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Abstract Management of semi-natural grasslands is
essential to retain the characteristic diversity of flora
and fauna found in these habitats. To maintain, restore
or recreate favourable conditions for grassland
species, knowledge regarding how they occur in
relation to grazing intensity and soil nutrient avail-
ability is crucial. We focused on grassland plant
species, i.e., species selected to indicate high natural
values in semi-natural grasslands. Environmental
monitoring data collected at 366 grassland sites in
southern Sweden between 2006 and 2010 were used to
relate the occurrence of indicator species to factors
describing geographic location, local site conditions
related to nutrients and moisture, and management.
Site productivity, soil moisture and cover of trees and
shrubs were the main structuring factors, while other
factors related to management had a lesser effect
(grass sward height, amount of litter, type of grazer).
Not surprisingly, these patterns were also reflected in
species-wise analyses of the 25 most commonly
occurring indicator species, with almost all species

Communicated by Sumanta Bagchi.

P. Milberg (<) - K.-O. Bergman - S. Nilsson - M. Tille
IFM Biology, Conservation Ecology Group, Linkdping
University, 581 83 Linkoping, Sweden

e-mail: per.milberg@liu.se

A. Glimskar
Department of Ecology, SLU, Box 7044, 750 07 Uppsala,
Sweden

negatively related to site productivity and most also to
soil moisture. Furthermore, many species were neg-
atively affected by increasing sward height and litter.
In contrast, species-wise responses varied among
species in relation to increasing cover of trees and
shrubs. In comparison to cattle grazing, sheep grazing
was detrimental to six species and beneficial to none,
while horse grazing was detrimental to no species and
beneficial to four species. When evaluating species
traits, taller plant species were favoured when site
productivity, grass sward height and the amount of
grass litter were high. There were no strong patterns
related to the flowering time, leaf arrangement, or
nutrient and light requirements of species. These
results highlight the importance of nutrient-poor and
dry sites, e.g., when selecting sites for conservation,
and the importance of the type of management
executed.

Keywords Grassland - Plants - Indicator species -
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Introduction

A history of traditional agricultural management in the
form of grazing and mowing formed species-rich
semi-natural grasslands in many parts of Europe from
the Neolithic Age onwards (e.g., Eriksson et al. 2002;
Lindborg et al. 2006; Poschlod et al. 2009). Changes in
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agricultural practices over the last 150 years have
greatly reduced the area of semi-natural grasslands
and this area might be expected to decrease further in
Sweden and elsewhere (Nordberg 2013). Many
species found in these grasslands are adapted to
nutrient-poor conditions with high light availability
(Wahlman and Milberg 2002; Schrautzer and Jensen
2004; Kohler et al. 2005; Schreiber et al. 2009; Wallin
and Svensson 2012; Milberg et al. 2017). Continued
management is essential to preserve species-rich
grasslands by preventing overgrowth of woody plants,
and maintaining low-grown vegetation as well as
edaphic conditions (Lennartsson 2000; Wahlman and
Milberg 2002; Pykélda 2003; Svensson and Carlsson
2005; Klimek et al. 2007; Wallin and Svensson 2012;
Komac et al. 2014; Tille et al. 2018).

From the point of view of long-term biodiversity
goals, it is important to select grasslands for conser-
vation management that are most promising. Addi-
tionally, it is important to select the best management
strategy to achieve biodiversity goals, e.g. the type of
management (grazing, mowing, spring-burning; type
of grazer), intensity of management (stocking density;
mowing frequency), and timing of management (e.g.,
Milberg et al. 2017, 2018; Télle et al.
2014, 2015, 2016, 2018).

Several studies have shown that plant species
richness is highest in grasslands under more intense
management (Pykild 2004; Poyry et al. 2006; Komac
et al. 2014; Schrautzer et al. 2016), and it is generally
thought that intense grazing reduces competition
among plant species, thereby maintaining high species
richness (e.g., Dorrough et al. 2007). Few studies have
examined how plant species respond to a gradient in
grazing intensity, but those that exist indicate that
different types of species or plant traits are favoured by
different grazing intensities (Dedk et al. 2017; Téth
et al. 2018; Herrero-Jauregui and Oesterheld 2018).
The type of grazing animal has a less clear influence
on conservation outcomes, at least if one adjusts for
grazing intensity (Stewart and Pullin 2008). In
general, however, sites grazed by sheep seem less
valuable for biodiversity conservation than those
grazed by cattle (Télle et al. 2016; Téth et al. 2018).

Pastures with shrubs and trees (Eriksson and
Cousins 2014; Plieninger et al. 2015) are subject to
an additional management issue. On the one hand,
shrubs increase the heterogeneity and diversity (Dover
et al. 1997; Soderstrom et al. 2001; Bergman et al.
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2004; Pihlgren and Lennartsson 2008; Gazol et al.
2012). On the other hand, too much cover of woody
plants shade out many typical grassland species
(Einarsson and Milberg 1999). Currently, there is a
paucity of information regarding shrub and tree
management in wooded pastures.

