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Abstract. Climate change is one of the most in"uential drivers of biodiversity. Species-
speci“c differences in the reaction to climate change can become particularly important when
interacting species are considered. Current studies have evidenced temporal mismatching of
interacting species at single points in space, and recently two investigations showed that
species interactions are relevant for their future ranges. However, so far we are not aware that
the ranges of interacting species may become substantially spatially mismatched. We
developed separate ecological-niche models for a monophagous butter"Bdloria titania)
and its larval host plant (Polygonum bistorta) based on monthly interpolated climate data,
land-cover classes, and soil data at a 1@rid resolution. We show that all of three chosen
global-change scenarios, which cover a broad range of potential developments in demography,
socio-economics, and technology during the 21st century from moderate to intermediate to
maximum change, will result in a pronounced spatial mismatch between future niche spaces of
these species. The butter"y may expand considerably its future range (by 124..9%258the host
plant has unlimited dispersal, but it could lose 52...%&0f its current range if the host plant is
not able to “Il its projected ecological niche space, and 79..988f the butter’y also is assumed
to be highly dispersal limited. These “ndings strongly suggest that climate change has the
potential to disrupt trophic interactions because co-occurring species do not necessarily react
in a similar manner to global change, having important consequences at ecological and
evolutionary time scales.
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modeling; European species-distribution data; global change; host plants; Polygonum bistorta; range shift;
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I NTRODUCTION change in relation to the responses of interacting species.

Recent climate change has already affected the 'N€ majority of work has investigated the effects of
distributions of many species (Hill et al. 2001, Parmesan t€mpPoral mismatching at single points in space (Winder
and Yohe 2003, Hickling et al. 2006) but future changes 2nd Schindler 2004, Durant et al. 2007, Jonzen et al.
are likely to have even more severe impacts (Sala et al. 2007, Martin 2007) but we are only aware of two very
2000, Thuiller et al. 2005, Araijo et al. 2006). These recent studies analyzing the effect of species interactions
impacts are, beside other approaches, often assesse@" SPatial distribution under climate change (Arago
with bioclimatic envelope models that relate the current @nd Luoto 2007, Heikkinen et al. 2007). Nevertheless,
distribution of species to climatic variables to derive there still is a substantial lack of investigation about
projected future distributions under climate change (e.g., Whether the ranges of interacting species may become
Huntley et al. 2004, Heikkinen et al. 2006). However, the spatially mismatched. In this context climate Ch?‘”ge
restriction to climatic variables has caused some critique My have unexpected consequences when the distribu-
(Davis et al. 1998, Pearson and Dawson 2003) and callstion of one species is in"uenced by the distribution of
for the consideration of other factors determining @another species, since even interacting species most
species distributions such as dispersal, land cover, andlikely respond differently to changing conditions. _
biotic interactions (Guisan and Thuiller 2005, Heikkinen Here by way of example we analyzed trophic
et al. 2006, Ibaez et al. 2006, Ohleriller et al. 2006). interactions between the monophagous butter”yBoloria

Several authors have suggested or demonstrated an
increased importance of the speed and extent of climate
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Fic. 1. Maps of niche spaces of the butter’yBoloria titania and its host plant Polygonum bistorta under various climate-change
scenarios. (a) Current (1971...2000). The «soverlape regions indicate where the two species overlap (realized niche sBati¢aofa).
(b, c) Changes in niche space d?olygonum bistorta and (d, e) changes in niche space &bloria titania for moderate and maximum
global-change scenarios for 2080. Medium green and medium brown indicate remaining niche space in case of no dispersal; dark
green and dark brown indicate new niche space; medium green plus dark green and medium brown plus dark brown indicate future
niche space in case of unlimited dispersal; light green and light brown indicate lost niche space.

The spatial mismatch of both species was further shows that projections of potential species distributions
ampli“ed by climate change. WhileB. titania potentially  can be overly optimistic if crucial trophic interactions or
would benet from climate change considering climatic habitat requirements are ignored. In the United King-
niche space (but ignoring the host plant),P. bistorta dom, for instance, most buttery species are expected to
obviously will decrease and therewithB. titania. This have bene“ted from recent climate warming (Warren
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Fic. 2. Changes (means: SD) in the niche space ofPolygonum bistorta and Boloria titania for three global-change scenarios
for 2080 in the case of unlimited dispersal (full) and no dispersal (no). The “rst two categories on the left depict changes for
bistorta; the other categories depict changes fdB. titania either unconstrained (third and fourth category) or constrained byP.
bistorta (“fth to seventh category) for combinations of assumed dispersal abilities. The dashed line indicates no change in the niche
space.

