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Abstract

An important function of agri-environmental schemes (AES) is to change management of pas-
tures to better conserve biodiversity. However, the effects of most AES on biodiversity are poorly
understood, especially when it comes to effects of AES management over time. The main aim
of this study is to investigate if the species richness and abundance of grassland specialists of
vascular plants and two important insect pollinator groups (bumblebees and butterflies) differ
over time (5 years) in pastures with AES management (two value levels; general values and
special values) and pastures without AES management. We also investigate if local vegetation
characteristics and landscape composition relate to species richness in semi-natural grasslands.
Using data from more than 400 sites we found that species richness of vascular plants (grassland
specialists) was higher in pastures with AES management (for special and general values) com-
pared to those without AES, which implies that these schemes do have value of the conservation
of plant diversity. However, species richness and abundance of butterflies (grassland specialists)
and bumblebees (all species) did not differ significantly among the three AES categories. We
found no evidence that the type of AES management caused any changes in species richness
of plants, butterflies or bumblebees during the 5 year period of our investigation. It appears that
AES management that encourages uniform and minimum levels of grazing can have both posi-
tive and negative effects on biodiversity. For example, pollinators may benefit from a lower graz-
ing intensity that could increase flower richness and heterogeneity in vegetation height. However,
low grazing intensity may lead to increased cover of trees and shrubs, which can have negative
effects for both insect pollinators and vascular plants. The effects of landscape composition were
weak and only species richness of bumble bees were associated with landscape composition.
Designing management regimes to maintain suitably heterogeneous vegetation layer, and contin-
ued long-term monitoring of biodiversity will be critical for safeguarding culturally and function-
ally important semi-natural grasslands.

Keywords AES - Management - Vegetation height - Flower richness - Tree cover - Shrub
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Introduction

Temperate semi-natural grasslands are considered important for biodiversity conserva-
tion (Pirtel and Zobel 1999; Pirt and Soderstrom 1999; (")ckinger et al. 2006; Wilson et al.
2012), but their deterioration in area in many parts of Western Europe has caused strong
negative impacts on many species (Stoate et al. 2001, 2009; Dahlstrém et al. 2006; Den-
gler et al. 2014; Cousins et al. 2015). Therefore, semi-natural grasslands are prioritized
for conservation and agri- environmental schemes (AES, i.e. subsidies for management of
semi-natural grasslands). These schemes are designed and implemented in order to cre-
ate suitable conditions for the conservation of organisms that are dependent on grazing or
cutting and low chemical inputs in semi-natural grasslands (Wissman et al. 2013; Caruso
et al. 2015; Zmihorski et al. 2016; Jakobsson and Lindborg 2015, 2017). Some studies
have shown that AES management is linked to species rich habitats, because the schemes
either promote biodiversity or target known biodiverse areas in farmland (e.g. Hiron et al.
2013a, b; Marja et al. 2014; Batary et al. 2015). However, evidence also shows that many
agri-environment schemes have failed to protect biodiversity (Kleijn et al. 2001; Kleijn and
Sutherland 2003; Konvicka et al. 2008; Breeuwer et al. 2009). In addition, the efficiency
of AES to protect diversity seems to be strongly dependent on the composition of the sur-
rounding landscape (Dallimer et al. 2010; Batary et al. 2015; Pe’er et al. 2014). Despite the
recent increase in studies investigating AES management, many are snapshot studies com-
paring sites with and without AES management in small geographic areas within a single
year (e.g. Hiron et al. 2013a, b; Caruso et al. 2015). This makes it difficult to conclude if
AES management have actually enhanced biodiversity. There is a great need for large-scale
studies where changes over time can be measured in sites with and without AES manage-
ment, and also with different types of AES management. Such comparisons will help us
evaluate the long-term effects of management subsidies.

