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Opening address

Jan Krikken

Our museum has been involved in EIS affairs for
a very long time. EIS-the Netherlands has orga-
nisationally been a part of our museum, and the
Dutch office is still supported through the
museum.

The biodiversity community to which we all
belong, is at this moment passing some digital
landmarks. We are not there yet, but it seems that
taxonomists and their biogeographical and ecolo-
gical associates have, at last, got their act toge-
ther by establishing through the OECD (Organi-
sation for Economic Cooperation and Develop-
ment) a complex global megascience organisa-
tion intended to set standards in the digital con-
nectivity and exchange of biodiversity informa-
tion. Copenhagen has the honour of hosting the
GBIF (Global Biodiversity Information Facility)
of the OECD, and we, naturally, wish our col-
leagues there all the best.

In this context of informatics I hope that your col-
loquium programme will show more affinity to
biodiversity informatics and the relevant Europe-
wide initiatives than is immediately apparent
from most of the titles on the list of papers I have
seen. I know that some of the contributors are
aware of what is nowadays called data mining or
KDD (Knowledge Discovery in Databases), but
my plea is, from within your organisation, to
more coherently and pro-actively approach the
organisations that are going to be responsible for
biodiversity informatics on the European and
national levels and grab (at least some of) the
initiative and not to re-invent the wheel. Your
council may have paid attention to this during the
weekend, but anyway, don’t underestimate
current developments.

You are — as I understand from preparatory sig-
nals — concerned, like I am, with the interest of
politicians and administrators in invertebrate stu-
dies, and you wish to put a couple of things right.
There are, and I’'m sure you are all certainly
aware of this, various reasons for being concern-

ed, and many of you are more than competent to
underpin your arguments as to why invertebrates,
‘the little things that run the world’, as Ed Wilson
phrased it, really matter. I recommend however
to go through a thorough Australian book about
invertebrate studies, entitled ‘The other 99%’,
before you arrive at your final declaration. I still
have to see, from Europe, convincing arguments
why the little things are as important as, or even
more important, than the big things. Yes, some
studies and probably enough factual data are
there, but much remains to be done in the way of
a convincing synthesis for politicians and admi-
nistrators. This Australian book may help you
there.

In my position, one of my concerns of course is
funding. Many of the groups you are studying are
heavily in the domain of non-professionals, and
administrators tend to think that collections and
data in this domain are there as a free for all,
public property. The cost for a complete digitisa-
tion of the collections of recent animals in this
museum, i.e. retrospective entry of label data,
would easily run into a 45 million Euro, if the
gross time required for recording per object (one
or more specimens with the same label) is set at
ten minutes. For the Dutch participation in the
OECD GBIF megascience project the Dutch
Department of Education, Science and Culture
appears to have set aside 790 000 Euro, which
can hardly be called a mega-sum. I realise fully,
having been a president of the Netherlands
Entomological Society, comprising numerous
amateur entomologists, for more than a decade,
that gathering faunistic data is fun, but one can
hardly blame politicians and administrators for
not taking invertebrate faunistics seriously if
these data are gathered and given away for free.
Even if this museum calculates the project costs
of organising and archiving the data, so essential
for subsequent data mining, others, I’'m sure,
would give data away for free, spoiling the pres-
sure on potential funding agencies.
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The overall picture is not really as gloomy as I
may have suggested here. It’s just that I have
invertebrate biogeography at heart, and, inciden-
tally, don’t forget that, although EIS is slightly
older, it is hardly a decade ago that the term bio-
diversity started to pop up. The media are paying
an unstoppable amount of attention to biodiversi-
ty, and, increasingly, show documentaries on

J. Krikken

Associate Director Collections & Research
National Museum of Natural History
Postbus 9517

2300 RA Leiden

The Netherlands
krikken@naturalis.nnm.nl

invertebrate diversity. Raising awareness as to
the importance of biodiversity is crucial, it is the
business of this museum, and I am sure that your
meeting will also contribute by focussing on the
changes in ranges and the long-term effects of
human intervention. I wish you a very successful
conference.



Global warming and the change of butterfly
distributions: a new opportunity for species
diversity or a severe threat (Lepidoptera)?

Nils Ryrholm

Abstract

In order to assess the influence of climatic changes on the distribution of insects, the ranges of non-
migratory European butterfly species have been studied. This study revealed that the northern limits
of 32 (64%) of 52 species have expanded northwards during the 20th century. The southern limits of
ten (25%) of 40 species have retracted northwards. The example of the Peacock butterfly (Inachis io)
is given to illustrate the response to climatic changes of a species of which the range is not restricted
by habitat choice. The northern limit of its range shows a considerable shift to the north during warm
periods, and a southward retraction during cooler periods. Several other species showed the same pat-
tern. These results are followed by a discussion of the impact of climate change on species diversity.

