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a  b  s  t  r  a  c  t

The  implementation  of species  distribution  models  on  the research  of  species  response  to climate  change
has  increased  due  to the  growing  vulnerability  and  extinction  rates  of  various  taxa.  Reported  declines  of
pollinator  population  sizes  and  diversity  due  to global  changes  may  negatively  affect  the  services  they
provide.  Considering  the  importance  of hoverflies  as  pollinators,  we  predict  the  climate  change  effect
on  the  potential  distribution  range  of  selected  species  of  the  genus  Merodon  Meigen,  1803.  We  used  two
climate  models  (ECHAM5,  HadCM3)  and  three  climate  change  scenarios  (optimistic,  modest,  pessimistic),
under  two  time  frames  (2050  and  2080).  We  predicted  the  species  spatial  distribution  as  well  as  the
species  richness  and  the  percentage  turnover  for  two  extreme  dispersal  hypotheses  (limited,  unlimited).
The  analysis  was  implemented  using  an  ensemble  forecasting  modelling  approach.  Species  adapted  to
higher  altitudes  (i.e. with  lower  temperature  requirements)  and/or  latitudes  were  predicted  to be  more
vulnerable  to  climate  change  vs. species  able  to tolerate  a wider  range  of  temperatures,  by losing  a higher
percentage  of climatically  suitable  area. Significant  differences  in  distribution  ranges  were  found  between
mountainous  and  the  remaining  species  groups  each  one  considered  separately  (viz.  climate-generalists,
Mediterranean,  and  east  Mediterranean).  Southern  Balkans  were predicted  to  experience  a preservation
of  species  assemblage  across  all climate  change  models,  scenarios  and  dispersal  assumptions,  while the

central  and  northwestern  parts  were  predicted  to be  subject  to  an  increased  change  of  their  species
composition.  We  emphasize  the  importance  of  forecasting  distribution  shifts  of a  high  number  of  species
for the  development  of  conservation  strategies.  Furthermore,  due  to  the  dependence  of Merodon  fly
larvae  on  geophytes,  we  highlight  the necessity  of  incorporating  biotic  interactions  to  model  the potential
distribution  range  shifts  of these  hoverfly  species.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Global warming has become an important issue during recent
ears due to the associated changes in ecological processes and
nvironmental elements, posing an increased threat to global
iodiversity (Pereira et al., 2010; Thomas et al., 2004). A rapid tem-
erature rise has significant impacts on species populations and
hus constitutes a matter of high concern for ecologists. In partic-
lar, climate change has been linked to shifts in species’ ranges

Chen et al., 2011; Walther et al., 2005), changes in their phenolog-
cal traits (Parmesan, 2007; Visser and Both, 2005) and temporal
nd spatial mismatches of interacting species (Burkle and Alarcón,

∗ Corresponding author. Tel.: +30 2251036406.
E-mail address: akal@geo.aegean.gr (A. Kaloveloni).

ttp://dx.doi.org/10.1016/j.ecolmodel.2015.06.032
304-3800/© 2015 Elsevier B.V. All rights reserved.
2011; Schweiger et al., 2008). Extinction risk is predicted to increase
for a large number of taxa in the future (Bellard et al., 2012; Pereira
et al., 2010), highlighting the vulnerability of many species, as most
known species have small geographic ranges and the number of
species with restricted distribution range is predicted to increase
rapidly even in well-studied taxa (Pimm et al., 2014).

The catastrophic consequence of climate change on terrestrial
species is a subject of increased interest during recent years. One of
the most widely applied tools to study the effects of climate change
on organisms are Species Distribution Models (SDMs), which relate
species observations to environmental estimates to predict distri-
bution across landscapes (Elith and Leathwick, 2009). SDMs  have

been widely used in pollination studies and applied on diverse pol-
linator species (Giannini et al., 2012; Kuhlmann et al., 2012; Luoto
et al., 2006). Pollination is a keystone process with a fundamental
role for primary production (Klein et al., 2007), the reproduction of

dx.doi.org/10.1016/j.ecolmodel.2015.06.032
http://www.sciencedirect.com/science/journal/03043800
http://www.elsevier.com/locate/ecolmodel
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecolmodel.2015.06.032&domain=pdf
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arge numbers of flowering plant species (Ollerton et al., 2011) and
he maintenance of organisms depending on them; besides, the
conomic value of this ecosystem service is of great significance
Gallai et al., 2009). Increasing declines of pollinator diversity and
opulations, which are partly associated with the climate change
ffects (Burkle et al., 2013; Potts et al., 2010), could affect the dis-
ribution range of pollinators. Because an increased restriction of
ollinators’ spatial ranges is associated with high risk of reduction

n pollination services, the implementation of SDMs is invaluable
o assess the future health of pollination systems.