To be part of AES, farmers have to agree to follow the guidelines relating to grazing
management in semi-natural pastures. These guidelines prescribe minimum levels of graz-
ing intensity in order to achieve relatively short vegetation, stop accumulation of litter and
encroachment of shrubs. However, several studies have questioned the uniform manage-
ment guidelines for grazing pressure and restrictions concerning tree/shrub cover in semi-
natural grasslands, as this can lead to too short vegetation with few flowering plants and
lack of habitat heterogeneity for other organisms (Steffan-Dewenter and Leschke 2003;
Sjodin et al. 2008; Jakobsson and Lindborg 2015, 2017). Vascular plants have tradition-
ally been the main focus when setting criteria for conservation and AES management in
semi-natural grasslands (Jakobsson and Lindborg 2015; Télle et al. 2016). However, habi-
tat requirements, and therefore effects of management, differ largely between different taxa
(Vessby et al. 2002; Caruso et al. 2015). Thus, additional taxa other than vascular plants
should also be considered when evaluating effects of AES management, especially in light
of multi-national endeavours to highlight nature’s benefits to people through ecosystem
services such as pollination (IPBES 2016). For instance, flower-visiting insects like bum-
blebees and butterflies are important pollinators in agricultural landscapes, and flower rich
semi-natural habitats may be critical habitat for many of these species (van Klink et al.
2015; Milberg et al. 2016). Earlier studies have shown that a certain amount of tall vegeta-
tion (often with a high flower-richness) is important for many pollinator species (Sjodin
et al. 2008; Berg et al. 2011, 2013; Milberg et al. 2016). However, the less intensive man-
agement required to maintain patches of tall vegetation are in many cases not consistent
with the requirements for receiving AES subsidies for pasture management (Bruppacher
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et al. 2016). In addition, previous research has suggested that the landscape surrounding
areas targeted for conservation management could influence outcomes for biodiversity
(Part and Soderstrom 1999; Soderstrom et al. 2001; Ockinger et al. 2012).Therefore, it is
essential to consider landscape composition when both designing and evaluating efficiency
of AES management on biodiversity.

The overall aim with the present study was to determine whether species richness and
abundance of vascular plants, bumblebees and butterflies differ between pastures with-
out AES management and those with AES management (split into two groups; pastures
with AES for general values and AES for special values). The management of the pastures
with AES aim at promoting grasslands specialists and not a high overall species richness
(including forest species and species associated with other habitats). We therefore used a
sub-set of grasslands specialists for vascular plants and butterflies. However, it was not
possible to classify bumblebees as being specialists or not, so we used all species in the
models for bumblebees. We also investigated if temporal and landscape factors influence
relationships between AES management and biodiversity in semi-natural grasslands. Using
data from a national monitoring program we analysed differences in species richness and
abundance between (1) three categories of AES management, (2) two periods (2006-2010)
and (2011-2015) and (3) dominant landscape composition i.e. arable dominated land-
scapes, forest landscapes with marginal agriculture or mosaic landscapes with forest, pas-
tures and arable land (Glimskir et al. 2016). We interrogated the first two questions at the
local scale (alpha diversity) as well as the landscape scale (gamma diversity), since species
composition (and total species-richness) could differ between AES types. In addition, we
analysed whether cover of trees and shrubs, ground vegetation height and flower richness
differed among the three AES categories over time, since these factors have been shown
to be important for bumblebees and butterflies, and the cover of trees and shrubs and veg-
etation height are used in the management prescriptions for semi-natural grasslands. An
improved understanding of grassland diversity response to AES management, over time
and in different landscape context, will help streamline AES guidelines for better conserva-
tion in agricultural landscapes.

Methods
Long-term national monitoring program for grasslands

The national Swedish program ‘“Monitoring of semi-natural pastures and meadows” moni-
tors vascular plants, bumblebees and butterflies. It started as an extension of the more gen-
eral monitoring program National Inventory of Landscapes in Sweden, NILS (Stéhl et al.
2011).

The aim of the program was to introduce long-term monitoring of semi-natural grass-
lands with conservation values that were identified in a national inventory of grasslands
(Jordbruksverket 2005). The collection of biodiversity data from 696 such semi-natural
grasslands, situated within NILS landscape plots, was initiated in 2006. For our study
we selected a sub-set (n=408) of the semi-natural grasslands included in the monitoring
program. We only included grassland categories with a sample size of >20 pastures. We
excluded pastures in the north of Sweden because none of the sampled sites were included
in AES. We also excluded rare and special types of pastures (e.g. AES for forest graz-
ing, AES for mowing and AES for grazing alvar grasslands) due to the low numbers of
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such sites in the dataset, and due to lack of corresponding control sites without AES. All
selected sites (see Fig. 1) were visited 1 year (several visits that year) during each of the
two time periods (20062010 and 2011-2015). Thus, sites visited in 2006 were also visited
in 5 years later in 2011, and sites visited in 2007 were visited a second time in 2012, etc.

