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The Comma (Polygonia c-albumj is already 
expanding its range northwards. This mobile 
butterfly takes full advantage of the present 
climate change.
Photo: Chris van Swaay

> ■ :   '

      •ték-v -

W  v.T ... . A .
ATKA

m /mé J t tm Ê hè0v&
i S r

; â m *  p + t f

____________ aCH

http://www.vlinderstichting.nl
http://www.bc-europe.eu


Contents

Chapter 1 /  In tro d u c tio n ..........................................................................

Chapter 2 /  Butte rflies and clim ate ch ange ........................................

Chapter 3 /  Building the  Climate Change Ind icator fo r  Butterflies

.4  

.. 7 

.. 9 

12
13

14

15

17

18 

21

Chapter 4 /  The In d ic a to r.............

Chapter 5 /  Changes per country

Chapter 6 /  Im plications

Chapter 7 /  C limate Change and B u tte rfly  Conservation

Chapter 8 /  Conclusions 

L ite ra tu re ..........................

Annex I /  B u tte rfly  M on ito ring  Schemes and m ethod

Acknowledgements
W e thank all skilled vo lun tee r bu tte rfly -w a tche rs  involved in national m on ito ring  programs. They are 

v ita l in producing overviews and ind icators on th e  state o f Europe's bu tte rflies . Rob Alkem ade (PBL, 

Netherlands) helped w ith  the  statistics. J.S. and O.S. received fund ing  from  th e  European projects 

ALARM (Assessing LArge scale environm enta l Risks fo r  b iod ivers ity  w ith  tested  M ethods, con tract no. 

GOCE-CT-2003-506675) and MACIS (M in im ization  o f and Adap ta tion  to  Climate change Impacts on 

b iod ivers ity , contract no. 044399). The UK BBS is funded by a partnership  between BTO, RSPB and 

JNCC. Funding o f th e  Dutch B u tte rfly  M on ito ring  Scheme was provided by grants from  th e  M in is try  o f 

Agricu lture , Nature and Food qua lity  o f th e  Netherlands and th e  Dutch National Data A u th o rity  fo r 

Nature. The UKBMS is funded by a m ulti-agency consortium  led by Defra, and including the  

Countryside Council fo r  Wales, th e  Joint Nature Conservation Com m ittee, Forestry Commission, 

Natural England, th e  Natural Environm ent Research Council, the  N orthern  Ireland Environm ent 

Agency and Scottish Natural Heritage. The b u tte rfly  m on ito ring  scheme in Finnish agricu ltura l 

landscapes is funded by The Finnish Environm ent Ins titu te  and the  M in is try  o f Environm ent. The 

B u tte rfly  M on ito ring  Scheme in Catalonia is funded by th e  Departam ent de M edi A m b ien t i Habitatge 

de la G enera litä t de Catalunya. The D ipu tado  de Barcelona, Patronat M e tropo lita  Parc de Collserola 

and Fundado Caixa de Catalunya have also given financia l support to  th is  pro ject. Swiss data was 

used w ith  perm ission from  th e  Federal O ffice fo r  th e  Environm ent, Species M anagem ent Division.

W e also thank th e  National B iodiversity Data Centre, Ireland and the  Heritage Council, Ireland. The 

Estonian scheme is funded by the  Estonian M in is try  o f Environm ent via th e  Environm ental Board.

The German B u tte rfly  M on ito ring  Scheme (TMD) is co-ord inated by the  Helm holtz-Centre fo r 

Environm ental Research - UFZ in close co llabora tion  w ith  th e  Society fo r  B u tte rfly  Conservation (GfS- 

Gesellschaft fü r  Schmetterlingsschutz). Support was received from  the  p ro ject CLIMIT (Settele &

Kühn, 2009), funded th rough the  FP6 BiodivERsA Eranet by the  German Federal M in is try  o f Education 

and Research, th e  French ANR, and th e  UK NERC.

B u t t e r f l y  C o n s e r v a t i o n  E u r o p e  &  d e  v l i n d e r s t i c h t i n g  2 0 1 0  | Impacts o f  climate change on bu tterfly  communities 1990-2009 2



Summary

•  This repo rt presents th e  second version o f 

the  European Bu tte rfly  C limate Change 

Indicator, covering the  period 1990-2009.

•  The ind icato r is based on national 

B u tte rfly  M on ito ring  Schemes from  

th irte e n  countries from  all over Europe, 

based on a lm ost 4000 transects, m ost o f 

them  counted by tra ined  volunteers.

•  The ind icato r shows the  long-term  e ffect 

o f c lim ate change on bu tte rfly  

com m unities.

•  The ind icato r shows a sign ificant and rapid 

increase in European b u tte rfly  

com m unities becom ing m ore and m ore 

composed o f species associated w ith  

w arm er tem pera tures (figure 1).

•  Since 1990 the  mean sh ift o f com m unities 

is equ iva len t to  a northw ard  sh ift o f 75 

km.

