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Abstract
Wild boar is among the most abundant ungulates in Europe and its spread is locally cre-
ating concerns as a major threat to biodiversity. However, through their rooting activity, 
wild boars could play an effective role in the creation of specific microhabitat resources 
for plants and animals. Here, we tested the hypothesis that wild boar affects the habitat 
suitability to threatened butterflies, by evaluating the influence of rooting on multiple key 
aspects of the biology and ecology of the Mediterranean endemic Zerynthia cassandra. 
Namely, we used Z. cassandra as a model to test the effects of wild boar rooting on adult 
foraging opportunities, host plant occurrence, and oviposition site selection. We found 
that herbaceous communities disturbed by wild boar rooting have a higher proportion of 
plants representing nectar resources for early-flying butterflies. We also discovered that 
wild boar rooting positively influences the occurrence and abundance of the larval host 
plant of Z. cassandra, as well as the butterfly site selection for egg-laying. Our results 
indicate that wild boars may locally prove beneficial to endangered butterflies by favor-
ing habitat quality and availability, and their role as ecosystem engineers should thus be 
further investigated to improve species and habitat management and conservation actions.

Keywords Conservation · Disturbance · Ecosystem engineering · Habitat quality · 
Resources · Zerynthia cassandra
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Introduction

Habitat degradation and loss are recognized among the primary causes for the widespread 
decline of many butterfly populations in Europe (Maes and Van Dyck 2001; van Swaay et 
al. 2010; Fox 2012). In this regard, the role of ecosystem engineers such as large ungulates 
can be locally predominant, as they can alter the availability of resources by modifying 
the physical state of biotic or abiotic materials (Jones et al. 1994) and, therefore, they can 
destroy, create and maintain habitats (Boogert et al. 2006; Byers et al. 2006; Streitberger 
and Fartmann 2013).

Wild ungulates have significantly spread throughout Europe in the last decades, as a 
response to a combination of reforestation, rural and agricultural-land abandonment, leg-
islative changes and active reintroductions (Linnell et al. 2020), sometimes establishing 
overabundant populations (Valente et al. 2020). The activity of large ungulates is known to 
drive complex changes on plant populations and communities (Rooney and Waller 2003; 
Heckel et al. 2010; Royo et al. 2010; Rutherford and Schmitz 2010; Jensen et al. 2011; 
Murray et al. 2016) that may extend to other trophic levels (Nuttle et al. 2011; Lessard et 
al. 2012; Wheatall et al. 2013; Shelton et al. 2014). Among wild ungulates, wild boar (Sus 
scrofa) is a widespread ecosystem engineer affecting soil structure and composition, due 
to its rooting activity i.e., overturning vegetation in search for belowground plant parts, 
invertebrates and fungi (Baubet et al. 2003; Barrios-Garcia and Ballari 2012; Sandom et al. 
2013b). Therefore, wild boar rooting has a distinctive impact on plant communities by set-
ting back succession (Sandom et al. 2013a; Sims et al. 2014; Burrascano et al. 2015) with 
likely, yet poorly known to date, impacts on invertebrate communities (Carpio et al. 2014). 
Recent studies reported effects on butterfly oviposition and larval requirements due to soil 
disturbances by ecosystem engineers, e.g., European mole (Streitberger and Fartmann 2013; 
Streitberger et al. 2014) and meadow ant (Streitberger and Fartmann 2016). However, only 
few researches were performed on the significance of wild boar rooting effects on butterfly 
habitat requirements (de Schaetzen et al. 2018).

