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Abstract (150-250 words)

We investigated possible correlations between climate-related factors and butterfly range restrictions by
selecting a study case represented by 4 populations of Melitaca britomartis, which become ‘simultaneously’
extinct in NW Italy in 1976-1977 without any observable habitat change. To overcome difficulties related to
the analysis of past extinctions and hypothesise causal factors, we applied the Optimal Interpolation method,
a statistical method used to create a gridded climatological analysis of temperature and precipitation data, to
a historical dataset containing all available information on the Italian butterfly fauna. We tested two different
hypotheses: i) the role of climate change, expressed as a general trend in temperature and precipitation data;
ii) the role of extreme weather events, expressed as anomalous conditions during the years of extinctions.
Our results show that long-term temperature and precipitation data do not present any clear trend at our study
site, suggesting that they cannot be involved in the species’ extinction. On the opposite, 1976 and 1977 were
climatologically critical for the study area. In particular, 1977 was characterized by the coldest summer in
the entire historical dataset (1958-1977), with strong negative temperature anomalies. Moreover, both years
experienced unusually many rainy days during spring and summer. The year 1977 in particular, was the
wettest within the entire historical dataset. The years of Melitaea britomartis populations’ extinction were
characterised by many more cold and rainy days than usual during the species’ flight period. These results

allow us to hypothesize a strong component of unfavourable weather in driving populations’ extinction.
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Introduction

Factors leading to populations’ extinctions are many since, even though habitat destruction is probably the
most pervasive, a number of others may come into play, either separately or in multiple combinations.
Among these factors, climate change is currently attracting the attention of many ecologists. Global warming
is held responsible for changes observed in a number of butterfly species, in particular their uphill (Thomas
et al. 2006, Wilson et al. 2007), or northwards range shifts (Parmesan et al. 1999, Poyry et al. 2009), or some
observed range contractions (Warren et al. 2001). Climate change has otherwise caused mismatches between

the ecological requirements of herbivores and of their larval food-plants (Inouye 2000, Schweiger et al.



2008) and most projections based on bioclimatic envelope models have shown that, in the persistence of
current scenarios, many butterfly populations are deemed to be at risk of future extinction, particularly in the
South of Europe (Settele et al. 2008). Moreover, an increase in climate variability and consequently in the
frequency of extreme weather events has been already recorded and a further amplification of such
phenomena is strongly hypothesized (Easterling et al. 2000; Parmesan et al. 2000). Consequences on the
biotic components, however, have been less explored (Parmesan et al. 2000).

Attributing extinctions to a single factor is generally difficult and little evidence of a direct relationship
between climate change and local species loss is available (Franco et al. 2006; Cahill et al. 2012).

In this paper, we investigated possible correlations between climate-related factors and butterfly range
restrictions by selecting a study case, represented by 4 populations of Melitaea britomartis which become
‘simultaneously’ extinct in NW Italy in 1976-1977, causing the species to altogether disappear from this
general area without any observable habitat change. To overcome difficulties related to the analysis of past
extinctions and to hypothesizing causal factors, we applied a statistical approach used to produce
climatological gridded series to a historical dataset in which all the available information on the Italian
butterfly fauna has been summarised (Balletto et al. 2007; Bonelli et al. 2011).

We tested two different hypotheses: 1) the role of climate change, expressed as a general trend in temperature
and precipitation data; ii) the role of extreme weather events, expressed as anomalous conditions during the

years of extinctions.

Methods

The Study Case

Melitaea britomartis is an oligophagous butterfly (its main larval host plants are Plantago lanceolata and
some species belonging to the genus Veronica). It is usually monovoltine, although some cases of partially
bivoltine populations have been recorded in NW Italy. The flight period spans from May/June to late
July/August. The species is restricted to an altitudinal range of ca. 300-900 m and is characterized by low

dispersal ability (Balletto et al. 1985).



