenberg et al. (2001). These are explicitly designed for
Central European conditions and using them in other regions can be
problematic (Godefroid and Dana, 2007). However, modifications of
the original ‘Ellenberg values’ have been published for several regions
of continental and western Europe (Borhidi, 1995; Ertsen et al., 1998;
Hill et al., 1999; Pignatti, 2005; Chytrý et al., 2018). In Sweden and the
Nordic region as a whole, despite the fact that many Nordic species are
missing, and that species may not have the same habitat requirements
here as in Central Europe, the original Ellenberg values have been used

in a large number of studies (e.g. Brunet et al., 2000; Grandin, 2011;
Gustafsson, 1994; Hedwall and Brunet, 2016; Maad et al., 2009;
Oredsson, 1999; Rydin and Borgegård, 1991; Tyler and Olsson, 1997;
Wahlman and Milberg, 2002; Xiaobing, 1998). Still, apart from species
of deciduous forests (Diekmann, 1995), no modified or alternative va-
lues for Nordic conditions have this far been proposed.

Apart from differences in the species pool for Central and Northern
Europe, it is widely acknowledged that the ecological niches of species
vary over their distribution areas (Wasof et al., 2013; Hedwall et al.,
2019), and many species tend to occupy either more narrow or more
wide ecological niches when approaching their geographic distribution
limits (Diekmann and Lawesson, 1999; Reinecke et al., 2016). For ex-
ample, several species with wide pH tolerance in Central Europe, or
even S Sweden, are practically confined to circumneutral to alkaline
soils in the northernmost parts of their distribution ranges (Andersson
and Birger, 1912), while other species show the opposite pattern
(Diekmann and Lawesson, 1999). Most recently, the large study by
Hedwall et al. (2019) demonstrated that although the original Ellenberg
values do have some predictive power also in northernmost Sweden,
their correlation with measured site parameters decreases with in-
creasing latitude and increasing geographic distance from Central
Europe.

As climate and land-use changes and a general loss of biodiversity
and ecosystem services have become major concerns, the need for in-
dicator values or equivalent data about factors other than the climatic
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and edaphic factors that have traditionally been considered most im-
portant for shaping vegetation composition in Europe have become
increasingly apparent (Clough et al., 2014; Baude et al., 2016; Tyler
et al., 2018b). In recent years, several databases of, or sets of data
about, specific plant traits related to growth, reproduction and dispersal
have been introduced (Klotz et al., 2002; Kleyer et al., 2008; Kattge
et al., 2011). However, although these sources do provide highly va-
luable and detailed information for studies on particular traits or spe-
cies, they are mostly based on data from Central and Southern Europe
and the data has been compiled with different goals and is thus com-
monly not summarized and presented in a ready-to-use format for
analyzing vegetation data.

To meet these needs and overcome the limitations of previously
published data when applied to conditions of northern Europe, we have
compiled a database of species-specific indicator values and traits for
the vascular plant species of Sweden. Apart from the parameters con-
sidered by Ellenberg, our database also includes various reproductive
traits and traits relevant for biodiversity conservation and associations
between plants and other organisms, as well as data about the main
vegetation types in which a species are found. To maximize applic-
ability in the region targeted, we have strived to only include and
consider data from Sweden or the adjacent Nordic region, but when no
Nordic data was available, and in particular for those traits that may be
assumed to be constant across the geographic distribution of the species
(e.g. seed characteristics), data from other regions have also been
considered. The aim of this contribution is to present the contents of
this freely available resource and briefly discuss its potential use and
limitations. This resource contains both new information and data al-
ready available from other sources, but here standardized and inter-
preted to facilitate direct usage of the combined data. Our aim has been
to provide data on as many species as possible, in a format useful for
studies of changes in time or space based on data on vegetation com-
position. We acknowledge, however, that more precise and detailed
data on particular traits and individual species is better sought for in
other resources (e.g. those described by Klotz et al., 2002; Kleyer et al.,
2008; Kattge et al., 2011; Landholt et al., 2010).

2. General description of the data included

The complete data are available as a Microsoft Excel spreadsheet as
Supplementary Material.

2.1. Taxonomic scope

With the exceptions mentioned below, the database includes all
vascular plant taxa with the rank of species (including nothospecies)
reported to be resident as defined by Jonsell (2004) (i.e. self-reprodu-
cing for at least three consecutive generations or by means of extensive
vegetative dispersal during at least 30 years) within the current borders
of Sweden, plus some of the most commonly occurring non-resident
(i.e. ephemeral in the sense of Jonsell, 2004) taxa. Infraspecific taxa
have generally not been considered, but some exceptions have been
made for taxa that are ecologically highly distinct. Species now con-
sidered to be extinct are included only when there are relatively recent
(post-1950) records. The only resident plant species not included are
the apomictic ‘microspecies’ of Taraxacum (the whole genus omitted),
the Ranunculus auricomus complex, Hieracium and Rubus sect. Corylifolii
(the latter two included at the sectional level). The scientific and
Swedish taxon name as well as the Dyntaxa identity number of each
taxon is given in separate columns according to the Swedish national
taxonomic database Dyntaxa (www.dyntaxa.se, accessed Dec. 2018)
with additions and changes according to Karlsson and Agestam (2019),
and so is the family to which the species belong according to the APG IV
system (Angiosperm Phylogeny Group, 2016).

For each taxon, whenever relevant and available, trait data are
provided in the columns described below.

3. The indicator and trait values

3.1. Establishment

The species are classified as resident (cf. Jonsell, 2004), non-resident
(=ephemeral in the sense of Jonsell, 2004) or extinct. With a few cor-
rections of obvious errors, the classification by Dyntaxa (www.dyn-
taxa.se, accessed Dec. 2018) with additions and changes according to
Karlsson and Agestam (2019) was accepted and repeated here. How-
ever, it should be noted that the frequency of the species is irrelevant
for this classification; a species classified as established may have only
one persisting and self-reproducing population while an ephemeral
species may at any given time be found at multiple sites. Furthermore, a
species classified as established in Sweden as a whole because of the
existence of a single persisting and self-reproducing population may at
the same time have multiple ephemeral occurrences in other parts of
the country.

3.2. Red-listed

The conservation status according to the most recent national
Swedish red-list (SLU Artdatabanken, 2020) is provided as abbrevia-
tions according to International Union for Conservation of Nature
(IUCN) (NT = Near Threatened, VU = Vulnerable, EN = Endangered,
CR = Critically Endangered, RE = Regionally Extinct, DD = Data
Deficient). Species not included in the national red-list are denoted as
‘Not Red-listed’; these may have been evaluated and classified as Least
Concern (LC) or they may have been excluded from the evaluation
based on their recent (post-1800) immigration.

3.3. Time of immigration or residence time

For resident species (see above), the year when the species first
became a member of the Swedish flora is provided, as classified along a
nine-degree scale: 0 = native, 1 = introduced by humans before 1700
(i.e. archeophytes, cf. Jonsell, 2004), 2 = 1700–1750, 3 = 1750–1800,
4 = 1800–1850, 5 = 1850–1900, 6 = 1900–1950, 7 = 1950–2000,
8 = after 2000. For species introduced in historic time, the data are
mostly from Hylander (1971) with additions and modifications ac-
cording to Tyler et al. (2015). For archeophytes, the classification in
Dyntaxa (www.dyntaxa.se, accessed Dec. 2018) has been accepted as
long as it was not incongruent with other relevant sources (e.g.
Hylander, 1971; Lundquist, 2007). Species classified as native are those
that occur in vegetation types that could possibly have developed in
absence of human disturbance and for which there is no indication that
they have been intentionally or unintentionally introduced. However,
the distinction between natives and archeophytes is sometimes difficult
to make and is commonly based on fragmentary archeobotanical and
paleoenvironmental data.

3.4. Index of invasive concern

For all non-native but resident species, the Index of invasive concern
is given as an estimate of their potential to cause future changes to
biodiversity or ecosystem functions in Sweden (see Tyler et al., 2015).
For all (721) species considered by Tyler et al. (2015), the index values
are simply reproduced here, but for 10 species not considered resident
in 2015, and thus not considered by these authors, index values have
been calculated anew based on the formula of Tyler et al. (2015). In
addition, for species believed to have been introduced very early
(prehistoric time, and therefore not considered by Tyler et al. (2015), a
low index value (4) has arbitrarily been assigned. As for the limitation
and possible uses of these data, see Tyler et al. (2015). It should be
noted that an alternative but comparable risk assessment for most of the
species was recently proposed by the Swedish Species Information
Centre (Strand et al., 2018), although it awaits ratification from the
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Swedish Environmental Protection Agency.
The Index of invasive concern is on a continuous scale ranging from 0

to 38 and these can be categorized as below:
No risk = Index < 10. The species is considered highly unlikely to

have any significant future impact on biodiversity or ecosystem ser-
vices. It may even be considered probable that a hypothetical ex-
termination of these taxa would have a larger (negative) effect on fu-
ture biodiversity than would their continuous presence. Some of these
species have a relatively long history in the country and are believed to
have already reached an equilibrium in the ecosystem.