Field investigations
Vascular plants

Within each pasture, occurrence of “indicator” vascular plant species that were considered
management-favoured (Table 3 in Appendix) was recorded within nine circular sub- plots
(0.28 m radius) situated within larger circular plots with a 10 m radius (range=1-11 large
plots per pasture). This was mainly done during the period 15 June—15 August, depending
on location and weather that year. The number of large plots within each pastures was pro-
portional to the square root of the area of each pasture, i.e. one large circular plot for every
2 ha of pasture (Sjodin 2014). The cumulative number of “indicator” plant species found in
the nine small plots within all 10 m radius plots in each pasture was the measure of species

Fig. 1 Study area and selected '
sampling sites (n=408) in south- -
ern Sweden. Sites were randomly
selected within the monitoring
program National Inventory of
Landscapes in Sweden, which
uses a systematic sample of grid
squares covering the whole of
Sweden
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richness used as the dependent variable in statistical analyses. The cumulative number of
occurrences of each “indicator” plant species found in the nine sub-plots within all 10 m
radius plots in each pasture was the measure of “indicator” plant species abundance.

Butterflies and bumblebees

Butterflies and bumblebees were surveyed in the same pastures as plants, but transects
were independent of the layout of plots used for sampling plants. The inventories were con-
ducted by walking along predefined transects (divided into several segments per site) in the
selected pastures (Cronvall 2017). The length and number of transects vary between sites,
adjusting for shape of the grassland and aiming for a total transect length proportional to
the size of the area (mean =+ S.D transect length=1278 +794 m). All individuals observed
within 5 m (butterflies) or 2 m (bumblebees) in front and to each side of the observer were
recorded. If required, insects were captured for identification (Cronvall 2017). All sites
were visited three times during one summer per site and period for butterflies and once per
site and period (during the second or third butterfly visit) for bumblebees (Cronvall 2017).
The three visits started close to 15 May, 1 July and 16 July but depended on weather condi-
tions in different years. Field surveys were done during daytime (9 AM to 4:30 PM) when
weather conditions were suitable (over 17 °C, sunny, wind less than 8 m/s; Wikstrom et al.
2009; Cronvall 2017). We selected a sub-set of monitored butterflies that are grassland
specialists and associated with natural grasslands to be included in the analyses (Table 4
in Appendix). All recorded bumblebee species were included, since no habitat preference
classification of bumblebees was available, possibly because most bumblebee species are
not habitat specialists.

Cover of trees and shrubs, vegetation height and flower richness

During field visits for the vascular plant inventory, the total coverage of trees and shrubs
was estimated to the nearest whole percent of the plot area (Sjodin 2014). The average
vegetation height (cover of three height classes, see Table 2) and cover of insect-pollinated
flowers (estimated in 10%o classes along transects) were calculated from data collected
during the butterfly and bumblebee inventories along transects (Cronvall 2017).

Collection of AES data

Data from the Swedish Board of Agriculture about payments for AES subsidies for the
period 2003-2013 were used to classify the pastures into the three management categories
(1) No AES (n=87 and 94 in period 1 and period 2, respectively), (2) AES for general val-
ues (n=78 and 81 in period 1 and period 2, respectively), and (3) AES for special values
(n=225 and 251 in period 1 and period 2, respectively). If sites were covered by more than
one of the three management categories (hereafter AES type) they were classed according
to the dominating AES type. The pastures eligible for subsidies (5-year agreements) are
generally grasslands that have not been ploughed for at least 25 years (most of them not
at all), have a natural vegetation suitable for feeding grazing animals (yearly grazing), and
do not exceed specified levels of shrub and three cover. Sites designated as having special
values should not have been affected by fertilizers and have high cultural or biological val-
ues (e.g. a typical grassland flora, often with red-listed species). These pasture have more
detailed management prescriptions compared to those with more general values. AES data

@ Springer



3994 Biodiversity and Conservation (2019) 28:3989-4005

from 2014 and 2015 were not available at the time of analysis for this study. Therefore, we
assume that the effects of AES management remain during this 2-year period, even if man-
agement of some sites could have changed during these 2 years.