Melitaea britomartis is among the most seriously threatened butterflies of the Italian fauna (Balletto et al.
2005; Bonelli et al. 2011) and is declining all across Europe (van Swaay and Warren 1999; van Swaay et al.
2010). It is considered highly sensitive to human activities such as, in particular, overgrazing and/or changes
in agricultural management (van Swaay and Warren 1999; Schmitt and Rakosy 2007).

In Italy Melitaea britomartis is interestingly a hygrophilous species, restricted to the tall wet grasslands
occurring in the northern fringes of the plains of the Po river valley, in the North of the country (Balletto et
al. 2005), where it reaches its southern European boundary. Only 31 populations are known for having been
historically present, scattered through a matrix of unsuitable, agricultural, or highly industrialized areas
(Balletto et al. 2007). Of these populations, 24 are now extinct, in most cases without any apparent change in
the immediate surrounding and any clear sign of habitat destruction (Bonelli et al. 2011). At present, only 7
populations are extant, all restricted to the North-eastern part of the peninsula (Balletto et al. 2007; Bonelli et

al. 2011).

Butterfly Data

We obtained data on the former geographical distribution and population extinctions of Melitaea britomartis
from a database that some of the authors had provided to the Italian Ministry for the Environment (Balletto et
al. 2007; see also Bonelli et al. 2011) for the publication of the Atlas of the Italian Fauna (Ruffo and Stoch
2007). In this database, we deemed extinct any population that was published as such in the literature and
whose status was never subsequently questioned. We also deemed extinct those butterfly ‘populations’
whose ‘locations’ were actively searched by several (5-10) professional or amateur lepidopterists on at least
3 (consecutive or not consecutive) years during the species’ flight season. Since their discovery, populations
of Melitaea britomartis occurring in NW Italy attracted a lot of attention from lepidopterists and the
historical record of their extinction is well documented (e.g. Verity 1917, 1950; Leigheb 1978).

Although there are rumours that one or two (unconfirmed) individuals may have been observed in the early
1980s, 4 populations went simultaneously extinct in 1976-1977. These populations were located in NW Italy,
in the Piemonte region (Montalto Dora-Bienca, Turin) at a mean altitude of 350-400 m. They all occurred

within the same climatological grid.



Habitats occupied by these populations were not subject to any clear alteration or destruction (no
reforestation, or overgrazing, or changes in the water-table) during and before the time of extinction, always
retaining dimension adequate to sustain viable populations of Melitaea britomartis (ca. 1 ha or more). We

did not take into account any measure of habitat isolation.

The Methodological Approach

Optimal Interpolation

To investigate possible climate-related contributions to population extinctions we applied the Optimal
Interpolation method (OI hereafter), a statistical method used to analyse temperature and precipitation data.
OI (Kalnay 2003) is a statistical method implemented in the Regional Meteorological Service (Piemonte,
NW ltaly) to create a gridded climatological analysis of temperature and precipitation, covering the period 1
Dec 1957 - 31 December 2009, on a 15 km resolution grid. The advantage of using gridded data instead of
real weather station data is in the solution of problems generated by the non-continuous or sparse weather
data obtained from independent networks working over different periods (Uboldi et al. 2008). OL, in fact,
integrates and makes spatially explicit all the information obtained from weather stations, while maintaining
as much as possible of their spatial homogeneity, and minimizing the punctual information loss typical of
any spatial interpolation.

OI uses a statistical method to interpolate the weather station data, arbitrarily located on the area, on a
regular and predefined three dimensional grid, based on a background field (BF). This allows linking
different historical series. Temporal homogeneity of the signal was obtained through an appropriate and
variable definition of the three dimensional interpolation coefficients, by compensating the variable density
of the regional stations throughout the entire period of 52 years. The climatological variables taken into
account for the OI analysis were maximum, minimum temperature (T .x, Tmin) as Well as precipitations data
(Prec).