Key words: Lepidoptera, Europe, changes in ranges, climate change, Inachis io.

Introduction

During recent decades the climate on Earth has
clearly become warmer, especially in the north-
ern hemisphere. Whether or not this is due to
human induced changes in climate or part of
normal global climate fluctuations is still not
fully understood. However, an increasing num-
ber of scientists believe that the rapid changes
observed are caused by human activities.
Whatever the cause, the mean temperature in
Europe during the past century has risen 0.8°C,
displacing isotherms 120 km northwards on
average. In comparison, the mean temperature
during the last ice age was approximately 4°C
lower in Scandinavia than it is today. The recent
changes are also more pronounced in northern
than in southern Europe.

Insects have short life cycles and often a high
reproduction and dispersal capacity. Therefore
they have the ability to react relatively quickly to
changes in climate. As shown in our study, a
number of butterfly species have responded to
the recent climatic change by shifting their entire
European range northwards. New habitats have
become available further north due to the warmer
climate and thus allowing northward expansion.
In southern Europe many habitats have become
too hot and dry, thus causing local extinctions of
the species at their southern range limit.

Changes in ranges of European
butterflies

The results of a study done in co-operation with
a number of European and American butterfly
ecologists have shown that a large number of
European butterfly species have recently
responded to the ongoing changes in climate
(often called global warming; Parmesan et al.
1999). In this work we studied non-migratory
butterfly species with distributions not restricted
by habitat or host plant demands. These species
belong to all families of butterflies and use dif-
ferent hibernation strategies. Data were compiled
for the period 1900-1997. For the northern bor-
der analysis 52 species were used. The use of a
very conservative classification method revealed
that 33 (64%) of these had expanded their habi-
tats significantly northwards, 17 species (34%)
remained stable and one (2%) retracted south-
wards. However, observations from the years
after 1997 indicate that several species in the last
two groups have actually started to expand as
well. For the southern border analysis 40 species
were used. Using the same method 10 species
(25%) were found to retract northwards, 28
(70%) remained stable and two (5%) expanded
southwards. As could be expected, if these shifts
are due to climatic change, the reactions are
stronger in the north than in the south (see
below). Of these species 35 could be used in an
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overall range analysis: 22 species (63%) shifted
northwards, ten (29%) remained stable and two
(6%) expanded southwards. Taken together these
results clearly show that butterfly populations
can respond quickly to changes in climate both at
their southern and their northern range limit.

Examples

Here distribution data on the peacock butterfly
(Inachis io Linnaeus, 1758) are used to show in
more detail how a species’ northern range limit in
Sweden has varied as a response to different vari-
ations in summer temperatures (fig. 1) during the
past hundred years. Since the larvae of this spe-
cies feed on the common nettle (Urtica dioica) in
various types of habitats, changes in land use etc.
cannot explain the observed fluctuation.

In the beginning of the last century, the species
had its northern range limit in south-central
Sweden at 60° N (fig. 2). As the climate, particu-
larly the summers, became warmer during the
1930-1940s, the species’ range expanded drama-
tically. At the same time a number of other but-
terfly species expanded their ranges in Sweden
and Ladoga camilla (Linnaeus, 1764) establish-
ed itself in southern Sweden. The northernmost
populations of Inachis io during this period
occurred more than 620 km north of its northern

limit at the previous turn of the century (fig. 3).
A climate deterioration which peaked during the
1960s with a number of wet and cool summers
(fig. 1) resulted in a retraction of the range of
Inachis io nearly back to the northern range limit
of the species some 60 years earlier (fig. 4).
During this period many other species showed a
similar pattern, Parnassius apollo (Linnaeus,
1758) declined dramatically and Ladoga camilla
became extinct in Sweden.

In the warm summers of the 1980s Inachis io
again started to expand strongly, only to revert to
the ‘baseline’ in the extremely wet and cold sum-
mer of 1987. During the mainly warm summers
in the 1990s the species has once again establish-
ed itself in the lowland areas of northern Sweden
(fig. 5), thus showing an expansion capacity of at
least 600 km in less than ten years! Many other
butterflies and other insect species with different
host plants and differing life cycles, for instance
Aporia crataegi (Linnaeus, 1758), Argynnis
paphia (Linnaeus, 1758) and Plebicula amanda
(Schneider, 1792), have shifted their distribution
range northwards during the same period.
Despite the increasing habitat fragmentation,
periods of warmer summers clearly allow a num-
ber of species to expand towards the north.

Bsouthem Sweden

O Norrand

Figure 1

Mean summer (June-August) temperatures in southern (dark) and northern (light) Sweden 1900-1999.
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FINLAND

Figure 2
Northernmost finds of Inachis io in Sweden during the
period 1900-1910.