Although the general patterns outlined above are
established, there is a lack of studies on these
management-related issues that can provide clear
guidelines for management. An important reason is
that experiments on grazing intensity, grazing animal
type, and amounts of trees and shrubs are difficult to
perform, and meaningful conservation outcomes
emerge only after several years. Furthermore, the
results are seldom transferable, as they need to be
replicated over many sites, since factors such as site
productivity, site history and other local conditions
may play a crucial role (e.g., Milchunas et al. 1988;
Milberg et al. 2017; Herrero-Jauregui and Oesterheld
2018). An alternative to experiments is to use obser-
vational data from many different sites. Although
lacking in detail, such studies may still reveal the
relative importance of factors involved in creating
biodiversity patterns under the prevailing types of
management (e.g., Bergstedt and Milberg 2001; Poyry
et al. 2006; Milberg et al. 2016). In the present study,
we used observational data stemming from a Swedish
national monitoring programme involving species-
rich grasslands. We considered how plant species—
selected as indicators of species-rich grassland—occur
in relation to inherent grassland site conditions: (1a)
productivity using the Ellenberg N index (ENI) as a
proxy and (1b) soil moisture using the Ellenberg M
index (EMI) as a proxy. An Ellenberg indicator value
represents the simple ordinal classification of plants
according to the position of their realized ecological
niche along an environmental gradient (Ellenberg
1991). These values are widely used in ecology for a
semi-quantitative description of species ecological
requirements. In addition, we considered manage-
ment-related factors: (2a) shading by shrubs and trees
using their cover as a proxy; grazing intensity, using
(2b) grass sward height and (2c) the amount of grass
litter as negative proxies for grazing intensity; and the
grazer types (2d) sheep and (2e) horses (compared to
cattle). More specifically, we were interested in the
relative importance of inherent site factors—those that
cannot easily be manipulated by management—and
management-related factors in regard to both species
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composition and species-wise responses. In addition,
we examined such effects according to five attributes
of species (plant height, leaf distribution along stem,
flowering time, Ellenberg L (light) and Ellenberg N
(Nutrients)), as plant traits may be used to explain and
generalize a larger set of species groups. For example,
plant height has repeatedly been shown to be related to
the risk of being damaged by grazing (Diaz et al. 2007;
Fujita and Koda 2015; Evju et al. 2009).

Methods
Monitoring program for valuable grasslands

This study was based on data collected within the
environmental monitoring programme for valuable
grasslands that was launched in 2006 and financed by
the Swedish Board of Agriculture. The design and
methods for this monitoring programme were coordi-
nated with the National Inventory of Landscapes in
Sweden (NILS), which is part of the national envi-
ronmental monitoring programme financed by the
Swedish Environmental Protection Agency (Stahl
et al. 2011). The overall sample that is the basis for
the design of both the NILS and the grassland
monitoring programme consists of a total of 631
landscape squares with an area of 25 km? These
landscape squares are systematically distributed
across all of Sweden and thereby cover all types of
landscapes, including agricultural land, wetlands,
alpine environments, forests and urban areas. Within
each landscape square, parts of the area are invento-
ried by trained staff every fifth year (Sjodin 2015). The
inventories in the grassland monitoring programme
are performed in one or more species-rich grassland
sites within the 25 km? landscape squares. Initially, the
grassland sites had been randomly selected from the
database of valuable grasslands (“Angs- och betes-
marksinventeringen”, AoB) maintained by the Swed-
ish Board of Agriculture in 2002-2004 (Persson
2005a, b; Oster et al. 2008).

Sampling

The sampling of plants was performed in plots
distributed in a systematic pattern within each grass-
land site. The total number of plots in each grassland
site varied between one and ten depending on the area

of the grassland site. The coordinates for the plot
centres were derived by forming a grid with a random
starting point (Fig. 1a). Each plot consists of a circular
area with a radius of 10 m. However, to better
represent the tree and shrub layer and its possible
impact on the ground vegetation, trees were recorded
over a larger area at each plot centre (radius of 20 m).
Within each plot, nine circular subplots (0.28 m
diameter, i.e., 0.25 mz) were used for sampling the
vascular plant species in the field layer (Fig. 1b).
Species favoured by grassland management (hereafter
“grassland species”) (N = 70) were recorded in all
nine subplots. The list of grassland species was based
on the selection of indicator species within the original
AoB grassland survey (Persson 2005a, b; Oster et al.
2008) and supplemented with some additional species
to broaden the ecological range.