As far as temperatures are concerned, the background field used was the ERA 40 reanalysis archive (from
1957 to 2001), as well as the objective analysis from 2002 to 2009 produced by ECMWF (European Centre
for Medium-range Weather Forecast (see Ciccarelli et al. 2008) while, for precipitation, the background field

was calculated from observations using a detrending procedure (Uboldi et al. 2008). Before using ERA-40
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on the regional area we checked that the main climatological signals (trends, etc.) were congruent with the
signals resulting from a stations’ subset working in the period 1950-2000 in the region of Piemonte. This
method weights the contribution to the temperature for each grid point by the nearest observation data,
through a set of parameters. A careful modulation of these parameters as a function of data density and the
use of an external background field helps to achieve time homogeneity and spatial coherence over the final

dataset.
In formula, the computed OI analysis field is:
Xa:Xb+ K(yo_yb)

where x stands for a variable on a grid and y for a variable on a station point. The superscripts a, b and o
stand for analysis, background and observation. In particular )° represents the measured values on a station

point, y° the corresponding values from the background.
The gain matrix K is obtained by minimizing the analysis of error variance:
K=G(s+0)"

where G is the covariance matrix between the background error field on a grid point and the same error on a
station point. S is the covariance matrix of the background error field of a couple of station points and O is

the covariance matrix of the observations.
Statistical Analysis

To analyse the time series obtained from OI we used a technique known as Seasonal-Trend decomposition
procedure (STL), based on LOESS smoother (Cleveland et al. 1990; Hastie and Tibshirani 1990). It
represents a filtering procedure for decomposing a time series into three components, i.e. i) seasonal - the
periodic component present in our signal, ii) trend - over the years, and iii) residuals - the remaining
unexplained components (Cleveland et al. 1990). Secondly, looking for tendencies that might reflect patterns
of coherent changes in temperature or precipitation, we estimated linear trends in deseasonalised values

through the years and determined their significance by F-test. We executed this analysis for all the time



series (1958-2009) and for the time-period finishing with the year of Melitaea britomartis extinctions (1958-
1977).

To investigate other possible weather-related mechanisms, which may have played a role in the extinction,
we focused on data relating to the extinction period itself. We averaged daily values for the summer months
(June-July-August, JJA hereafter), corresponding to the Melitaea britomartis flight period, to obtain seasonal
values for each year. Next, we analysed JJA temperatures and precipitations in the study area and in the
whole region of Piemonte during the years 1976 and 1977 and focused our attention on the possible
occurrence of significant anomalies. Anomalies were defined as differences between values observed during

the year of interest with the climatological mean evaluated for the reference period of 1961-1990.

Results

During the entire time frame for which detailed climatological records were available (1958-2009), both the
minimum and maximum deseasonalized temperatures showed positive trends (T, +0.03°C per year, r’=
0.11, F=74.0, df= 1, 623, p<0.0001; T ax, +0.06°C per year, ’=0.22, F=175, df= 1, 623, p<0.0001).

Focusing on the first climatological period, however, we observed a different trend. Indeed, limiting the time
frame until the Melitaca britomartis extinction period (1976-1977) we observed that in the area of interest,
the deseasonalized data showed negative average trends (T, ’=0.06, F=14, df= 1, 238, p=0.0002; T pax,
1’=0.005, F=1.3, df= 1, 238, p=0.255) rather more pronounced for minimum temperatures (-0.02°C per year
for Tax versus -0.06°C for T,,;,). These negative trends, however, did not sufficiently explain the variability
present in the data, thereby suggesting that if climate had an impact on the species’ extinction, the main
driving factor was not to be found in the long-term temperature trend.

A more in-depth analysis showed that the years 1976 and 1977 were climatologically critical for the study

arca.

In particular, the lowest maximum temperatures for the whole 1958-1977 period were observed in 1977,
especially during the spring and summer season (Fig. 1). Looking at the raw daily data, another strong
negative anomaly was observed for the year 1977, when T, never exceeded the threshold of 26.4 °C,

thereby resulting in the coldest summer in the entire Ol dataset (Fig. 1).