Most hoverflies feed regularly on pollen and nectar, and thus
unction as pollinators considered as second in importance after
ees (Petanidou et al., 2011). Approximately 6000 hoverfly species
ave been described worldwide, of which 1200 occur in Europe
Rotheray, 1993). With more than 100 described species, the genus
erodon Meigen, 1803 is the second richest in species number

n the European continent (Speight, 2013). Especially, the Balkan
eninsula is considered one of the centres of endemism and diver-
ity of Merodon (Vujić et al., 2007; Ståhls et al., 2009) with a
inimum of 78 recorded species (unpublished data). The high

iversity could be a result of the diverse climatic conditions in
he Balkans, from Mediterranean to continental, or even an evo-
utionary result of the high richness and diversity of geophytes in
he Mediterranean flora, as Merodon species are closely associated
ith the pollination of, and the larval development in, bulbous
lants. Such kinds of interactions are particularly important on
mall scales, such as at community level, but SDMs are often fitted at
arger extents, such as regional to continental. The inclusion of these
inds of interactions into the modelling process for the assessment
f climate change effects on species distribution and co-existence
s considered essential at every geographical extent, even at the
roader scales (Wisz et al., 2013) and, thus, important efforts have
een made for the development of ways to account for biotic inter-
ctions into the predictive modelling mechanism (Kissling et al.,
012; Wisz et al., 2013).

Our study objectives are to (i) forecast the current distribution
f Merodon species under a bioclimatic modelling framework, (ii)
valuate the potential range change of Merodon species due to cli-
ate change effects and (iii) determine the species most threatened

y climate change. Regarding the latter aim, we expect that the
pecies encountered in the colder range of the genus’ distribution
rea will be more vulnerable to climate change effects than those
ccurring in the warmer or in a wide range of the climate gradi-
nt. These objectives were assessed by implementing an ensemble
odelling approach, in which models with different algorithms

re combined to produce more accurate forecasts of species dis-
ribution, and hence the use of multi-model ensemble projections
as been proposed by several authors (e.g. Araújo and New, 2007;
renouillet et al., 2011; Marmion et al., 2009).

. Material and methods

.1. Species data set

Current distribution data regarding Merodon species were
xtracted from two databases: the database of the Department of
iology and Ecology of the University of Novi Sad, i.e. the largest
overfly database of the Balkan Peninsula, with 73 Merodon species

rom a total of 1452 sites; and the database of the Laboratory
f Biogeography and Ecology of the Department of Geography
f the University of the Aegean (Melissotheque of the Aegean cf.

etanidou et al., 2013), with 18 Merodon species from 44 sites.
oth databases contain long-term observation data, which were
hecked for their spatial accuracy. We  chose species for which

 minimum of 30 occurrence points were available to avoid
delling 313 (2015) 201–211

potential modelling errors associated with small sample sizes
(Stockwell and Peterson, 2002; Wisz et al., 2008). In total we
applied SDMs to 12 hoverflies (Table 1), classified into four cat-
egories: (1) generalist species (Merodon aberrans Egger, 1860,
Merodon armipes Rondani, 1843, Merodon clavipes Fabricius, 1781
and Merodon nigritarsis Rondani, 1845), (2) mountainous species
(Merodon cinereus Fabricius, 1794 and Merodon moenium Wiede-
mann, 1822, (3) Mediterranean species (Merodon albifrons Meigen,
1822, Merodon avidus Rossi, 1790, Merodon erivanicus Paramonov,
1925 and Merodon funestus Fabricius, 1794) and 4) east Mediter-
ranean/Aegean species (Merodon spinitarsis Paramonov, 1929 and
Merodon velox Loew, 1869). Duplicate records, as well as records
before 1950, were removed from the analyses and only one occur-
rence point per pixel at 2.5 arcmin (ca. ∼5 km)  resolution was taken
into account.

2.2. Predictors used for modelling

We  assume that at the small spatial scale there is a variety
of ecological factors determining a species’ absence or presence,
such as soil composition, micro-climate, and land cover, while
at larger scales we  expect the climatic parameters to be more
meaningful. The bioclimatic variables (Table 2) for the current con-
ditions (1950–2000) were obtained from the WorldClim database
(Hijmans et al., 2005) at 2.5 arcmin resolution. Future bioclimatic
variables are generated from Global Climate Models (GCM, also
called General Circulation Models), which are provided by the
CGIAR Research Program on Climate Change, Agriculture and Food
Security (CCAFS, http://ccafs-climate.org). There are no objective
criteria to rank the performance of climate models (McAvaney
et al., 2001). Thus, two climate models, ECHAM5 (Roeckner et al.,
2003) and HadCM3 (Pope et al., 2000) were used to predict species
distributions. For each model we ran three different SRES (Spe-
cial Report on Emission Scenarios) storylines for the time frames
2050 (averaged across 2040–2069) and 2080 (averaged across
2070–2099). We chose these time frames to represent the near and
far future climates, respectively. The A1B is a moderate scenario
within the A1 scenario family, assuming a balanced use of fossil
and non-fossil energy sources (IPCC, 2007). The A1 scenario family
assumes a global population that peaks mid-century and subse-
quently decreases with a coupled rapid growth of the economy
and technology. The A2 scenario describes a strong heterogeneity
of the world’s economic development and technological change.
Finally, the B1 scenario describes a convergent world with the
same global population as the A1 scenario but with rapid change
in economic structures and the introduction of clean and resource-
efficient technology (IPCC, 2007).

