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Abstract Soil-disturbing ecosystem engineers play an
important role in plant-species diversity in grasslands as
they increase vegetation heterogeneity by creating gaps due
to burrowing or mound-building activities. However,
knowledge of the ecological importance of these microsites
for arthropods is still rare. In this study, we analyse the role
of ant-nest mounds of the yellow meadow ant (Lasius
flavus) for oviposition-site selection of the silver-spotted
skipper (Hesperia comma). Ant mounds were searched for
H. comma eggs. Microclimatic and vegetation parameters
were ascertained at occupied sites and control sites within
the matrix vegetation. Furthermore, we analysed the habitat
requirements of L. flavus by means of nest counting and the
sampling of environmental parameters within different
sites. L. flavus occurred most frequently in abandoned and
less steep sites with deeper soils. Mean egg occupancy
rates of H. comma on ant hills were 32 %, nearly twice as
high as at control sites (18 %). In contrast to the sur-
rounding vegetation, nest mounds were characterized by a
lower vegetation cover and litter and a higher proportion of
bare ground. Furthermore, they had a higher cover of host
plants compared with control samples. These microhabitats
offered the following essential key factors for the larval
development of H. comma: (1) a suitable microclimate due
to open vegetation and (2) a high amount of host plants.
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This study highlights the importance of L. flavus as an
ecosystem engineer within central European grasslands
because this species increases vegetation heterogeneity.
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Introduction

Land-use change is one of the most important drivers of the
current global biodiversity crisis (Sala et al. 2000). In
Europe, semi-natural grasslands maintained by traditional
management such as low-intensive grazing harbour a great
proportion of biodiversity. However, due to the intensifi-
cation or abandonment of land use, semi-natural grasslands
have declined dramatically during the past 60 years (cf.
Van Dijk 1991; Critchley et al. 2003; Cousins and Eriksson
2008; Cousins 2009; Walker et al. 2009). Among grass-
lands, calcareous grasslands represent one of the most
species-rich types (Veen et al. 2009). Due to their high
plant-species diversity and low land-use intensity, these
grasslands function as important habitats for butterflies.
Within Europe, they harbour approximately 50 % of all
native butterfly species (Van Swaay 2002), and they are
home to many specialized and rare species (Krdmer et al.
2012a; Borschig et al. 2013).

As a consequence of the very specific habitat require-
ments of many butterfly species, the decline of butterflies
exceeds that of many other taxonomic groups (Thomas
et al. 2004; Thomas 2005). The immature stages of but-
terflies are highly dependent on certain conditions for their
development (Thomas 1991; Garcia-Barros and Fartmann
2009). For example, the larvae of many species are
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characterized by high host-plant specificity (Munguira
et al. 2009). In addition, a suitable microclimate plays an
important role for the successful development of the pre-
adult stages (Garcia-Barros and Fartmann 2009). Within
Central European grasslands, many thermophilous species
prefer open vegetation with a warm microclimate for
oviposition and the development of their larvae (e.g.
Mollenbeck et al. 2009; Eilers et al. 2013; Loffler et al.
2013). Small-scale patches of bare ground are therefore of
special importance for the conservation of these species.
However, due to intensive land-use practices with fertil-
ization or abandonment, only a few highly competitive
plant species are favoured (Grime et al. 2007; Drobnik
et al. 2011; Mariotte et al. 2013), which leads to closed turf
and homogenous vegetation (Vickery et al. 2001).
Therefore, soil-disturbing ecosystem engineers play an
important role in maintaining the species diversity within
central European semi-natural grasslands. They create
small-scale patches of open vegetation due to burrowing or
mound-building activities and increase vegetation hetero-
geneity (cf. King 1977; Dean et al. 1997; Seifan et al. 2010;
Streitberger and Fartmann 2013). In general, ecosystem
engineers are defined as organisms that alter the availability
of resources by modifying the physical state of biotic or
abiotic materials (Jones et al. 1994). Social burrowing
rodents such as prairie dogs represent an intensively studied
example of soil-disturbing ecosystem engineers in terms of
biodiversity research (e.g. Davidson and Lightfood 2008;
Augustine and Baker 2013). Within central European cal-
careous grasslands, typical examples of soil-disturbing
ecosystem engineers are represented by mound-building ant
species such as the yellow meadow ant (Lasius flavus,
Fabricius 1782) or the European mole (Talpa europaea,
Linnaeus 1758), a fossorial insectivorous mammal. The
importance of these ecosystem engineers has been well
studied in terms of plant species diversity. Mounds created
by ants or moles favour annuals or low-competitive plant
species (King 1977; Dean et al. 1997; Dauber et al. 2006;
Lenoir 2009; Streitberger et al. 2014). However, there is also
evidence that these microsites function as preferred habitats
for the pre-adult stages of certain butterfly species. For
example, host plants growing at the edge of molehills are
preferred for oviposition by the grizzled skipper (Pyrgus
malvae, Linnaeus 1758) and the small copper (Lycaena
phlaeas, Linnaeus 1761) as these sites offer optimal
microclimatic conditions for the development of their off-
spring (Streitberger and Fartmann 2013; Streitberger et al.
2014). In addition, the nest mounds of L. flavus function as
important habitats for the larvae of the endangered trans-
parent burnet moth (Zygaena purpuralis, Briinnich 1763) as
the mounds harbour high host-plant abundance and offer
optimal microclimatic conditions for the development of the
pre-adult stages (Streitberger and Fartmann 2015).
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In this study, we analyse whether the nest mounds of
L. flavus function as important microhabitats for the
oviposition of the silver-spotted skipper (Hesperia comma,
Linnaeus 1758). In central Europe, H. comma is a ther-
mophilous species that strongly depends on open vegeta-
tion with a warm microclimate for the development of the
immature stages (Thomas et al. 1986; Fartmann 2004). We
therefore assume that the ant hills of L. flavus are the
preferred oviposition sites within semi-natural grasslands.
We suppose that these sites offer suitable conditions for
larval development due to the open vegetation and high
host-plant abundance. Additionally, we analyse the habitat
requirements of L. flavus by means of nest counts.
According to these results, we have derived management
strategies for the conservation of the species.