This anomaly was not just peculiar to the study area, since it was observed over the whole region of
Piemonte, where the year 1977 experienced the coldest summer within the whole historical dataset (1958-
1977), when compared to the whole reference climatological period (1961-1990), for both minimum and
maximum temperatures (Fig. 2).

Concerning precipitation in the study area, we did not find any statistically significant trend, either all
through the 1958-2009 period, or within the reduced time frame.

Restricting the analysis to the year characterized by the extinction of Melitaea britomartis, however, we
observed that July 1976 was the year with the highest number of rainy days in the entire dataset, while the
summer seasons of 1976 and 1977 came second in this respect (Tab. 1).

The amount of precipitation during the summer of 1976 was not particularly anomalous, since the mean
summer precipitation was on average within the climatological mean, although rains were distributed over
more days (Fig. 3a). In contrast, the summer of 1977 was particularly wet, scoring the highest precipitation
anomaly and thereby resulting in the wettest year within the entire period 1958-2009 (Fig. 3b). We obtained
very similar results for the whole region of Piemonte.

These observations, therefore, matched the information obtained from temperature analysis and suggested

that the summer seasons of 1976 and 1977 were characterized by many anomalously cloudy and rainy days.

Discussion

Weather Variability vs. Climate Change

Our results show that long-term temperature and precipitation data did not follow any clear trend at our study
site, suggesting that these factors cannot be involved in the species’ extinction. In contrast, 1976 and 1977,
i.e. the years characterised by the disappearance of Melitaca britomartis, were climatologically critical for
the study area. In particular, 1977 was the coldest summer in the entire historical dataset (1958-1977), with
strong negative temperature anomalies. Moreover, both years were characterised by high numbers of rainy
days during spring and summer. The year 1977 was in particular the wettest within the entire historical

dataset.



Consequently, the years of Melitaea britomartis populations’ extinction experienced unusually many cold
and rainy days during the species’ flight period. These results allow us to hypothesize a strong component of
unfavourable weather in driving populations extinctions.

Population extinctions related to severe weather events have been previously observed in some butterfly
species. Indeed, short-term responses to strongly unfavourable conditions may happen quite often in
butterflies, sometimes with dramatic consequences for individual populations. Emblematic is the case of
Euphydryas editha, in which multiple population extinctions were driven by three subsequent extreme
weather events, involving low winter snowpack and unusually cold spring and summer temperatures
(Parmesan et al. 2000). Ehrlich et al. (1972) described the catastrophic effects of a summer snowfall
accompanied by hard frosts on a lycaenid butterfly species (Glaucopsyche lygdamus) at a high-altitude site.
The loss of host plants and direct effects on the butterfly resulted in some local extinctions of the species,
which only recolonised the area after about 10 years. A combination of unfavourable weather, in this case
expressed as a heat wave, doubled by habitat fragmentation, was involved also in the extinctions of some
populations of Cupido minimus in Central Europe (Piessens et al. 2009).

In the case of Melitaea britomartis we cannot directly assess the proximate causes of its extinctions, because
of the nature of our data (i.e. a historical dataset), but a direct effect of unfavourable weather can be
hypothesized. Many consecutive cold and rainy days could have had an impact on the butterfly behaviour,
strongly reducing the time available for flying, as well as by directly reducing the probability of individuals’
survival. Indeed, it is well-known that butterflies, being poikilothermic organisms, need favourable weather
conditions to thermoregulate, to fly and to carry out all normal activities necessary for their trophic and
reproductive life (feeding, mating, ovipositing). At the same time, many rainy days and low solar radiation,
depending on cloudy conditions, will have strong negative effects on the survival and the development of the

eggs and first instar larvae (Zalucki et al. 2002).