Low risk/impact = Index 10–14. The species may have some future
impact, but only on a very local scale at certain sites.

Moderate risk/impact = Index 14–17. It is likely that the species
will cause some changes to biodiversity or ecosystem functions in the
future, but will probably only cause relatively small effects.

Considerable risk/impact = Index 17–22. It is highly probable that
the species will cause significant changes to biodiversity or ecosystem
functions in the future, and it is likely that these effects will be con-
siderable.

Severe risk/impact = Index > 22. It is highly probable that the
taxon will cause major and far-reaching changes to biodiversity and/or
ecosystem services in the future.

3.5. Biodiversity relevance

The biodiversity relevance of a species is here defined as the number
of other organisms that depend on, or utilize, the species as food source,
substrate, shelter or mutualistic partner. It is well known that some
species, in particular trees with large biomass and long lifespan, may be
critical for the survival of hundreds or thousands of other organisms,
while some species with low frequency and biomass may be almost
irrelevant for sustaining of biodiversity in general. However, also
among species with similar growth form and occurrence, there are large
differences when it comes to numbers of associated species.
Hypothetically, such differences may result from differences in the age
of the taxon, phylogenetic constraints and the historic distribution and
abundance of the taxa.

Unfortunately, our knowledge about plant parasites and mutualists
is generally much incomplete as compared to our knowledge about the
plants themselves. Extant data about the hosts of plant parasites and
herbivores is in many cases based on sporadic observations and the use
of plants by animals kept in captivity rather than on systematic and
unbiased observations, potentially relatively inflating the number of
associated species indicated for well known, widespread and widely
cultivated hosts. Furthermore, the geographic distributions of plant
parasites are commonly only fragmentarily known and meaningful lists
of associated species at smaller geographic scales will thus not be
possible to compile. Still, information about the biodiversity relevance
of individual plant species would be highly useful when e.g. assessing
the implications for biodiversity of vegetation changes, biological in-
vasions and habitat replacements.

The exact numbers of associated species are not presented because
they are not considered sufficiently accurate to be meaningful. Instead,
the biodiversity relevance of plant species is given on a coarse loga-
rithmic eight-degree scale (1 =<6 associated species, 2 = 6–12,
3 = 13–24, 4 = 25–50, 5 = 51–100, 6 = 101–200, 7 = 201–400, 8
=>400). In many cases have the host plants only been identified to
the genus level and many parasites do not differentiate between closely
related plant species, but this has as far as possible been considered
when classifying the plants. Furthermore, the data presented are based
on the sources available (below) and the organismal groups included in
these, and may thus not be considered exhaustive for all organismal
groups dependent on vascular plants.

The data presented are based on the number of associated species
per host plant (or groups of closely related species) extracted from the
Plant Parasites of Europe resource (https://bladmineerders.nl; version

27.6.2018) that lists leaf miners (insects), causers of plant galls (insects,
fungi and some bacteria) and parasitic microfungi known from Europe,
and the Vilken Art resource (www.vilkenart.se; accessed 2018) that lists
the host plants of all moths and butterflies (Lepidoptera) known from
Sweden.

Most recently, a new resource with information about organisms
associated with specific plant species was launched by the Swedish
Species Information Centre (Sundberg et al., 2019) and it should be
considered as an alternative source of data. Compared to the data
presented here, that of Sundberg et al. (2019) also include fungi
forming mycorrhizal associations, lichens and bryophytes using plants
as substrates and more insect groups, but it does not include all plant
species considered here, it lacks data about parasitic microfungi and
appear relatively incomplete as far as Lepidoptera are concerned. Still,
for most plant species the two data sources appear to give roughly the
same picture.

When using data on numbers of associated species to obtain an es-
timate of the total biodiversity that may be sustained by a particular
vegetation sample, either the sum over all plant species or the mean
over all species present (if possible weighted by species abundance),
may be considered relevant depending on the questions addressed. In
cases when the fact that many individual associated organisms may
utilize several different plants species is irrelevant the sum over all
plant species should be preferred. However, the mean over all species in
the vegetation, in particular if weighted by species abundance, may
give more realistic estimates of the actual biodiversity in natural
communities.

3.6. Nectar production

Loss of insect biodiversity, in particular pollinator decline, has be-
come an urgent topic (Sorg et al., 2013). Nectar and pollen production
can be used as indication of the importance of plants for pollinators,
although plants may also contribute physical shelter and non-floral food
for the larval stages of pollinating insects. Unfortunately, it was not
possible to find enough data for this trait collected in the Nordic region
so we had to consider other sources as well. The data provided thus has
to be used with some deliberation, but in general this trait is not be-
lieved to vary much within a species. The data on nectar (and pollen)
production presented are based on the measurements of Baude et al.
(2016) recalculated as sugar production per area and year occupied by
the species (i.e. considering the number of flowers produced and the
duration of the flowering season). In addition, data from some more
restricted studies have been considered (Christoffersen, 1985; Neiland
and Wilcock, 1998; Janssens et al., 2006) as well as more general in-
formation provided by bee keepers. To complement the species for
which measured data is available, the nectar production of additional
species was estimated based on the assumption that closely related
species with similar flower structures and pollination systems produce
roughly the same amount of nectar.

The seven-degree scale used here is founded in the data of Baude
et al. (2016), but considering the limitations described above and the
extrapolations made, the exact production rate estimates are not pre-
sented. Instead, a coarse seven-degree logarithmic scale is used: 1 = no
nectar production (0 g sugar/m2/year) and no collectable pollen,
2 = nectar production insignificant (< 0.2 g), or absent but with low
but significant amounts of collectable pollen, 3 = nectar production
small (0.2–5 g), or lower but with copious collectable pollen 4 = nectar
production modest (5–20 g), 5 = rather large (20–50 g), 6 = large
(50–200 g), 7 = very large (> 200 g).

When using these data for analyzing vegetation data, although the
values given refers to production per species per year and area, both
sums and means over all species in a vegetation sample may be relevant
depending on the questions addressed since both total volumes pro-
duced and the diversity of nectar sources may be relevant.
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3.7. Heat requirement

The heat requirement of the species is given on a 14-degree scale
based on comparison of the northern distribution limits of the species in
Sweden (from the maps prepared by S. Ericsson for Mossberg et al.,
1993), the altitudinal limits of the alpine species given by Heintze
(1913); Kilander (1955); Nilsson (1986); Mossberg and Stenberg
(2017), and the nine cultivation zones defined by the Swedish National
Horticultural Society (available at www.tradgard.org/svensk_tradgard/
zonkarta/zonkarta_stor.html) plus the four alpine regions generally
recognized by Scandinavian ecologists (e.g. Sjörs, 1956; Mossberg and
Stenberg, 2017). For the species of southernmost Sweden, the approach
and data presented are the same as that used by Tyler and Olsson
(2013) when showing that vegetation means of this indicator is strongly
correlated to both true climatic conditions and mean Ellenberg (1974)
indicator values in the province of Scania. For the species included, the
same values were also used by Tyler et al. (2018b) when showing the
primary importance of climate warming for recent vegetation changes
in southernmost Sweden. For individual species with well-known geo-
graphic distributions, more precise information may certainly be ob-
tained by climatic niche modeling and may then be preferred in studies
targeting such species, but such an approach would hardly be feasible
for all species considered here.

The scale translates as: 1 = reaching the high-alpine/arctic zone,
2 = reaching the mid-alpine zone, 3 = reaching the low-alpine zone,
4 = reaching the timberline (uppermost subalpine zone), 5 = reaching
the subalpine zone (cultivation zone 9), but only at sites with a favor-
able microclimate, 6 = reaching cultivation zone 8, 7 = reaching
cultivation zone 7, 8 = reaching cultivation zone 6, 9 = reaching
cultivation zone 5, 10 = reaching cultivation zone 4, 11 = reaching
cultivation zone 3, 12 = reaching cultivation zone 2, 13 = reaching
cultivation zone 1, 14 = at present not reproducing/resident in Sweden
due to climatic constraints.