Materials and methods
Study species
Lasius flavus

Lasius flavus (Hymenoptera: Formicidae) has a Palearctic
distribution (Seifert 2007). The ant species occurs frequently
within agricultural and urban habitats (Seifert 2007). In
central Europe, L. flavus prefers fresh to wet grasslands
maintained by low-intensity land use (Seifert 1993, 2007).
Even though L. flavus is widespread within central Europe, it
is declining due to its sensitivity to eutrophication (Seifert
1993). L. flavus is a hypogeic species that builds above-
ground nest mounds to create warm microclimatic condi-
tions for their offspring (Dlussky 1981). Their main food
source is root aphids and their honeydew (Pontin 1978).

Hesperia comma

Hesperia comma (Lepidoptera: Hesperiidae) is widely dis-
tributed throughout the Palearctic region. The core of its
range is found from Europe to East Asia (Ebert and Ren-
nwald 1991). In Germany, H. comma is relatively rare and is
listed as endangered (Reinhardt and Bolz 2011). The species
is univoltine and hibernates in the egg stage. Within our
study area, the Diemel Valley (central Germany), the flight
period ranges from the end of July until the beginning of
September, and the larvae feed monophagously on Festuca
ovina agg. (Fartmann and Mattes 2003; Fartmann 2004). In
general, the species prefers a wide range of different open
habitats, such as dry and nutrient-poor grasslands or wood-
land glades (Ebert and Rennwald 1991). However,
H. comma is strongly dependent on open and short turf with a
high proportion of bare ground for oviposition (Thomas et al.
1986; Hermann and Steiner 1997; Fartmann and Mattes
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2003; Fartmann 2004). Within the Diemel Valley, preferred
oviposition sites of H. comma are mainly found within steep
south- or south-west-facing slopes with a high sunshine
duration and a warm microclimate (Fartmann and Mattes
2003; Fartmann 2004).

Study area

The Diemel Valley is located in central Germany, at the
border of North Rhine-Westphalia and Hesse (51°22'N/
8°38'E and 51°38'N/9°25’E). The area is characterized by a
sub-oceanic climate (Miiller-Wille 1981) and has eleva-
tions between 100 and 500 m a.s.l. Large parts of the
hillsides along the Diemel Valley consist of limestone and
have been grazed for centuries by traditional shepherd
grazing. Currently, approximately 55 % of these grasslands
are still being actively managed, mainly by traditional
rough sheep grazing (Fartmann 2004). The calcareous
grasslands harbour a high species richness and are therefore
of great value for conservation. Large parts of the area
contribute to the Natura 2000 network (Fartmann 2004)
and are considered a Prime Butterfly Area (Van Swaay and
Warren 2003). A detailed description of the study area is
given by Fartmann (2004).

Habitat preferences of Lasius flavus

The habitat preferences of L. flavus were analysed at the
beginning of June 2013. Forty 10 m x 10 m sized sites
were selected within 22 calcareous grassland patches where
nest mounds of L. flavus were abundant (hereafter referred to
as ‘occupied sites’). Within every site, all visible nest
mounds in which L. flavus was present were counted.
Additionally, the following climatic and vegetation structure
parameters were analysed for the whole patch: elevation,
aspect, slope, land use (grazed, abandoned), mean daily
potential sunshine duration for the growing season (April to
September) using a horizontoscope (cf. Tonne 1954), cover
of herbs, cryptogams, litter and stones as well as turf height.
For further analyses, aspect was converted into ‘northness’
and ‘eastness’ by cosine and sine transformation (northness:
360° = 1; 180° = —1; eastness: 90° = 1; 270° = —1). In
addition, the soil depth was measured at five randomly
selected plots within the site. The mean of the five values
was calculated for statistical analysis. The same parameters
were analysed at 11 randomly selected sites within 11 ran-
domly selected patches where L. flavus was absent (hereafter
referred to as ‘unoccupied sites’).