Statistical analyses

We modelled local species richness and local abundance of butterflies, bumblebees and
plants by using generalized additive mixed models (GAMM, six models in total) with
quasi-Poisson (for richness) and negative-binomial (for abundance) error distributions and
a log-link function in all cases. Each pasture (n=408) was used as the sampling unit in
all analyses and the species-richness or abundance values used are for the total transect
length and plot areas in each pasture. In the GAMMSs we used AES type (no AES, AES for
general values and AES for high values), landscape type (arable dominated, forest domi-
nated with arable fields, forest dominated with pastures) and period (first vs. second) as
three explanatory variables. We also tested for two-way interactions between the three cat-
egorical variables but in all six GAMMSs the interactions were insignificant and thus were
excluded from the final models. In order to deal with the spatial dependence of the data,
we included a spline interaction of the longitude and latitude. The year effect was included
as random effect fitted with a ridge penalty spline (Wood 2017) to account for possible
random variation among years. Sampling effort was also fitted with a spline as we expected
nonlinear relationship between transect length (and number of plots) and species richness
or abundance. All the GAMMs were performed in ‘mgcv’ package (Wood 2017) in R (R
Core Team 2018).

We analysed overall species-richness (gamma diversity) among three AES types with
the help of rarefaction curves (estimating total accumulated species richness). For this pur-
pose, we draw curves of the expected cumulative number of species (with unconditioned
95% confidence intervals) for a given number of randomly selected pastures for each AES
type and period. Rarefaction curves were produced with the ‘INEXT’ package (Hsieh et al.
2016) in R.

Finally, we analysed six vegetation characteristics (vegetation height split into three cat-
egories, flower richness, cover of trees and of shrubs) in relation to two explanatory vari-
ables: AES type and period, with permutation ANOVA with 1000 iterations, using ImPerm
package (Wheeler and Torchiano 2016) in R. In these models, we initially considered inter-
actions between the AES type and period, but as interactions were not statistically signifi-
cant they were dropped and were not considered further.

Results

In total, we recorded 70 indicator plant species, 44 grassland specialist butterfly species (out
of 97 recorded butterfly species) and 25 bumblebee species. The number of butterfly species
per pasture (and year) ranged from O to 21 (on average 7.06 +3.89 SD) and the number of
bumblebee species ranged from 0 to 13 (2.86+2.08 SD) and plant species richness ranged
from O to 24 (6.49 +5.00 SD). In the grassland butterfly community, the most widespread spe-
cies were Aphantopus hyperantus (n="711 occurrences; maximum number of occurrences =2
(years) X408 (pastures)=816 occurrences), Maniola jurtina (n=460) and Coenonympha
pamphilus (n=431). In terms of abundance Aphantopus hyperantus was the most abundant
butterfly (n=17,762 individuals) followed by Maniola jurtina (n=7448) and Boloria selene
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(n=3600). The most commonly occurring bumblebee species were Bombus pascuorum
(n=446 occurrences and 2091 individuals), Bombus lucorum (n=338 and n=2034) and
Bombus terrestris (n=284 and n=1165). The most commonly occurring indicator plants spe-
cies were Plantago lanceolata (n=431 occurrences at pastures, n=23405 occurrences at sub-
plots), Galium verum (n=387, n=3970) and Pilosella officinarum (n=392, n=2176).

Effects of AES on local species richness of the three taxonomic groups (alpha level
diversity)

Species richness and abundance of vascular plants was positively linked with AES manage-
ment. While pastures with AES (for general and special values) had similar richness, both
types of AES management had higher species richness than sites without AES management.
The vascular plant richness and abundance did not significantly differ among landscape types
or the three AES categories among landscape types (Table 1, Fig. 2).

In contrast, the number of butterfly and bumblebee species as well as number of butter-
fly and bumblebee individuals did not differ between the three AES categories. The species
richness and abundance of bumblebees was significantly higher in the two landscape types
with higher levels of forest area (forested landscapes with marginal agriculture and mosaic
landscapes with arable fields and pastures) compared to more arable dominated landscapes.
There were no such effects of landscape type for local species richness and abundance of but-
terflies. We did not find any temporal differences in species richness and abundance of but-
terflies or bumblebees as there was no statistically significant effect of the period variable.
Furthermore, the observed change between time periods for butterflies and bumblebees did
not differ between AES categories or landscape types (Table 1, Fig. 2).