The original list of indicator species was selected
by consensus decisions of a group of grassland experts
and experienced staff at the Swedish Board of
Agriculture and country administrative boards, and
the occurrence of these species was one important
criterion for the identification of the valuable sites in
the original grassland survey (Persson 2005a, b).
However, from earlier studies, it was concluded that
the list to some extent was biased towards species from
dry-mesic, open conditions in southern Sweden
(Grandin et al. 2013). Therefore, 12 species were
added to the list of indicator species in the general
grassland field variable list, in addition to the original
60 indicator species (Table 2 in Appendix). However,
a few species have a markedly northern boreal-to-
alpine distribution (Aconitum lycoctonum, Bartsia
alpina; Table 2 in Appendix), which means that they
are not relevant for the current analyses that included
only southern Sweden.

In addition to grassland species, species from a
longer list of 189 wvascular plant species were
recorded in the three subplots closest to the centre
of each plot (Fig. 1b, Sjodin 2015), which were then
used for a more general vegetation description
(productivity and moisture indices, see below). A
number of common mosses and lichen species were
also sampled in these three subplots, but they were
not included in the current analyses, since we
considered them to be less useful as indicators of
management effects.

Our primary focus in the present analyses was the
more intensively sampled grassland species. We
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Fig. 1 Schematic description of the plot arrangement in the
grassland monitoring programme. a Example of the distribution
of plots at a grassland site. The coordinates were derived by
forming a checked pattern with a random starting point.

subjected such data to multivariate analyses and
performed species-wise analyses of the 25 most
frequently occurring species or species groups (pre-
sentin > 23 subplots). These species all occurred over
the full study area.

Within each plot, vegetation height was recorded as
the estimated percent cover of grass sward vegetation
within each of three height intervals: < 5 cm, 5-15 cm
and > 15 cm. To achieve a plot-wise number, the
vegetation height categories were transformed from a
range to a single value. The category “ <5 cm” was
transformed to 2.5 cm, “5-15 cm” was transformed to
10 cm, and “ > 15 cm” was transformed to 25 cm.
The percentage for each category was multiplied by the
value of that category, and the three values were then
summarized to obtain a mean value of grass sward
vegetation height for each plot. The estimation of cover
for each height interval was calibrated with the help of a
rising-plate metre originally designed for estimating
dry matter yield in pastures (Earle and McGowan 1979;
Laca et al. 1989), where a plate of the size 30 x 30 cm
and weight of 430 g is carefully lowered to rest on top
of the grassland field layer vegetation. The cover for
each height interval corresponds to the proportion of
measurements with such a rising-plate metre that fall
into each height interval. Additionally, the proportion
of the plot area that lacks grassland vegetation is
estimated so that the summary of cover values adds up
to 100%. The amount of graminoid litter is based on the
visual estimation of the vertical cover of dead leaves of
grasses, sedges and rushes over the entire area of the
plot.
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b Outline of a sampling unit. The indicator plant species were
recorded in nine subplots, and a longer species list of 170 species
was used only for the inner three subplots, which in the current
study were used only for the ENI and EMI calculations

From data collected in the field and based on the
longer list of 189 vascular plant species recorded only
within the central three subplots (Fig. 1b), a site
productivity index (ENI, a number between 1 and 9)
was calculated based on the occurrence of the species
and their Ellenberg N values (larger numbers indicat-
ing a preference for N-rich soils). For each plot, the
weighted arithmetic average Ellenberg N value (for all
species present from the longer species list) was
calculated for each plot based on those species present,
where the number of subplots per plot (1-3) was used
as the abundance weight. The calculation was per-
formed with the method described by Diekmann
(2003), where r;; is the abundance value for species i in
plot j, and x; is the indicator value of species i.

Weightedaverage = 27:1 (rij * xi) / Z:’:lr ij

Additionally, a site moisture index (EMI, a number
between 1 and 12) was calculated based on the
occurrence of the species and their Ellenberg M values
(larger numbers indicating a preference for high soil
moisture) in the same way as for ENL

Criteria for grassland selection

As the species composition, management, and density
of grasslands differ between the northern and southern
parts of Sweden, this study focused on data from
grassland sites in the southern part only. Data from the
islands of Gotland and Oland, which have deviating
geology and flora (e.g., Rosén 1982), were also
excluded (Fig. 2). Data collected between 2006 and
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Fig. 2 The distribution of the grassland sites used (black dots) and those excluded (grey dots). All sites were part of a monitoring
program that covers all of Sweden; grey areas were excluded (see text for sampling details and exclusion criteria)

2010 were used, thereby avoiding inclusion of the
same site more than once. Mowing affects sward
height abruptly, and mowed sites were therefore
excluded, as were the grassland sites with land use
classified as “forest”, “grazed ley” and “grazed
fertilized”. In addition, pastures grazed by deer or
“unknown” animals or where the record was “NA”
were also excluded, leaving cattle, horses and sheep.
Finally, plots that did not have the target of 9 subplots
were excluded (e.g., plots that ended up partly outside
afence or on a rock). These criteria led to a total of 919
plots. The number of plots per grassland site varied

between 1 and 6, with an average of 2.5; the average
proportion of the site covered was 0.015% (SD 0.018).
The average size of the 366 grassland sites was
approximately 4 hectares.