Methodological Considerations

In this paper, we explored the hypothesis of climate variation versus weather anomalies as possible causes

for the simultaneous extinction of 4 populations of a single endangered butterfly, Melitaea britomartis.
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As concerns climate- and weather-related effects on individual populations, butterflies are among the best-
studied organisms (e.g. Dennis 1993; Hellman 2001). Yet, most of the currently available information on
climate-driven impacts derives from systematically collected data, which, for the moment, are only available
for some countries (e.g. Franco et al. 2006; Poyry et al. 2009; Stefanescu et al. 2011; WallisDeVries et al.
2011), or to some better known butterfly species (e.g. Parmesan 2006).

In this framework, unstandardized, historical databases represent a valuable tool to explore present and
future vulnerability in under-sampled geographical areas and for the less well-known species (e.g. Tingley
and Beissinger 2009; Bonelli et al. 2011). Our database (i.e. CkMap, Balletto et al. 2007) represents an
important source because it is periodically updated and integrates data from bibliographic references,
museum specimens and validated field observations. It covers a geographic area, the Italian peninsula and
the politically Italian islands, where at the moment no systematic butterfly survey has been carried out, but
where butterfly diversity reaches very high levels (Balletto et al. 2007).

Moreover, the method applied in our work represents an interesting tool to overcome the gap between
ecological data and climatic series. The main problems arising from climatological series are in their spatial
resolution and temporal non-homogeneity. We resolved both problems by gridding weather and climate data
by Optimal Interpolation (Kalnay 2003). Such an approach results, in some cases, in providing better data
than station-based meteorological observations, which frequently suffer temporal non-homogeneity
(Abatzoglou 2013). The spatial resolution of our gridded meteorological data (15 km), is relatively high and
was decided on the base of the spatial density of weather station in the territory under analysis. At present,
gridded surfaces of even higher resolution are freely available, but they generally do not describe temporal
variation in selected parameters, only quantifying current climate conditions as 50 years averaged data. This
is the case, for instance for the widely used WordClim database (Hijmans et al. 2005).

Consequently, due to its general validity and easy applicability, the approach that we followed in this paper

may be applied to further investigate changes in butterfly species and communities.

Conclusions
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The application of Optimal Interpolation on a temporal series of temperature and precipitation data allowed
us to speculate about the hypothetical causes of the regional extinction of Melitaea britomartis.

Obviously enough, even if the population extinctions under study happened in areas not interested by any
other kind of habitat alteration, it may be difficult to believe that unfavourable weather events taken alone
are the exclusive cause of this dramatic decline. These populations were surely able to withstand much
harsher climate and whether conditions over the last Centuries. So, why did they become extinct only in
1976-1977? Indeed, when population size becomes small, species are more prone to experience extinction
events (e.g. Pimm et al. 1988; Piessens et al. 2009). Reduced population size is often accompanied by
reduced mean genetic variability and by a consequently lower capability to adapt to new conditions (Hanski
1999; Parmesan et al. 2000; Opdam and Wascher 2004). Moreover, re-colonisation probability is highly
reduced in isolated fragments (Hanksi 1999). Small fragments of suitable habitat inside a vast hostile matrix
represents a good description of the lowland areas in N Italy, where many butterfly populations are now
confined, where they experience reduced possibility to “escape” unfavourable events.

Our analysis of Melitaca britomartis population extinctions demonstrate that current ecological systems are
characterised by low resistance and resilience to any kind of disturbance, or even to anomalous weather
events (e.g. Parmesan et al. 2000; Opdam and Wascher 2004; Piessens et al. 2009). Moreover, climatic
forecasts based on future scenarios suggest an increase in the occurrence of extreme events during the second
half of the 21* century (Easterling et al. 2000; Trenberth et al. 2007), not only in term of heat waves, but also
as an increase in intense precipitation events.

This underscores an urgent conservation problem for many butterfly populations, in particular for the
hygrophilous species. Most of them are now surviving in conditions similar to those experienced by Melitaea
britomartis before extinction events. They are locked inside few habitat patches and consequently, even if
their present survival does not seem to be at risk, their long-term permanence may be threatened by their
very low capacity to respond to any unforeseen catastrophic event.