Discussion

Throughout Europe the increasing demands of
the human population and more ‘rational’ land
use is continuously causing habitat destruction
and fragmentation, leaving less and less suitable
habitats for any kind of flora or fauna. This is
most pronounced in western Europe with its high

FINLAND

Figure 3
Northernmost finds of Inachis io in Sweden during the
period 1931-1940.

human population density where extremely few
suitable habitats are left. If the climate continues
to get warmer in southern Europe this will lead to
new difficulties for European wildlife. The com-
bination of changing climate and continuously
declining habitats may lead to an increasing num-
ber of extinctions of species, especially on their
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FINLAND

Figure 4
Northernmost finds of Inachis io in Sweden during the
period 1961-1970.

southern range limit, as they are ‘forced’
further north and into areas with dense human
populations where no suitable habitats are left.
The further suitable habitats are from each other,
the higher the risk for species to become extinct.
Species like Inachis io which have a high disper-
sal capacity and low habitat demands may per-
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= FINLAND

Figure 5
Northernmost finds of Inachis io in Sweden during the
period 1991-1997.

haps find suitable areas to colonise. However,
those species with low dispersal capacity or high
habitat demands will have severe problems in
finding new habitats when their old ones become
unsuitable. The degree of fragmentation in a
landscape will determine the survival/extinction
rate of species in a changing climate. The more
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fragmentation, the higher the extinction risk even =~ References
at moderate levels of climate change. Insect  Parmesan, C., N. Ryrholm, C. Stefanescu, J.K. Hill,

populations living in a highly fragmented land- C.D. Thomas, H. Descimon, B. Huntley, L. Kaila,
scape will have much less chance to survive any J. Kullberg, T. Tammaru, J. Tennent, J.A. Thomas
climatic change (warmer/dryer — cooler/wetter) & M. Warren 1999. Poleward shifts in geographi-
than those living in more undisturbed areas. cal ranges of butterfly species associated with
These perspectives must be taken into account in regional warming. — Nature 399: 579-583.

the European conservation work of today in order
to compensate for the changes of tomorrow.

N. Ryrholm

Department of Natural Sciences
University of Gévle

S-801 76 Gévle

Sweden
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greatly complicated the situation compared with
that existing prior to historic times. It is, for
instance, difficult to unravel the precise causes of
changes in the distribution of species when so
many other factors are involved, such as habitat
fragmentation and loss, the intensification of
agriculture, afforestation and disafforestation,
horticultural expansion (including the introduc-
tion of alien plants), industrial pollution and the
use of insecticides. It is probable that in many
cases climate change is not the sole factor; a
combination of two or more factors may be
involved. The reponses of animal species may
take the form of alterations not only in breeding
range and abundance, but also in such factors as
migration patterns, number of annual genera-
tions, overwintering abilities, interactions with
other organisms, and phenology. Because of the
specific theme of this colloquium, | have con-
fined myself in this paper to describing changes
in distribution.

Changes in geographical range
since 1850

For space reasons, | am obliged to restrict my
examples to a few of the more notable species of
the Lepidoptera, Orthoptera and Hymenoptera
which are altering their ranges, apparently as a
consequence of climate warming.

Lepidoptera

Of 245 species of Macrolepidoptera and
Pyralidae whose breeding distributions have, to
my knowledge, altered since 1850, 201 (82%)
have expanded their ranges at some time or an-
other in one or more directions, the vast majori-
ty, 193 species (96%) to the north, north-west or
west. Of the 77 species which have contracted
their ranges, 58 (75%) have retreated south-
wards, south-westwards or south-eastwards. The
reason why the combined total of expanding and
contracting species is greater than the total num-
ber of species (245) involved is that, within this
lengthy period, some species (like the butterflies
Pararge aegeria (Linnaeus, 1758) and Polygonia
c-album (Linnaeus, 1758)) have both contracted
and expanded their ranges at different times.
Moreover, some other species (like Parnassius
apollo Linnaeus, 1758) and Lycaena tityrus
(Poda, 1761)) have expanded their ranges at the

northern limit and contracted at the southern
limit during the same period of time (Parmesan
et al. 1999).

A further analysis of the 201 species which have
expanded their ranges reveals that 68 (34%) were
doing so in the period of gradual climatic warm-
ing from 1850-1949, 105 (52%) in the years
1950-1974 (a period of climatic deterioration in
western Europe) and 169 (84%) in the years from
1975-1999 inclusive, a period of escalating cli-
matic warming fuelled by a marked increase in
the influence of the anthropogenic greenhouse
effect. An examination of the 77 species which
have contracted their ranges since 1850 shows
that 32 (42%) were doing so in the period from
that year to 1949, 30 (38%) in the years 1950-
1974 and 35 (45%) in 1975-1999 inclusive. Thus
the number of species contracting their ranges
has been fairly uniform from 1850 to the present.