Plant species classification

The grassland species included within the field protocol
(§jodin 2015) were classified according to ecological
traits to facilitate group-wise analyses. The traits
considered were plant height, leaf distribution along
the stem, flowering time, nutrient availability
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preference (Ellenberg N) and light preference (Ellen-
berg L, with larger numbers indicating a preference for
sun-lit conditions). Data on plant height and leaf
distribution along the stem were extracted from the
LEDA Traitbase (Kleyer et al. 2008), while Ellenberg N
and Ellenberg L values were extracted from Ellenberg
et al. (1992). In cases where more than one original
source existed, we used the average (plant height) or
selected the most frequent type. Due to the low number
of species in some classes, Ellenberg N4 and N5 were
merged, as were Ellenberg L4-L6. Data on flowering
time were derived from Krok and Almquist (2012), with
early flowering being defined as occurring when the
main flowering time of a species was earlier than mid-
summer and late flowering being defined as occurring
when the main flowering time was during mid-summer
or later.

Statistical analyses
Multivariate analyses

We conducted multivariate analyses of the 70 indica-
tor species to determine the relative importance of our

explanatory variables (Table 1). Because observa-
tional data are potentially subject to spatial autocor-
relation, we used principal coordinate analysis of
neighbour matrices (PCNM, Dray et al. 2006). In this
way, we could compare the explanatory power of the
environmental variables when taking the spatial origin
of the data into account as well as when ignoring it. As
PCNM cannot handle samples that lack species, 193 of
the 919 plots were excluded in these analyses.

Species-wise analyses

Data from 25 plant species (or species groups) were
subjected to individual, generalized linear models
(binomial distribution and logit link) relating the
presence of grassland species to the explanatory
variables, using the software Statistica 13. The data
for most species did not allow the construction of a
model with all explanatory variables simultaneously,
so to allow comparability, we constructed one model
per explanatory variable. Two spatial variables were
included to adjust for possible spatial gradients. The
partial regression coefficients (with Clgsq,) resulting
from the species-wise analyses were then used in

Table 1 Average, SD, min and max of each variable used in the analyses. Values for grazer type represent the number of plots
grazed per type. Correlation coefficients are shown at the bottom of the table

Average SD Min Max
Explanatory variables
Number of grassland spp per 0.25 m? subplot 1.11 1.37 0.00 12.00
North coordinate (WGS84)! 55.32 60.91
East coordinate® 11.56 19.25
Ellenberg nutrient index (ENI) 422 1.19 1.00 8.33
Ellenberg moisture index (EMI) 5.24 1.13 2.00 10.00
Square root of cover of trees and shrubs (%) 4.09 3.11 0.00 12.85
Square root of grass sward height (cm) 3.02 0.94 1.58 5.00
Square root of litter amount (% cover) 5.02 2.47 0.00 9.95
Cattle 699
Horses 122
Sheep 104
Correlation matrix
B C D E
A. ENI 0.252 — 0.105 0.157 0.073
B. EMI — 0.075 0.348 0.231
C. Square-root of cover of trees & shrubs 0.061 — 0.259
D. Square-root of grass sward height 0.313

E. Square-root of litter amount

“Numbers used in GLZ were coordinates according SWEREF99, converted from m to km
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meta-analyses to evaluate group-wise responses to
differences in grass sward height (Comprehensive
Meta-Analysis 2.2; www.meta-analysis.com).

Results
Multivariate analyses

According to the multivariate analyses, the explana-
tory variables evaluated explained 4.4% of the vari-
ation in the compositional data (adjusted explained
variation), which was reduced to 4.2% when account-
ing for the spatial autocorrelation in the data. Overall,
there were only small differences in the biplots with
and without accounting for spatial autocorrelation
(Fig. 3).

The most decisive factor affecting species compo-
sition was soil moisture (Fig. 3, long arrow almost
parallel to the first ordination axis), with soil nutrients
and cover of trees and shrubs also being important
(long arrows aligning with the second axis). In
contrast, the other management-related variables were
less important, as these had short arrows (grass litter,

ENI

<A

AS%vard ﬁeight

V shrubs & trees

-1.0

-0.2 1.0

Fig. 3 Ordination graphs from the PCNM of 70 indicator
species and a number of explanatory variables. a Shows analysis
with edaphic and management related variables (eigenvalues of
axes 1 and 2 were 0.36 and 0.17, respectively). b Shows the
corresponding analysis after adjusting for spatial correlation

sward height) or were located close to the origin
(grazing animals; Fig. 3).

Species-wise analyses of grassland plant species

When analysing species-wise effects, the two vari-
ables describing site conditions had the strongest
impact, with 22 and 19 of the 25 species analysed
showing a significantly negative relationship with the
ENI and EMI, respectively (Fig. 4a,b). One species
(Carex panicea) showed a positive relationship with
an increase in the EMI (Fig. 4b). In contrast, manage-
ment-related variables had a weaker impact. The cover
of trees and shrubs significantly affected seven species
negatively (and four species positively, Fig. 4c), while
grass sward height negatively impacted 13 species
(and one species positively, Primula veris; Fig. 4d).
The amount of litter—a proxy for the previous
season’s grazing intensity—negatively affected four
species (Fig. 4e). Compared with cattle grazing, sheep
grazing affected six species negatively, while horse
grazing positively affected three species (Fig. 4f, g).

