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•  systematic random sampling 
•  520 sampling squares of 1km2 

•  2.5 km-transects 

•  7 surveys per year (4 in alpine transects) 
•  Counts back and forth 
•  Species richness 
•  Team of contractors 

Butterfly programme 2003 - 2011 
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Minimum: 2 species (alpine) 
Maximum: 79 species (Valais) 

Results 2006-2010: Species richness 

< 20 species
20 - 29 species
30 - 39 species
40 - 49 species
50 - 59 species
> 60 species
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Results 2006-2010: Species richness 

Mean number of species per transect = 32.3 
No trends in change of species richness so far. 
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Cupido argiades 

Expansion of species 
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2001-2005
2006-2010

Cupido argiades 

Expansion of species 
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Predicting Species Hotspots 
Simone Graute 
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1. Modelling species richness 
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2. Testing with independent 
inventory data 

No data in inventory 
< 25 species 
≥ 25 species (hotspots) 
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2. Testing with independent 
inventory data 

   100%  (96) 
1 - 99%  (31) 
       0%  (10) 
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Tracking Climate Change 
Tobias Roth 
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climate warming 
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Temperature index 

•  Species Temperature Index (STI) 
•  Mean of all STI on a transect                             
 Community Temperature Index (CTI) 

•  Devictor et al. 2008 
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Results 
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~150 km: temperature Devictor et al. 2008  
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~  50 km: birds (France) Devictor et al. 2008  
~  45 km: birds (Switzerland) Swiss monitoring 

~  40 km: butterflies (Europe) Van Swaay et al. 2010  

~  55 km: butterflies (Switzerland) Swiss monitoring 

~  15 km: plants (Switzerland) Swiss monitoring 

Comparison with other studies 
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Temperature index 
NATURE CLIMATE CHANGE DOI: 10.1038/NCLIMATE1347 LETTERS
r2 = 0.89; P < 0.0001, Fig. 2b) reveals that the composition of
butterfly communities has shifted 114± 9 km northward during
1990–2008 ((9.3×10−3/1.47×10−3)×18 yr).

During 1990–2008, the temperature also increased steeply
(+5.50± 0.61× 10−2 ◦C yr−1, F1,17 = 79.6; r2 = 0.81; P < 0.0001;
Fig. 1c). This temporal trend in temperature can be translated in
space using the spatial variation of temperature in Europe17. This
gradient is equivalent to a loss of 3.98±0.01×10−3 ◦Ckm−1 from
south to north (F1,30674 = 1.7×105; r2 = 0.84; P < 0.00001, Fig. 2c).
The temperature increase during 1990–2008 thus corresponds to a
northward shift of 249±27 km in temperature.

These results indicate that birds and butterflies do not adjust
their abundance according to the northward shift of their
suitable climates and have accumulated a climatic debt of 212 km
and 135 km respectively (differences between spatial shift in
temperature and in birdCTI and butterfly CTI respectively).

The change in CTI does not tell which and how particular species
are affected by climate change but integrates the actual decline
of cold species, increase of warm species and the combination of
both. Therefore, changes in CTI couldmostly result from variations
in the dominance structure of species occurring locally rather
than from real spatial shifts. However, using presence–absence
data rather than abundance, we found similar qualitative results
(Supplementary Fig. S2). Therefore, the increase in bird and
butterfly CTI also results from changes in the identity of species
occurring in local sites rather than only fromabundance variations.

Change in CTI could also reflect the strong positive or negative
trend of only a few species rather than mirroring profound changes
in community composition. To assess whether our conclusions
are robust to the identity of the species considered, we used a
systematic re-sampling approach in which the trends in the bird
and butterfly CTI were estimated after the random removal of 20%
of the species monitored in each country. This analysis further
confirms the robustness of the findings to the change in the species
pool considered (Supplementary Fig. S3).

Climatic debt can be defined as an accumulated delay in species’
response to change in temperatures attributable to its inability to
track climate change. Our results indicate not only that birds and
butterflies are not tracking climate change fast enough at large
spatial scale, but also that a lag is expanding between the two
groups. Climate change has become a strong selective pressure,
and response to this pressure is species and context dependent18.
What are the consequences of these increasing climatic debts for
each group and between groups at large spatial scale remains to be
studied. Genetic variability, population size and generation time,
but also dispersal or behavioural plasticity, all contribute to shape
species’ responses to climate change. In this respect, evolutionary
responses to changing climate have already been documented and
are particularly expected for short-time generation groups such as
butterflies19. Therefore, significant evolutionary response can, at
least to some extent, contribute to the observed trends inCTI.