•  B u tte rfly  com m unities can flu c tua te  

considerably from  year to  year due to  

annual w ea ther conditions, bu t the  

underlying long-term  tren d  is m ore likely 

a ttr ib u tab le  to  c lim ate change and o the r 

factors.

•  Over th e  same period the  tem pora l trend  

o f th e  tem pera tu re  in Europe increased 

steeply, corresponding to  a northw ard  

sh ift o f 249 km. This indicates th a t

Figure 1: The European Butterfly 
Climate Change Indicator.

The indicator shows a significant 
increase o f the Community 
Temperature Index (CTI) o f 

5.5 X  I f f 3 °C per year.

B u t t e r f l y  C o n s e r v a t i o n  E u r o p e  &  d e  v l i n d e r s t i c h t i n g  2 0 1 0  | Impac

bu tte rflie s  are no t keeping pace w ith  

c lim ate change.

There seems to  be a g radient over Europe, 

w ith  countries in N orthern  and Eastern 

Europe showing a stronger and m ore 

positive change than  countries in 

Southwestern Europe (map 2).

Conservation measures should focus on 

preserving large populations in large areas 

and encouraging m ob ility  across the  

landscape. The Natura 2000 and Emerald 

netw orks are v ita l instrum ents to  achieve 

th a t. In th e  w ide r countryside, agri­

env ironm ent schemes could fac ilita te  

b u tte rfly  m ob ility  and a llow  species to  

spread m ore easily.

Continu ing b u tte rfly  m on ito ring  is v ita l to  

assess fu tu re  changes and expanding 

B u tte rfly  M on ito ring  Schemes to  o the r 

countries w ill fu rth e r im prove the  qua lity  

o f fu tu re  indicators.

This ind icato r should be updated on a 

regular basis, so the  reaction o f our 

b u tte rfly  fauna to  a changing env ironm ent 

can be m on ito red  closely.
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Chapter 1 /  Introduction

This is the second version of the European Butterfly Climate Change Indicator. It 

is based on changes in butterfly communities in thirteen countries. As more and 

more countries develop robust monitoring schemes, the value of butterflies as 

European biodiversity indicators grows.

Europe's bu tte rflies  are facing enorm ous 

changes in th e ir  environm ent. Changing 

econom ic pressures and land use policies have 

led to  changes in fa rm ing  practice, resulting in 

sem i-natura l grasslands being e ithe r 

abandoned or in tensified (Van Swaay e t al., 

2010a; 2010b). The grow ing human 

popula tion  and increasing urbanisation have 

also led to  an enhanced pressure on the  

rem ain ing sem i-natura l habitats. On to p  o f 

these factors, evidence is accum ulating th a t 

clim atic change in recent decades (IPCC, 2007) 

has had a m ajor e ffect, leading to  species 

declines and extinctions (Parmesan &  Yohe, 

2003). Settele e t al. (2008) p red ict th a t the  

im pact o f the  expected fu tu re  changes on the  

populations and d is tribu tion  o f bu tte rflie s  w ill 

be huge, and action is u rgently needed.

M easuring the  e ffect o f c lim ate change on 

bu tte rflie s  is th e  firs t step in understanding 

how  th is  affects our bu tte rflies , w ith  w ha t 

speed it occurs and how  much tim e  the re  is 

le ft to  take action. To quan tify  th is, Van Swaay 

e t al. (2008) investigated several m ethods to  

study th e  e ffect o f a changing tem pera tu re  on 

bu tte rflies . Follow ing the  m ethod o f Devictor 

e t al. (2008), the  change o f the  Com m unity 

Tem perature  Index (CTI) proved to  be the  

m ost sensitive and easy to  use ind icato r fo r 

th e  e ffect o f c lim ate change on butterflies.



The ind icato r uses th e  counts o f bu tte rflies  

made in B u tte rfly  M on ito ring  Schemes all over 

Europe. Thousands o f expert vo lunteers and 

professionals count bu tte rflies  on a regular 

basis using standardised m ethods, thus 

provid ing us w ith  a superb dataset to  

investigate changes in bu tte rflies  all over the  

continent.

B u tte rfly  m on ito ring  enjoys a grow ing 

popu la rity  in Europe. M ap 1 shows the  cu rren t 

B u tte rfly  M on ito ring  Schemes (BMS) and the

countries w here  they  are expected soon. 

A lthough B u tte rfly  M on ito ring  Schemes are 

present in a grow ing num ber o f countries and 

new ones are being in itia ted  in many places, 

long tim e-series are only available fo r  a 

lim ited  num ber o f countries. For th is  ind icato r 

data w ere  used from  13 countries: Belgium, 

Estonia, Finland, France, Germany, Ireland, 

Lithuania, Jersey, Slovenia, Spain, Switzerland, 

The Netherlands and th e  United Kingdom. 

Andorra is included in th e  Catalonian (Spanish) 

scheme.