3.8. Cold requirement

The cold requirement of the species is given on a 20-degree scale.
For species with a southern distribution limit in Sweden, the classifi-
cation is based on comparison between the distribution maps prepared
by S. Ericsson for Mossberg et al. (1993), the altitudinal limits of the
alpine species given by Heintze (1913); Kilander (1955); Nilsson
(1986); Mossberg and Stenberg (2017), and the nine cultivation zones
defined by the Swedish National Horticultural Society (available at
www.tradgard.org/svensk_tradgard/zonkarta/zonkarta_stor.html) plus
the four alpine regions generally recognized by Scandinavian ecologists
(e.g. Sjörs, 1956; Mossberg and Stenberg, 2017). For species with dis-
tributions extending to the south of Sweden, distributional data were
mainly obtained from Hultén and Fries (1986) and compared with
global maps of mean annual minimum temperatures. For species not
considered by Hultén and Fries (1986), distributional data were ob-
tained and cautiously interpreted from the Global Biodiversity Initiative
web resource (www.gbif.org, accessed 2018, keeping in mind that this
also includes information about cultivated plants, ephemeral non-nat-
ural occurrences and non-validated reports).

The scale translates as: 1 = annual minimum rarely below 10 °C
(subtropical/tropical regions), 2 = annual minimum rarely below 5 °C,
3 = annual minimum rarely below 0 °C, 4 = temperatures below 0 °C
occasional, but annual minima not below –5°C, 5 = temperatures
below 0 °C regular but sporadic, annual minima rarely below –10 °C,
6 = winter temperatures typically below 0°, but during less than three
months and annual minima not below –15 °C. 7–16 = the Swedish
cultivation zones 1–9, 17 = descending to the timberline (uppermost
subalpine zone), 18 = descending to the low-alpine zone, 19 = des-
cending to the mid-alpine zone, 20 = confined to the high-alpine/arctic
zone.

3.9. Temperature optimum

The temperature optimum is based on the temperature regime at the
center of the geographic range of the species. The value was calculated
from the values for Heat requirement and Cold requirement (after some
rescaling of these variables to make them directly comparable) and may
thus not be treated as independent of them. In general, the Heat and
Cold values should be more informative since the temperature optimum
data is insensitive to the size of species’ distribution areas, but for some
purposes a single and more general climate indicator value may be
preferred. The data is presented on an 18-degree scale with 1 re-
presenting subtropical species and 18 high-alpine/arctic species.

3.10. Continentality

Apart from temperature extremes and sums, the distribution of
temperatures and precipitation over the season is well known to in-
fluence the distribution of plant species and this is commonly sum-
marized as continentality (e.g. Hultén, 1950; Ellenberg et al., 2001).
Here, to avoid issues related to local adaptation of geographically iso-
lated genotypes which may have resulted in requirements or tolerances
not seen in regionally dominating genotypes of the same species, the
continentality of the species is assessed based primarily on their dis-
tribution in the Nordic region. Our approach is thus different from the
global approach implemented by Berg et al. (2017). Information about
the geographic distribution of the species was mostly obtained from the
maps prepared by S. Ericsson for Mossberg et al. (1993), and only for
species with very restricted occurrence in the Nordic countries were
other sources considered (e.g. Hultén and Fries, 1986, and distribu-
tional data from www.gbif.org). The nine-degree scale translates as:
1 = hyperoceanic, confined to the Atlantic coast, 2 = strongly oceanic,
with northern limit in W Fennoscandia (Europe) far north of that in E
Fennoscandia (Europe) and absent from the most continental regions,
3 = moderately oceanic, with northern limit in W Fennoscandia
(Europe) far north of that in E Fennoscandia (Europe) but with some
occurrences also in the most continental regions, 4 = weakly oceanic,
with northern limit in W Fennoscandia (Europe) north of that in E
Fennoscandia (Europe) but otherwise showing no climatic constraints,
5 = indifferent, showing no W–E tendency in the region, 6 = weakly
continental, with northern limit in W Fennoscandia (Europe) south of
that in E Fennoscandia (Europe) but otherwise showing no climatic
constraints, 7 – moderately continental, with northern limit in W Fen-
noscandia (Europe) far south of that in E Fennoscandia (Europe) but
with some occurrences also in the most oceanic regions, 8 = strongly
continental, with northern limit in W Fennoscandia (Europe) far south
of that in E Fennoscandia (Europe) and absent from the most oceanic
regions, 9 = hypercontinental, confined to the most continental parts
of E Fennoscandia.

3.11. Light

This is the optimal light/shade conditions of the species. The ap-
proach is conceptually identical to that of the more regional list pro-
vided by Tyler and Olsson (2013) and the data used by Tyler et al.
(2018b), which were both based on the information provided by Olsson
and Tyler (2007). However, the species list has been extended and the
values modified to be relevant for Sweden as a whole. The classification
is based on the authors’ experience and the information provided by the
most recent regional flora atlases of the Swedish provinces (Lange,
1938; Wistrand, 1962; Andersson, 1981; Malmgren, 1982; Lundqvist,
1986; Mascher, 1990; Genberg, 1992; Danielsson, 1994; Georgson
et al., 1997; Rydberg and Wanntorp, 2001; Bertilsson et al., 2002;
Fröberg, 2006; Edqvist and Karlsson, 2007; Tyler et al., 2007; Jonsell,
2010; Lidberg and Lindström, 2010; Stenberg, 2010; Blomgren et al.,
2011; Löfgren, 2013; Johansson and Petersson, 2016; Ståhl, 2016). For
some southern species only scarcely reaching Sweden, information
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provided by the Danish flora atlas (Hartvig, 2015) was also considered.
All these flora atlases are based on large scale floristic surveys and data
about the habitat preferences of the species compiled by large numbers
of field recorders, although the degree of standardization and pre-
sentation differ between studies. For the alpine species, the available
published information is more scarce and the more general references
Nilsson (1986); Mossberg and Stenberg (2017) has mostly been fol-
lowed, although some older regional studies have also been found
useful (e.g. Birger, 1904; 1908;; Heintze, 1913; Kilander, 1955). In
addition, some more specialized studies were considered when classi-
fying the forest species (e.g. Tyler, 1989).

The seven-degree scale translates as follows and may be exemplified
by a few common and widespread species: 1 = deep shade (Mercurialis
perennis, Neottia nidus-avis, Carex disperma), 2 = moderate–deep shade
(Vinca minor, Galium odoratum, Impatiens noli-tangere), 3 = half-sha-
de–moderate shade (Athyrium felix-femina, Carex digitata, Geum ur-
banum), 4 = half-shade (Crepis paludosa, Dryopteris filix-mas, Fragaria
vesca), 5 = sun – half-shade (Angelica sylvestris, Anthoxanthum odor-
atum, Eriophorum vaginatum), 6 = sun, but enduring some shading
(Achillea millefolium, Antennaria dioica, Bellis perennis), 7 = always full
sun (Anchusa officinalis, Argentina anserina, Armeria maritima).

3.12. Moisture

This is the mean realized moisture/water niche of the species. The
background, previous uses and sources of data for this are essentially
the same as those for Light described above. The 12-degree scale is the
same as that of Ellenberg et al. (2001) and may be translated and ex-
emplified as: 1 = very dry (Sedum acre, Hypericum montanum, Vince-
toxicum hirundinaria), 2 = dry (Achillea millefolium, Anchusa officinalis,
Arctostaphylos uva-ursi), 3 = dry–mesic (Carex digitata, Hepatica nobilis,
Allium oleraceum), 4 = mesic (Linnaea borealis, Geum urbanum, Phleum
pratense), 5 = mesic–moist (Anemone nemorosa, Aegopodium podagraria,
Bellis perennis), 6 = moist (Achillea ptarmica, Cardamine pratensis, Im-
patiens noli-tangere), 7 = moist–wet (Athyrium felix-femina, Agrostis ca-
nina, Angelica sylvestris), 8 = wet (Filipendula ulmaria, Viola palustris,
Coptidium lapponicum), 9 = wet – temporarily inundated (Caltha pa-
lustris, Lysimachia thyrsiflora, Ranunculus flammula), 10 = temporarily
inundated (Calla palustris, Carex rostrata, Iris pseudacorus),
11 = shallow (<0.5 m) permanent water (Callitriche hermaphroditica,
Myriophyllum alterniflorum, Elodea canadensis), 12 = deep permanent
water (Lobelia dortmanna, Nymphaea alba, Potamogeton praelongus).

When using this data, it should be noted that the values 10–12 refer
to the depth of standing water rather than to water availability and
depending on the questions asked these may thus need to be combined
when computing vegetation means.