There were significant effects of longitude and latitude on the species richness and abun-
dance of all three taxa (Table 1), indicating differences between regions. Furthermore, sam-
pling effort (i.e. transect length or number of sample plots) was positively correlated with
species richness and abundance of plants, butterflies and bumblebees. These factors were
included in the models only to control for these design characteristics and avoid biases in
model results and these patterns are not considered further.

The effect of AES management on total accumulated species richness (gamma
diversity)

The rarefaction analyses of indicator vascular plants suggested that the overall species richness
was clearly higher at sites with AES for special values than at sites without AES manage-
ment for the first period. There was no significant difference in cumulative richness of vas-
cular plants among AES categories for the second period, however 95% confidence intervals
only slightly overlapped between sites with special values and those without AES manage-
ment (Fig. 3). The rarefaction analysis revealed no statistically significant differences in over-
all accumulated species richness of butterflies and bumblebees between the three AES catego-
ries (Fig. 3).

The effect of pasture management on vegetation

Five of the six analysed vegetation variables were significantly associated with AES cat-
egory, but no variables showed statistically significant differences between the two time

@ Springer



Biodiversity and Conservation (2019) 28:3989-4005

3996

[opowW [euy 2Y) Ul papN[oul Jou SUONIBINUI JuedYIUIIsuy,

100°0 > sesese ‘TO'0>55 “S0°0>s ‘01°0>, :sd0[eA-

sxx¥ C=IP
xxC [€=JP

(01°0) €00
Cro)Lro
#4(60°0) 0S°0
#xx(11°0) 870
(L0°0) LO'O—

#2x(S1°0) 08°C

%0°Ly
x50 € =JP
w30 €E=IP

(90°0) SO0
(80°0) SO0
#5:(90°0) ¥€°0
#5:(80°0) 9€°0
(#0°0) T0'0

5(60°0) OF' [

BLSIT
w30 C=IP
wxxx L VC=IP

+xx(11°0) $S°0
#x(71°0) 01°0
(I1°0) LO0—
(€ET°0)ST0—
(800) €0'0—

s5(L1°0) L8'T

%E6
30" =JP
vo'vI =Jp

#5(L0°0) 81°0
+(80°0) 81°0
(L00) 10°0
(80°0) 10°0—
(S0'0) 100

+%%(0T°0) 68°0

%6’ ¥ 1
45 [0 ] =JP
wxxE 01 =JP

(60°0) T0'0—
(11°0) €00
(60°0) LO0
Iro€ro

L900) 110

sx(€1°0) TL°E

%E6C
wxxC | =JP
wxxxC SC=IP

(S0°0) 200
(90°0) LO0
(S0°0) €00
(90°0) 90°0
(€0°0) SO0

s25(L0°0) 8L'T

[pe
d

(310330 Surpdures)s
("H'N)s

1y ourgdg
15910 d1eSOIN :odeospueT
Jlqere ‘15910, :odeospue|
sonfeA Ys1y :SHY
sonyea [e1ouad SV
PUO0D3S :pOLId]

1y Jeour|

1daoroug

Qouepunqy

ssauyITy

sjue[q

souepunqy

ssouyoTy

seaqa[quing

Qouepunqy

ssauyOTy

sorgIonng

so[qerea K1ojeue(dxyg

syuerd pue seaqo[quIng ‘SAIPININg JO SSaUYOLI sa10ads ay) pue porrad
own pue odAy odeospue] QuoweSeuew SHY usamiaq sdiysuone[or SuneSnsoAUl S[OPOW PIXIW JANIPPE PIZI[RIouaS WOl “q'S Pue (SJUSIOLJO0d) SAJewWIse Jojowered | djqel

pringer

As



Biodiversity and Conservation (2019) 28:3989-4005 3997

Grassland butterflies Bumblebees " Plants
| +
- < o
» 0 % % % %+ =2
2 o
e
§ O 0 -
3 oy ©-
@ ¥
@ -]
N [Period o~
N\© O first
o. |A® e second & =
r I 1 I I J T
3- &1
o
S
o w
© © a3
=
5 3
cCo -
=R =
o
<
o—q
- 0 o
o4 o o
I T 1 I T 1 I T 1
no AES AES AES no AES AES AES no AES AES AES
general special general special general special
values values values values values values