Map 1: Countries contributing their 
data to the European Butterfly 
Climate Change Indicator:
Belgium (Flanders): since 1991 
Estonia: since 2004 
Finland: since 1999 
France: since 2005 
Germany: since 2005 
Ireland: since 2007 
Lithuania: since 2009 
Jersey: since 2004
Spain (Catalonia, including Andorra): 
since 1994 
Slovenia: since 2007 
Switzerland: since 2003 
The Netherlands: since 1990 
United Kingdom: since 1976 (data 
since 1990 were used)

Sweden and Luxemburg started their 
counts in 2010, so they could not be 
used fo r  this report.
Data fo r  Ukraine (Transcarpathia) 
was not made available.

Since 1990 almost 4000 transects 
have been counted at least one year, 
and could be used for this analysis.

BMS active

BMS expected soon 

BMS active, but not in CTI
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In th is  repo rt we update the  European 

B u tte rfly  C limate Change Indicator, firs t 

published by Van Swaay e t al. in 2008. The 

updated ind ica to r no t only has a longer tim e - 

series, w ith  data from  th e  2008 and 2009 fie ld  

seasons now included, bu t also the  m ethod o f 

calculating th e  ind icato r has been im proved

and enhanced. Furtherm ore nine new 

countries have been added.

The m ethod closely fo llow s th e  one developed 

fo r  birds in France by Devictor e t al. (2008) 

and described fo r  bu tte rflies  in Van Swaay e t 

al. (2008).

In Central Europe peatbogs are relatively cool habitats, where species with a northern 
distribution have survived after the last ice-age. Here species like Boloria aquilonaris 
and Coenonympha tullia are among the species most at risk from  global warming. 
Photos: Chris van Swaay, Jaap Bouwman and Henk Bosma.
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Chapter 2 /  Butterflies and climate change

The expected climate change will have many effects on biodiversity. This chapter 

gives a short overview of the consequences of climate change on butterflies.

Butterflies require  body tem pera tures o f BO­

B S ^  fo r  optim al g row th  and deve lopm ent 

(Porter, 1982; Shreeve, 1992). A lthough 

bu tte rflie s  have all kinds o f m ethods to  raise 

th e ir  tem pera tu re  to  th is  level (e.g. sun basking, 

co lo ra tion, body m ovem ent), c lim ate is one o f 

the  m ajor facto rs de term in ing  the  d is tribu tion  o f 

these insects. Therefore  c lim atic w arm ing  allows 

range expansion o f many species at th e  cool 

margins o f th e ir  range, both in la titude  and in 

a ltitude , and an eventual contraction  at the  

w arm er margins (Parmesan e t al., 1999; W arren 

e t al., 2001; Parmesan &  Yohe, 2003; W ilson e t 

al., 2007). There are several ways in which 

c lim ate change may a ffect bu tte rflies :

•  D irect e ffects on th e  physiology: bu tte rflies  

and th e ir  ca terpillars have an op tim um  

tem pera tu re  range, in which th e ir  body 

processes func tion  best. If the  m icroclim ate  

changes, th is  w ill a ffect th e ir  survival and 

thus have an e ffect on th e ir  num bers and 

range.

1ÊÈÈiÎÊiËÊ̂ iiÊÈÉiÊÈliÊHtÊÈÈlÈÊÊÊIMÊtÊtilÊÊÊtiilÊÊc  /-.- " V  *1 I? 1'. M,vs,r m
‘ ■ ü »  í " *  «’ W t J l  *  1 •* v .  f t  . .  1

Effects on the  abiotic environm ent. Apart 

from  th e  d irect e ffect o f sea-level rise on 

coastal areas, th e  m ost d irect e ffect o f 

c lim ate change w ill be on soil systems in 

te rm s o f organic m a tte r and especially w a te r 

content. It could lead to  drought-periods as 

w ell as heavy showers and flood ing.

C limate change has an im pact on the  

vegetation structure, fo r  example, leading 

to  greater spring /sum m er grass g row th  in 

w arm  years.

This makes cond itions m ore suitable fo r 

some species and less suitable fo r  others. 

Larval foodp lants change th e ir  range. Many 

specialist bu tte rflies  depend on one o r tw o  

species o ffo o d p la n t. If th e ir  optim al range 

doesn 't overlap w ith  the  new foodp lan t 

range, th is  can resu lt in a change in the  

possible fu tu re  range o f such bu tte rflies . This 

is dem onstrated in th e  example o f Boloria  

tita n ia  and its larval foodp lan t Polygonum  

b is to rta  (Schweiger e t al., 2008).

/ j

V ' i / v V  : v . - V Y  M

Boloriá titania is a butterfly depending on its 
foodplant Polygonum bistorta in most of its range*. 
As climate change will affect the ranges of both 
butterfly and foodplant, the butterfly tan only survive 
where climate niches of both overlap.
Photos: Chris van Swaay and Rudi Verovnik.