The selection of bioclimatic variables to define the habitat
suitability for the selected Merodon species was based on a
multicollinearity assessment using pairwise Pearson correlations
coefficient. For each pair of highly correlated variables (r ≥ ±0.75)
only the biologically relevant was selected (Appendix A, Table A.1).
This resulted in a set of nine bioclimatic variables (see bold variables
in Table 2) we used consequently for modelling.

2.3. Species distribution modelling process

A number of modelling algorithms has been developed and pro-
posed to identify the relationship between species occurrence and
environmental data. We  used seven different SDMs within the
biomod library (Thuiller et al., 2009) implemented in the R plat-
form (R Development Core Team, 2013). These models have been

shown to give accurate results for different samples sizes (Elith
et al., 2006; Hernandez et al., 2006). In particular, we ran with
default settings (see Thuiller et al., 2013) the: (i) Generalized Linear
Model (GLM), (ii) Multivariate Adaptive Regression Splines (MARS),

http://ccafs-climate.org/
http://ccafs-climate.org/
http://ccafs-climate.org/
http://ccafs-climate.org/
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Table  1
Study species and number of occurrences (N) at 2.5 arcmin resolution, followed by a short description of preferred environment (PE) and distribution range (DR) (adapted
from  Speight, 2013).

Study species N Description

M.  avidus 190 PE: forest/open ground; tracksides etc. in deciduous (Quercus pubescens) and evergreen oak forests (Q. ilex, Q. suber), Pinus salzmannii and
P.  halepensis forest (including planted P. halepensis); old olive groves
DR:  Mediterranean zone of Europe, from Spain through southern France to Italy, the Balkan Peninsula and Romania

M.  albifrons 115 PE: open ground; stony, unimproved, non-calcareous dry grassland and open, tall-herb areas in Q. pubescens and Q. ilex forest on
calcareous substrates
DR: from central France south to the Mediterranean and N Africa; from western Spain eastwards through central (Switzerland, Austria)
and  southern Europe (Corsica, Sardinia, Sicily, Italy, former Yugoslavia, Greece, Bulgaria, Romania) to the Crimea and Azerbaijan

M.  clavipes 100 PE: open ground; sparsely-vegetated, semi-arid, unimproved, stony pasturage and open, grassy areas within thermophilous Quercus forest
DR:  from northern France to the Mediterranean (including Corsica, Sardinia, Sicily and Crete) and N. Africa; from Portugal and Spain
through central and southern Europe to Greece, Romania, Ukraine and Turkey

M.  aberrans 82 PE: unimproved, calcareous montane grassland and patchily-vegetated, herb-rich open areas within the Abies forest zone, in the Alps and
Pyrenees. At lower altitudes, including Balkanic thermophilous Quercus forest, in South East Europe
DR:  through central Europe from Germany, the Czech Republic and the Alps (France, Switzerland, Austria) to Hungary and Romania and
on  to the Ukraine and southern Russia; in southern Europe from mountainous parts of Portugal and Spain eastwards to Italy, Albania, the
former Yugoslavia and Greece and on to Turkey and round the Mediterranean (Lebanon) into N. Africa (Morocco), including
Mediterranean islands e.g. Crete

M.  moenium 72 PE: forest/open ground; humid Fagus/Picea forest; mesophilous Fagus forest; thermophilous Quercus forest; dry, unimproved, lowland
grassland; old almond and cherry orchards
DR: probably from southern Sweden south to the Mediterranean; from France through most of central and southern Europe to Turkey and
European parts of Russia

M.  armipes 66 PE: open ground; thermophilous Quercus forest, thermophilous forest fringes, open areas within dry scrub and dry/semi-arid, closed,
unimproved grassland
DR: from north-east France (Rhine valley in Alsace) and adjacent parts of Germany, through central Europe (Switzerland) and
mountainous parts of northern Italy into the former Yugoslavia and on to Bulgaria, Romania and the Crimea; Greece, Turkey

M.  nigritarsis 63 PE: forest/open ground; herb-rich, dry/semi-arid, unimproved grassland and open areas in evergreen Q. ilex and Q. suber forest/maquis,
Pinus matorral and Mediterranean scrub
DR: Spain, Central Europe from Austria, southern France, Greece, Hungary, Italy, Poland, Switzerland; Balkan Peninsula, Turkey