3 b

ENI

J] Shrubs & trees

-1.0

-0.2 1.0

(eigenvalues 0.35 and 0.16). Unfilled stars represent the centroid
of the three types of grazing animals, empty triangles represent
the 25 species subjected to species-wise analyses, and black
triangles represent the other species (which were deemed too
rare for species-wise analysis)
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«Fig. 4 Species-wise responses (with Clgsg) for grassland
species in binomial regressions with, a the Ellenberg N index
i.e. nutrient availability (ENI), b Ellenberg M index, i.e. soil
moisture (EMI) , ¢ cover of trees and shrubs, d grass sward
height, e amount of litter, f sheep as grazing animal compared
with cattle, and g horses as grazing animal compared with cattle.
A negative value indicates a decreasing probability of occur-
rence as the explanatory factor increases

Trait-wise analyses

All trait groups showed general preferences to drier
soils, nutrient poor soils, lower grass sward height and
low amount of litter except for plant height, which was
favoured when site productivity, grass sward height
and the amount of grass litter were high (Fig. 5). The
trait groups showed a general negative response to
grazing by sheep and a positive to horse grazing. There
was, however, a tendency for two attributes—flower-
ing time and leaf distribution—to be differently
affected by the type of grazing animal. Species with
late flowering as well as species with leaves through-
out the stem were negatively and positively affected
by sheep and horse grazing, respectively. Neither the
Ellenberg L nor the Ellenberg N values of the
grassland species showed clear interpretable patterns
(Fig. 5), possibly with the exception that species that
prefer maximum sunlight are more negatively affected
by the ENI than other species (Fig. 5a).

Discussion

In the present study, the most important variables were
related to site conditions. This corroborates previous
reports based on observational data (Gilhaus et al.
2017) and studies focusing on the effects of site
productivity and soil moisture on grassland species in
general and the occurrence of individual grassland
species (e.g., Moeslund et al. 2013; Tille et al. 2015;
Humbert et al. 2016). These results can be seen in the
light of the evolution of the species now part of plant
communities in semi-natural grasslands. Grassland
vegetation has existed in Europe at least the last 1.8
million years and at the end of each interglacial the
amount of grasslands on infertile soils has increased
(Partel et al. 2005). So the selection pressure over
millions of years has been towards surviving in
nutrient poor soils (in addition to enduring grazing).

It was not until inorganic fertilisers were introduced
that important selection pressures abruptly changed,
which is probably one of the reasons for our plot-wise
site productivity variable (ENI) was so important. The
large impact of soil moisture may also be indirectly
related to this, as dry conditions can reduce plant-
available nutrients (e.g. Gahoonia et al. 1994; Misra
and Tyler 2000). Cover of trees and shrubs also had a
substantial effect on composition, suggesting that the
adaptation to open grass-dominated environments
with regular grazing disturbance rarely goes hand in
hand with the ability to prosper under shade (da
Silveira et al. 2015).

It is somewhat questionable to compare the relative
importance of one type of variable that is an inherent
and resilient feature of the site (ENI, EMI) with one
that depends both on weather and management
decisions on stocking density and grazing period
(grass sward height, amount of litter). Nevertheless,
the broad patterns suggest that site conditions have a
much larger impact on the occurrence of most
grassland species than management-related factors,
which is in line with the finding by Gilhaus et al.
(2017) that site conditions and the regional species
pool play a more important role than the type of
management. It is possible that our species might be
more well-adapted to nutrient-poor site conditions
than to specific types of management (cf. Oelmann
et al. 2009; Gilhaus et al. 2015). The grassland sites
included in the present study were all species-rich
grasslands under management in the current, or at least
preceding, year and they were distributed over a large
region across southern Sweden. With the expected
variation in stocking density and the starting date of
grazing as well as weather and site productivity, a
substantial degree of variation in the management-
related variables grass sward height and amount of
grass litter was to be expected among sites. Further-
more, it could be expected that part of this variation is
attributed to site productivity. However, the ENI was
only weakly correlated with grass sward height and the
amount of litter. Therefore, for the data used, it seems
that grazing intensity and site productivity were
unrelated. Unfortunately, there are no data on stocking
density from these sites for a more direct analysis of
such effects; therefore, we used grass sward height and
the amount of litter as indirect indicators of manage-
ment intensity. In addition, to the best of our
knowledge, there is no established method to quantify
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«Fig. 5 Forest plots showing grassland species grouped accord-
ing to different species traits. The X-axis shows the average
values of partial regression coefficients (with Clgsg,) using seven
different explanatory variables. a ENI, Ellenberg N index, i.e.
nutrient availability at sites. b EMI, Ellenberg M index, i.e. soil
moisture of sites. ¢ Tree and shrub cover. d Grass sward height.
e Amount of litter. f Sheep as grazing animals compared with
cattle. g Horses as grazing animals compared with cattle.
Ellenberg N1 is species with preference for the most nutrient
poor soils; Ellenberg L8 is species with preference for full light
conditions. Numbers to the right indicate the number of species
in a group. The X-axis shows the average values of partial
regression coefficients