3.13. Soil reaction (pH)

This is the mean realized soil (water) pH niche of the species. The
background, previous uses and sources of data for this are mostly the
same as those for Light described above. However, when available, more
emphasis has been put on the more specialized literature on the subject
(e.g. Tyler, 1989; 1996; 2000;; Brunet et al., 1996). The eight-degree
scale may be translated and exemplified as follows, with pH intervals
referring to water extraction of the soil and considering the mostly
systematic differences observed when measurements have been made
after other types of extractions: 1 = strongly acidic (pH < 4.5) (Erica
tetralix, Eriophorum vaginatum, Lycopodium annotinum), 2 = moder-
ately–strongly acidic (Avenella flexuosa, Calluna vulgaris, Juncus fili-
formis) 3 = moderately acidic (pH 4.5–5.5) (Calamagrostis arundinacea,
Carex limosa, Danthonia decumbens), 4 = moderately acidic – subneutral
(Achillea millefolium, Anemone nemorosa, Eriophorum angustifolium)
5 = subneutral (pH 5.5–6.5) (Alopecurus pratensis, Pulsatilla vulgaris,
Melica nutans), 6 = subneutral–circumneutral (Actaea spicata, Avenula
pratensis, Carex hostiana), 7 = circumneutral (pH 6.5–7.5) (Allium

ursinum, Carlina vulgaris, Carex flava), 8 alkaline (pH > 7.5) (Brachy-
podium pinnatum, Carex capillaris, Polygala amarella).

3.14. Nitrogen (N)

This is the mean realized soil (water) nitrogen availability niche of
the species. The approach and parts of the data are the same as that
used for the analyses of Tyler et al. (2018b), but now extended and
modified to be relevant for Sweden as a whole. This is mostly based on
the first author’s experience, in particular on observations from a long-
term gardening experiment where nitrogen has been artificially re-
moved (through biomass harvest) and phosphorus and micronutrients
variously added to artificial, very species-rich vegetation, but also on
information about the habitats of species provided by the regional
floras (see under Light above). The more specialized Nordic literature on
nitrogen-plant interactions has also been screened and considered (e.g.
Falkengren-Grerup, 1993; Diekmann and Falkengren-Grerup, 1998;
Nordin et al., 1998; Diekmann et al., 1999; Skrindo and Økland, 2002;
Falkengren-Grerup and Schöttelndreier, 2004; Strengbom and Nordin,
2008; Löfgren et al., 2020).

The importance of nitrogen for shaping vegetation composition and
causing vegetation changes is often stressed in the more general lit-
erature (Janssens et al., 1998) as well as in the context of air pollution
and anthropogenic nitrogen deposition (e.g. Bobbink et al., 1998).
However, several studies have been unable to find any major or sig-
nificant changes in vegetation composition along nitrogen gradients
(e.g. Tyler, 2000) or in response to artificial fertilization (e.g. Nordin
et al., 1998; Skrindo and Økland, 2002), suggesting that other nutrients
and soil parameters (e.g. phosphorus; Wassen et al., 2005; Löfgren
et al., 2020) may be more important and that the role of nitrogen for
shaping vegetation composition may have been exaggerated. However,
lack of a strong signal in experiments where nitrogen has been added
artificially may also be due to that current nitrogen deposition and
spread have already alleviated any nitrogen limitations for plants at the
study sites. In addition, most of these experiments in Sweden were
carried out in species-poor boreal forest habitats on strongly acidic
soils, or on alpine heaths, where other factors may be more critical for
the vegetation.

The Ellenberg indicator values for nutrients (Ellenberg et al., 2001)
have repeatedly been shown to correlate better to vegetation pro-
ductivity, pH, water availability and/or the general productivity of the
habitat than to nitrogen availability (e.g. Seidling and Fischer, 2008;
Schaffers and Sykora, 2009). It is not trivial to disentangle these com-
monly correlated factors and the situation is further complicated by the
fact that plant species may show preference for different nitrogen
compounds (ammonia or nitrate) – the availability of which, in turn,
are largely governed by pH and other soil parameters (Falkengren-
Grerup and Schöttelndreier, 2004). However, by keeping these issues in
mind, putting emphasis on experiments and published reports where
nitrogen and other nutrients (e.g. phosphorus) have been measured
and/or manipulated independently, and by providing separate in-
dicator values for nitrogen and phosphorus (see below), we believe that
the intrinsic problems of previously suggested indicator values for ni-
trogen/nutrients have at least partly been overcome and circumvented.

The nine-degree scale may be translated and exemplified as follows:
1 = very N-poor (Antennaria dioica, Arctostaphylos uva-ursi, Pinguicula
vulgaris), 2 = moderately–very N-poor (Ajuga pyramidalis, Carex pau-
ciflora, Chimaphila umbellata), 3 = moderately N-poor (Carex diandra,
C. digitata, Clinopodium acinos), 4 = moderately N-poor – moderately N-
rich (Arenaria serpyllifolia, Carex elata, Convallaria majalis), 5 = moder-
ately N-rich (Agrostis capillaris, Cardamine pratensis, Equisetum pratense),
6 = moderately–very N-rich (Agrimonia eupatoria, Geranium sylvaticum,
Carex pseudocyperus), 7 = very N-rich (Carex sylvatica, Anthriscus syl-
vestris, Chamaenerion angustifolium), 8 = confined to the naturally most
N-rich soils (Angelica archangelica, Arctium tomentosum, Sambucus race-
mosa), 9 = mostly on artificially N-enriched soils (Bidens cernua,
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Hyoscyamus niger, Oxybasis glauca).

3.15. Phosphorus (P)

This is the mean realized soil phosphorus availability niche of the
species. Although nitrogen is often considered as the limiting nutrient
for plant growth and the element causing eutrophication problems,
phosphorus/phosphate has been shown to be the limiting nutrient in at
least high-pH (calcareous) soils, alpine/arctic vegetation and many
limnic habitats (e.g. Gordon et al., 2001; Niinemets and Kull, 2005;
Wassen et al., 2005; Zohlen and Tyler, 2004). Anthropogenic atmo-
spheric nitrogen pollution and deposition may furthermore have caused
a shift from nitrogen-limitation to phosphorus-limitation in many ha-
bitats (de Witte et al., 2017; Tyler et al., 2018a). For these reasons, it is
important to distinguish between N and P in vegetation studies, but
species indicator values for P have rarely been proposed. Phosphate
availability is strongly correlated with soil pH due to the formation of
insoluble calcium + iron + phosphate compounds in neural–alkaline
soils and aluminium + phosphate compounds in strongly acid soils
(Tyler, 1996; Tyler and Olsson, 2001). In addition, there is no universal
method to measure bio-active phosphate in soils that produce results
that are comparable along the whole pH-spectrum and are relevant for
all plants (Herlihy and McCarthy, 2006; Tyler et al., 2018a). Therefore,
it is far from trivial to separate phosphate from pH, nitrogen and other
factors. The attempt presented here is based on the long-term gardening
experiment of the first author described for nitrogen above and the
existing literature where these nutrients have been considered sepa-
rately (e.g. Tyler, 1996; 2000;; Olsson and Tyler, 2004; Sundqvist et al.,
2014; Vincent et al., 2014; Löfgren et al., 2020). Indirect evidence was
also obtained from the results of studies of the relationship between the
bryophyte flora and phosphate (Tyler, 2005; Tyler et al., 2018a) with
studies of the vascular vegetation in the same types of habitats (e.g.
Bengtsson et al., 1988), from the documented correlation between plant
phosphorus requirements and ability to form mycorrhizal associations
(Olsson and Tyler, 2004), as well as from the habitat preferences of
species reported in the most recent regional flora atlases of the Swedish
provinces (Lange, 1938; Wistrand, 1962; Andersson, 1981; Malmgren,
1982; Lundqvist, 1986; Mascher, 1990; Genberg, 1992; Danielsson,
1994; Georgson et al., 1997; Rydberg and Wanntorp, 2001; Bertilsson
et al., 2002; Fröberg, 2006; Edqvist and Karlsson, 2007; Tyler et al.,
2007; Jonsell, 2010; Lidberg and Lindström, 2010; Stenberg, 2010;
Blomgren et al., 2011; Löfgren, 2013; Johansson and Petersson, 2016;
Ståhl, 2016). Some evidence was also obtained from the NPK fertili-
zation experiment reported by Rosén (1982) assuming that the vege-
tation at the limestone alvar experimental site was most probably
generally phosphate limited (cf. Tyler, 1996).

The five-degree scale may be translated and exemplified as follows:
1 = avoiding soils with high P availability (Andromeda polifolia, Dryas
octopetala, Festuca ovina), 2 = disfavored by high P availability
(Artemisia campestris, Carex flacca, Galium boreale), 3 = thriving under
average P availability (Achillea ptarmica, Carex acuta, Festuca rubra),
4 = favored by high P availability (Agrimonia eupatoria, Anchusa offi-
cinalis, Calluna vulgaris), 5 = confined to soils with high P availability
(Achillea millefolium, Aegopodium podagraria, Urtica dioica).