For a better understanding of the effects of habitat perturbations on butterfly populations, 
particular attention should be given to the availability of food sources, as these provide a 
defining feature of habitat quality and set an upper limit on carrying capacity (Brown et al. 
2004; Krauss et al. 2005; Dennis 2010). Butterflies may require a variety of microhabitat 
conditions to provide all the resources needed during their life stages (Dennis et al. 2006; 
Wynhoff et al. 2008; Curtis et al. 2015). The ecological requirements of adult butterfly 
species have long been missed in the scientific literature, since most studies only assessed 
the relationships between the target species and its host plant, an aspect directly connected 
to oviposition and larval survival (e.g., López Munguira et al. 2009; García-Barros and 
Fartmann 2009; Cini et al. 2021). Specific larval habitat requirements should be generally 
met at a small spatial scale, such as the availability, abundance and quality of specific host 
plant species (López Munguira et al. 2009; Curtis et al. 2015; de Schaetzen et al. 2018). Yet, 
in most cases, occurrence or abundance of the host plant is irrelevant to adult butterflies’ 
survival, since these opportunistically feed upon the nectar of plants flowering during their 
adult-stage phenological phase (Curtis et al. 2015; Stefanescu and Traveset 2009). Effects 
of habitat changes are even stronger on species with low dispersal ability, including many 
terrestrial invertebrates (Thomas et al. 2004). Among butterflies, range-restricted species 
such as local endemics are severely threatened by habitat modification and loss (Bonelli et 
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al. 2018), also due to several ecological and biological traits that make them more prone 
to extinction risk e.g., fewer generations per year, lower diversity of suitable host plants, 
earlier and shorter flying period (López-Villalta 2010). The Italian Peninsula in particular 
represents a butterfly biodiversity hotspot within the Mediterranean biome (Menchetti et al. 
2021), with highest rates of endemic species that urgently need a deeper understanding of 
their threats to secure proper management, such as the Italian endemic butterfly Zerynthia 
cassandra (Lepidoptera, Papilionidae).

Z. cassandra was recently recognized as a sister species of the European-listed butterfly 
Zerynthia polyxena (Dapporto 2010; Zinetti et al. 2013) and has seen declining populations 
during the last decades, with documented local extinctions (Bonelli et al. 2011; Vovlas et 
al. 2014). Z. cassandra is a single brooded species with very limited dispersal abilities, 
and strictly dependent on the occurrence of host plants of the genus Aristolochia, such 
as A. rotunda and A. lutea (Vovlas et al. 2014; Camerini et al. 2018; Ghesini et al. 2018; 
Cini et al. 2019, 2021; Cagnetta et al. 2020). Recent studies provided important insights on 
the microhabitat requirements of the sedentary and oligophagous Z. cassandra, underlining 
its marked selectivity in terms of plant and site features for oviposition and larval growth 
(Vovlas et al. 2014; Cini et al. 2019). All these traits make Z. cassandra highly susceptible 
to extinction due to micro-habitat changes (e.g., disappearance of the host plant, grassland 
encroachment: Bonelli et al. 2011, Camerini et al. 2018, Ghesini et al. 2018), and thus rep-
resent an excellent candidate model to assess the effects of ungulate activities on the habitat 
of diurnal lepidopterans.

Here we test the hypothesis that wild boars act as environmental engineers in grass-
lands by changing micro-habitat characteristics when rooting, in turn affecting suitability 
to threatened butterflies, using the endemic Z. cassandra as a model. We disentangled the 
direct and indirect effects of wild boars on Z. cassandra by evaluating the influence of root-
ing on multiple key aspects of Z. cassandra biology and ecology, namely adult foraging 
opportunities, host plant occurrence, and oviposition site selection, according to the follow-
ing hypotheses and predictions:

1) Wild boar rooting increases foraging opportunities to adult Z. cassandra; we predict 
that changes in plant species composition within a grassland landscape due to rooting 
will favor early flowering and entomophilous species, in turn providing suitable nectar 
resources to adult Z. cassandra;

2) Wild boar rooting favors the host plant of Z. cassandra; we expect the host plant (A. 
clusii) to be favored by rooting due to its low palatability and capability to grow in 
disturbed soil i.e., we predict a spatial association between rooting and A. clusii;

3) Wild boar rooting influences oviposition site selection by Z. cassandra; by changing 
plant community structure (1) and favoring the host plant (2), we predict that rooting 
will increase the probability of a potentially suitable site to be chosen by Z. cassandra 
for egg-laying.
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Materials and methods

Study area and species

The study was carried out within a network of Natura 2000 sites belonging to Murgia cal-
careous plateau in Apulia region (southeast Italy; Fig. 1a-b), namely ZSC/SPA IT9120007 
“Murgia Alta” and ZSC/ZPS IT9130007 “Area delle Gravine” (41.185°–40.530° N, 
16.085°–17.225° E).

Ranging from 100 to 700 m a.s.l., this area is characterized by its compact limestone pla-
teau, with lack of surface watercourses. The climate is mediterranean, with annual tempera-
tures from 7 to 9 °C in January to 25–27 °C in July/August, and rainfall of 500–700 mm*yr− 1 
mostly in autumn–winter, with occasional snowfall above 500 m a.s.l.