Acknowledgments

We wish to warmly thank Christian Ronchi and Chiara De Luigi for providing the Optimal Interpolation data

on the Piedmont Region.

12



This research was funded within the project CLIMIT (Climate Change Impacts on Insects and their
Mitigation; Settele & Kiihn, 2009; Thomas, Simcox & Clarke, 2009) funded by DLR-BMBF (Germany),
NERC and DEFRA (UK), ANR (France), Formas (Sweden), and Swedish EPA (Sweden) through the FP6
BiodivERSA Eranet, as well as by the project ‘A multitaxa approach to study the impact of climate change
on the biodiversity of Italian ecosystems’ of the Italian Ministry of Education, University and Research

(MIUR).

References

Abatzoglou JT (2013) Development of gridded surface meteorological data for ecological applications and

modelling. Int J Climatol 33: 121-131

Balletto E, Bonelli S, Cassulo L (2005) Mapping the Italian butterfly diversity for conservation. In: Kiihn E,
Feldmann R, Thomas JA, Settele J (eds) Studies on the Ecology and Conservation of butterflies in

Europe. 1. General concepts and case studies. pp. 71-76. Pensoft Publ. Co., Sofia and Moscow

Balletto E, Bonelli S, Cassulo L (2007) Insecta Lepidoptera Papilionoidea. In: Ruffo S, Stoch F (eds)
Checklist and distribution of the Italian Fauna. 10,000 terrestrial and inland water species. 2nd and

revised edition—Memorie del Museo Civico di Storia Naturale di Verona, 2* serie, Sez. Scienze

della Vita. 17: 257-261, 280 pls on CD-ROM

Balletto E, Kudrna O (1985) Some aspects of the conservation of the butterflies (Lepidoptera: Papilionoidea)

in Italy, with recommendations for the future strategy. Boll Soc Ent Ital 117: 39-59

Bonelli S, Cerrato C, Loglisci N, Balletto E (2011) Population extinctions in the Italian diurnal Lepidoptera:

an analysis of possible causes. J Insect Conserv 15: 879-890

Cahill AE, Aiello-Lammens MA, Fisher-Reid MC, Hua X, Karanewsky CJ, Ryu HY, Sbeglia GC, Spagnolo
F, Waldron JB, Warsi O, Wiens JJ (2012) How does climate change cause extinction? Proc R Soc B

January 2013 280. On-line first

13



Ciccarelli N, von Hardenberg J, Provenzale A, Ronchi C, Vargiu A, Pelosini R (2008) Climate variability in

north-western Italy during the second half of the 20" century. Glob Plan Change 63: 185-195

Cleveland RB, Cleveland WS, McRae JE, Terpenning I (1990) STL: A Seasonal-Trend Decomposition

Procedure Based on Loess. J Official Statistics 6: 3-73
Dennis RHL (1993) Butterflies and climate change. Manchester University Press, UK

Easterling DR, Meehl GA, Parmesan C, Changnon SA, Karl TR, Mearns LO (2000) Climate Extremes:

Observations, Modeling, and Impacts. Science 289: 2068-2074

Ehrlich PR, Breedlove DE, Brussard PF, Sharp MA (1972) Weather and the "Regulation" of Subalpine

Populations. Ecology 53: 243-247

Franco A, Hill JK, Kitschke C, Collingham YC, Roy DB, Fox R, Huntley B, Thomas CD (2006) Impacts of
climate warming and habitat loss on extinctions at species' low-latitude range boundaries. Glob

Change Biol 12: 1545-1553
Hanski I (1999) Metapopulation ecology. Oxford University Press, New York
Hastie TJ, Tibshirani RJ (1990) Generalized Additive Models. Chapman and Hall, London

Hellman J (2001) Butterflies as model systems for understanding and predicting climate change. In:
Schneider SH, Root TL (eds) Wildlife responses to climate change: North American Case Studies.