On the whole, those species which began
expanding their ranges after 1850 continued to
do so and were joined by many more species as
the climatic amelioration became more notice-
able after 1920. It appears that, as a consequence
of the impetus built-up during the very warm
decades of the 1930s and 1940s (apart from the
winters), the majority of these species maintain-
ed their range expansions in spite of the tem-
porary checks resulting from the relatively brief
climatic deterioration from about 1950 to 1975.

Davis (1989) remarked that for ‘most species,
constraints on dispersal will cause a time-lag
between the climate becoming suitable for es-
tablishment and their actual appearance’. My own
study of the influences of climatic change on
European birds (Burton 1995) tended to to con-
firm this as does my current work on European
Lepidoptera. | believe the responses of so many
species, and the directions in which they are
expanding, strongly suggest that climate change
is the main factor operating. It is probably work-
ing also on other species which have yet to
reveal any obvious tendency to alter their present
ranges. Some of them may be inhibited from
expansion through ecological competition with
closely related species which already occupy the
territory into which they might otherwise expand.
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Regardless of the factors, or combination of fac-
tors, involved, it is clear from the foregoing
details that the vast majority of European
Lepidoptera that altered their geographical distri-
butions to a greater or lesser extent since 1850
expanded them in a northerly direction.
Furthermore, a majority of those that contracted
their breeding ranges since that year did so in a
southerly direction. This, in itself, and taking into
account the known fluctuations of the European
climate during the same period, indicates that cli-
matic factors are involved in some way. It appears
that these species have been, and still are,
responding to the climatic warming that has
occurred for the greater part of the period.
Bearing in mind the known responses of animal
and plant species to the glaciations and their after-
math during the ice ages, this is to be expected.

The general results so far obtained from my own
investigations are similar to those of Parmesan et
al. (1999) who, in a sample of 35 non-migratory
species of European butterflies, found that in the
20th century 63% have extended their ranges to
the north by 35-240 km and only 3% to the south.
These percentages compare fairly closely with
mine for the same period for 231 species of
European Lepidoptera (butterflies and moths) of
which 75% have extended northwards and 1%
southwards.

As Parmesan et al. (1999) found in their study of
European butterflies, many of those species
expanding their ranges have done so across large
tracts of unsuitable territory and in spite of habi-
tat fragmentation and loss. In this respect, my
findings support their conclusion that ‘several of
these species have extended northwards across
heavily cultivated landscapes that are clearly less
suitable for those species than they were a hun-
dred years ago’. For example, such species of
Lepidoptera as Brenthis ino (Rottemburg, 1775),
Coenonympha tullia (Miller, 1764) and Deltote
bankiana (Fabricius, 1775) have expanded their
ranges in Europe in spite of significant habitat
loss. On the other hand, other species (like
Hecatera dysodea (Denis & Schiffermiller,
1775) and Hypena rostralis Linnaeus, 1758) that
have contracted theirs have done so without any
obvious loss of habitat (Burton 1998b).
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Although analyses of my data strongly suggest
the influence of climatic change on the observed
alterations in the distributions of European
Lepidoptera, other factors, such as habitat chan-
ge may, nevertheless, also play a part. | have
attempted to look for this: for instance, | have
begun analyses of those Lepidoptera expanding
their ranges whose larvae feed on coniferous
trees and also of those that feed on a variety of
cultivated plants, because it is sometimes stated
(for instance by Owen & Duthie 1982, concer-
ning the spread of Lithophane leautieri hesperi-
ca Boursin, 1957) that the range expansions of
some of these species can be wholly explained
by the increasing cultivation and therefore spre-
ad of such plants into new areas. However, my
results so far do not support the contention that
this is the sole cause. They suggest the same link
to climatic fluctuations since 1850 as found for
the majority of other species investigated; in fact,
reflecting the same general pattern in time and
direction. As concluded by Parmesan et al.
(1999): ‘Consistency across taxa and continents
indicates that butterfly species in the northern
hemisphere are shifting generally northwards in
response to a common environmental change’.

As also pointed out by Parmesan and her co-
operators, Europe has warmed by about 0.8°C
during the 20th century, shifting the climatic iso-
therms northwards by an average of 120km and
‘nearly all population-dynamic studies have con-
cluded that butterflies, and insects in general, are
sensitive to temperature’. They commented
further that, although the correlational nature of
their study limited their ability to determine
causal factors, the sum of knowledge of butterfly
biology, including numerous experimental
studies, implied that the northwards shifts repre-
sented responses to increased temperatures.

I have only sufficient space to mention a few of
the most notable examples of species altering
their geographical ranges in response to climate
warming and | have therefore decided to single
out two butterflies with a characteristically
Mediterranean-South European centre of distri-
bution. As with several species of North African
birds, the butterfly Danaus chrysippus (Linnae-
us, 1758) has considerably increased and extend-