The landscape is characterized by a gradient of vegetation and land use influenced by 
elevation, geography and historical features. From northwest to southeast, the wide exten-
sions of dry grasslands and cereal crops, with residual patches of downy oak (Quercus 
pubescens s.l.) woodland, become gradually richer in sub-mediterranean forests with Trojan 
oak (Quercus trojana Webb) and evergreen Mediterranean forests with Aleppo pine (Pinus 
halepensis Mill.) and holm oak (Quercus ilex L.).

Wild boar (S. scrofa) represents the only wild ungulate species locally, with a population 
density of about 20–50 individuals/100 ha (Gaudiano et al. 2022). Wild boar population 
levels are not maintained by hunting policies, although little sport hunting occurs outside 
protected areas.

Zerynthia cassandra is widespread in the agro-forestry mosaic (Cagnetta et al. 2020; 
Labadessa et al. 2021), especially in the southeastern part of the study area, and is associ-
ated with the occurrence of Aristolochia clusii as a primary host plant. The distribution of 
other potential host plants, such as A. rotunda and A. lutea, is restricted to few sites at higher 
elevations and in forest areas.

At a smaller scale (Fig. 1c), 6 forest clearings of various shapes and sizes (from 0.06 
to 0.49 ha) were selected in the southeastern portion of the studied area (40.6570°N – 
17.1035°E – 400 m a.s.l.). These sites were selected as locally representing important sites 
for Z. cassandra and its host plant A. clusii, in conjunction with the occurrence of noticeable 

Fig. 1 Location of: (a) the study region; (b) the study sites in the Natura 2000 sites “Murgia Alta” and 
“Area delle Gravine”; (c) detail of the forest clearings selected as sampling sites of Zerynthia cassandra 
and Aristolochia clusii
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activity by wild boar, and in absence of domestic livestock and recent human land uses. 
These sites consist of previously cultivated lands, now covered with semi-natural herba-
ceous vegetation with scattered encroachment of shrubs and small trees (Pyrus spinosa, 
Prunus spinosa, Quercus ilex).

Sampling design

To evaluate the potential effects of wild boar rooting on factors that may influence the habi-
tat use by adults of Z. cassandra, we carried out vegetation relevés from 2018 to 2021 
in different semi-natural herbaceous communities in the study area (Fig. 1b). Within each 
grassland site, we sampled plant species cover in 1 × 1 m plots placed in surfaces that were 
recently (less than 1 year) disturbed by wild boar rooting. Recent wild boar rooting was 
readily distinguished as large disturbed patches (> 1 m2) with a lower microtopography, 
similar to sod cutting (Welander 2000; Burrascano et al. 2015; Sandom et al. 2013b; Sims 
et al. 2014). These patches were created in the season prior to this study, generally during 
autumn-winter (Welander 2000; Sims et al. 2014), and were partially recolonized by veg-
etation. Rooting events were not observed during the duration of this study. With each plot 
affected by rooting, we paired a 1 × 1 m control plot in the closest portion of the adjoining 
undisturbed vegetation, i.e. presenting similar environmental conditions, as a reference for 
plant communities before rooting. In total, we sampled 18 rooted and 18 non-rooted plots.

For each vegetation plot, we quantified the relative abundance (cover) and relative spe-
cies richness of potential nectar resource plants, upon the overall plant cover and richness, 
respectively. Among the sampled plant species, we selected those species that represent 
potential nectar resources for adults of Z. cassandra. Since Z. cassandra is known to feed 
on several herbaceous nectar resources (Ghesini et al. 2018; Cini et al. 2021), and thus is 
not strictly associated with peculiar plant traits, we selected 38 plant species whose flower 
morphology allows feeding by butterflies and whose flowering period overlaps with the 
phenology of adult Z. cassandra (i.e., between March and May; see Supplementary table 
S1 for the list of species).