Ant hills as oviposition habitats for Hesperia comma

To analyse the importance of ant hills as an oviposition
habitat of H. comma in calcareous grasslands, nest mounds

of L. flavus were searched for eggs of H. comma. The
sampling took place at the beginning of September 2013
shortly after the peak of the flight period (cf. Fartmann and
Mattes 2003; Fartmann 2004). Altogether, 31 randomly
selected 10 m x 10 m sites were set up at locations with a
high abundance of ant hills within 16 patches of calcareous
grasslands where the occurrence of the species was known
by the authors. Within these sites, all ant hills with a
minimum height of 5 cm and the presence of the host plant
(F. ovina agg.) were selected for further analyses. At each
selected ant hill, a 30 cm x 30 cm sized plot was arranged
at the spot with the highest abundance of host plants. The
whole plot was searched for eggs of H. comma. Whenever
an egg was found (hereafter called occupied ant hills) the
following microclimatic, vegetation and ant hill charac-
teristics (height, diameter) were analysed for the whole
plot: aspect (converted into ‘northness’ and ‘eastness’, see
above), slope, daily potential sunshine duration in August
using a horizontoscope, cover of host plants, herbs, cryp-
togams, litter and bare ground, turf height and height and
diameter of the ant hill. Furthermore, the vegetation density
was estimated by using a horizontal frame of 20 cm depth
and 40 cm width in two layers of 5 cm from 5 to 10 cm
height above ground. Within all selected sites, eggs of
H. comma were found on a total of 90 ant hills.

To document the complete range of available habitats, the
same microclimatic and vegetation characteristics as men-
tioned above were analysed at control samples of the same
size within the matrix vegetation. The control samples
(N = 90) were arranged whenever an egg was found on an
ant hill at the nearest host plant occurring with a minimum
distance of one metre north of the analysed ant hill.

In addition, the same parameters as mentioned above were
analysed at ant hills where the host plant of the study species
was present, but the eggs of H. comma were missing (N = 45).
Here, the analyses also took place in 30 cm x 30 cm sized
plots that were arranged on the ant hill where the host plants
occurred most frequently. These samples were selected ran-
domly within the five patches of highest abundance of the pre-
adult stages of the species. These patches were used for anal-
ysis to maximize the likelihood that the unoccupancy of the ant
hills was a result of unsuitable environmental conditions and
independent from population size.

Statistical analysis

To compare the sites occupied and unoccupied by L. flavus
and for comparing ant hills containing eggs of H. comma
with the control samples and the unoccupied ant hills,
binomial generalized linear mixed-effect models (GLMM)
were applied with the presence and absence data of the
species as the response variable. Models were compared
with null models which included solely the random term by
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using likelihood ratio tests (x analysis). In cases of multiple
comparisons, Bonferroni corrections of the significance
levels were considered. For analysing the effect of sampling
(ant hills and control samples) on occupation rates per site
(=proportion of occupied samples with host plants) by
H. comma, proportional binomial GLMM were calculated
and compared with null models by likelihood ratio tests.

Furthermore, linear mixed and generalized linear mixed
models were applied to identify which environmental
parameters possess the highest explanatory power for the
occurrence of the study species by inserting all variables
with a significant effect on species occurrence within the
models. In the case of L. flavus, a linear mixed model
(LMM) was applied to the number of inhabited nest
mounds as the dependent variable (unoccupied sites
included in model). Patch served as the random factor.

A binomial GLMM was performed to ascertain which
parameters had the highest explanatory power for the
occurrence of eggs of H. comma on ant hills in general
(occupied ant hill and control samples were introduced in
the models). Additionally, a binomial GLMM was calcu-
lated to ascertain which environmental parameters explain
the use of a certain ant hill as an oviposition habitat by
H. comma (occupied ant hill and unoccupied ant hill
samples were inserted in the models). Sites within patches
served as the random factor within the two models.