3.16. Salinity

This is the mean realized moisture/water niche of the species. The
background and sources of data for this are mostly the same as those for
Light described above, i.e. based on the presense/absence along the
Scandinavian coast, considering the most significant salinity gradient to
which species may be exposed along the Baltic coastline.

The five-degree scale may be translated and exemplified as follows:
1 = not salt tolerant, avoiding also weakly saline conditions
(Calamagrostis canescens, Peucedanum palustre, Veronica officinalis),
2 = moderately salt tolerant, but preferring non-saline conditions

(Alopecurus pratensis, Artemisia vulgaris, Bidens cernua), 3 = favoured by
moderate salinity, but not restricted to such habitats (Argentina an-
serina, Bupleurum tenuissimum, Isatis tinctoria) 4 = competitive only
under moderate–high salinity (Carex extensa, Lathyrus japonicus,
Triglochin maritima), 5 = competitive only under high salinity (Atriplex
longipes, Halimione pedunculata, Salicornia europaea).

3.17. Grazing/mowing

The species response to grazing and mowing (management) is
summarized here. The background, previous uses and sources of data
for this are essentially the same as those for Light described above, but
data from the more specialized literature on the subject has also been
considered (Rosén, 1982; Helle and Aspi, 1983; Ekstam and Forshed,
1992; Tyler, 2000; Austrheim and Eriksson, 2001; Bråthen and
Oksanen, 2001; Olofsson and Oksanen, 2005; Olofsson et al., 2010;
Sundqvist et al., 2019) plus unpublished data of the authors, and the
species list has been extended and the values modified to be relevant for
Sweden as a whole. It has to be acknowledged that the species-specific
response to mowing (i.e. repeated cutting of all vegetation) and grazing
(selective cutting of palatable plant parts) is not always the same, and
that the same holds for the response to grazing by different animals, but
the response is here summarized considering the most common land-
use and grazers of the habitats where the species presently occur in
Sweden. Thus, for alpine species the values mostly refer to grazing by
reindeer, while they for nemoral forest plants mostly refer to grazing by
cattle and red deer and for species of grasslands and wastelands they
refer to mowing and grazing by cattle, horses and/or sheep. This with
the aim that vegetation means of the values provided should be in-
dicative of the degree to which the vegetation of a site or landscape is
influenced by past and present mowing and grazing by domesticated
animals (including reindeer).

The eight-degree scale may be translated and exemplified as fol-
lows: 1 = does not endure any grazing/mowing (Campanula latifolia,
Goodyera repens, Lathyrus sylvestris), 2 = endures sporadic (but not
regular/repeated) grazing/mowing (Agrimonia eupatoria, Angelica syl-
vestris, Geranium sanguineum), 3 = endures regular grazing/mowing but
prefers unmanaged habitats (Aegopodium podagraria, Allium oleraceum,
Anthriscus sylvestris), 4 = thrives in both grazed/mown and unmanaged
habitats (Achillea ptarmica, Aquilegia vulgaris, Artemisia campestris),
5 = favored by some grazing/mowing, but survives also in unmanaged
habitats (Achillea millefolium, Anthoxanthum odoratum, Capsella bursa-
pastoris), 6 = strongly favored by regular grazing/mowing, but endures
some years without management (Ajuga pyramidalis, Alopecurus pra-
tensis, Arnica montana), 7 = strongly favored by grazing/mowing and
disappears within a few years if management ceases (Blysmus com-
pressus, Briza media, Cirsium acaule), 8 = demands repeated/continuous
grazing/mowing (Bellis perennis, Gentianella campestris, Trifolium re-
pens).

3.18. Soil disturbance

This is the relationship between soil disturbance and the occurrence
and survival of the plant species and the data provided is intended to fill
the need pointed out by Herben et al. (2016). The index is representing
the species’ dependence on soil disturbance and does not differentiate
between natural (e.g. wind, flooding, ice movements or landslides) and
anthropogenic disturbance (e.g. mechanical or caused by livestock), but
in southern Sweden and in agricultural landscapes anthropogenic dis-
turbance is strongly dominating. The background, previous uses and
sources of data for this are essentially the same as those for Light de-
scribed above.

The nine-degree scale may be translated and exemplified as follows:
1 = colonizes already established vegetation and successfully competes
with it causing structural changes that will persist as long as there is no
soil disturbance (Goodyera repens, Mercurialis perennis, Campanula
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latifolia), 2 = colonizes already established vegetation, successfully
competes with for some time but in the long run outcompeted if there is
no soil disturbance (Geranium sanguineum, Salix aurita, Populus tremula),
3 = reproducing also in undisturbed established vegetation but hardly
competitive there and outcompeted in the long run (Melica nutans,
Campanula persicifolia, Carex montana), 4 = with some capacity to re-
produce also in undisturbed established vegetation, but not sufficient to
keep a stable population size (Carex digitata, Lathyrus vernus, Anthyllis
vulneraria), 5 = requires soil disturbance for reproduction, but estab-
lished individuals may persist for long (decades–centuries) in un-
disturbed vegetation (Astragalus glycyphyllus, Sorbus aucuparia,
Centaurea scabiosa), 6 = reproduces only in disturbed/naked soil, may
persist for decades but disappears gradually upon vegetation closure
(Rubus idaeus, Tussilago farfara, Silene dioica), 7 = reproduces only in
disturbed/naked soil, may persist for a few years but disappears gra-
dually upon vegetation closure (Epilobium montanum, Carex pallescens,
Erysimum strictum), 8 = not competitive in closed vegetation, requires
soil disturbance at least every second year (Carduus crispus, Crepis tec-
torum, Spergularia rubra), 9 = not competitive in closed vegetation,
requires yearly soil disturbance (Persicaria maculosa, Urtica urens,
Thlaspi arvense).

3.19. Longevity

This column gives the longevity (life form) of the species on a four-
degree scale which for many purposes are probably better treated as
categories: 1 = strictly annual, 2 = biennial or at least dying after
flowering (hapaxanth), 3 = short lived perennial (often hapaxanthic
but may sometimes flower for additional years), 4 = long-lived per-
ennial. The data were extracted from standard floras (e.g. Mossberg
et al., 1993; Jonsell, 2000) and the experience of the authors. More
detailed information about many species can be obtained from the
LEDA database (Kleyer et al., 2008).

3.20. Pollinator dependence

This column provides data on pollinator dependence.
Unfortunately, it was not possible to find enough data for this trait
collected in the Nordic region so we had to consider other sources as
well. The data provided thus has to be used with some deliberation. The
data provided was mostly extracted from the BIOLFLOR database (Klotz
et al., 2002), but for species not included in BIOLFLOR or when the
information provided there is inconclusive, data have been added from
other sources (e.g. Oberdorfer, 2001; Jonsell, 2000–2010). Data about
plants with apomictic seed formation were mainly obtained from Asker
and Jerling (1992). The basic data are generally the same as those used
by Tyler et al. (2018a; 2018b), but the categories have been slightly
redefined to better reflect both the degree of dependence on pollinating
insects and the identity of the pollinating agent(s).

The data are given on a three-degree scale referring to the degree of
dependence on pollinating animals, with subscript letters denoting the
kind(s) of pollinating agents concerned: 0a = independent of pollina-
tors, mostly or only vegetatively propagated by fragmentation or clonal
growth, 0b = independent of pollinators, mostly or only pollinated by
abiotic agents (wind or water; this also includes ferns and fern-allies
which are not pollinated but dependent on water for fertilization),
0c = independent of pollinators, mostly or only selfing, 0d = in-
dependent of pollinators, mostly or only producing seeds by apomixis
(excluding pseudogams that need pollination of the endosperm),
1 = pollination facilitated by insects, in addition to selfing (i.e. self-
compatible) and/or pollination by abiotic agents, 2 = exclusively
pollinated by insects (i.e. self-incompatible): 1/2a = exclusively pol-
linated by Hymenoptera (bees and bumblebees), 1/2ab = exclusively
pollinated by Hymenoptera and Lepidoptera, 1/2b = exclusively pol-
linated by Lepidoptera (butterflies and moths), 1/2 =mostly pollinated
by insects other than Lepidoptera or Hymenoptera (e.g. Diptera or

beetles).

3.21. Phenology and extreme phenology

These two columns indicate the onset of flowering (or spore ma-
turation) on a scale representing 15-day periods starting from the very
first flowers in late February to the latest flowering species in late
September (giving the 15-degree scale in the column Phenology) and as
measured from midsummer (giving the eight-degree scale in the column
Extreme phenology). The latter may be used e.g. to analyze how species
with particularly early and late phenology relate to differences in the
length of the vegetation season (Tyler et al., 2018b). Although the data
are based on the onset of flowering, the data are strongly correlated also
to other phenological phases (main growth period, seed maturation,
etc.) and may be used as a proxy for these.