In order to assess the effects of rooting on Z. cassandra host plant, in May 2020 we 
exhaustively assessed the distribution of Aristolochia clusii plants and wild boar rooting in 
the study sites (Fig. 1c). For this purpose, we overlaid a regular 2 × 2 m mesh grid on the 
selected forest clearings, being these considered fully suitable for the occurrence of A. clu-
sii. In total, we considered 5,368 cells. In each cell, we independently estimated the surface 
occupied by host plant patches and wild boar rooting. In each cell we also recorded the aver-
age grass height, shadow degree (0 = fully irradiated; 0.5 = half shady; 1 = completely shady) 
and the percentage cover of grass layer, rocks and stones.

In order to understand the habitat features promoting oviposition, we adopted a sampling 
scheme based on previous studies (Vovlas et al. 2014; Ghesini et al. 2018; Cini et al. 2019, 
2021). Knowing the exact distribution of A. clusii in the study sites (Fig. 1.c), for each plant 
patch we measured: (i) the occurrence of Z. cassandra eggs or early-staged larvae; (ii) the 
extent of the plant patch (m2); (iii) an indication of the growing state of the plant patch 
(0.5 = depleted and/or withered patch; 1 = dense and luxuriant patch). Since there was a little 
difference in the number of eggs per plant (range: 0–2 eggs), we considered egg presence/
absence as a mere indication of oviposition event. As plant stems grow in clusters (mainly 
clonal or belonging to the same tuber), each plant cluster was treated as a single sample in 
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our data set regardless of the number of batches it carried, while we measured the extent of 
each plant cluster. In the area of 1 m radius around each plant we also measured the follow-
ing parameters: (i) occurrence of recent wild boar rooting adjoining the host plant patch; (ii) 
height of the surrounding vegetation; percentage of coverage of (iii) herbaceous layer, (iv) 
rocks and (v) stones; (vi) shadow degree. In total, we sampled 138 patches.

Statistical analyses

Wild boar rooting and foraging opportunities to Z. cassandra

To evaluate the potential effect of wild boar rooting on the availability of nectar resource for 
adults of Z. cassandra, we compared the rate of flowering plants between paired vegetation 
plots, i.e. disturbed vs. undisturbed by wild boar rooting. We used paired Student t-tests to 
assess differences between paired plots (N = 18). T-test was run using SPSS 16.0 (SPSS, 
Chicago, IL, US).

Wild boar rooting and the host plant of Z. cassandra

To test for the environmental factors that drive the occurrence and abundance of A. clusii 
within each grid cell, we run Generalized Linear Mixed Models (GLMMs) using a bino-
mial (occurrence) and normal (percent cover) error distributions, and log-link functions. We 
modeled the occurrence and percent cover by A. clusii within each sampled grid cell as a 
function of the percent of rock and grass cover, degree of shadow, and percent of wild boar 
rooting activity; we used clearing (site) identity as a random effect to account for potential 
inter-site differences. In each model, significant effects were considered those with p < 0.05 
and 0.95 confidence intervals of the effect size not including 0. Models were run using the 
lme4 package for R (Bates 2014).

Wild boar rooting and oviposition site selection by Z. cassandra

To quantify the direct and indirect effects of wild boar rooting and plot-level environmental 
factors on the reproduction of Z. cassandra, we performed a path analysis using the lavaan 
package (Rosseel et al. 2022). Path analysis is a variant of Structural Equation Modeling 
(SEM) that allows to test an a priori hypothesis about causal relationships among variables 
(Wootton 1994), and that essentially performs a multiple regression test to a set of relation-
ships, based on pre-defined hypotheses among the variables of interest. As a result, this 
approach allows to decompose and estimate the relative strengths of direct and indirect 
effects of factors upon a specific response variable. The designed path in our case study 
included the effects of wild boar activity, A. clusii abundance and status, land cover vari-
ables (grass and rock cover percent), shadow degree and grass height, on the reproduction 
of Z. cassandra, assessed by the presence/absence of eggs and caterpillars, within a given 
A. clusii patch. Relationships among the explaining variables were also tested, together 
with the indirect effects on Z. cassandra, based on both published evidence and potential 
effects that may be expected (Fig. 2; Supplementary Table S2). Recent studies documented 
that the oviposition of Z. cassandra is positively influenced by the abundance and growing 
conditions of its host plants, and by solar irradiation (Vovlas et al. 2014; Camerini et al. 
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2018; Ghesini et al. 2018; Cini et al. 2019, 2021), while it is negatively affected by grass 
cover (Cini et al. 2021). Wild boar rooting directly halters the structure and composition 
of herbaceous vegetation (Burrascano et al. 2015; Sandom et al. 2013a; Sims et al. 2014), 
and thus is deemed to have potential effects on host plant growth and oviposition patterns. 
Overall model fit was assessed with a chi-squared goodness-of-fit test, with the root-mean-
square error of approximation index (RMSEA), and the comparative fit index (CFI). For 
all the tested relationships, we evaluated standardized coefficients and associated p-values, 
considering as significant those with values > 0.1 and < 0.05, respectively.