Fig.2 Species richness of butterflies, bumblebees and plants (with 95% CI) for the three AES categories
during the two time periods as predicted by GAMMs 1-3 summarized in Table 1. The predictions were
done for averaged longitude, latitude, year and sampling effort measures

periods. Cover of short (i.e. <5 cm tall) vegetation was higher at AES managed sites, while
tall vegetation, shrubs and trees had higher cover at sites without AES management. Flower
richness was lower at sites without AES management. No temporal changes in vegetation
characteristics were associated with type of AES as no statistically significant interactions
between AES type and period were recorded (Table 2).

Discussion

A major result from our study was that vascular plants had a higher species richness of
grassland specialists in pastures with AES for special values and general values com-
pared to sites without AES management, but there were no differences in species rich-
ness of butterflies and bumblebees between the three AES categories (Table 1, Fig. 2).
The general trends were similar when gamma diversity was analysed, however, signifi-
cant differences were restricted to the first time period (2006-2010) and only between
sites with special values and sites without AES management. The positive association
between AES management and plant richness probably reflects the fact that classifica-
tion of pastures into having low, general or special values is often based on occurrence
of a typical dry grassland flora (Jordbruksverket 2005). In addition, the AES manage-
ment guidelines relating to grazing pressure, resulting in relatively low vegetation, are
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formed and y-axes are of different scales

Table 2 Mean (£ SD) values of vegetation characteristics on grassland under three types of AES during two
time periods

Management  AES general values AES special values No AES Perm. ANOVA

Period First Second First Second First Second Type Period

Veg.<5cm®  29.2(23.5) 265(21.8) 30.1(24.8) 27.8(21.4) 20.9(22.1) 195215 <0.001 0.084

Veg. 5-15cm® 33.8(15.3) 303 (17.7) 33.7(19.5) 33(19) 32.5(18.5)  31.1(21.3) 1.0000 0.329

Veg.>15cm® 34.8(25) 404 (24.5) 32.5(242) 36.7(23.3) 40.9(28.5) 40.1 (26) <0.001 0.089

Shrubcover  7.9(11.5)  7(10.4) 5.7(7.2) 5.8(7.2) 127(17.8) 146 (20.1) <0.001 0.231

Tree cover 21.5(18.6) 20.1(17.1) 17.8(17.1) 16.5(16.2) 36.1 (264) 35.8(25.6) <0.001 0.293

Flower 1.2(1.7) 22(2.5) 1.6 (2.9) 1.9 (2.7) 0.8 (1.1) 1.6 (2.6) 0.048 0.252
richness?

Results of permutation ANOVA (p-values for the effect of AES management and period) are given in last
two columns

*Weighted by transect segment length, since estimates were made per transect

Significant p-values (p < 0.05) are shown in bold

often devised with plant diversity conservation in mind. Thus, many selected sites with
AES management have suitable conditions for dry grassland plants because they are
nutrient poor, dry sites with good light conditions (Grandin et al. 2013; Glimskdr et al.
2018). In contrast, these factors may not necessarily benefit pollinators like butterflies
and bumblebees (our study) or other taxa such as beetles, cryptogams and birds (Vessby
et al. 2002; Caruso et al. 2015; Jakobsson and Lindborg 2017).
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A major ongoing threat to semi-natural grasslands is abandonment or too relaxed grazing
pressure allowing for scrub encroachment, which negatively affects flora and fauna adapted to
open habitats (Pykélda 2004; Poyry et al. 2004). Therefore, we expected differences in pasture
biodiversity between time periods that depended on AES management levels. However, our
analyses did not reveal any changes in the species richness or abundance of the studied taxa
(grassland specialists for vascular plants and butterflies) between the two time periods at sites
with and without AES management (Table 1, Fig. 2). However, the time-span between the two
inventory periods (5 years) might be too short to detect changes in species richness, especially
for long-lived species (Lindborg and Eriksson 2004). Previous studies have suggested that
changes in species richness could be time-lagged where species persist despite reductions in
habitat quality caused by lack of management (Bommarco et al. 2014). Thus, continued moni-
toring over longer time periods will be essential in order to fully evaluate long-term effects of
different AES management regimes, or lack thereof (see also Davey et al. 2010).