Only variables with a significant effect on species
occurrence were inserted into the models as explanatory
variables to avoid overfitting. The vegetation density,
measured 5 and 10 cm above ground, was strongly inter-
correlated (Spearman rank correlation [rg] value >0.7) and
was therefore merged into one synthetic variable (‘vege-
tation density’) by using a principal component analysis
(PCA). Vegetation density was used as an explanatory
variable in the GLMM for comparing occupied and unoc-
cupied ant hills. The variable was positively correlated
with vegetation density 5 cm above ground (r; = 0.92,
P < 0.001) and vegetation density 10 cm above ground
(rs = 0.92, P < 0.001). The eigenvalue of the component
was 1.7 and explained 85 % of the variance in the data set.
The selection of the final models was based on backward
selection using likelihood ratio tests (y>-analysis) with a
significance level of o = 0.05.

The PCA was ascertained using SPSS 22. We used the
Ime4-package in R 3.2.3 (R Development Core Team
2016) for the calculation of the mixed models.

Results
Habitat preferences of Lasius flavus

The mean number of nest mounds inhabited by L. flavus
per site was 9 &£ 4.5 SE. Land use had a significant effect
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on the occurrence of L. flavus (;(2: 8.8663; P < 0.01;
df = 1, Fig. 1a). In total, 37.5 % of the occupied sites were
abandoned and 62.5 % were grazed, whereas all unoccu-
pied sites were grazed. Moreover, L. flavus preferred sites
that were less steep and characterized by deeper soils and a
lower cover of stones (Table 1).

A similar result was revealed by the LMM (Table 2).
The likelihood of finding a high abundance of nest mounds
of L. flavus was increased in abandoned sites (Fig. 1a) and
in sites with deeper soils (Fig. 1b) as well as less steep sites
(Fig. 1c, Table 2). However, the explanatory power of the
model was low with an adjusted pseudo R* [Nagelkerke’s]
value of 0.09.

Ant hills as oviposition habitats for Hesperia comma

A total of 192 of H. comma eggs were found at 30 % of all
ant hills where F. ovina agg. occurred. In contrast, 37
H. comma eggs were found within 20 % of the control
samples. Sample type (ant hill vs. control samples) had a
significant effect on occupation rate per site (mean occu-
pation rate = SD, ant hills with host plants:
31.6 £ 17.1 %; control samples: 17.8 £ 27.1 %, y2:
172.50, P < 0.001; df = 1). Land use had no significant
effect on the occupation rates per site on ant hills (with host
plants) (mean occupation rates == SD, grazed sites:
31.8 &+ 16.8 %, abandoned sites: 31.25 + 18.3 %, ;(2:
0.2068, P > 0.05; df = 1) and on the occupation rates per
site within control samples (grazed sites: 17.3 + 24.7 %,
abandoned sites: 18.6 & 31.7 %, ;{2: 0.401, P > 0.05;
df =1).

In comparison with the control samples, ant hills occu-
pied by H. comma were characterized by more open veg-
etation. Occupied ant hills had a lower herb, cryptogam and
litter cover and a significantly higher host plant cover
(Table 3). Additionally, occupied ant hills exhibited a
higher cover of bare ground compared to control samples.
From unoccupied ant hills, occupied ant hills by H. comma
were distinguished by a significantly less dense vegetation
(Table 3).

The GLMM revealed that the likelihood of finding an
H. comma egg on an ant hill was strongly influenced by
vegetation structure. A low cover of herbs and a higher
cover of bare ground increased the likelihood of finding
an egg on ant hills in comparison with the control sam-
ples (Fig. 2a, b; Table 4a). The explanatory power of the
model was high, with an adjusted pseudo R [Nagelk-
erke’s] of 0.71 %. The likelihood of a certain ant hill used
for oviposition was increased when the ant hills were
characterized by low vegetation density (Fig. 2c;
Table 4b). Nonetheless, the explanatory power of the
model was low with an adjusted pseudo R® [Nagelk-
erke’s] value of 0.08.
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Fig. 1 Results of the LMM: ant density (nest mounds/100 m?) in
relation to a land-use, b soil depth and ¢ slope. a Result of single
predictor LMM: y = 6.0556 + 3.8111 x 1 (abandonment),
P < 0.05, R% = 0.02. The boxes show the median and the first and
third quartile, the whiskers indicate the 10th and 90th percentile. The
regression slopes in (b) and (c) were fitted by using single predictor
LMMs: by = 157029 + 0.33054 x soil depth, P < 0.001,
R% = 0.1, ¢ y = 12.13181-0.19009 x Slope, P < 0.05, R% = 0.02.
*P < 0.05, R2N = Nagelkerke’s Pseudo R?

Discussion
Habitat preferences of Lasius flavus

According to this study land use, soil depth and slope were
the most important factors explaining the abundance of
L. flavus in calcareous grasslands. The ants occurred most
frequently on abandoned and less steep sites with deeper
soils. However, these factors only explained a low variance
within the data set. Therefore, further parameters have to
be important in the determination of the abundance of
L. flavus. In addition, nest density was relatively low with a
mean of nine nest mounds (with heights above 5 cm) per
100 m? compared with other studies (Dlussky 1981; Dau-
ber and Wolters 2005).