\  >  /
*in northern Europe it is also reported to feed on other foodplants.



Species in teractions: It is inevitab le th a t 

range changes fo r  plants and animals w ill 

lead to  new in teractions between species. 

Changes in tem pera tu re  may result in 

asynchrony betw een food  sources and 

breeding, causing starvation o f o ffspring  th a t 

emerges to o  early (e.g. Visser &  Holleman,

2001). This w ill m ostly a ffect specialist 

species and bu tte rflies  w ith  com plex 

in teractions w ith  o the r species. In th is 

respect species o f th e  fo rm e r genus 

M aculinea  (now  Phengaris), depending no t 

only on foodplants, bu t also on host-ants, 

can be vu lnerable  (W ynho ff e t al., 2008). 

Changes and d isrup tions in th e  interactions 

between bu tte rflies  and th e ir  parasitoids,

pathogens and predators are also highly 

likely (Both e t al., 2006; M enéndez e t al., 

2008).

The overall im pact o f clim ate change on 

bu tte rflie s  w ill be a new balance o f gains and 

losses: species w ill tend  to  expand th e ir  range at 

the  cold edge o f th e ir  d is tribu tion , and loose 

populations at the  southern edge (Parmesan et 

al., 1999). A t the  same tim e , as num bers are 

expected to  rise in the  northe rn  part o f th e ir  

range, they  are predicted to  decline in th e ir  

southern part. M ounta in  species w ill be forced 

uphill, w ith  the  risk o f local ex tinc tion  a fte r the  

sum m it is reached.

The Alcon Blue fPhengaris alcon above) has a complex relationship with a plant and 
an ant. After feeding on the foodplant Gentiana pneumonanthe (right) fo r  a few  
weeks, the larvae are taken into the nest o f an ant species o f the genus Myrmica 
(right). Here, the larvae hibernate and pupate and the adult butterflies emerge next 
summer. Climate change can disrupt such complex interactions, leading to the local 
extinction o f the butterfly. Photos: Chris van Swaay. Drawing: Marjolein Spitteler.
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Chapter 3 /  Building the Climate Change Indicator for Butterflies

The European Butterfly Climate Change Indicator uses count data from 

national monitoring schemes to measures changes in butterfly 

communities attributable to climate change.

0J 
>

J

-Butterflies are recorded along transects.
. Most of these counts are done by 
volunteers, who are vital to the Butterfly 
Monitoring Schemes and to produce the 
indicator.

Fieldwork
The B u tte rfly  Ind ica tor is based on th e  fie ld w o rk  

o f thousands o f tra ined  professional and 

vo lun tee r recorders, counting bu tte rflie s  on 

a lm ost 4000 transects scattered w ide ly  across 

Europe (see map 1). These counts are made 

under standardised conditions. Regional and 

national coord inators collect th e  data and 

perform  the  firs t qua lity  contro l. M ore details 

can be found  in Annex I.

Species Temperature Index (STI)
W ith  a few  exceptions, all bu tte rflie s  have a 

d is tribu tion  w hich is restricted to  a part o f the  

w orld . In Europe, some species are typ ical o f the  

co lder northe rn  regions, whereas o thers occur 

p rim arily  in th e  w arm , southern part o f our 

con tinen t. This is illustra ted  in figure  2, w here 

Plebejus op tile te  is a characteristic species o f 

cool bogs and forests in the  north  or high in the  

Alps. In contrast, Hipparchia f id ia  favours warm  

conditions and can be found  in the  

M editerranean.

The preference o f a species fo r  a specific clim ate 

can be expressed by the  lo n g te rm  average 

tem pera tu re  over its range. This is called the  

Species Temperature Index (STI). The STI was 

calculated fo r  each European species using the  

European d is tribu tion  atlas o f Kudrna (2002) and

the  C lim atic Risk Atlas o f European Butterflies 

(Settele e t al., 2008). Plebejus optile te , w ith  its 

preference fo r  high a ltitudes and latitudes, has 

an STI o f 4.2 °C, whereas Hipparchia f id ia  is 

characterized by an STI o f 13.5 °C.

B u t t e r f l y  C o n s e r v a t i o n  E u r o p e  &  d e  v l i n d e r s t i c h t i n g  2 0 1 0  | Impacts o f  climate change on b u tte rfly  communities 1990-2009



Hipparch ia
f id ia

Plebejus
optilete

Figure 2: The Species Temperature Index (STI) is the average temperature over the range o f a species in the 
distribution atlas ofKudrna (2002) (upper maps). This is illustrated by a butterfly with a preference fo r  high 
altitudes and latitudes (Plebejus optilete, left) with an STI o f 4.2 °C, and a warmth loving species (Hipparchia 
fidia, right) with an STI o f 13.5 °C. Photos: Chris van Swaay.