the effect of stocking density that can reliably take into
account the large variation in sward productivity
within and among sites of seminatural grasslands in
Sweden (Pelve 2010). With this in mind, it is possible
that grass sward height and amount of litter are not the
best proxies for management. Thus, it is not surprising
that in our study, management had less importance for
grassland plant species than variables related to site
conditions despite the many previous studies revealing
the importance of management in experiments (e.g.,
Hansson and Fogelfors 2000; Wahlman and Milberg
2002; Schreiber et al. 2009).

While the results from species-wise analyses were
complex, they suggest that management variables
other than the cover of trees and shrubs could also play
arole. Approximately half of the species were clearly
affected by sward height (some positively so), while
few species were affected by the amount of litter. The
results also revealed that some species were more
negatively affected by sheep than cattle grazing, while
no species clearly benefited from sheep grazing. In
contrast, horse grazing was detrimental to none of the
species. Previous studies have reported the importance
of light and shading for plant species (Einarsson and
Milberg 1999), and other studies have found that the
type of grazing animal and the amount of litter can be
important. For example, there is evidence of the
negative effects of sheep grazing (Télle et al. 2016)
and high amounts of litter (Kelemen et al. 2013; Loydi
et al. 2013) on plant species.

The trait-based analyses only revealed a significant
relationship between plant height and the explanatory
variables evaluated (four of the seven). Plant height
was positively affected by increasing site productivity
(ENI) and—somewhat  surprisingly—negatively
affected by increasing soil moisture (EMI).

Corroborating previous experimental results (Milberg
et al. 2017), plant species height was also positively
related to attributes of relaxed management (grass
sward height and amount of litter). One possible
explanation for the negative correlation between plant
height and increasing soil moisture may be related to
the selection principles used for grassland species (cf.
Grandin et al. 2013): most moist grasslands in Sweden
are species-poor and dominated by common species,
whereas the species of special conservation value —i.e.
candidates for our “grassland species” — are likely to
occur in nutrient-poor calcareous moist grasslands or
marine seashore grasslands with long history of
continuous management, both vegetation types being
low-grown. For example, the only grassland species
with a positive correlation with EMI was Carex
panicea, which is also one of the more low-growing
species mainly occurring in nutrient-poor calcareous
grasslands.

When analysing the species’ attributes, there was
also a tendency for the effects of horse grazing to be
positive (compared with cattle) for late-flowering
species and species with leaves distributed throughout
the stem, while they were negatively affected by
sheep. This is partly in line with our current under-
standing of grazer plant preferences and grazing style.
For example, small herbivores usually select higher-
quality foods, and, e.g., the. morphology of the
mouthparts or digestive physiology may affect which
plants and plant parts different animals prefer to eat. In
general, sheep are more selective grazers than larger
herbivores, such as cattle and horses, while horses
generally have longer grazing times and can graze
closer to the ground than cattle (Menard et al. 2002;
Rook et al. 2004).

Why were there no clear, interpretable patterns
among species when it comes to Ellenberg N and
Ellenberg L? First of all, it is important to note that we
used a selection of species (grassland indicators), and
that this selection likely narrowed the range of
available N and L values, making it more difficult to
discern trends among species. Second, it is possible
that these dimensions of their ecological niches were
not important, at least not under the relatively short
environmental gradients under scrutiny and the eco-
logically relatively homogeneous species involved in
the analyses. Alternatively, Ellenberg values, being
point estimates, might not describe the ecological
niche well (Carroll et al. 2018).
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It is important to note that the species analysed were
among 70 species considered to be grassland plants
(grassland indicators, which are monitored with a
more ambitious sampling effort) and do not represent a
full vegetation survey. Nevertheless, we expected that
the size of the dataset (366 sites, 919 plots and 70 taxa)
would allow identification of species traits that could
indicate the type of species associated with inherent
site conditions (ENI, EMI) and management decisions
(cover of trees and shrubs, grass sward height, amount
of litter, type of grazing animal). However, the number
of taxa that were recorded in sufficient numbers for
meaningful analysis was modest (25 species or species
groups), and some of the estimates were uncertain
(large Clgsq,) due to low number of occurrences.
Furthermore, the rarest species were not analysed
because of no or few occurrences, hence a strong
selection bias against the rarest species. So, if rarity is
a consequence of management, then the rarest species
might tell a different story but detecting this requires a
design better suited for such species.