The height and type of a L. flavus nest is dependent on
several factors, such as subsoil drainage, its age and the
surrounding vegetation structure (Waloff and Blackith
1962; Dlussky 1981; Blomgqvist et al. 2000). Therefore, it is
conceivable that abundance estimations by means of nest
mound counts are partially biased. Nonetheless, it is very
likely that the calcareous grasslands within our study area
only offer sub-optimal habitat conditions for L. flavus.
Presumably, the soils are too dry and shallow, especially on
steeper south-facing slopes, to favour a high abundance of
L. flavus. According to Seifert (2007), L. flavus prefers
fresh to wet soils. The importance of deep soils for L. flavus
was also emphasized by Dean et al. (1997). Hypogeic
galleries are excavated by this species within depths of
40-50 cm (Dlussky 1981).

Generally, L. flavus prefers sites with low land-use
intensity; intensively used or abandoned grasslands are
avoided (Feldmann 2009). Abandoned sites may become
unsuitable for this species when the vegetation gets too
high and dense and precludes insolation of the nests
(Waloff and Blackith 1962). However, within our study
area, L. flavus was especially abundant within abandoned
sites. Presumably, these sites still offered a suitable vege-
tation structure with a warm microclimate due to a rela-
tively low succession speed at the relatively shallow south-
facing slopes with high solar irradiation where most of the
analyses took place. In contrast, even calcareous grasslands
with low-intensity grazing have a very short turf. Hence,
they are characterized by a warm microclimate (Stoutjes-
dijk and Barkman 1992) and soil conditions possibly too
dry for L. flavus.

In addition to soil depth and land use, food supply is
regarded as a further important determinant of L. flavus
abundance (Dean et al. 1997; Dauber and Wolters 2005).
The density of root aphids is higher in sites with a high
plant diversity (Pontin 1978; Seifert 1993; Kamczyc and
Gwiazdowicz 2013). According to Seifert (1993), L. flavus
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Table 1 Mean values + SD of

. . Parameter Occupied sites Unoccupied sites 12 P
all numerical parameters at sites
occupied (N = 40) and Climate
unoccupied (N = 11) by L. .
flavus Elevation (m) 281.3 £ 76.5 238.6 £+ 44.5 3.6863 n.s.
Northness —04 £ 0.6 —-05+£05 0.2566 n.s.
Eastness —-02 £ 0.7 —-04 £ 0.6 0.7018 n.s.
Slope (°) 23.7 £ 12.2 323 +98 15.311 Hokk
Daily sunshine duration (h)? 106 £ 1.1 113 £ 1.1 1.8145 n.s.
Vegetation cover (%)
Herb layer 70.3 £ 8.2 69.1 £ 13.6 0.1301 n.s.
Litter 48.3 £ 20.6 39.1 £ 169 1.8994 n.s.
Cryptogams 384 +£20.3 26.1 + 16.6 3.6598 n.s.
Stones 0.6 £ 2.5 6.6 7.6 13.014 Hokk
Turf height (cm) 12.8 + 3.8 11.9 £+ 3.1 0.5721 n.s.
Soil depth (cm) 18.9 £ 8.6 10.0 £ 3.0 12.776 HHE

Comparison between groups by binomial generalized linear mixed-effect models (cf. methods section for

details)
n.s. not significant
% P < 0.001

# Mean daily sunshine duration during the growing season

Table 2 Statistics of LMM: relationship between the abundance of L.
Sflavus nest mounds and environmental parameters (N = 40 occupied
and N = 11 unoccupied sites)

Parameter Estimate SE P P
Land use
Abandoned 3.88321 1.41682 7.0077 *E
Soil depth 0.25221 0.07252 10.4622 *E
Slope —0.16691 0.05165 9.5005 *E

The following variables entered into the analysis were not significant:
cover of stones. Non-significant predictors were excluded from the
models by stepwise backward selection (P > 0.05)

#% P < 0.01. Pseudo R? [Nagelkerke’s] = 0.09

is therefore sensitive to fertilization and nitrogen deposi-
tion because both lead to a loss of plant-species richness by
favouring a few competitive species (Bobbink et al. 1998).
However, in our study, a limited food supply due to low
plant-species diversity caused by eutrophication is not the
reason for the low nest densities. All studied patches are
unfertilized (Fartmann 2004), and despite a current atmo-
spheric nitrogen deposition rate of 15-20 kg ha=' y~!
(Wichink Kruit et al. 2014), the grasslands are still char-
acterized by high plant-species richness. Plots with a size
of 3 m x 3 m usually contain more than 40 species of
vascular plants (Fartmann 2004).