M.  cinereus 48 PE: open ground; from the Picea zone up to 2500 m.,  in unimproved, calcareous and non-calcareous montane and alpine grassland
DR:  Massif Central (France), Alps, Apennines (Italy), the former Yugoslavia; southern parts of Russia, the Ukraine and northern Turkey

M.  funestus 39 PE: forest/open ground; open areas in evergreen oak forest of Quercus ilex and Q. coccinea/Q. macrolepis; by seasonal streams in Balkanic
thermophilous Quercus forest; tall-herb ruderal communities on sparsely-vegetated open ground, close to seasonal rivers and streams, or
drainage ditches
DR: most of southern and central Spain and round the Mediterranean basin through southern France, the length of Italy (inc.Sicily), parts
of  the former Yugoslavia, Albania and Turkey to Israel and Libya; known also from Bulgaria and Romania and, apparently, from Poland

M.  spinitarsis 39 PE: forest; grassy open areas in Pinus forest (Vujić et al., 2011) and thermophilous deciduous forest; Castanea forest (Ricarte et al., 2012;
Ståhls et al., 2009)
DR: Greece, Romania, Turkey

M.  erivanicus 31 PE: open ground; beside seasonal water-courses with a riparian forest strip of Populus and Salix scrub within otherwise open steppe
(Hauser, 1998); alongside rivers, in various habitats, including olive orchards and Castanea forest (Ricarte et al., 2012); phrygana
(Petanidou et al., 2011)
DR: parts of the former Yugoslavia (Croatia, FYROM), Greece, Caucasus (Armenia), Turkey, Israel, Azerbaijan

M.  velox 31 PE: forest/open ground; semi-arid, stony, thinly-vegetate
DR:  Greece, Turkey

T
I
e
a

able 2
nitial set of 19 bioclimatic variables representing annual trends, seasonality and
xtreme or limiting environmental factors (http://www.worldclim.org/). The vari-
bles used for modelling are listed in bold.

Code Bioclimatic variables Abbreviation

Bio1 Annual mean temperature
Bio2 Mean diurnal range
Bio3 Isothermality Isoth
Bio4 Temperature seasonality
Bio5 Max  temperature of warmest month MTWM
Bio6 Min  temperature of coldest month MTCM
Bio7 Temperature annual range TAR
Bio8 Mean temperature of wettest quarter MTWQ
Bio9 Mean temperature of driest quarter MTDQ
Bio10 Mean temperature of warmest quarter
Bio11 Mean temperature of coldest quarter
Bio12 Annual precipitation
Bio13 Precipitation of wettest month
Bio14 Precipitation of driest month
Bio15 Precipitation seasonality PSeas
Bio16 Precipitation of wettest quarter PWQ
Bio17 Precipitation of driest quarter PDQ
Bio18 Precipitation of warmest quarter
Bio19 Precipitation of coldest quarter
d, unimproved grassland and open areas in Abies forest; Castanea forest

(iii) Classification Tree Analysis (CTA), (iv) Flexible Discriminate
Analysis (FDA), (v) Generalized Boosting Model (GBM), (vi) Ran-
dom Forest (RF), and vii) Maximum Entropy (MaxEnt). Details on
the first six models can be found in Thuiller et al. (2009) and on the
MaxEnt method in Phillips et al. (2006) and Elith et al. (2011).

Since reliable absences were not available for the implementa-
tion of the selected models we  generated pseudo-absences. Two
sets of 1000 pseudo-absences in each were generated randomly
across the entire area in order to conform as far as possible with
the recommendations of Barbet-Massin et al. (2012). These authors
found that for classification and machine-learning techniques
the way pseudo-absences were generated had little influence
on model performance, although for regression techniques the
predictive accuracy was enhanced by the random selection of
pseudo-absences. Conversely, regarding the optimal number of
pseudo-absences, they found that a moderate number per replicate
had little influence on regression techniques but increased the pre-
dictive ability of classification and machine-learning techniques.
Equal weights were given to presences and pseudo-absences in
order to have the same significance in the calibration process.
The importance of each variable in each modelling algorithm
was estimated by applying a randomization procedure, which
is independent of the algorithm used, implemented in biomod
(Thuiller et al., 2009). This procedure uses Pearson correlation

http://www.worldclim.org/
http://www.worldclim.org/
http://www.worldclim.org/
http://www.worldclim.org/
http://www.worldclim.org/
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etween the standard predictions (i.e. fitted values) and predic-
ions where the variable under investigation has been randomly
ermutated. High correlation between predictions indicates low

mportance of the permutated variable. This procedure was
epeated five times and the variable importance was  calculated as
ne minus the mean of correlations (Thuiller et al., 2009).