Community Temperature Index 
(CTI)
The num ber o f bu tte rflies  o f each species 

occurring at a certa in site in a certa in year can be 

described as a com m unity . As each species has 

its own specific STI (Species Tem perature  Index), 

a Community Temperate Index (CTI) can be 

calculated as th e  average o f each ind iv idua l's STI 

present in th e  assemblage. A high CTI w ou ld  thus 

re flec t a large p ropo rtion  o f species w ith  a high 

STI, i.e. o f m ore h igh-tem pera ture  dw elling 

species such as Hipparchia f id ia  in figure  2. This 

way, th e  CTI can be used to  measure local 

changes in species com position. If c lim ate 

w arm ing  favours species w ith  a high STI, then 

the  CTI should increase locally (Devictor e t al., 

2008).

The Butterfly Climate Change 
Indicator
Follow ing tem pera tu re  increase, a new value o f 

CTI w ill result from  th e  ad justm ent o f population 

densities according to  each species-specific 

tem pera tu re  requ irem ent. A tem pora l increase in 

CTI indicates th a t th e  species assemblage is 

increasingly composed o f individuals belonging to  

species dependent on higher tem pera tu re . The 

change o f th e  CTI is thus a simple means to  

measure th e  rate o f change in each com m un ity  

com position  in response to  c lim ate change. The 

speed o f increase shows how  fast b u tte rfly  

com m unities adapt. The Indicator shows th is 

change both  at a national and European level 

(Devictor e t al., 2008). M ore details on the  

m ethod can be found  in annex 1.
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Shift of butterfly communities
B utte rfly  com m unities in the  northe rn  countries 

w ill m ainly consist o f species p re ferring  cool 

cond itions (and thus having a low  STI) and only 

occasional species w ith  a high STI w ill occur on 

those transects. As a result the  Com m unity 

Tem perate Index (CTI) o f transects in Finland is 

much low er than in Spain (table 1): the re  is a 

g rad ient o f the  CTI over Europe.

This g rad ient can be used to  assess the  

northw ard  sh ift o f b u tte rfly  com m unities as a 

reaction to  the  changing clim ate. The tem pora l

slope o f th e  change in CTI over Europe as a 

w ho le  over tim e  gives th e  rate o f change in 

b u tte rfly  com m un ity  com position in response to  

c lim ate change th rough  tim e  (in °C per year). To 

give an impression o f the  northw ard  sh ift, we 

can use the  spatial g rad ient in CTI over Europe 

(in °C per km), provided th e re  is a linear 

re lationship. Devictor e t al. (in prep.) show th a t 

the re  is such a re lationship. W e th e re fo re  use 

th e ir  g rad ient o f th e  CTI over Europe in 2005 o f 

1.47 X 10-3 ± 0.08 °C loss o f CTI per km.

Table 1: For each participating Butterfly Monitoring Scheme (BMS) the mean Community Temperature Index CTI 
(± standard error) fo r  the period 2006-2009 is presented, as well as the number o f transects per BMS that have been 
counted in at least one year since 1990. Only transects with an altitude under 1000 m are used.

Country Mean CTI 2006-2009 s.e.
Total number of transects since 

1990
Finland 7.98 0.01 141
Lithuania 8.30 0.01 13
Estonia 8.31 0.02 11
Republic of Ireland 9.06 0.04 63
Germany 9.09 0.06 398
Switzerland 9.10 0.05 190
The Netherlands 9.23 0.03 956
Slovenia 9.25 0.02 7
Belgium Flanders 9.28 0.04 78
United Kingdom 9.37 0.03 1226
Channel Islands Jersey 9.59 0.02 11
France 9.62 0.03 562
Spain Catalonia 10.76 0.01 86
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Chapter 4 /  The Indicator

The European Butterfly Climate Change Indicator has been updated by adding two 

years and nine countries since van Swaay etal. (2008).

Figure 3 shows the  updated European B u tte rfly  

C limate Change Indicator. This ind icato r is based 

on th e  data from  alm ost 4000 transects in 

th irte e n  countries (see map 1). The ind icato r 

shows fluc tua tions  from  year to  year, probably 

re flecting  annual tem pera tu re  varia tion. 

However, over th e  period it shows a sign ificant 

increase o f +5.5 x IO"3 °C per year (± 0.5 x IO"3 

s.e.; pcO.001). This means th a t th e  com position 

o f b u tte rfly  com m unities is estim ated to  have 

sh ifted 75 km northw ard  during 1990-2009, a 

rate o f a lm ost fo u r km per year.