Furthermore, the age of a site is an important factor
explaining the abundance of L. flavus. The ant species is
most frequently found within older persistent grasslands
with a minimum age of 30 years (Dauber and Wolters
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2005; Fagan et al. 2008). All studied patches fulfilled this
requirement. They are permanent grasslands and have been
used for at least many decades, if not centuries (Fartmann
2004).

In conclusion, the calcareous grasslands of the study
area represent only sub-optimal habitats for L. flavus. In
most parts of the grasslands, the soils are probably too dry
and shallow for a high abundance of the ant species. On
these grasslands, L. flavus mainly occurred on less steep
slopes with deeper soils. In contrast to the general prefer-
ence of the ant species for grasslands with low land-use
intensity, abandoned calcareous grasslands were favoured
within the study area. While calcareous grasslands with a
low-intensity grazing are characterized by a very short turf
and a warm microclimate possibly resulting in too dry soil
conditions for L. flavus, abandoned calcareous grasslands
seem to offer more suitable microclimatic conditions.

Ant hills as oviposition habitats for Hesperia comma

This study demonstrated that nest mounds of the ant spe-
cies L. flavus represent important oviposition habitats for
the endangered butterfly H. comma. The mean egg occu-
pancy rate per site was with 32 %, nearly twice as high as
at control samples (18 %). These nest mounds were pre-
ferred by H. comma for oviposition because these micro-
sites have a vegetation structure that strongly differs from
the matrix vegetation. In contrast to the surrounding veg-
etation, the nest mounds of L. flavus were characterized by
more open vegetation due to lower cover of vegetation, less
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Table 3 Mean values = SD of all numerical parameters at occupied ant hill (N = 90), control (N = 90) and unoccupied ant hill (N = 45)

samples of H. comma

Parameter Occupied ant hills Control samples 7 P Unoccupied ant hills P P?
Climate
Northness —04 £ 0.7 —-05+£05 2.4855 n.s. —-02 £ 0.8 3.8208 n.s.
Eastness —0.1 £ 0.6 —-03 £ 0.6 2.9526 n.s. 0.1 £ 0.6 2.0898 n.s.
Slope (°) 22.1 £17.3 223 +99 0.0113 n.s. 18.1 £ 15.1 0.971 n.s.
Daily sunshine duration (h)® 10.7 £ 1.2 105 £ 1.2 0.4324 n.s. 10.7 + 1.1 0.2912 n.s.
Vegetation cover (%)
Host plants 109 £ 83 69 + 6.3 13.393 ok 99+99 0.5959 n.s.
Herb layer 42.1 £ 16.5 64.1 + 10.5 84.668 ok 492 + 154 3.5403 n.s.
Litter 28.8 £ 15.7 364 £ 15.1 10.749 ok 324+ 173 1.8186 n.s.
Cryptogams 50+ 114 155 £ 162 25912 HwE 6.4 £ 18.2 0.9571 n.s.
Bare ground 344 £ 19.7 1.1 £44 167.89 HokE 29.2 £ 18.5 3.7414 n.s.
Horizontal cover (%)
5 cm 423 £ 139 464 £ 17.6 3.0448 n.s. 513+ 143 9.8328 *oE
10 cm 9.9 + 8.7 9.7 £ 10.1 0.0319 n.s. 16.5 + 10.6 11.843 ok
Turf height (cm) 5.8+ 84 64+ 2.0 0.3939 n.s. 64 £ 2.1 1.0192 n.s.
Ant-hill structure (cm)
Height 23.8 £ 6.3 - - - 244+ 75 0.3628 n.s.
Diameter 61.3 £ 12.6 - - - 59.1 + 144 0.1562 n.s.

Comparisons between groups by binomial generalized linear mixed-effect models (cf. methods section for details)

*¥* P < 0.01; **¥* P < 0.001, n.s. not significant
* Occupied and unoccupied ant hills were tested against each other

® Mean daily sunshine duration during August

litter and a higher proportion of bare ground. Furthermore,
they had a higher cover of host plants.

In general, microclimate and host-plant abundance are
among the most important drivers of habitat selection in
butterflies (Garcia-Barros and Fartmann 2009). It is most
likely that ant hills are preferred for oviposition by
H. comma because these sites offer suitable microclimatic
conditions for the development of the eggs as a result of the
open vegetation. The importance of a warm microclimate
for oviposition-site selection by H.comma was also
emphasized by other studies (Thomas et al. 1986; Fartmann
and Mattes 2003). H. comma is strongly dependent on
grasslands with open turf and a high amount of bare ground
due to grazing or disturbance by mammal herbivores
(Thomas et al. 1986; Fartmann and Mattes 2003; Lawson
et al. 2012). Overall, the larval development of butterflies
is increased by warm conditions (Weiss et al. 1988; Roy
and Thomas 2003). Several factors determine the micro-
climate near the ground (Stoutjesdijk and Barkman 1992)
and are relevant for the microhabitat selection of butter-
flies. On the one hand, general characteristics at the land-
scape level such as aspect or insolation influence
microclimatic conditions within sites. For example,