.4. Assessing predictive performance

The predictive ability of each model was evaluated by splitting
he dataset for each species into two partitions, 80% of the data
ere used for the calibration of the models and the remaining

0% for evaluation purposes. This procedure was repeated three
imes to obtain a more robust average estimation of model per-
ormance. Two different evaluation metrics, the true skill statistic
TSS, Allouche et al., 2006) and the Area Under the receiver operat-
ng characteristic Curve (AUC, Fielding and Bell, 1997), were used.
or each species a total of 504 models were generated (7 modelling
lgorithms × 3 cross-validation (testing of predictive ability) × 2
seudo-absence replicates × 2 climate models × 3 climate change
cenarios × 2 time periods).

.5. Ensemble forecasts—Potential range changes

Instead of choosing a model with the best predictive accuracy,
 combination of multiple well predictive models can be imple-
ented, resulting in an ensemble modelling framework. Such an

pproach was followed to account for the variability in forecasts
mong different single distribution models and to produce more
ccurate predictions, reducing the prediction uncertainty derived
rom different algorithms (Araújo and New, 2007). To avoid the
nclusion of weak models we selected only projections with AUC
nd TSS above 0.8 and 0.6, respectively (Bellard et al., 2013; Gallien
t al., 2012). The final current and future ensemble models for
ach IPCC scenario were obtained by applying a weighted mean
onsensus method based on the evaluation scores. This method
as been shown to provide considerably more robust predictions
han the other available methods (Marmion et al., 2009). For each
CM one current and three future ensemble probability distri-
ution maps (one for each emission scenario) were produced
or two time periods (2050 and 2080). These consensus models
ere transformed into binary predictions (suitable/non-suitable)

o investigate if the potential range of species was predicted to
hrink or expand. The binary transformation was performed by
pplying a threshold maximizing the True Skill Statistic (Allouche
t al., 2006). This is equivalent to the threshold that maximizes the
um of sensitivity and specificity, which has been shown to produce
ore precise predictions (Jiménez-Valverde and Lobo, 2007) and

o outperform other methods for threshold selection for presence
nly data (Liu et al., 2013).

The impact of climate change to the potential species range
hange of each climate scenario and time period per ensem-
le GCM was estimated (Thuiller et al., 2009). The species range
hange was calculated as the percentage gain, which corresponds
o the percentage of predicted new occupied sites in addition
o the current potential distribution, minus the percentage loss,
hich corresponds to the loss of currently predicted occupied

ites. For each species we estimated the current and the future
ange size (number of pixels occupied), assuming no dispersal
or the three climate change scenarios of the HadCM3 climate

odel for the year 2080. The mean differences between the cur-
ent and the future range sizes for the four species categories

(A) climate-generalist, (B) mountainous, (C) Mediterranean, and
D) east Mediterranean/Aegean), for each climate change scenario
ere evaluated using a one-way ANOVA. The significant differ-

nces between the groups of species were determined by applying a
delling 313 (2015) 201–211

post-hoc test (Tukey HSD). Furthermore, the spatial niche overlap,
i.e. the percentage of potentially common occupied area, defined
by current and future predictions, was computed.

2.6. Species richness—Percentage turnover

The predicted species richness (SR) was  calculated for the cur-
rent as well as the future conditions. The future SR was estimated
under unlimited dispersal scenario (Full Dispersal, FD), assuming
that species can disperse to any grid cell with climatically suit-
able space, and limited dispersal (No Dispersal, ND), assuming
that species are incapable of dispersal even if the climatic con-
ditions favour its occupancy. Species turnover is a dissimilarity
index, where a value of 0 indicates that the current and future
species assemblage is predicted to be the same, whereas a value
of 100 indicates changes in species composition. To estimate the
species turnover we calculated the number of species lost (L) and
gained (G) by pixel. Percentage of species turnover between the
two time periods, current and future, for each climate scenario, cli-
mate model and time frame, was  calculated in each grid cell under
the FD scenario by the following equation TFD = 100 (L + G)/(SR + G)
and under ND scenario as TND = 100 (L/SR) (Thuiller, 2004), where
SR is the current species richness.

3. Results

The AUC and TSS values varied mainly among species rather
than among algorithms (Appendix A, Figs. A.1 and A.2). The impor-
tance of variables, averaged per species across models, is given in
Appendix A, Fig. A.3. Species responded differently to potential cli-
mate changes according to different climate models and climate
change scenarios. For both years two  of the climate-generalist
species (M. armipes and M. clavipes) and three of the Mediterranean
species (M. avidus,  M. erivanicus and M.  funestus) were predicted
to have small changes regarding their range extent (Appendix B,
Fig. B.1). Also, one of the climate-generalist (M. nigritarsis),  one of
the Mediterranean (M. albifrons) and both the east Mediterranean
species (M. spinitarsis and M. velox) had extended future potential
ranges, especially for the HadCM3 model, whereas the mountain-
ous species (M.  cinereus and M. moenium) were predicted to be the
most negatively influenced by potentially losing major extent of
their current range (Appendix B, Fig. B.1). Examples of the current
potential distribution of the climate-generalist M.  nigritarsis and the
mountainous M. cinereus and their predicted response to future cli-
mate changes under the HadCM3 climate models of the year 2080
is presented in Figs. 1 and 2, respectively. Our results show that M.
nigritarsis may  be less affected by climate changes as it maintains
most of the current extent and gains more suitable habitats across
all climate models and scenarios, while M.  cinereus is predicted to
lose a large part of the climatically suitable potential space.