During the  same period th e  tem pora l tren d  o f 

the  tem pera tu re  in Europe increased steeply 

w ith  +5.5 x IO"2 °C (± 0.61 x IO"2 s.e.; p<0.001), 

corresponding to  a northw ard  sh ift o f 249 km 

(Devictor e t al., in prep.). This indicates th a t 

a lthough b u tte rfly  com m unities are sh ifting  

north , they  cannot keep up w ith  the  much faster 

change o f the  clim ate, as measured by w arm ing 

tem pera tures, in the  past tw e n ty  years.
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Figure 3: The European Butterfly 
Climate Change Indicator.
The indicator is based on the 
Butterfly Monitoring Schemes in 
the countries in map 1. In total, 
data from  almost 4000 transects 
were used. The indicator shows a 
significant increase o f the CTI o f 
5.5 x IO'3 °C per year. The dashed 
line illustrates the trend.
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Chapter 5 /  Changes per country

As well as for Europe as a whole, the change of CTI can also be calculated per country 

or a combination of countries.

The change o f th e  C om m unity Tem perature  

Index can also be calculated fo r  each B u tte rfly  

M on ito ring  Scheme separately. The result (map 

2) shows a g rad ient over Europe. In south ­

w estern Europe the  CTI seems to  be declining, 

whereas the  CTI in the  north-eastern  European 

countries is increasing. This suggests th a t 

b u tte rfly  com m unities are reacting d iffe ren tly

over th e  continen t. However, th e  regional 

varia tion  in c lim ate change im pact requires 

much fu rth e r research and o the r factors could 

be involved. The results should also be trea ted  

w ith  some caution as many tim e-series are 

shorte r than ten  years, o ften  even shorter than  

five  years (e.g. France and Germany).

Map 2: Trends in Community 
Temperature Index (CTI) per country.
The arrows indicate the magnitude 
and direction o f the change in CTI 
(red=increasing, blue=declining).
A filled arrow means the change is 
significant, an open arrow that the 
change is not significant.
The width o f the arrow indicates the 
length o f the time-series (narrow=less 
than five years, medium=5-10 years, 
broad=more than ten years:

Belgium (Flanders): since 1991
Estonia: since 2004
Finland: since 1999
France: since 2005
Germany: since 2005
Ireland: since 2007
Lithuania: since 2009 (only one year,
so no trend available)
Jersey: since 2004
Spain (Catalonia, including Andorra): 
since 1994 
Slovenia: since 2007 
Switzerland: since 2003 
The Netherlands: since 1990 
United Kingdom: since 1976 (data 
since 1990 were used)
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Chapter 6 /  Implications

The European Butterfly Climate Change Indicator has been updated. It shows that 

butterfly communities have changed. What does it mean for butterflies in Europe?

As a reaction to  a changing env ironm ent (for 

example c lim ate change) ind ividual bu tte rflies  

w ill reproduce m ore or less successfully. This w ill 

lead to  a g row th  or reduction  o f the  population 

sizes o f each species, eventua lly resulting in local 

extinctions o r colonisations. On a larger scale 

species w ill sh ift th e ir  range, contracting  in areas 

th a t have become less suitable and expanding 

in to  new areas tha thave  become suitable. In the  

case o f c lim ate change we expect th is  change to  

have a northe rn  d irection . Parmesan et al.

(1999) and Settele e t al. (2008) show th a t these 

changes in species range as a reaction to  c lim ate 

change can be substantia l and are already taking 

place. Pôyry e t al. (2009) measured large and 

rapid shifts in northe rn  latitudes in Finland, 

w here  one th ird  o f the  studied 48 species had 

sh ifted th e ir  range >100 km northw ards in only 

e ight years.

As local extinctions or co lonisations can be rare 

events (even in a rap id ly changing w orld ), the

re lative  changes in num bers betw een species on 

a local scale is a much m ore sensitive ind icator. 

The European B u tte rfly  C limate Change Indicator 

focuses on these small changes betw een species, 

by using b u tte rfly  com m unities as th e  starting  

point. This sensitive ind icato r shows th a t 

b u tte rfly  com m unities are changing. The 

significant increase in CTI reflects b u tte rfly  

com m unities becoming increasingly composed 

o f species associated w ith  w arm er 

tem pera tures. The speed o f th is  change is, 

however, much sm aller than the  change o f 

tem pera tu re  over th e  same period. This means 

th a t bu tte rflie s  react to  the  changing clim ate, 

bu t no t fast enough. Therefore  every year 

b u tte rfly  com m unities become a litt le  less well 

adapted to  th e ir  clim atic environm ent.

Eventually th is  phenom enon w ill probably lead 

to  m ore declining than increasing species as well 

as local extinctions, especially o f species 

associated w ith  cool conditions.

The Large Copper (Lycaena dispar) is
a butterfly expanding its range rapidly 
in Finland, probably because o f the 
changing climate. Photo: Chris van 
Swaay.



Chapter 7 /  Climate Change and Butterfly Conservation

Although butterflies may seem fragile and vulnerable insects, their capability of 

adapting to a changing environment is great. With proper conservation measures we 

can help them to better cope with ongoing climate change.

Butterflies occur across our con tinen t and are a 

w e ll-know n and popular group o f insects, 

enriching th e  lives o f many people. Climate 

change poses a huge challenge to  our butterflies, 

bu t the re  are ways to  m itigate  negative impacts 

and save them  in our countryside (Settele e t al., 

2008). As bu tte rflie s  are good biological 

indicators, measures to  help them  w ill help 

conserve Europe's rich biodiversity.