Island Press, Washington

Hijmans RJ, Cameron SE, Parra JL, Jones PG, Jarvis A (2005) Very high resolution interpolated climate

surfaces for global land areas. Int J Climatol 25: 1965-1978
Hoffman AA, Parson PA (1997) Extreme Environmental Change and Evolution. Cambridge University Press

Inouye DW (2000). The ecological and evolutionary significance of frost in the context of climate change.

Ecol Lett 3: 457-463

14



Kalnay E (2003) Atmospheric Modeling, Data Assimilation and Predictability. Cambridge University Press,

Cambridge

Leigheb G (1978) Sulla sopravvivenza di Mellicta britomartis (Assmann) in Italia (Lepidoptera,

Nymphalidae). Boll Ass Romana Ent 33: 12-18

Opdam P, Wascher D (2004) Climate change meets habitat fragmentation: linking landscape and

biogeographical scale levels in research and conservation. Biol Conserv 117: 285-297

Parmesan C (2006) Ecological and evolutionary responses to recent climate change. Annu Rev Ecol Evol

Syst 37: 637-669

Parmesan C, Root TL, Willig MR (2000) Impacts of extreme weather and climate on terrestrial biota. Bull

Am Meteorol Soc 81: 443-450

Parmesan C, Ryrholm N, Stefanescu C, Hill JK, Thomas CD, Descimon H, Huntley B, Kaila L, Kullberg J,
Tammaru T, Tennent WJ, Thomas JA, Warren M (1999) Poleward shifts in geographical ranges of

butterfly species associated with regional warming. Nature 399: 579-583

Piessens K, Adriaens D, Jacquemyn H, Honnay (2009) Synergistic effects of an extreme weather event and

habitat fragmentation on a specialised insect herbivore. Oecologia 159: 117-126
Pimm SL, Lee Jones H, Diamond J (1988) On the risk of extinction. Am Nat 132: 757-785

Poyry J, Luoto M, Heikkinen R, Kuussaari M, Saarinen K (2009) Species traits explain recent range shifts of

finnish butterflies. Glob Change Biol 15: 732-743

Ruffo S, Stoch F (2007) Checklist and Distribution of the Italian Fauna. 10,000 terrestrial and inland water
species. 2" and revised edition—Memorie del Museo Civico di Storia Naturale di Verona, 2° serie,

Sez. Scienze della Vita. 17: 257-261, 280 pls on CD-ROM

Schmitt T, Rékosy L (2007) Changes of traditional agrarian landscapes and their conservation implications: a

case study of butterflies in Romania. Divers Distrib 13: 855-862

15



Schweiger O, Settele J, Kudrna O, Klotz S, Kiihn I (2008) Climate change can cause spatial mismatch of

trophically interacting species. Ecology 89: 3472-3479

Settele J, Kudrna O, Harpke A, Kiihn I, Van Swaay CAM, Verovnik R, Warren M, Wiemers M, Hanspach J,
Hickler T, Kithn E,Van Halder I, Veling K, Vliegenthart A, Wynhoff I, Schweiger O (2008)

Climatic risk atlas of European butterflies. Pensoft, Sofia

Stefanescu C, Torre I, Jubany J, Paramo F (2011) Recent trends in butterfly populations from north-east

Spain and Andorra in the light of habitat and climate change. J Insect Conserv 15: 83-93

Thomas CD, Franco A, Hill JK (2006). Range retractions and extinction in the face of climate warming.