The range change represents the overall predicted trend of
species to shrink or expand. The variations of the range change
between the projections of the applied climate models and cli-
mate change scenarios can be observed for the time frames 2050
and 2080 in Fig. 3. From the twelve studied species, five (M.
aberrans, M. avidus,  M. cinereus, M.  funestus and M.  moenium) are
predicted to lose part of their current occupancy, especially the
two mountainous species (M. cinereus and M.  moenium) for both
time periods. In contrast, the rest of the species are predicted
to expand their current range with a notable increased gain
of M. spinitarsis and M. velox for the HadCM3 climate models

for 2050 and 2080. The outcomes of the ECHAM5 and HadCM3
climate models varied for the majority of the species. Only the
mountainous species had similar results across all the climate
models and climate scenarios, as they were predicted to lose over
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ig. 1. Predicted potential distribution of the climate-generalist species Merodon n
arming scenarios of the HadCM3 climate model. The red areas represent the pred

0% of their suitable habitat in all cases. The results for the two
limate models were mostly different for M. aberrans, as for the
ase of the ECHAM5 the reduction of the current distribution is
igher for both years compared with the HadCM3 results. The
NOVA results of the mean range size differences between groups
f species for the HadCM3 climate model for 2080 are presented
n Appendix C, Table C.1. The mean range size differences between
roups of species are significant for the A2 (p < 0.001) and B1
p < 0.01) climate change scenarios. According to the Tukey HSD
ests the mean differences between each pair of species cat-
gories for all climate scenarios were significant between the
ountainous—climate-generalist, Mediterranean—mountainous

nd east Mediterranean/Aegean—mountainous species (p < 0.05,
ppendix C, Fig. C.1).

The spatial overlap, which was measured between the predicted
urrent and future suitable habitat, tends to be higher (>21.5%) for
ll climate models and scenarios for the Mediterranean species (M.
lbifrons, M.  avidus, M.  erivanicus and M.  funestus) and for one of
he climate-generalist species (M. clavipes) (Table 3). The smallest
verlap was found in M.  moenium for the HadCM3 A2 scenario of the
ear 2080 (0.51%) and the highest in M.  albifrons for the ECHAM5
1 scenario in 2050 (42.52%).

Predicted areas with high species richness in current conditions
ere detected in the southern, central and northwestern part of

he Balkan Peninsula. Under the future climate scenarios the fore-
asted species richness was higher mostly in the southern and

orthwestern areas for both years, both climate models and dis-
ersal scenarios with low variations among them (Appendix B,
igs. B.2–B.5). Only the A1B and A2 scenarios of the HadCM3 cli-
ate model for 2080 under the full dispersal hypothesis generated
sis for the year 2080 under the (a) current and (b) A1B, (c) A2 and (d) B1 climate-
probability of occurrence.

different results with additional predicted areas of high species
richness in the northeastern part. Percentage of turnover rate
showed similar patters among climate change scenarios (Appendix
B, Figs. B.6–B.7), while highest variability is predicted for the
HadCM3 climate model of the year 2080 across dispersal scenar-
ios (Fig. 4). According to the full dispersal results for the HadCM3
model the central, north and northwestern parts would be the most
affected as the higher rate of species turnover indicates increased
predicted changes of species assemblages. Under the most likely
no dispersal scenario the northeastern part was predicted to be
the least affected by climate change in terms of species turnover
followed by the southern part, while higher turnover values were
predicted to the western part. Across all climate change and dis-
persal scenarios as well as climate models and years the southern
areas of Balkans were predicted to be the least influenced regarding
the species compositional changes.

4. Discussion

Using different climate models and scenarios for two time
frames we predicted the climate impact on the potential current
distribution of 12 Merodon species. The AUC and TSS values of the
most widespread species, M. aberrans, M.  armipes and M.  clavipes,
which appear in different altitudes and thus within a broader range
of climatic conditions, were lower than the evaluation scores of
the more restricted species (M.  spinitarsis and M.  velox). The accu-

rate modelling of narrow-ranged species has been demonstrated
by numerous studies (Guisan et al., 2007; Segurado and Araújo,
2004; Stockwell and Peterson, 2002). Lobo and Tognelli (2011) pre-
sumed that the improved modelling performance of species with
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ig. 2. Predicted potential distribution of the mountainous species Merodon cinereu
cenarios of the HadCM3 climate model. The red areas represent the predicted prob

 restricted occurrence area might be the result of an increased
hance of reliably generated pseudo-absences. This explains the
ignificantly higher evaluation scores of M.  spinitarsis and M.  velox,
hose distribution range is limited in the Balkans.