H. comma occurs most frequently within south-facing sites
that are characterized by a high degree of solar insolation
(Thomas et al. 1986; Fartmann and Mattes 2003; Lawson
et al. 2012). Additionally, the structure of the vegetation is
an important determinant for microclimatic conditions near
the ground (Stoutjesdijk and Barkman 1992). Due to the
sparse vegetation and low litter cover on ant hills, solar
radiation reaches the ground to a greater extent compared
with sites with higher growing matrix vegetation (cf.
Stoutjesdijk and Barkman 1992). Additionally, the high
amount of bare ground on ant hills favours microclimatic
warming of these sites by heat absorption (cf. Stoutjesdijk
and Barkman 1992). This was confirmed by Streitberger
and Fartmann (2015) who measured significantly higher
temperatures (up to 50 °C and more) on ant hills compared
with the surrounding vegetation.

Furthermore, sufficient food is indispensable for the
successful development of larvae (Garcia-Barros and
Fartmann 2009). Typically, many butterfly species prefer
microhabitats with a high amount of host plants for
oviposition (e.g. Kriamer et al. 2012b; Streitberger et al.
2012; Weking et al. 2013). In contrast to the control
samples, ant hills had higher host-plant abundance. Due to

@ Springer



552

M. Streitberger, T. Fartmann

(ahol .
8 081
c
]
3
8 06+
e}
—
s}
2041
=
[
)
< 0.2 4 Number of samples
o 1-5
e 6-10
0.0 e >10 . e o o o o
0 20 40 60 80

(b)1.0— *—o
[0}
Q 0.8
o
3
o 064
]
—
o]
>
= 044
o
[
o
Q
a 024 Number of samples
1-5
e 6-10
0.0 eoe e e >10
0 20 40 60 80
Bare ground (%)
(0)10— 000 COMNGIN GNINNOCSES 00 O © 0000 ) °
3
Q 0.8 1
(<
3
o 0.6+
o
—
o]
>
= 044
el
©
o
o
a 024
0.0 A WOGEIO 000 00 000 00 0 0000 & o o0 0
-2 -1 0 1 2 3

Vegetation density

the small growth form and thin leaves of F. ovina agg., it is
very likely that densely growing tussocks are especially
important for H. comma to supply the larvae with sufficient
food.

Nonetheless, the GLMM revealed that an open vegeta-
tion and, hence, a warm microclimate were more important
than host-plant abundance for explaining the use of ant
hills for oviposition by H. comma. However, there is
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«Fig. 2 Results of the binomial GLMMs: the probability of the
occurrence of H. comma on ant hills in general in relation to a cover
of herb layer, b cover of bare ground and probability of occurrence of
H. comma on certain ant hills in relation to ¢ vegetation density. The
regression slopes in (a) and (b) were fitted by using single predictor
GLMMs: a y = 5.78768 — 0.10656 x herb layer, P < 0.001,
R% =034, b y = —2.35810 + 0.30128 x bare ground, P < 0.001,
R% =0.67. ¢ Fit of regression slope, cf. Table 4b, inter-
cept = 1.8182. Vegetation density represents a synthetic variable
that merges horizontal vegetation cover (%) in 5 and 10 cm above
ground. Negative values represent low vegetation densities (%) (mean
values = SD: vegetation density 5 cm above ground: 35.6 &+ 8.8;
vegetation density 10 cm above ground: 5.8 £ 4.6) and positive
values represent high vegetation densities (mean values £ SD:
vegetation density 5 cm above ground: 57.5 £+ 10.6; vegetation
density 10 cm above ground: 20.0 + 8.9). R% = Nagelkerke’s
Pseudo R*

Table 4 Statistics of GLMM: (a) binomial, prediction of the use of
ant hills as oviposition habitats by H. comma (N = 90 occupied ant
hills) in comparison with the control samples (N = 90); and (b) bi-
nomial, prediction of the use of a certain ant hill as an oviposition
habitat (N = 90 occupied ant hills) in comparison with unoccupied
ant hills (N = 45)

Variable Estimate  SE Vi P RZN

(a) Occupied ant hills versus control samples 0.71
Cover of herb layer —0.05793 0.02083  8.876 **
Cover of bare ground  0.27277 0.06369 92.095 ***

(b) Occupied versus unoccupied ant hills 0.08
Vegetation density” —0.8717 02609  13.12  ***

The following variables entered into the analysis were not significant:
(a) cover of host plants, litter and cryptogams. Non-significant pre-
dictors were excluded from the models by stepwise backward selec-
tion (P > 0.05)