Trends Ecol Evol 21: 415-416

Tingley MW, Beissinger SR (2009) Detecting range shifts from historical species occurrences: new

perspectives on old data. Trend Ecol Evol 24: 625-633

Trenberth KE, Jones PD, Ambenie P, Bojariu R, Easterling D, Klein Tank A, Parker D, Rahimzadeh F,
Renwick JA, Rusticucci M, Soden B, Zhai P (2007) Observations: Surface and Atmospheric Climate
Change. In: Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB, Tignor M, Miller HL
(eds) Climate change 2007: the physical science basis. Contribution of Working Group I to the
fourth assessment report of the Intergovernmental Panel on Climate Change. Cambridge University

Press, Cambridge

Uboldi F, Lussana C, Salvati M (2008) Three-dimensional spatial interpolation of surface meteorological

observations from high-resolution local networks, Meteorol Appl 15: 331-345

van Swaay CAM, Warren MS (1999) Red data book of European butterflies (Rhopalocera), nature and

environment no. 99. Council of Europe Publishing, Strasbourg

van Swaay CAM, Cuttelod A, Collins S, Maes D, Munguira ML, Sasic M, Settele J, Verovnik R, Verstrael
T, Warren M, Wiemers M, Wynhoff I (2010) European red list of Butterfly. Publications Office of

the European Union, Luxembourg

16



Verity R (1917) Nuove osservazioni sui Lepidotteri Ropaloceri dell'Isola d'Elba. Boll Soc Ent Ital 48: 186

Verity R (1950) Le farfalle diurne d'Italia. Vol. IV. Divisione Papilionida. Sezione Libytheina, Danaina e

Nymphalina. Marzocco, Firenze

WallisDeVries MF, Baxter W, Van Vliet A (2011) Beyond climate envelopes: effects of weather on regional

population trends in butterflies. Oecologia 167: 559-571

Warren MS, Hill JK, Thomas JA, Asher J, Fox R, Huntley B, Roy DB, Telferk MG, Jeffcoate S, Hardingk P,
Jeffcoate P, Willis SG, Greatorex-Daviesk JN, Mossk D, Thomas CD (2001) Rapid responses of

British butterflies to opposing forces of climate and habitat change. Nature 414: 65-69

Wilson R, Gutiérrez D, Gutiérrez J, Monserrat VJ (2007) An elevational shift in butterfly species richness

and composition accompanying recent climate change. Glob Change Biol 13 1873-1887

Zalucki MP, Clarke AR, Malcolm SB (2002) Ecology and behaviour of first instar larval Lepidoptera. Annu

Rev Entomol 47: 361-393

17



Captions

Fig.1. Seasonal maximum temperature (averaged among JJA-June, July, August). Temperature (°C) is on the
y axis, while years of the full OI dataset are represented on the x axis. The dashed line include seasonal

maximum temperature values observed for the years 1975, 1976 and 1977.

Fig. 2. a) Left: seasonal 1977 JJA (June-July-August) T,..x anomalies over the whole region. Colours indicate
positive (red) or negative (blue) anomalies with intensity proportional to the difference from the
climatological mean; Right, historical T, distribution and location of the JJA data of 1977 season inside it.
The blue vertical line represents 1977 JJA T, mean value, the pink dashed line represents the
climatological mean (T=20.73°C) and the green dashed lines show the 90 and 95% confidence intervals of
the climatological mean. The JJA of 1977, with a seasonal mean of 19°C, was the coldest year in the whole
dataset. b) Same representation as before, of the T, data. The climatological mean is 12.5°C and JJA of

1977 was the coldest year with a value of 10.8°C.

Fig. 3. a) Left: JJA (June-July-August) seasonal precipitation anomalies observed in 1976 over the whole
region. Colours indicate positive (blue) or negative (red) anomalies with intensity proportional to the
difference from the climatological mean. Right, position of the 1976 JJA precipitation data within the
historical distribution. The blue vertical line represents 1976 JJA cumulative value (mm) of precipitation, the
orange dashed line represents the climatological mean (245.4 mm), the red dashed line shows the median
(234.8 mm), while the green lines respectively mark the 10™ and 90" percentiles. b) Same representation as
before as concerns the precipitation data for 1977 JJA. 1977 was the wettest year of the full dataset (410.8

mm).

Tab. 1. Total number of rainy days observed in the study area during June-July-August for the years of
interest, and parameters describing the historical distribution of this variable (the 10" percentile, median, 90"

percentile) are shown.
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