Results

Wild boar rooting and foraging opportunities to Z. cassandra

When compared to undisturbed herbaceous vegetation, plant communities affected by wild 
boar rooting showed a significantly higher cover of species representing nectar resource for 
Z. cassandra (Fig. 3). The proportion of the number of species richness representing forag-
ing opportunities did not significantly change in rooted sites (Fig. 3).

Fig. 2 Path diagram of potential direct and indirect relationships between the occurrence of Zerynthia 
cassandra oviposition, host plant and environmental features, and wild boar rooting activity
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Wild boar rooting and the host plant of Z. cassandra

Both the occurrence and abundance of A. clusii were significantly influenced by plot-level 
environmental conditions, with models explaining 75% and 66% of the observed variance, 
respectively. The amount of wild boar rooting had significant positive effects on both occur-
rence and abundance of A. clusii (Fig. 4). Similarly, percent cover of rocks within the grid 
cell influenced both occurrence and abundance of A. clusii, yet negatively. Conversely, the 
percent amount of herbaceous species and the degree of shadow at plot level negatively 
influenced only A. clusii occurrence.

Wild boar rooting and oviposition site selection by Z. cassandra

Among the 138 A. clusii patches sampled, 48 (32.4%) hosted eggs or early staged larvae 
of Z. cassandra (Fig. 5). Overall, the structural model satisfactorily fit the data (χ2 = 0.02, 
p = 0.09; RMSEA < 0.1, CFI = 0.90), highlighting that the occurrence of eggs and larvae of Z. 
cassandra was directly favored by wild boar rooting activity (standardized coefficient: 0.21, 
p < 0.01), A. clusii cover (0.24, p < 0.001), and percent cover by herbaceous species (0.20, 
p < 0.05), and negatively affected by grass height (-0.19, p < 0.001). Interestingly, indirect 
effects were also evident, with rooting activity showing positive effects on the cover of 
A. clusii (0.21, p < 0.05) and negative on the percent cover of herbaceous species (-0.78, 
p < 0.001). The degree of shadow only showed positive yet negligible effect on grass cover 
(0.07, p < 0.05), and on grass height (0.22, p < 0.001), as well as on the status of A. clusii 
individuals (0.12, p < 0.05), yet the latter was also weak and had no further significant effect 
on the considered variables (Fig. 5).

Fig. 3 Box-plot showing the proportion of cover (a: t = -3.20; dF = 17.00; p = 0.005) and richness (b: 
t = -0.47; dF = 17.00; p = 0.65) of feeding resources in not-rooted and rooted vegetation. Relative values of 
cover (a) and species richness (b) of potential nectar resource plants are quantified upon the overall plant 
cover and richness, respectively
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Discussion

Wild boar rooting and foraging opportunities to Z. cassandra

Our findings show that herbaceous communities disturbed by wild boar rooting have a sig-
nificantly higher proportion of plants representing nectar resources for Z. cassandra, thus 
confirming our first hypothesis. Despite rooting did not modify the richness of flowering 
sources, it promoted their abundance compared to the overall herbaceous cover. By alter-
ing soil structure and reducing the cover of well-established competitive species, such as 
perennial grasses and forbs, wild boar rooting is able to set successional pathways back to 
early-staged communities, therefore favoring short-lived pioneer species (Burrascano et al. 
2015; Sandom et al. 2013a; Sims et al. 2014). Due to their adaptation to ephemeral and xeric 
conditions, Mediterranean therophyte-rich communities are frequently characterized by an 
early phenology (Grime 1979), thus providing a high abundance of flowers at the beginning 
of spring. The lack of distinct changes in plant species richness is not surprising as an effect 
of the balance between positive and negative responses of single species e.g., when new 
colonizers replace formerly existing species, thus resulting in an overall neutral response in 
terms of species richness (Davis et al. 2000; Ries et al. 2004; Labadessa et al. 2017).