Grassland management implications

Using observational data from a monitoring program,
as in this case, to draw conclusions regarding
management and conservation priorities has obvious
limitations. For example, there was a lack of sufficient
data for rare species, and it was not possible to
elaborate on mechanisms behind some factors (due to
lack of detail, and lack in experimental design). Other
limitations involved the selection of species monitored
(only indicator species), and the edaphic limitations as
grassland types with small areal extent risk being
outliers, both in a statistical and an ecological sense.
Examples are both alvar grasslands and rich fens.
Regarding moist grassland, species-rich marine sea-
shore meadows exist in data, but only rarely. Rather,
the most common type of high-moisture grasslands in
this study are on clayey soils or otherwise productive
land in agriculturally dominated regions or at
eutrophic or mesotrophic lake shores.

On the other hand, using large-scale data covering
many different sites can reveal patterns that are
difficult to study in time- and scale-limited experi-
mental studies. Thus, in spite of some limitations, we
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argue that monitoring can provide data that can
contribute to ecological understanding and to inform
management decisions. In the present study, we
highlight six aspects relevant for biodiversity
conservation.

First, the clear association of many grassland plant
species with sites that are low in nutrients and low
moisture suggests that this information can be useful
when identifying conservation priorities. For example,
when selecting sites for restoration or for long-term
commitment to management, less productive and/or
dry sites are in most cases preferable. In addition,
information on site productivity and soil moisture
might also be important for managers, as more
productive sites that harbour valuable plant species
might be more sensitive to relaxed management, and
therefore, to a larger extent requiring continuous
management.

Second, it is reassuring that the management-
related variables grass sward height and amount of
litter seem to be less important for many grassland
species than other variables, broadly suggesting that
relaxed management over a season or two might not be
detrimental (cf. Milberg et al. 2017; Télle et al. 2018)
for all but a few species (e.g., Ajuga pyramidalis,
Filipendula vulgaris, Lotus corniculatus and Pilosella
spp.). However, it should be borne in mind that other
rare grassland species exist that are sensitive to high
amount of litter, like Gentianella campestris (Len-
nartsson and Oostermeijer 2001), but such species
were too rare to be included in the current analysis. It is
also worth noting that the low explanatory power of
vegetation height (and litter) could be a consequence
of height tending to be low for fundamentally different
reasons: when grazing intensity is high, when a site is
dry or nutrient poor, and when a site occurs under deep
shade. Adding to the variation is also the development
during the growth season. Sward height had greater
explanatory power than the amount of litter for
individual species, so the former seems preferable
for usage as a management indicator.

Third, cover by trees and shrubs had a negative
impact on most species. Although hardly surprising
given the well-established secondary succession
towards forest that occurs when management ceases
(Meiners et al. 2015; Milberg et al. 2017) and the
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effects of shading in grasslands (Einarsson and
Milberg 1999), more research would be welcome to
provide decision support for clearing strategies. Shade
provided by trees and shrubs is also an administrative
challenge of defining which grasslands are eligible for
state and/or EU support for the preservation of
biodiversity (Beaufoy et al. 2011; Blom 2012).

Fourth, this study confirmed the results of several
previous reports (Ockinger et al. 2006; Scohier et al.
2013; Tille et al. 2016; T6th et al. 2018) concluding
that sheep grazing is not the best option for conser-
vation grazing at currently used stocking densities, as
no species benefited from sheep grazing, and six
species were more negatively affected by sheep than
cattle grazing (Luzula campestris, Lotus corniculatus,
Melampyrum spp., Veronica officinalis, Pilosella spp.,
Succisa pratensis). It remains to be investigated
whether this detrimental effect can be ameliorated
by adjusting the grazing regime, e.g., reducing stock-
ing density, or through diversifying grazing intensi-
ties, either over time (e.g., rotational grazing) or space
(e.g., enhancement of shrubs).

Fifth, our results suggest that horse grazing, under
the prevailing grazing strategies in Sweden, should be
considered to be an alternative to cattle grazing, as
horse grazing had a more positive effect on Luzula
campestris, Lotus corniculatus and Polygala spp. than
cattle grazing and was detrimental to no species. In
other studies, horses have not been preferred for use in
conservation grazing (Dutch saltmarshes, van Klink
et al. 2016; British grasslands; Rook et al. 2004), most
likely due to their long grazing season and/or high
stocking density creating a low, uniform sward.