Although the data we have do not enable us to disentangle
the real lag accumulated by birds and butterflies from possible
local adaptation to temperature increase, we believe that the rapid
adaptations of particular species, if any, are unlikely to produce our
results, which are based on many species with likely high variability
in their evolutionary response. However, a close inspection of how
changes in CTI vary in space or for particular groups of species
(defined according to their localization, dispersal ability, genetic
diversity, or any trait of interest suspected to induce differential
climatic responses between species and/or groups) could possibly
help to disentangle evolutionary from demographic processes
in the responses. The delay in the climatic debt of bird and
butterfly communities may disrupt multiple interactions between
species. For example, many bird species depend on caterpillars and
could therefore suffer from possible modifications of this direct

Figure 3 | European variations in the temporal trend of bird and butterfly
CTI. The map shows the temporal trend of bird and butterfly CTI for each

country. The height of a given arrow is proportional to the temporal trend

and its direction corresponds to the sign of the slope (from south to north

for positive slopes). The arrow is opaque if the trend is significant.

interaction9–12. It is also likely that other groups of terrestrial insects
on which many insectivorous vertebrates rely are experiencing
important northward shifts and changes in community composi-
tion. Moreover, birds and butterflies are among the most dispersive
species so they should be able to track climate change more
easily than other taxonomic groups. Therefore, other multigroup
interactions are also probably facing delayed responses to climate
change at large scale with unknown consequences for biodiversity
and ecosystem functioning1,14,20. Finally, the negative consequences
of such delays are probably enhanced by interacting and self-
reinforcing processes between climate and land-use changes7,21.

More rapid responses in butterflies than in birds on average (that
is, calculated at the European level) may be due to butterflies having
relatively short life cycles and being ectothermic, enabling them to
track changes in temperature regimes very closely. These differences
may induce higher turnover rates in butterfly communities in
response to climate changes22,23, which probably contributes to
explain the stronger variation in butterfly CTI (Fig. 1b). Therefore,
although birds, as a group, are more dispersive than butterflies,
our results suggest that they may accumulate higher climatic
debt in the long run.

The ability of each taxonomic group to cope with temperature
increase (and hence the potential mismatch between groups)
should also depend on the biogeographic, socio-economic and
conservation context. When calculated at the country level, we
found that the temporal trend in CTI was positive and highly
significant within nearly every country (Supplementary Table S1).
This intra-European analysis also revealed that, for a given
taxonomic group, the temporal change in CTI was much faster
in some countries than in others (Fig. 3). For countries with data
available simultaneously for birds and butterflies, we found either
a much higher trend in CTI for butterflies or no difference among
groups. Overall, these results confirm that the compositions of bird
and butterfly communities are currently strongly affected by climate
change, but also reveal that the differences between groups are
dependent on the area considered.

Interestingly, although the magnitude of the CTI is dependent
on the number and identity of the species considered, we showed
that the detection of a temporal trend in CTI is very robust to
changes in the species considered (Supplementary Fig. S3). Indeed,

NATURE CLIMATE CHANGE | VOL 2 | FEBRUARY 2012 | www.nature.com/natureclimatechange 123
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r2 = 0.89; P < 0.0001, Fig. 2b) reveals that the composition of
butterfly communities has shifted 114± 9 km northward during
1990–2008 ((9.3×10−3/1.47×10−3)×18 yr).

During 1990–2008, the temperature also increased steeply
(+5.50± 0.61× 10−2 ◦C yr−1, F1,17 = 79.6; r2 = 0.81; P < 0.0001;
Fig. 1c). This temporal trend in temperature can be translated in
space using the spatial variation of temperature in Europe17. This
gradient is equivalent to a loss of 3.98±0.01×10−3 ◦Ckm−1 from
south to north (F1,30674 = 1.7×105; r2 = 0.84; P < 0.00001, Fig. 2c).
The temperature increase during 1990–2008 thus corresponds to a
northward shift of 249±27 km in temperature.

These results indicate that birds and butterflies do not adjust
their abundance according to the northward shift of their
suitable climates and have accumulated a climatic debt of 212 km
and 135 km respectively (differences between spatial shift in
temperature and in birdCTI and butterfly CTI respectively).