Fig. 4 Linear relationships between the occurrence (a-d) and abundance (approximated as the percent 
cover at 2 × 2 m grid square; e-h) of Aristolochia clusii at grid-square level (N = 5,368) and a set of 
plot-level environmental factors. Significance: **=p < 0.01; ***=p < 0.001; n.s.=p > 0.05. Rooting = per-
cent of ground with evidence of wild boar rooting activity; Shadow degree = measure of shadowing due 
to tree crowns (0 = full sun; 1 = full shadow); Rock cover = percent of ground covered in rocks; Grass 
cover = percent of ground covered by herbaceous vegetation (A. clusii excluded). Regression lines esti-
mated by generalized linear models with binomial (occurrence) and normal (abundance) error distribu-
tions. Shaded areas indicate 95% confidence intervals. Estimate ± standard errors of significant predictors: 
(a) 0.06 ± 0.01; (b) -0.02 ± 0.01; (c) -0.06 ± 0.01; (d) -0.10 ± 0.03; (e) 0.04 ± 0.01; g) -0.01 ± 0.00
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Similarly to Z. cassandra, other insects directly associated with early flowering species 
are also likely to benefit from wild boar rooting, i.e. many Lepidoptera and Hymenoptera 
(Munguía-Rosas et al. 2011; Riedinger et al. 2014).

Wild boar rooting and the host plant of Z. cassandra

The occurrence and abundance of A. clusii in our study area were positively influenced by 
the amount of wild boar rooting, as we predicted in our second hypothesis. Within homoge-
neous sites similarly suitable for A. clusii, patches of this species tended to be more common 
and abundant in association with rooting activities. This evidence could be due to a set of 
peculiar traits of A. clusii, i.e. associated with (i) vegetative propagation, (ii) gamic repro-
duction, (iii) plant phenology, and (iv) toxic/repulsive compounds. First, this species often 
grows in clonal clusters derived by the fragmentation of tubers, which can benefit from 
shallow soil perturbation that moves and disperses vegetative propagules. Similarly posi-
tive effects of rooting were also observed in the UK (Sims 2005), where geophytes such as 
Anemone nemorosa, Ranunculus ficaria and Hyacinthoides non-scripta were significantly 
more abundant in rooted plots than in control ones, presumably due to rhizome fragmenta-
tion by wild boar rooting activity and subsequent stem re-growth. Such effects on vegeta-

Fig. 5 Path analysis explaining oviposition site selection by Zerynthia cassandra on Aristolochia clu-
sii patches, based on presence/absence of eggs or larvae on each patch (N = 138). Reported values for 
each relationship are standardized regression coefficients. Significance: * = p < 0.05; ** = p < 0.01; *** 
= p < 0.001
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tion were though only detectable with 1–2 years of time lag (Sims et al. 2014), indicating 
that short-term responses to rooting may be misleading when assessing the impacts of wild 
boars on vegetation, and consequently on invertebrates (Scandurra et al. 2016). Second, like 
other herbaceous European Aristolochia species (Örvössy et al. 2014), A. clusii is known 
to prefer moderately nitrogen-rich soil, such as abandoned cultivations, roadsides and for-
est clearings. These traits are both favored by wild boar rooting, which increases nutrient 
availability in the soil (Singer et al. 1984; Siemann et al. 2009; Cuevas et al. 2012). Third, if 
compared to the surrounding annual grassland plants, A. clusii shows a relatively late devel-
opment of epigean stems, in April-May. The effect of rooting, which is mostly concentrated 
in the wet season (from winter to early spring), may be highly negative on early-developing 
plants, while nearly negligible for A. clusii. Consequently, A. clusii may thus benefit from 
the reduction of competition, promptly occupying the place cleared of more competitive 
species. Fourth, based on the general knowledge of toxic and odorous terpenoids contained 
in the genus Aristolochia (Wu et al. 2004), which were also demonstrated to be toxic to 
ungulates (Barakat et al. 1983), it is likely that A. clusii have a repulsive effect on wild boar.