We  assume that an increase in temperature in the future can
otentially have a high impact on the distribution of hoverflies,
lthough the degree of influence of potential climate change to
pecies’ distribution depends on their ecological requirements and
heir adaptation ability. Such characteristics (e.g. preferred habi-
at types, distribution range, adult behaviour), are available for the

tudy species (Speight, 2013). However, the way their distribution
s affected by a potential climate change is currently unidenti-
ed and is complemented by the results of this study. Species

able 3
verlap (%) between the current and the future predicted area under the ECHAM5 and H

Species ECHAM5 2050 HadCM3 2050 

A1B A2 B1 A1B A2 B1

M.  aberrans 12.26 16.52 19.46 12.50 11.53 17
M.  albifrons 39.24 35.34 42.52 36.62 36.97 34
M.  armipes 8.66 13.22 3.80 6.71 6.73 5
M.  avidus 37.39 40.63 40.68 38.14 37.64 39
M.  cinereus 12.51 14.26 24.38 7.34 9.04 6
M.  clavipes 36.52 37.50 37.93 30.82 31.29 30
M.  erivanicus 38.28 37.17 39.37 33.77 36.12 37
M.  funestus 32.54 39.63 38.27 35.18 34.31 38
M.  moenium 7.80 9.99 16.54 3.94 4.82 4
M.  nigritarsis 28.24 31.02 30.94 18.05 19.19 23
M.  spinitarsis 26.07 19.15 24.97 6.52 9.85 8
M.  velox 38.11 32.56 7.00 14.75 20.58 21
he year 2080 under the (a) current and (b) A1B, (c) A2 and (d) B1 climate-warming
y of occurrence.

occupying regions with extreme climatic conditions, such as moun-
tainous species (M.  cinereus and M. moenium), which appear in
higher altitudes, may  be the most negatively affected, as they were
predicted to lose major extent of the climatically suitable environ-
ment. In such cases the ability of species to cope with the adverse
effect of climate change depends on their dispersal ability to move
outside the modeled region. Indeed, many Merodon species have
limited dispersal ability (M.  hamifer Sack 1913, M.  ottomanus Hurk-
mans 1993, M. toscanus Hurkmans 1993, M. atratus Oldenberg 1919,
M. ambiguus Bradescu 1986, M. caerulescens Loew 1869, M.  plani-

facies Bezzi 1915, M.  hoplitis Hurkmans, M. chalybeatus Sack 1913
among others, and M. cinereus, M.  erivanicus,  M.  funestus, M.  spinitar-
sis among species studied herewith). However, the most effective

adCM3 climate models in 2050 and 2080.

ECHAM5 2080 HadCM3 2080

 A1B A2 B1 A1B A2 B1

.00 10.37 5.87 14.20 9.61 7.75 14.52

.73 33.86 35.95 39.28 22.63 21.68 35.65

.80 12.93 8.90 13.58 4.03 3.80 5.47

.09 32.31 33.07 34.44 32.22 33.20 35.50

.41 16.74 5.44 18.25 2.13 1.83 5.29

.64 35.59 36.59 34.31 22.65 24.45 30.96

.87 34.22 34.32 34.70 31.17 24.95 36.65

.06 27.05 30.11 30.12 32.42 34.31 30.81

.88 6.90 0.98 10.88 0.73 0.51 2.99

.89 21.91 23.56 29.63 11.71 9.03 21.05

.08 26.43 4.45 20.68 3.59 3.03 5.43

.57 35.98 29.82 38.19 10.42 7.00 25.10
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ig. 3. The range change of the studied species for the years (a) 2050 and (b) 2080
odels.

arrier is the association with their geophyte hosts whose bulbs or
hizomes their larvae strictly feed and develop on (Rotheray, 1993).

his obligate interaction exacerbates the likelihood of mountainous
pecies in finding suitable habitats outside their current range.

In contrast, according to the results, climate-generalist, Mediter-
anean and east Mediterranean species appeared to be at an
r the A1B, A2 and B1 climate-warming scenarios of ECHAM5 and HadCM3 climate

advantage, since they were forecasted to preserve a higher extent
of their potential current suitable environment. Hence, species that

also appear at lower altitudes and thereby tolerate a higher tem-
perature range seem to have better survival chances. Especially the
Mediterranean species with larger distribution (M.  albifrons and
M. avidus)  had a larger overlap between the current and future
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ig. 4. Percentage turnover of Merodon species under full and no dispersal hypoth
cenarios of the HadCM3 climate model.

rojections, indicating decreased vulnerability to potential future
limate change by maintaining a significant part of their current
otential distributional range and in most of the cases even expand-

ng it. Nevertheless, the survival of species in the future depends
n various factors and probably the bioclimatic envelope mod-
lling approach partly represents and explains the overall trend
f species to contract or expand. Therefore, considering the impor-
ance of geophytes for the existence of Merodon species at the larval

tage as well as the richness and abundance of floral resources
or the adults, the inclusion of land cover change could be more
nformative, resulting in a more integrated knowledge of hoverflies
otential future distribution shifts. However, Martin et al. (2013)
D and ND, respectively) of the year 2080 for the A1B, A2 and B1 climate-warming

found that the incorporation of land cover change scenarios did not
contribute significantly to the assessment of species’ future distri-
bution ranges. Although they were not discarding their future use,
they indicated the necessity of an improvement of the thematic
resolution of land cover change scenarios.