** P < 0.01; *** P <0.001. Rﬁ = Nagelkerke’s Pseudo R?

? Vegetation density measured 5 and 10 cm above ground was
merged into a synthetic variable by PCA due to strong
intercorrelations

evidence that, due to climate change, H. comma tends to
use a broader range of differently structured microhabitats
for oviposition. This was documented at its northern range
margin in south-eastern England (Davies et al. 2006). Here,
H. comma has been continuously expanding northwards
since 1982 and, currently, is also found within denser
growing habitats or north-facing slopes (Davies et al.
2005, 2006). Hesperia comma adapts oviposition-site
selection to the present temperature conditions. Davies
et al. (2006) demonstrated that there is a negative rela-
tionship between microclimate and ambient temperatures
in oviposition-site selection by H. comma. Therefore, hot-
ter microhabitats are preferred when ambient temperatures
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are low. Vice versa, host plants growing within a cooler
microhabitat are selected when ambient temperatures are
high (Davies et al. 2006). Similar observations were also
made on a broader spatial scale (Lawson et al. 2014).
Within cooler regions, the oviposition pattern of H. comma
was more strongly associated with bare ground and a warm
microclimate compared to warmer regions. Nonetheless,
within our study area, H. comma seems to be strictly
dependent on a very warm microclimate for oviposition.

Among ant hills, those mounds that had a low vegetation
density near the ground were preferred for oviposition by
H. comma. However, this parameter only explained a
minor proportion of ant-hill selection by H. comma. A
further explanation for the choice of certain ant hills might
be the structure of the occurring host plants. Generally,
H. comma favours low-growing tussocks of F. ovina agg.
for oviposition, preferentially ones which have been bitten
off by grazing animals (Thomas et al. 1986; Fartmann and
Mattes 2003). Ant-nest mounds are preferred feeding sites
for herbivorous mammals especially within abandoned
sites (cf. Veen et al. 2012). Low-growing tussocks bitten
off by grazing animals occurred frequently on ant mounds
within our study area (own observation). Rabbits and hares
are rare within the studied calcareous grasslands, especially
within the upper parts of the Diemel Valley (own obser-
vation) where most of the analyses took place. In contrast,
roe deer (Capreolus capreolus) abundance is very high. It
is very likely that ant mounds are preferred grazing sites for
roe deer. Although roe deer are regarded to be browsers,
there is evidence that roe deer feed extensively on grasses
within open landscapes (Abbas et al. 2012). According to
Fartmann and Mattes (2003), possible explanations for the
preference of H. comma for tussocks bitten off by mam-
mals are the better accessibility of the leaves compared to
long ones, the higher insolation of low-growing tussocks or
the better digestibility of regenerating shoots for the larvae
due to a lower C/N-ratio.

Conclusion

This study showed that ant-nest mounds of L. flavus in
calcareous grasslands represent important oviposition
habitats for H. comma. The butterfly species prefers ant
hills for oviposition because they offer warm microclimatic
conditions for successful development of the eggs due to
open vegetation. Our results highlight the important role of
L. flavus as an ecosystem engineer within central European
grasslands because this species increases vegetation
heterogeneity due to its mound-building activity. Within
our study area, L. flavus is especially abundant within
abandoned calcareous grasslands. Here, bare ground is
rare, and therefore, ant hills are important habitats for

arthropod species dependent on open vegetation. This was
underlined by Streitberger and Fartmann (2015) who
demonstrated that the larvae of Z. purpuralis are frequently
found on ant hills within fallow calcareous grasslands.

We recommend the introduction of traditional rough
grazing to create small-scale patches of bare ground and an
open vegetation for the conservation of H. comma. How-
ever, with respect to climate change, it is likely that
H. comma may tend to use denser vegetation for oviposi-
tion, especially within extremely hot years (cf. Davies et al.
2006). Thus, it is important to increase vegetation hetero-
geneity within grassland patches to offer a higher variety of
differently structured microhabitats (cf. Fartmann 2006). In
terms of climate change, the presence of ant hills is
extremely important for H. comma, especially within more
productive sites with a dense vegetation cover. Here, the
presence of ant-nest mounds of L. flavus increases the
diversity of microhabitats, which enables H. comma to
adjust oviposition-site selection to climatic conditions.

For the conservation of the ecosystem engineer L. flavus,
land-use intensification should be avoided, particularly on
deep soils where the species is more abundant. Mowing
with heavy machinery should also be avoided as it destroys
the nest mounds (own observation). However, within less
steep or more productive abandoned patches, it is likely
that in the long run nest mounds will become too shaded by
tall vegetation leading to an abandonment of the nests by
L. flavus. Therefore, a low-intensive land use, preferably
grazing, should be introduced.
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