• Preserve large populations in large areas
Large and diverse landscapes o ffe ring  a large 

va rie ty o f m icroclim atic  conditions, can 

support larger and m ore stable b u tte rfly  

populations and com m unities fo r  a much 

longer tim e  than small areas. Nature 

conservation should no t on ly p ro tec t 

existing areas, bu t also try  to  extend them  

and manage them  to  create large, diverse 

habitats w ith  strong b u tte rfly  populations.

• Encouraging mobility across the landscape
Barriers across th e  landscape preventing 

bu tte rflies  to  sh ift th e ir  ranges in northe rn  

d irection  should be rem oved as fa r as 

possible. The Natura 2000 ne tw o rk  should 

focus on provid ing these connections, which 

should connect large and strong populations 

as much as possible. In the  w ide r 

countryside, agri-environm ent schemes can 

create stepping stones in the  landscape, as 

w ell as provide corridors. The value o f some 

urban landscapes should also no t be 

underestim ated.

The Alps are the home o f many 
butterflies, like this Parnassius 
phoebus. Mountain ranges often 
provide large and relatively intact 
landscapes, supporting large 
populations. Photo: Tom Nygaard 
Kristensen.
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Although th e  European B u tte rfly  Climate 

Change Indicator shows th a t bu tte rflies  are 

cu rren tly  no t keeping up w ith  th e  changing 

clim ate, we should do all we can to  create 

pathways th a t o ffe r them  the  greatest 

chances to  adapt.

• Gain time to adapt
Targeted m anagem ent on the  ground should 

o ffe r existing populations th e  tim e  to  adapt 

and move to  new areas. This should no t on ly 

take place in nature  reserves, bu t also in the  

w ide r countryside and urban areas. By doing 

th is  we buy tim e  to  make it possible fo r 

o the r m easurem ents to  take effect.

• Reduce the emission of greenhouse gasses
Only by a serious reduction in th e  emission 

o f greenhouse gasses w e can expect clim ate 

change to  slow down, bu t th a t should not 

prevent us from  doing w ha t we can to  

reduce th is  impact.

• Research
To understand w ha t is happening in our 

con tinen t and im prove adaptation strategies 

in the  fu tu re , research is a v ita l instrum ent. 

Butterflies are very suitable organisms, as

th e ir  d is tribu tion  and ecology is generally 

w ell known. Furtherm ore the  C lim atic Risk 

Atlas (Settele e ta !., 2008) provides a 

fram ew ork  to  fo llo w  changes as a result o f 

c lim ate change.

Monitoring
B utte rfly  m on ito ring  is spreading over the  

continen t, and m ore and m ore countries are 

developing schemes. This should be 

encouraged in o the r countries to  build m ore 

robust and representative  indicators. The 

schemes no t only provide in fo rm a tion  on 

the  e ffect o f c lim ate change on butterflies, 

bu t they  also give d irect in fo rm a tion  on 

b iod ivers ity  changes (e.g. the  European 

Grassland B u tte rfly  Indicator).

Updating the indicator
Only by regularly updating the  ind icato r can 

we fo llo w  the  change o f b u tte rfly  

com m unities and the  im pact clim ate change 

has on our butterflies.



Chapter 8 /  Conclusions

•  This repo rt gives an update o f an ind icato r w hich measures the  e ffect o f c lim ate change on 

b u tte rfly  com m unities.

•  The ind icato r is com piled using count data collected th rough  national B u tte rfly  M on ito ring  

Schemes in 13 countries, representing a lm ost 4000 transects, m ost o f them  counted by 

tra ined  vo lunteers.

•  The ind icato r shows a sign ificant and rapid change in b u tte rfly  com m unities becom ing m ore 

and m ore composed o f species associated w ith  w arm er tem pera tures.

•  Since 1990, the  change o f com m unities is equ iva len t to  a northw ard  sh ift o f 75 km.

•  Conservation m easurem ents should focus on preserving large populations over large areas 

and encouraging m ob ility  across th e  landscape. The Natura 2000 and Emerald netw orks 

could be very useful instrum ents to  achieve tha t. In the  w ide r countryside agri-environm ent 

schemes could help provide escape routes fo r  bu tte rflies .

•  Continu ing b u tte rfly  m on ito ring  and expanding B u tte rfly  M on ito ring  Schemes to  o the r 

countries w ill fu rth e r im prove the  qua lity  o f fu tu re  indicators.

Large and well managed nature reserves, like this 
Natura 2000 area in Germany, offer butterflies a 
better chance o f long-term survival under a 
changing climate. Good communication to visitors 
helps them understanding the importance o f 
butterflies and biodiversity. Photo: Chris van Swaay
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Annex I /  Butterfly M onitoring Schemes and method

Since the start of the first Butterfly Monitoring Scheme in the UK in 1976 more 

and more countries have joined in. This annex summarizes the most important 

features of the schemes used for the indicator.