With very few corrections and additions, the data are the same as
that used by Tyler et al. (2018b) and as described therein (Appendix 4)
the data were collected in southernmost Sweden (central Scania) in
2015 and then supplemented with calibrated data from the regional
flora of Scania (Weimarck, 1963). As such, the data explicitly refer to
the climatic conditions of central Scania (cultivation zone 2–3 as de-
fined by the Swedish National Horticultural Society). With some cau-
tion, it may be used also for analyses in other parts of southern Sweden,
but due to large climatic differences that affect the phenology of dif-
ferent plant species differently (cf. Hultén, 1950), the data given are
probably not applicable to northern Sweden. Furthermore, data for
most species confined to northern Sweden are missing.

3.22. Seed dormancy

Seed dormancy, or rather the time needed from sowing/dis-
semination to germination is provided here. The data are mostly based
on the first authors experience from thirty years of sowing wild-col-
lected seeds of native Swedish species under standardized outdoor
conditions (700 species in total sown in the last week of April, in most
cases in consecutive years, in pots with standard potting soil kept
outdoors, but on a sheltered balcony), but some data have been ob-
tained from similar unpublished experiments (Ingemar Björk, Bengt
Nilsson & Håkan Andersson, pers. comm.) or obtained from Baskin and
Baskin (2001, including references cited therein). However, it has to be
considered that the germination requirements sometimes vary within
species depending on genetic population differences, maternal effects,
stand conditions and seed age, and that some previously published data
are incongruent with our own observations. Another complicating
factor is that experimental setups and treatments to break seed dor-
mancy are only rarely directly comparable between different authors
(Baskin and Baskin, 2001) and therefore have to be interpreted with
great care.

The four-degree scale, possibly better treated as categories, trans-
lates as: 1 = non-dormant, germinates within 10 days, 2 = non-dor-
mant or with non-deep physiological or physical dormancy, germinates
10–30 days after sowing, 3 = with morphological, physical or me-
chanical dormancy, or with intermediate physiological dormancy re-
sulting in very slow germination but independent of temperature and
season (or requiring< 35 days of cold stratification), 4 = with inter-
mediate or deep physiological or morphophysiological dormancy, only
germinating after at least one period of > 35 days of cold stratifica-
tion.

3.23. Seed bank

The seed bank properties (longevity of seeds buried in soil under
outdoor conditions) is provided here. Whenever available, data from
the recent literature on seed banks in Swedish habitats (Granström,
1982; Staaf et al., 1987; Skoglund and Hytteborn, 1990; Milberg, 1991;
1992; 1994a; 1994b; 1995;; Milberg and Hansson, 1994; Bakker et al.,
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1996; Gradin, 1996; Molau and Larsson, 2000; Nyström et al., 2006)
and the older Swedish literature reviewed by Milberg (1990) was given
priority. For species with no Swedish data available, international lit-
erature data extracted from the LEDA database (Kleyer et al., 2008) was
critically interpreted and considered in conjunction with the classifi-
cation provided by Oberdorfer (2001) based on data from Thompson
et al. (1997). Generally, we adopted the longest seed longevity/per-
sistence reported in any of these sources except for when singular re-
ports were considered unreliable or were overturned by an excessive
number of conflicting reports (see also Saatkamp et al., 2009 con-
cerning the interpretation of seed bank reports). To the best of our
knowledge, seed bank persistence rarely differ among geographic re-
gions so using international data here should not be problematic and
there are anyway too few studies of seed banks in different parts of
Sweden to account for any possible differences.

The four-degree scale translates as: 1 = transient (up to one or
rarely two years), 2 = short-lived (1–5 years), 3 = long-lived
(5–25 years), 4 = semipermanent (> 25 years).

3.24. Seed disperser

Data about the primary dispersal agent/vector of the propagules are
provided, mostly extracted from Oberdorfer (2001) and standard
Swedish floras (e.g. Mossberg and Stenberg, 2003, 2017; Jonsell,
2000–2010), or based on the diaspore morphology. However, seeds
may be transported by many different vectors and morphological
adaptation to a particular type of vector does not necessarily imply that
other vectors are not as important under some or all conditions found in
nature. For studies with a need of more detailed information about
related traits we recommend the LEDA database (Kleyer et al., 2008) or
specific literature on the subject.

The 10 categories translates as: Adh = fruits hooked or sticky, fa-
cilitating dispersal in the fur or feathers of animals, AirD = fruits very
small and light, thereby easily carried by the wind, AirP = fruits
plumed by hairs facilitating wind dispersal, AirW = fruits with wings
facilitating wind dispersal, Bird= fruits with a nutritious colored tissue
attractive as food of birds (or rarely mammals), Expl = fruits with ac-
tive explosive/ballistic dispersal mechanisms, Myr = fruits with an
elaiosome attracting ants that carry away the fruits, Passive = fruits
without functional adaptations to any particular vector,
Veg = predominantly vegetative dispersal by stolons, rhizomes, run-
ners, etc., Water = fruits with spongy tissue and enhanced floating
ability facilitating water dispersal.

3.25. Nitrogen fixation

The ability (1), or inability (0) to form symbioses with bacteria
capable of fixing atmospheric nitrogen is given here. This is the same
data that was used by Tyler et al. (2018b) and originally extracted from
standard Swedish floras (e.g. Mossberg and Stenberg, 2003), although
the species list has now been extended to be relevant for Sweden as a
whole. When using these data it has to be considered that this trait is
strongly biased phylogenetically and that species sharing this trait are
likely to also in other respects be similar by descent.

3.26. Photosynthetic pathway

The photosynthetic pathway (C3, C4 or CAM) of the species is
provided here. This is the same data as that used by Tyler et al. (2018b)
and originally extracted from Sage and Monson (1999), although the
species list has now been extended to be relevant for Sweden as a
whole. The photosynthetic pathway is of fundamental importance for
the CO2 uptake efficiency of the species and is thus likely to be relevant
for its performance under elevated atmospheric CO2, but do also affect
water use efficiency and temperature tolerance. However, when using
these data it has to be considered that this trait is strongly biased

phylogenetically and that species in the same category are likely to also
in other respects be similar by descent.

3.27. Mycorrhiza

The ability of the species to form different kinds of mycorrhizal
associations is provided here. The classification is based on the litera-
ture reviews made by Harley and Harley (1987); Wang and Qiu (2006);
Smith and Read (2008). In addition, we considered the analysis made
by Brundrett (2009), in particular for nonmycorrhizal plants. In plant
families where all plants have the same type of mycorrhiza, we also
classified species where there were no observations to the same type.
For families with different types of mycorrhiza, we were more careful.
In certain families where there is multiple evidence for both arbuscular
mycorrhiza and no mycorrhiza the data provided may be problematic
since it is difficult to know if variation in reports is due to actual dif-
ferences between species, or due to study design and intensity. Such
difficult plant families are Crassulaceae, Cyperaceae, Juncaceae, Pa-
paveraceae and Potamogetonaceae (Brundrett, 2009).

The species are classified into nine categories which may be var-
iously combined and simplified to meet various aims: None = no my-
corrhizal associations, AM = arbuscular mycorrhiza, AM/EM = with
both arbuscular mycorrhiza and ectomycorrhiza, ArbM = arbutoid
mycorrhiza, EM = ectomycorrhiza, ErM = ericoid mycorrhiza,
MonM = monotropoid mycorrhiza, OrkM = Orchid mycorrhiza,
PyrM = Pyrola mycorrhiza. When using these classes, it should be
considered that this trait is strongly biased phylogenetically and that
species in the same category are likely to also in other respects be si-
milar by descent (Wang and Qiu, 2006).

3.28. Carnivory

The ability (1), or inability (0) to trap and digest animals is pro-
vided. These are the same data that were used by Tyler et al. (2018b)
and originally extracted from standard Swedish floras (e.g. Mossberg
and Stenberg, 2003), although the species list has now been extended to
be relevant for Sweden as a whole. When using these data it has to be
considered that this trait is strongly biased phylogenetically and that
species sharing this trait are likely to also in other respects be similar by
descent.

3.29. Parasitism

The ability to parasitize other plants species is provided. These are
the same data that were used by Tyler et al. (2018b) and originally
extracted from standard Swedish floras (e.g. Mossberg and Stenberg,
2003), although the species list has now been extended to be relevant
for Sweden as a whole. 0 = non-parasitic species, 1 = hemiparasite
with own photosynthesis but extracting water and mineral nutrients
from the host, 2 = holoparasite fully dependent on the host also for
carbohydrates. When using these data it has to be considered that this
trait is strongly biased phylogenetically and that species sharing in the
same category are likely to also in other respects be similar by descent.