The lower cover of trees in pastures with AES management and the high species rich-
ness of vascular plants in these pastures (Table 2) suggests that the tree cover restrictions
for eligibility to receive AES payments for pastures (i.e. not more than 50 trees/ha) were
beneficial for the indicator plant species as they prefer dry, nutrient poor sites with good
light conditions. We did not find the same patterns for relationships between tree cover and
the species richness of butterflies and bumblebees. However, other studies have shown that
species richness of butterflies and bumblebees are negatively associated with a high cover
of trees (POyry et al. 2005; Glimskaér et al. 2018), suggesting that the restrictions for tree
cover in AES management might nonetheless be positive for all three organism groups we
investigated. A possible explanation to the lack of a negative association between species-
richness of butterflies and bumblebees and tree cover in our study is that AES sites with low
tree cover also had lower vegetation height compared to sites without grazing (see below).
Therefore, while AES management pastures are open (i.e. a positive effect of low tree cover)
they also have short vegetation (i.e. negative effect due to lack of tall vegetation).

The quality of grassland habitats is often assessed by looking for plant species that indi-
cate low nitrogen levels and lack of competition from tall vegetation. Our results are in
line with expectations. However, the higher species richness of plants in sites with AES
management compared to sites without AES management might be due to initial differ-
ences between sites with and without AES management. It is possible that the ongoing
AES management, 1.e. grazing have positive effects on species-richness and abundance of
vascular plants typical for grazed pastures, but we could not detect such effects during the
short 5-year period of the investigation. Maintaining grazing in semi-natural pastures to
keep vegetation short and hinder succession is one of the main goals of grassland AES
management. However, previous research has shown that the highest richness of vascu-
lar plants in semi-natural pastures is associated with intermediate cover of low vegetation
and intermediate cover of shrubs (Glimskir et al. 2018). Furthermore, grazing obstacles
(such as shrubs) can contribute to a higher abundance of flowering plants and a better plant
reproduction (Pihlgren and Lennartsson 2007). We also found that pollinators (grassland
specialists for butterflies and all species for bumblebees) did not show the same patterns as
vascular plants across the management regimes we tested. A possible explanation for this is
that the contrasting levels of tree cover (higher in sites without AES management), vegeta-
tion height (taller in sites without AES management) and flower richness (higher in AES
management sites) level out species richness differences between the three AES categories
through a mix of positive and negative habitat relationships.

Variation in vegetation height resulting from spatially heterogenous levels of grazing
pressure and high flower richness have previously been shown to be associated with high

@ Springer



4000 Biodiversity and Conservation (2019) 28:3989-4005

species richness of pollinating and herbivorous insects (Poyry et al. 2005, 2006; Sjodin
et al. 2008; Berg et al. 2011: Milberg et al. 2016; Glimskir et al. 2018). The positive effect
of tall vegetation has been suggested to be associated with a higher diversity of foraging
resources (Southwood et al. 1979; Lawton 1983; Morris 2000). In addition, taller grass
swards have multiple layers of vegetation and a larger structural variation, which might be
important for shelter and foraging (Morris 2000; Reid and Hochuli 2007). Thus, too inten-
sive management (such as whole season grazing with a high grazing pressure) will result
in as short sward with few flowering plants unsuitable for pollinating insects. Management
to benefit pollinators in pastures is complex, since neither intensive grazing nor lack of
management during longer periods will benefit the nectar-feeding insects (Nilsson et al.
2013; Franzén and Nilsson 2008). However, alternative grazing regimes such as intermedi-
ate grazing pressure, late season grazing, or leaving small non-grazed areas, may create
the heterogeneity needed to benefit multiple organism groups. These grazing regimes have
previously been suggested as more favourable for biodiversity than the currently common
management practice of whole-season grazing (Lennartsson et al. 2012; Wissman et al.
2008).