The change in CTI does not tell which and how particular species
are affected by climate change but integrates the actual decline
of cold species, increase of warm species and the combination of
both. Therefore, changes in CTI couldmostly result from variations
in the dominance structure of species occurring locally rather
than from real spatial shifts. However, using presence–absence
data rather than abundance, we found similar qualitative results
(Supplementary Fig. S2). Therefore, the increase in bird and
butterfly CTI also results from changes in the identity of species
occurring in local sites rather than only fromabundance variations.

Change in CTI could also reflect the strong positive or negative
trend of only a few species rather than mirroring profound changes
in community composition. To assess whether our conclusions
are robust to the identity of the species considered, we used a
systematic re-sampling approach in which the trends in the bird
and butterfly CTI were estimated after the random removal of 20%
of the species monitored in each country. This analysis further
confirms the robustness of the findings to the change in the species
pool considered (Supplementary Fig. S3).

Climatic debt can be defined as an accumulated delay in species’
response to change in temperatures attributable to its inability to
track climate change. Our results indicate not only that birds and
butterflies are not tracking climate change fast enough at large
spatial scale, but also that a lag is expanding between the two
groups. Climate change has become a strong selective pressure,
and response to this pressure is species and context dependent18.
What are the consequences of these increasing climatic debts for
each group and between groups at large spatial scale remains to be
studied. Genetic variability, population size and generation time,
but also dispersal or behavioural plasticity, all contribute to shape
species’ responses to climate change. In this respect, evolutionary
responses to changing climate have already been documented and
are particularly expected for short-time generation groups such as
butterflies19. Therefore, significant evolutionary response can, at
least to some extent, contribute to the observed trends inCTI.

Although the data we have do not enable us to disentangle
the real lag accumulated by birds and butterflies from possible
local adaptation to temperature increase, we believe that the rapid
adaptations of particular species, if any, are unlikely to produce our
results, which are based on many species with likely high variability
in their evolutionary response. However, a close inspection of how
changes in CTI vary in space or for particular groups of species
(defined according to their localization, dispersal ability, genetic
diversity, or any trait of interest suspected to induce differential
climatic responses between species and/or groups) could possibly
help to disentangle evolutionary from demographic processes
in the responses. The delay in the climatic debt of bird and
butterfly communities may disrupt multiple interactions between
species. For example, many bird species depend on caterpillars and
could therefore suffer from possible modifications of this direct
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interaction9–12. It is also likely that other groups of terrestrial insects
on which many insectivorous vertebrates rely are experiencing
important northward shifts and changes in community composi-
tion. Moreover, birds and butterflies are among the most dispersive
species so they should be able to track climate change more
easily than other taxonomic groups. Therefore, other multigroup
interactions are also probably facing delayed responses to climate
change at large scale with unknown consequences for biodiversity
and ecosystem functioning1,14,20. Finally, the negative consequences
of such delays are probably enhanced by interacting and self-
reinforcing processes between climate and land-use changes7,21.

More rapid responses in butterflies than in birds on average (that
is, calculated at the European level) may be due to butterflies having
relatively short life cycles and being ectothermic, enabling them to
track changes in temperature regimes very closely. These differences
may induce higher turnover rates in butterfly communities in
response to climate changes22,23, which probably contributes to
explain the stronger variation in butterfly CTI (Fig. 1b). Therefore,
although birds, as a group, are more dispersive than butterflies,
our results suggest that they may accumulate higher climatic
debt in the long run.

The ability of each taxonomic group to cope with temperature
increase (and hence the potential mismatch between groups)
should also depend on the biogeographic, socio-economic and
conservation context. When calculated at the country level, we
found that the temporal trend in CTI was positive and highly
significant within nearly every country (Supplementary Table S1).
This intra-European analysis also revealed that, for a given
taxonomic group, the temporal change in CTI was much faster
in some countries than in others (Fig. 3). For countries with data
available simultaneously for birds and butterflies, we found either
a much higher trend in CTI for butterflies or no difference among
groups. Overall, these results confirm that the compositions of bird
and butterfly communities are currently strongly affected by climate
change, but also reveal that the differences between groups are
dependent on the area considered.

Interestingly, although the magnitude of the CTI is dependent
on the number and identity of the species considered, we showed
that the detection of a temporal trend in CTI is very robust to
changes in the species considered (Supplementary Fig. S3). Indeed,
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Conclusions 
•  No trend for changes in species richness detectable.  
•  The modelling of hotspots showed that we can make 

statements relevant for the whole area. 
•  With our data we can follow the process of climate 

change and contribute plant data.  
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Thank you for your attention! 
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