3.30. Vegetation types

The occurrence of the species in each of 38 different broadly defined
vegetation types is provided. For each vegetation type and species, a
value between 0 and 10 is given, indicating what proportion of the
species total Swedish population (on a 10% scale) that is found in a
particular vegetation type. However, since these values are associated
with some uncertainty and their relevance for studies on a local or
regional (rather than national) scale may be questionable, reduction of
the data to presence/absence only should be considered depending on
the questions addressed. Furthermore, if trying to deduce the presence
of particular vegetation types from a plain list of species, since most
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species may be found in more than one vegetation type, it may be
needed to apply an appropriate cut-off value beyond which a particular
vegetation type should not be considered present. However, if data that
may be used for calibration is available, e.g. a list of species and an
independent estimate of the abundance of the vegetation types from a
particular time and region, it should be possible to use the values
provided to obtain a good estimate of the distribution of the different
vegetation types e.g. within a region or during different periods of time.

The classification provided is based on the authors’ experience and
the information provided by the most recent regional flora atlases of the
Swedish provinces (Lange, 1938; Wistrand, 1962; Andersson, 1981;
Malmgren, 1982; Lundqvist, 1986; Mascher, 1990; Genberg, 1992;
Danielsson, 1994; Georgson et al., 1997; Rydberg and Wanntorp, 2001;
Bertilsson et al., 2002; Fröberg, 2006; Edqvist and Karlsson, 2007; Tyler
et al., 2007; Jonsell, 2010; Lidberg and Lindström, 2010; Stenberg,
2010; Blomgren et al., 2011; Löfgren, 2013; Johansson and Petersson,
2016; Ståhl, 2016). For some southernly distributed species only scar-
cely reaching Sweden, information provided by the Danish flora atlas
(Hartvig, 2015) was also considered. All these flora atlases are based on
large scale floristic surveys and data about the habitat preferences of
the species compiled by large numbers of field recorders although the
degree of standardization and presentation differ between authors. For
the alpine species, the available published information is scarcer, and
the more general references Nilsson (1986) and Mossberg and Stenberg
(2017) have mostly been followed. For species of rocky habitats, some
specialized literature has also been considered (Andersson and Birger,
1912; Tyler, 1996). The classification is basically the same as that used
in previous studies of recent vegetation changes in southernmost
Sweden (Tyler and Olsson, 1997; Tyler et al., 2019).

The circumscription and definition of the vegetation types con-
ceptually follow that of traditional Swedish plant sociologists and
ecologists, as summarized by e.g. Sjörs (1956). These are based on the
understanding that the fundamental factors driving vegetation com-
position and characteristics in the Nordic region are availability of light
(i.e. treeless vs. wooded habitats), soil pH, salinity (coastal habitats)
moisture and disturbance (often, but not necessarily due to human
activities and management). The vegetation types recognized here may
be understood as all existing combinations of these factors when their
gradients are divided into 2–3 discrete intervals. The vegetation/ha-
bitat types may also be explained as below, with a few of the most
characteristic species in parentheses.

1. Siliceous rock: Vegetation in crevices and on acidic shallow (< 5
cm) soil on siliceous rocks (Cryptogramma crispa, Atocion rupestre,
Asplenium septentrionale).

2. Ultrabasic rock: Vegetation in crevices and on circumneutral or
mildly acidic shallow (<5 cm) soil on ultrabasic rocks (Cystopteris
fragilis, Asplenium trichomanes ssp. trichomanes, Hypericum mon-
tanum).

3. Calcareous rock: Vegetation in crevices and on alkaline shallow
(<5 cm) soil on ultrabasic rocks (Asplenium ruta-muraria,
Globularia vulgaris, Asperula tinctoria).

4. Dry heath: Tree-less grassland vegetation on dry, strongly acidic
(pH < 4.5) soil (Arctous alpina, Corynephorus canescens, Genista
spp.)

5. Dry meadow: Tree-less grassland vegetation on dry, mildly acidic
(pH 5–6) soil (Pulsatilla vulgaris, Luzula campestris, Alchemilla glau-
cescens).

6. Steppic meadow: Tree-less grassland vegetation on dry, circumneu-
tral (pH ≈ 7) soil (Dryas octopetala, Trifolium montanum, Phleum
phleoides).

7. Sand steppe: Tree-less xeric grassland vegetation on strongly cal-
careous sand (Dianthus arenarius, Koeleria glauca, Phleum are-
narium).

8. Moist heath: Tree-less grassland vegetation on moist, strongly acidic
(pH < 4.5) soil (Juncus squarrosus, Nardus stricta, Gentiana

pneumonanthe).
9. Moist meadow: Tree-less grassland vegetation on moist, mildly

acidic (pH 5–6) soil (Pilosella lactucella, Alopecurus pratensis,
Ranunculus nivalis).

10. Moist calcareous meadow: Tree-less grassland vegetation on moist,
circumneutral–alkaline soil (Sesleria uliginosa, Dactylorhiza majalis,
Carex capillaris).

11. Raised bog: Ombrotrophic, mostly tree-less vegetation on a thick
layer (> 1 m) of Sphagnum peat (Eriophorum vaginatum, Rubus
chamaemorus, Andromeda polifolia).

12. Poor/acidic fen: Tree-less grassland/fen vegetation on constantly
waterlogged, usually spring-fed, strongly acidic (pH < 4.5) soil
(Scheuchzeria palustris, Carex pauciflora, Rhynchospora alba).

13. Intermediate-rich fen: Tree-less grassland/fen vegetation on con-
stantly waterlogged, usually spring-fed, mildly acidic to cir-
cumneutral (pH 5–7) soil (Eriophorum gracile, Trichophorum al-
pinum, Carex pulicaris).

14. Rich/calcareous fen: Tree-less grassland/fen vegetation on con-
stantly waterlogged, usually spring-fed, alkaline, usually strongly
calcareous soil (Schoenus spp., Carex lepidocarpa, Primula farinosa).

15. Tall herb/sedge/reed meadow: Tree-less grassland on at least peri-
odically water-logged or inundated, nutrient-rich soil dominated by
tall herbs, grasses and/or sedges (Aconitum lycoctonum, Carex ri-
paria, Cirsium heterophyllum).

16. Oligotrophic water & shores: Vegetation in nutrient-poor, acidic
water courses and along their shorelines (Isoëtes lacustris, Lobelia
dortmanna, Juncus bulbosus).

17. Mesotrophic water & shores: Vegetation in moderately nutrient-rich,
circumneutral water courses and along their shorelines (Callitriche
spp., Elatine hexandra, Sparganium emersum).

18. Eutrophic water & shores: Vegetation in nutrient-rich, circumneutral
to alkaline water courses and along their shorelines (Potamogeton
lucens, Butomus umbellatus, Bidens cernua).

19. Sandy/stony/rocky sea shores: Vegetation on coarse minerogenic
substrates periodically inundated by ± salty water (Cakile mar-
itima, Deschampsia bottnica, Lathyrus japonicus).

20. Sea shore meadows: Grassland vegetation on organic or fine-grained
minerogenic soils periodically inundated by ± salty water
(Salicornia spp., Tripolium pannonicum, Triglochin maritima).

21. Base-poor wasteland: Grassland vegetation on ± acidic soil on
abandoned agricultural land, improved pastures and lays, in urban
habitats, road verges, etc. (Carex pairae, Lupinus polyphyllus,
Hypochaeris radicata).

22. Base-rich wasteland: Grassland vegetation on ± alkaline/calcar-
eous soil on abandoned agricultural land, improved pastures and
lays, in urban habitats, road verges, etc. (Cichorium intybus,
Saponaria officinalis, Heracleum sphondylium).

23. Arable land: Non-closed vegetation on cultivated and artificially
fertilized land with (almost) annual mechanical soil disturbance
(Erysimum cheiranthoides, Anchusa arvensis, Apera spica-venti).

24. Gravelly ground: Non-closed vegetation on minerogenic soil that is
subjected to regular disturbance. In southern Sweden and at lower
altitudes the dominating source of soil disturbance in these habitats
is anthropogenic, but in particular in northern and alpine habitats
disturbance by wind, frost, water and natural erosion may also be
significant (Arabidopsis spp., Lepidium spp., Spergularia rubra).

25. Ruderal: Non-closed vegetation on very nutrient-rich soil on non-
cultivated land that is subjected to regular disturbance (e.g. land-
fills, dumps, yards) (Chenopodium hybridum, Hordeum jubatum,
Reseda luteola).

26. Hedgerows, thickets, wood-margins and groves: Vegetation dominated
by shrubs and/or sparsely dispersed trees, usually as a successional
stage between grassland or agricultural land and forest but also
along ecotones (Geum urbanum, Prunus spp., Chaerophyllum te-
mulum).