Wild boar rooting and oviposition site selection by Z. cassandra

We documented that wild boar rooting, coupled with local biotic and abiotic conditions, 
influences the oviposition of Z. cassandra, as predicted by our third hypothesis. The impor-
tance of suitable host plants and microhabitat conditions for egg-laying was confirmed in 
several populations of Z. cassandra (Vovlas et al. 2014; Camerini et al. 2018; Ghesini et 
al. 2018; Cini et al. 2019) and other endangered grassland butterflies (Wiklund 1984; de 
Schaetzen et al. 2018). However, our findings first demonstrate that the occurrence of eggs 
and larvae of Z. cassandra was directly favored by wild boar rooting activity. When com-
pared to a set of environmental variables that are well known to be key for the selection 
of oviposition site, i.e. sun exposure, vegetation height and cover, and host plant growing 
condition (Vovlas et al. 2014; Camerini et al. 2018; Ghesini et al. 2018; Cini et al. 2019), 
rooting influence was even more significant at the local scale. Similarly positive effects of 
soil perturbation by ecosystem engineers were also reported with regard to the oviposition 
patterns of other butterfly species, i.e. the case of mound-building mammals (Streitberger 
and Fartmann 2013; Streitberger et al. 2014) and arthropods (Streitberger and Fartmann 
2016). Besides the possible indirect effects on host plant occurrence and abundance, direct 
effects of rooting can be explained in terms of increase of accessibility and/or visibility of 
oviposition sites. Host plants adjoining rooted surfaces are less sheltered by taller grasses, 
with stems more easily reachable by flying females. This condition can be especially impor-
tant for a weak flier such as Z. cassandra (Vovlas et al. 2014), and in the case of A. clusii, 
which often grows shorter than the surrounding herbs and grasses. The reduction of grasses 
leaning against the host plant also results in a more direct exposure to sun, locally deter-
mining warmer microclimatic conditions. Indeed, warmer temperature is deemed to favor 
larval development as effect of increased metabolism (Ghesini et al. 2018; Cini et al. 2019, 
2021), as also recorded in immature stages of other Papilionidae butterflies (Scriber and 
Lederhouse 1983; Valimaki and Itamies 2005).

Moreover, our study first documents the importance of the neglected Italian endemic 
species A. clusii as a food resource for the larvae of Z. cassandra. So far, studies on Z. cas-
sandra host plant were based on observations regarding A. rotunda and A. lutea (Altini et al. 
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2007; Vovlas et al. 2014; Camerini et al. 2018; Ghesini et al. 2018; Cini et al. 2019). How-
ever, A. clusii represents the primarily available host plant in many sites within the distribu-
tional range of Z. cassandra, e.g. in most of the peninsular portion of Apulia region (Nardi 
1984). This evidence, partially due to a possible misidentification of Aristolochia species in 
the field, implies reconsidering some of the previous observations in Apulia region, which 
should be partially referred to A. clusii rather than A. rotunda (Vovlas et al. 2014; Altini et 
al. 2007).

Conclusion

Taken together, our results indicate that, at least within the conditions met in our study 
area, wild boar rooting activity may prove beneficial to the habitat quality and availability 
of early-flying butterflies by increasing food resources, favoring host plants and influenc-
ing oviposition site selection, as exemplified by the effects we recorded on the endangered 
Italian endemic Z. cassandra. Wild boars are still on the rise throughout Europe (Melis et 
al. 2006), sometimes creating concerns due to overabundant populations that damage crops 
or threaten wildlife (Valente et al. 2020). In our case, boars’ density was high, yet rooting 
intensity was relatively low, as typical for grassland habitats (de Schaetzen et al. 2018; Fer-
retti et al. 2021), and restricted to the winter season, two factors that should suggest caution 
before generalizing our results to the great variety of ecological contexts where the species 
occurs. The spread of the wild boar as environmental engineer may thus locally prevent 
some of the threats that hamper the persistence and conservation of invertebrates living in 
open habitats e.g., grassland encroachment (Bonelli et al. 2018). Yet, high ungulate densi-
ties may also provide other negative effects (e.g., by overgrazing and trampling; Ramirez et 
al. 2021) that may counteract the positive effects of rooting. More research is thus certainly 
needed to assess the rooting pressure optimum levels that lead to positive effects on endan-
gered grassland butterflies and other protected taxa potentially affected by this ungulate 
(e.g., orchids). Such positive cascading effects on habitat quality may though represent key 
assets in the local management of wild boars and invertebrates of conservation concern, and 
should thus be included in the decision-making process when boar management actions are 
planned.
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