Sixth, the results from this study might provide
insight into identifying indicator species for result-
oriented subsidies (Wittig et al. 2006; Bertke et al.
2008; Herzon et al. 2018), i.e., using those species
identified as most sensitive to management decisions.
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Table 2 Indicator species used in the monitoring system, and their requency in the selected plots in southern Sweden

Species subjected to individual

Frequency Plant

Ellenberg Ellenberg Flowering Leaf

analyses in plots height (L) ™) time arrangement
(N=919) (m)
Plantago lanceolata* Plantaginaceae 300 0.16 46 Blank Late Rosette/
tufted
Galium verum Rubiaceae 268 0.38 7 3 Late
Pilosella spp.* Asteraceae 248 0.06 8 2 Blank Rosette/
tufted
Luzula campestris* Juncaceae 243 0.27 7 2 Early Semi-rosette
Veronica officinalis Plantaginaceae 241 0.13 46 45 Late
Campanula rotundifolia® Campanulaceae 237 0.19 7 2 Late Semi-rosette
Alchemilla spp.* Rosaceae 236
Pimpinella saxifraga Apiaceae 123 0.41 7 2 Late Semi-rosette
Lotus corniculatus Fabaceae 109 0.18 7 3 Late
Melampyrum pratense/sylvaticum™ Orobanchaceae 85 026 46 2 Late
Nardus stricta Poaceae 81 0.12 8 2 Early Semi-rosette
Succisa pratensis Caprifoliaceae 69 0.34 7 2 Late
Filipendula vulgaris Rosaceae 62 0.32 7 2 Late Semi-rosette
Carex panicea Cyperaceae 55 0.15 8 45 Blank Semi-rosette
Danthonia decumbens Poaceae 52 0.10 8 2 Late Semi-rosette
Primula veris/elatior Primulaceae 46 0.13 7 45 Early Rosette/
tufted
Briza media Poaceae 38 0.16 8 2 Late semi-rosette
Leucanthemum vulgare Asteraceae 38 0.36 7 3 Late
Ajuga pyramidalis Lamiaceae 37 0.15 7 1 Early Semi-rosette
Avenula pratensis Poaceae 37 0.65 7 2 Early Semi-rosette
Calluna vulgaris* Ericaceae 31 0.48 8 1 Late
Scorzonera humilis Asteraceae 29 0.25 7 2 Early Semi-rosette
Platanthera spp. Orchidaceae 27 0.15 46 Blank Early Semi-rosette
Polygala spp. Polygalaceae 27 0.09 8 2 Early
Rhinanthus spp. Orobanchaceae 24 036 7 2 Late
Luzula multiflora/pallescens/sudetica ~ Juncaceae 23 0.18 7 3 Early Semi-rosette
Additional species recorded in the plots
Cardamine pratensis Brassicaceae 20
Solidago virgaurea* Asteraceae 13
Plantago media Plantaginaceae 10
Triglochin maritimum Juncaginaceae 10
Trollius europaeus Ranunculaceae 10
Euphrasia spp. Orobanchaceae 9
Lychnis flos-cuculi Caryophyllaceae 9
Polygonum viviparum Polygonaceae 7
Armeria maritima Plumbaginaceae 6
Antennaria dioica Asteraceae 5
Helianthemum nummularium Cistaceae 5
Leontodon hispidus Asteraceae 5
Triglochin palustre Juncaginaceae 5
Arnica montana Asteraceae 4
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Table 2 continued

Species subjected to individual Frequency Plant Ellenberg Ellenberg Flowering Leaf

analyses in plots height (L) ™N) time arrangement
(N=919) (m)

Carex hostiana Cyperaceae 4

Dianthus deltoides Caryophyllaceaec 4

Selaginella selaginoides Selaginellaceae 4

Bartsia alpina* Orobanchaceae 3

Botrychium spp. Ophioglossaceae 3

Centaurium spp. Gentianaceae 3

Crepis praemorsa Asteraceae 3

Dactylorhiza maculata Orchidaceae 3

Linum catharticum Linaceae 3

Trifolium fragiferum Fabaceae 3

Veronica spicata Plantaginaceae 3

Cirsium helenoides Asteraceae 2

Hypochoeris maculata Asteraceae 2

Ophioglossum vulgatum Ophioglossaceae 2

Parnassia palustris Celastraceae 2

Serratula tinctoria* Asteraceae 2

Thymus serpyllum Lamiaceae 2

Gentiana campestris Gentianaceae 1

Gymnadenia conopsea Orchidaceae 1

Pinguicula vulgaris Lentibulariaceae 1

Species not recorded in the plots

Aconitum lycoctonum* Ranunculaceae 0

Carlina vulgaris Asteraceae 0

Dactylorhiza incarnata Orchidaceae 0

Epipactis palustris Orchidaceae 0

Gentiana pneumonanthe Gentianaceae 0

Orchis mascula Orchidaceae 0

Pedicularis palustris™* Orobanchaceae 0

Pedicularis sylvatica Orobanchaceae 0

Phleum alpinum Poaceae 0

Poa alpina Poaceae 0

Primula farinosa Primulaaceae 0

Pulsatilla vulgaris Ranunculaceae 0

Saussurea alpina Asteraceae 0

For the species subjected to detailed analyses, five species trats used are reported

*Denotes species not included in the original indicator list (Persson 2005b; Oster et al. 2008), but added to the extended list in the
inventory to increase the ecological range for e.g. forest-dominated regions and northern Sweden
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