Field methods
All schemes apply th e  m ethod orig inally 

developed fo r  the  British B u tte rfly  M on ito ring  

Scheme (Pollard &  Yates, 1993). The counts 

are conducted along fixed transects o f 0.5 to  3 

kilom etres, consisting o f sm aller sections, 

each w ith  a hom ogeneous hab ita t type, but 

the  exact transect length varies among 

countries. The fie ldw orkers  record all 

bu tte rflie s  2.5 m etres to  th e ir  right, 2.5 

m etres to  th e ir  left, 5 m etres ahead o f them  

and 5 m etres above them  (Van Swaay e t al.,

2002). B u tte rfly  counts are conducted 

between M arch-April to  Septem ber-O ctober, 

depending on th e  region. Visits are only 

conducted w hen w ea ther conditions m eet 

specified criteria . The num ber o f visits varies 

from  every week in e.g. the  UK and the  

Netherlands to  3-5 visits annually in France.

Transect selection
To be able to  draw  proper inferences on the  

tem pora l popu la tion  trends at national or 

regional level, transects should best be 

selected in a grid, random or s tra tified  random 

m anner (Sutherland, 2006). Several recent 

schemes, e.g. in Switzerland and France, have 

been designed in th is  m anner (Flenry e t al., 

2005). If a scheme aims to  m on ito r rare 

species, scheme coord inators pre ferably 

locate transects in areas w here  rare species 

occur, leading to  an overrepresenta tion  o f 

special p ro tected  areas. In th e  o lder schemes,

such as in the  UK and th e  Netherlands, but 

also in the  recently established scheme in 

Germany, transects w ere selected by free 

choice o f observers, w hich in some cases has 

led to  th e  overrepresentation  o f pro tected  

sites in sem i-natural habitats and the  

undersam pling o f the  w ide r countryside and 

urban areas (Pollard &  Yates, 1993), w h ile  in 

Germ any th is  e ffect was no t th a t pronounced 

(Kühn e t al., 2008). Obviously, in such a case 

th e  trends detected may be only 

representa tive  fo r  th e  areas sampled, w h ile  

th e ir  extrapo la tion  to  national trends may 

produce biased results. For th e  B u tte rfly  

C limate Change Ind icator on ly transects under 

an a ltitude  o f 1000 m w ere used.

Method
W e used the  m ethod extensively described in 

Devictor e t al. (2008), w hich was pre ferred in 

th e  firs t version o f th e  B u tte rfly  Climate 

Change Ind icator (Van Swaay e ta l., 2008). In 

brief, the  northw ard  sh ift was estim ated in 

tw o  steps. First, we calculated th e  annual 

change in the  C om m unity Tem perature  Index 

(CTI) re flecting  th e  re lative  com position  o f 

high versus low -tem pera tu re  dwellers. The CTI 

o f a taxonom ic group fo r  a given year in a 

given p lo t is the  average o f each Species 

Tem perature  Index (STI) detected in th is  p lo t 

w e ighted  by th e  species' abundance. The STI 

o f a given species is the  long-term  average 

tem pera tu re  over th e  species' entire  

European range. This species characteristic is
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taken as a proxy fo r  th e  therm al niche 

op tim um  o f the  species (Jiguet e t al. 2006). 

The STIs w ere obta ined from  the  d is tribu tion  

data from  Kudrna (2002) and the  clim ate data 

as used by Settele e t al. (2008). For m ost 

species the  STI is thus based on a subset o f 

w ho le  species d is tribu tion  (e.g., the  African 

d is tribu tion  is ignored). However to  calculate 

CTI, we are only interested in th e  re la tive  STI 

values o f the  species considered (Devictor et 

al. 2008).

A single regression m odel was perform ed on 

CTI considered as a dependent variable, 

coun try  as a fixed independent fac to r, year as 

a continuous independent variable and site as

a random  e ffect w ith  the  Statistical Package R 

(version 2.12.0) and th e  func tion  Ime. In th is 

m odel, we used coun try  area divided by the  

num ber o f sites in a coun try  in a year as a 

w e igh t to  account fo r  unequal e rro r 

co n tribu tion  o f each country. A lthough the  

data w ere  available fo r  d iffe ren t periods in the  

d iffe re n t countries, we focused on the  20 year 

period, 1990-2009. This analysis provided the  

estim ated overall slope (±s.e.) o f the  change in 

th e  pan-European CTI th rough  tim e . Note th a t 

in th is  model, the  tem pora l tren d  in CTI is not 

a ffected by eventual tu rn o ve r o f p lots w ith in  

countries.

Butterflies are counted on fixed transects and ùndèr 
standardised weather conditions (which can be 
summarised to: nice, sunny weather).
Photo: Kars Velina