Overall, the southern parts of the Balkans, where the future
species richness is presently higher, were forecasted to comprise an
increased species assemblage in the future under both the extreme

assumption of full dispersal and the most pragmatic hypothesis of
no dispersal, probably because most of the modeled species occur
also at lower altitudes and presumably have adapted to wider tem-
perature ranges, which are predicted to increase at the southern
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reas. Likely, the inclusion of further species for the spatial predic-
ion of species richness and percentage turnover rates would be

ore informative for the estimation of future variations on species
omposition. However, in the analysis we included species with
ufficient sample size in order to produce more accurate forecasts
f species future distribution changes, thereby discarding numer-
us species with inadequate number of localities, which would
ave proven problematic to model. The exclusion of these species
ecause of lacking data indicates the necessity of an improvement
f field-based studies and sampling techniques, and enhancement
f SDMs capabilities, since species with fewer observations are
sually rare and thus of increased interest of predicting future
istribution range shifts. We  consider the selected species a rep-
esentative sample of Merodon species in the study area, since they
ccur in heterogeneous environments and diverse climatic condi-
ions and have an either broad or narrow actual distribution.

The dependence of Merodon species on bulbous plants can deter-
ine the distribution of both mutualistic partners. However, the

elationship of larvae with bulbous plants remains to a big extent
nknown and efforts must be targeted on revealing insights on

arval feeding habits and host-plant associations. Extreme varia-
ions in phenology between species could be driven by climate
nd such variations may  be important in determining the way  a
ommunity is constituted at species level, especially in diverse
ommunities. An increase in temperature could disrupt the tem-
oral synchrony of plant–pollinator interactions (Memmott et al.,
007), and can lead to phenological (Burkle et al., 2013; Petanidou
t al., 2014) or spatial mismatches (Polce et al., 2014; Schweiger
t al., 2008), thus, reducing pollination services and in the long run
otentially leading to species loss. Moreover, due to the impacts
f climate change on flowering phenology, such as earlier onset of
owering (Cleland et al., 2007; Petanidou et al., 1995), the knowl-
dge about larval activity period and development is important
s it determines the flight period of the adults. Particularly in the
ase of specialized species a key determinant of their survival is
he ability of larvae to colonize new hosts. Species co-occurrences
merging from such kind of interactions (i.e. mutualism) among
pecies are expected to be manifested at every scale (Araújo and
ozenfeld, 2014) and by not taking into account biotic interac-
ions our ability to predict future responses to global warming is
estricted (Gilman et al., 2010). The influence mechanism of biotic
nteractions in determining species distribution at larger extents,
uch as regional, continental and beyond, in the face of future pre-
ictions has not been sufficiently studied as has been frequently
ecognized as unimportant (Wisz et al., 2013). However, the impor-
ance of local biotic interactions into shaping species distributions
nd determining species assemblages at macroecological scales has
een reported (Araújo and Luoto, 2007; Heikkinen et al., 2007). The

nclusion of the complex and dynamic nature of biotic interactions
n predicting future distributions in the context of global warming
s a challenging task, but notable progress has been made on meth-
ds to incorporate them into species distribution modelling tools
eyond local spatial scales (see Kissling et al., 2012; Wisz et al.,
013 for a review of methods). Regardless of the importance of
iotic interactions at larger scales, the lack of available data about
eophytes distribution constrained our ability to investigate their
ole within the hoverflies modelling framework for the assessment
f their potential distribution.

To our knowledge no climate change impact modelling has been
arried out for species of the genus Merodon on the Balkan Penin-
ula so far. Our results complement the understanding of the range
hifts of the studied species due to climate change by projecting the

ariations in the availability of suitable future climatic conditions.
s hoverfly larvae depend on bulbous plants, knowledge about

he potential distribution of hoverflies in relation to the potential
istribution of geophytes could be of great importance, providing
delling 313 (2015) 201–211 209

useful data for conservation and management purposes. Overall,
on research the relationships between hoverflies and the inter-
acting biotic components of their ecological niche is crucial, and
under a climate change impact aspect could highlight areas that are
expected to suffer most from declines in abundance and diversity
of both groups.
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Petanidou, T., Vujić, A., Ellis, W.N., 2011. Hoverfly diversity (Diptera: Syrphidae) in
a  Mediterranean scrub community near Athens, Greece. Ann. Soc. Entomol. Fr.
47,  168–175.
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