Conclusion

A large proportion (~50%) of the sites without AES were unmanaged so these sites will
be overgrown with shrubs and trees in the long run. Thus, the AES system has an impor-
tant positive effect on continuation of pasture management, although current management
regimes are not optimal for all taxa. However, there may be a time lag in the effects of
ceased (or changed) management on some species (e.g. some plants and insects) and the
relatively “high” species richness at sites without AES management (Fig. 3) might be due to
an extinction debt (Bommarco et al. 2014), i.e. the species will eventually go locally extinct
in the long run if suitable management is not implemented. As a consequence, it is vital that
monitoring of semi-natural pastures continues past the 5 years of data available for inclusion
in this study if we are to evaluate longer term effects of AES management regimes.
Historically, the management of the pastures has been more variable compared to the
present day (hay-cutting, different grazing regimes), see Dahlstrom et al. (2006). AES will
have to encourage management regimes that create heterogeneity if the populations of eco-
system service providers such as pollinators are to reach or be maintained at a favourable
conservation status in grasslands and the wider landscape. The long-term effects of the cur-
rent management (whole season grazing) on grassland plants are unknown. Researchers,
managers and farmers should collaborate to implement Before-After-Control-Impact Stud-
ies of different pasture management practices to disentangle cause and effects of different
grazing regimes on biodiversity. This together with continued long-term monitoring could
ensure better management for conservation of grassland plants and pollinating insects.
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Appendix

See Tables 3 and 4.

Table 3 Indicator species of ] ] } ]
Ophioglossum vulgatum Pedicularis palustris

vascular plants (Sjodin 2014)

Botrychium lunaria
Luzula campestris
Luzula multiflora/L. pallescens/L. sudetica
Poa alpina

Briza media
Helictotrichon pratensis
Phleum alpinum
Danthonia decumbens
Nardus stricta

Carex panicea

Carex hostiana

Bistorta vivipara
Lychnis flos-cuculi
Dianthus deltoides
Pulsatilla vulgaris
Aconitum lycoctonum
Trollius europaeus
Cardamine pratensis
Parnassia palustris
Filipendula vulgaris
Alchemilla spp.
Trifolium fragiferum
Lotus corniculatus
Linum catharticum
Polygala spp.
Helianthemum spp.
Pimpinella saxifraga
Primula veris/P. elatior
Primula farinosa
Armeria maritima
Centaurium spp.
Gentiana pneumonanthe
Gentianella campestris
Galium verum

Ajuga pyramidalis
Thymus serpyllum
Veronica spicata
Veronica officinalis
Melampyrum pratense/M. sylvaticum
Euphrasia spp.

Bartsia alpina

Pedicularis sylvatica
Rhinanthus spp.
Pinguicula vulgaris
Plantago media
Plantago lanceolata
Succisa pratensis
Campanula rotundifolia
Antennaria dioica
Leucanthemum vulgare
Arnica montana
Carlina vulgaris
Serratula tinctoria
Saussurea alpina
Cirsium helenioides
Pilosella spp.
Hypochoeris maculata
Leontodon hispidus
Scorzonera humilis
Crepis praemorsa
Triglochin palustris
Triglochin maritima
Epipactis palustris
Platanthera spp.
Gymnadenia conopsea
Dactylorhiza incarnata
Dactylorhiza maculata

Orchis mascula

@ Springer



4002

Biodiversity and Conservation (2019) 28:3989-4005

Table 4 Butterfly species
classified as grassland specialists
(n=46) that were included in

the analyses of species richness
(Glimskdr et al. 2018)

References

Adscita statices
Aphantopus hyperantus
Argynnis aglaja
Argynnis niobe
Argynnis paphia
Aricia agestis

Aricia artaxerxes
Aricia nicias

Boloria euprosyne
Boloria selene
Coenonumpha arcania
Coenonympha hero
Coenonympha pamphilus
Cupido minimus
Eumedonia eumedon
Glaucopsyche alexis
Hameartis lucina
Hemaris tityus
Hesperia comma
Hipparchia semele
Lasiommata megera
Lycaena helle

Lycaena hippothoe

Lycaena phlaeas
Lycaena virgaureae
Maculinea arion
Maniola jurtina
Melitaea cinxia
Ochlodes sylvanus
Ossoria lathonia
Parnassius apollo
Plebejus argus/idas
Plebejus argyrognomon
Polyommatus amandus
Polyommatus dorylas
Polyommatus icarus
Polyommatus semiargus
Pyrgus alveus

Pyrgus armoricanus
Pyrgys malvae
Thymelicys lineola
Zygaena filependulae
Zygaena lonicerae
Zygaena minos
Zygaena osterodensis

Zygaena viciae
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