27. Heath-type deciduous forest: Vegetation in deciduous (mostly
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Quercus and Fagus) wooded habitats on strongly acidic (pH < 4.5),
well-drained soils (Quercus petraea, Carex pilulifera, Calamagrostis
arundinacea).

28. Intermediate deciduous forest: Vegetation in deciduous (mostly
Betula, Populus, Tilia, Quercus and Fagus) wooded habitats on mildly
acidic (pH 5–6), well-drained soils (Carex montana, Stellaria ho-
lostea, Poa nemoralis).

29. Herb-rich deciduous forest: Vegetation in deciduous (mostly Fagus,
Tilia, Ulmus, Acer and Fraxinus) wooded habitats on circumneutral,
well-drained soils (Corydalis cava, Lathraea squamaria, Mercurialis
perennis).

30. Alnus glutinosa swamp: Water-logged forest dominated by Alnus
glutinosa, usually on mildly acidic to subneutral soil but nutrient-
rich due to the properties of the dominating tree-species (Carex
elongata, Chrysosplenium spp., Athyrium felix-femina).

31. Fraxinus/Ulmus/Alnus incana swamp: Water-logged forest on sub-
neutral–alkaline, nutrient-rich soil, in S Sweden generally domi-
nated by Fraxinus and Ulmus spp., but further north mainly by Alnus
incana (Petasites albus, Carex sylvatica, Rumex sanguineus).

32. Pinus/Betula swamp: Water-logged forest on acidic, nutrient-poor
soil, generally dominated by Pinus sylvestris and Betula pubescens
(Rhododendron tomentosum, Carex globularis, Lycopodium anno-
tinum).

33. Picea swamp: Water-logged forest on mildly acidic, relatively nu-
trient-rich soil, generally dominated by Picea abies. In central and
northern Sweden under much the same edaphic conditions as, and
generally replacing the Alnus glutinosa swamps found in S Sweden
(Carex disperma, Coptidium lapponicum, Stellaria longifolia).

34. Heath-type coniferous forest: Conifer forest, usually dominated by
Pinus sylvestris, on well-drained,± acidic and nutrient-poor soil
(Lycopodium complanatum, Calamagrostis lapponica, Vaccinium vitis-
idaea).

35. Vaccinium-type coniferous forest: Conifer forest, usually mixed Pinus
sylvestris/Picea abies on well-drained, subneutral soil (Vaccinium
myrtillus, Linnaea borealis, Goodyera repens).

36. Herb-rich coniferous forest: Conifer forest, usually dominated by
Picea abies, on well-drained (usually mesic), circumneutral soil
(Galium triflorum, Actaea erythrocarpa, Vicia sylvatica).

37. Calcareous conifer forest: Conifer forest, usually dominated by Pinus
sylvestris, on well-drained (usually dry) strongly calcareous (alka-
line) soils. Mostly either on calcareous sand or on shallow soil
overlaying a limestone bedrock (Cephalanthera spp, Monotropa hy-
popitys subsp. hypophegea, Cotoneaster spp.).

38. Subalpine Betula forest: Subalpine forest dominated by Betula pub-
escens. Under various edaphic conditions, but forming the timber-
line on most of the Swedish mountains (Hieracium sect. Subalpina,
Ranunculus platanifolius, Elymus mutabilis).

4. Recommended use and limitations of the data provided

There is already an extensive literature on the use and limitations of
ecological indicator values, e.g. the original Ellenberg values or various
modifications of them (see e.g. Persson, 1981; Diekmann, 1995, 2003;
Diekmann and Falkengren-Grerup, 1998; Ertsen et al., 1998; Godefroid
& Dana, 2007; Schaffers and Sykora, 2009; Bartelheimer and Poschlod,
2016; Berg et al., 2017; Chytrý et al., 2018; Zeleny, 2018; Hedwall
et al., 2019; Löfgren et al., 2020; Van Sundert et al., 2020) and we see
no reason to repeat this here but will rather restrict the discussion to
aspects that in some way are unique to the new indicator values we
provide. One major obstacle restricting the information content of
traditional ecological indicator values is that the varying width of the
ecological niches of different species cannot be accounted for by a
single value. While data on the niche centers of many species may be
difficult to obtain, data on niche widths is (with few exceptions) almost
completely lacking. Still, as described e.g. in the general references
referred to above and in the Introduction, traditional indicator values

have proven highly useful in a wide range or ecological studies and may
sometimes even be advantageous to field-measured empirical data
which generally only represent a local time shot of conditions that vary
in both time and space.

As for all other ecological indicator values previously proposed for
different species and regions, the data presented here are based on
expert evaluation of whatever empirical data that are available. For
some species and traits there is hardly any directly measured data
available, while for others the published empirical studies may be
contradictory, and even when there is empirical data it is most com-
monly measured and presented differently in different studies making it
necessary to make educated transformations and extrapolations. For
species never included in any empirical studies, indicator values can
only be assigned from more general knowledge about the types of ha-
bitats where they occur or by extrapolating from data for other species
commonly found at the same sites. In empirical studies habitat char-
acteristics are variously estimated and categorized and this has to be
considered when comparing such data and when using them as the
basis for indicator values. For example, soil variables are generally
measured in solutions resulting from extraction with different extrac-
tion media/buffers or in different fractions of the natural soil solution
(Herlihy and McCarthy, 2006; Van Sundert et al., 2020). Furthermore,
empirical studies always have to be interpreted in their own context
and may only be relevant for a particular type of habitat or a part of the
geographic range of a species. From this follows that each individual
indicator value for each individual species may be questioned, but the
intent is to provide values that are accurate to the degree that means
calculated across all species in vegetation samples provide an accurate
picture of the status of the habitat and its vegetation.

When used for such purposes, missing data may be more proble-
matic than single inaccurate values. There may be biases resulting from
that species with missing values differ systematically from those for
which indicator values are provided. Excluding species that lack in-
dicator values may then introduce errors and lead to false conclusions if
the species excluded are not in all respects random or equal to those
kept in the analyses. On the other hand, assigning dummy variables is
recommendable only when there is absolutely no information available
that would make it possible to assign a more likely value. Although we
aimed to make the data as complete as possible, for most parameters
and species there are some missing data and this fact will need to be
considered and suitably handled in statistical analyses. However, ex-
cept for the phenological data that is only available for species with
relatively southerly distribution ranges and which may not even be
applicable to conditions further north, the missing data mostly concern
rare species with a low frequency in Sweden (for which no reliable
ecological data exist) and therefore rarely present in e.g. vegetation
monitoring plots. Thus, apart from species frequency, the occurrence of
missing data should not be biased in any way that may cause problems
for any kind of analysis.

With the exceptions mentioned under individual traits above, it is
generally advisable to use community means when aiming to deduce
habitat/vegetation characteristics from a list of species (‘vegetation
samples’) and the indicator values provided here (cf. Lindström et al.,
2013). We have strived to interpret and summarize information about
the various traits included on a scale that would make justice to the
resolution of the data available in the original sources, resulting in
different number of categories for the different parameters/traits.
However, before using the data, it is wise to consider if the scale and
interval of the parameters as given here is suitable for the questions
asked, or if it should better be truncated, or otherwise modified (e.g.
log-transformed) before calculating an index to be used in further
analyses.

All the values are intended as means across all individuals/popu-
lations of the species in Sweden. Therefore, those few species that
mainly occupy extreme niches, but not are constrained to one such
niche, have been assigned less extreme indicator values than the more
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rare and/or narrowly distributed species. For example, Pinus sylvestris
can be a dominant species in both acidic wetlands/peat bogs and on dry
limestone cliffs. Consequentially, it has been assigned intermediate
values, which are quite different from those of species confined to ei-
ther peat bogs or limestone cliffs. For that reason, in particular when
dealing with relatively short lists of species, it may be useful to exclude
outliers in the dataset before any means are computed, or, if that in-
formation is available, the species with the highest frequency in the
region concerned may be excluded or down-weighted. This approach is
different to that of Ellenberg et al. (2001) who did not assign any values
to species with very broad ecological niches but rather indicated them
by a symbol (which has to be treated as missing data in most kinds of
analyses), while in the present list, values intended as species means are
given also for such species. As discussed above, missing values are
problematic in many types of analyses and common ways to handle
them will introduce more noise and imprecision than the use of best
possible, but relatively imprecise, values. Furthermore, hardly any
species can be found growing throughout the complete ecological range
of a factor found in nature. Thus, all species do indicate something and
not assigning any value to those species that are less ‘precise’ in what
they indicate, would result in a loss of information. In addition, since
the width of the ecological niches of species varies on a fully continuous
scale, there would be no non-arbitrary way to decide which species that
have too wide niches to make it possible/meaningful to assign an in-
dicator value.
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