et al. 2001) while it was shown that most species actually (0.3...1 m) (LEDA Traitbaseavailable online).® However,
declined in abundance and range size as a consequencair in the seedcoat allows dispersal by water, which in
of simultaneously changing landscape characteristics principle enables larger dispersal distances and classi‘es
such as habitat availability and landscape structure P. bistorta as having high potential for long distance
(Warren et al. 2001, Hill et al. 2002). Since habitat loss dispersal (Wim Ozinga, personal communication). But
and fragmentation at smaller scales and geographical dispersal direction is then determined by the catchment
barriers at larger scales impede the ability of species to area and does not track continuously the general north-
reach new climatically suitable areas, dispersal charac-wards shift in suitable area. This makes it very unlikely
teristics are of great relevance (Hewitt 2000, Clark et al. that P. bistorta may colonize the majority of new
2003). In the case of species interactions, the successfu§uitable areas in the north of Scandinavia.
colonization of new climatically suitable areas depends B, tjtania can also be regarded as rather sedentary,
on both the dispersal ability of the focal species and that according to the classi“cation of many Boloria species
of ecologically linked species, like larval host plants by Bink (1992). For the similarly classi‘ed B. eunomia,
(Hampe 2004). maximum dispersal distances of 5 km have been
In our example, assuming either absolute or Nno yeported (Mennechez et al. 2004). Given its univoltine
dispersal Iimitatiop rgsulted in severely differen.t conse- jife cycle, this means that within the projected 80 years
quences for B. titania. In the case of no dispersal p_tjtania might move potentially no more than 400 km.
Ilmltatlon of bot_h species, new potentially suitable areas Consequently, reality is likely to be better represented by
will occur far in the north of the butter’yss current  he assumption of no dispersal for both species, while
distribution. This might require long-distance dispersal o full-dispersal option is overly optimistic.

si_nce it is Ii_kely that neither the movement of the plant Here we have provided evidence that trophic interac-
will be continuous because of hgterogeneous pattems of ¢ and dispersal limitation matter at continental
gIobaI” cha_nge nor that the dispersal vectors of the scales and that they can play a signi“cant role in shaping
b_uttery vv_|II_be_ the same. In the case ?f _absolute the dynamic responses of species to climate change.
dispersal limitation of P. bistorta, the butter"y is faced Considering the host plant and two extreme dispersal

with _Iosmg suitable area and thus with fragmenFatlon syndromes turned the very optimistic future projection
that is even more pronounced when both species are o . .
of the butter’ies range distribution into a seriously

assumed not to disperse (Schtickzelle et al. 2006). To o oo
. NS . . ..~ eroded one. The analyzed trophic interaction is rather
assume dispersal limitation for plants in general is quite . S 5 - -
. . . basic, but the principle mechanism of changes in spatial
sensible under a precautionary approach (Hewitt 2000, . : i S )
matching of interacting species in the course of climate

Clark et al. 2003). Long-distance dispersal through wind h b ded to other inter- and intra-troohi
dispersed is quite unlikely forP. bistorta because of its change can be expanded fo otherinter- and intra-rophic

relatively high seed mass 5.5 mg), low number of
seeds {152 per shoot), and their low release height 5hvww.leda-traitbase.org
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Fic. 3. Match and mismatch of projected niche spaces dfolygonum bistorta and Boloria titania for (a, b) moderate and (c, d)
maximum global-change scenarios for 2080 under the assumption of unlimited (a, ¢) and no (b, d) dispersalRofbistorta. Green
indicates niche space oP. bistorta; yellow indicates niche space oB. titania; brown indicates overlap of both (potentially realized
niche space ofB. titania).

interactions. For instance, the distribution of the host occurring, interacting species do not necessarily react in
plant might not only be limited by climate, which was a similar manner to global climate change. As long as
the assumption in our study, but also by mutualists such the ranges of interacting species do not perfectly match,
as pollinators (e.g., Pigott and Huntley [1981] showed they will depend on different sets of climatic and other
that pollination limitation explained the northern range  biotic conditions and thus respond individually. These
margin of Tilia cordata in the United Kingdom), or by  individual responses might result in more severe
competitors such as taller plants (e.g., Hilbig [1995] consequences or even opposing projections than simple
showed that taller herbs frequently replace lower climate-envelope models would suggest. Pronounced
congeneric species towards the Eastern range marginnegative effects can be a consequence of increased
of P. bistorta in Siberia) or other herbivores. However, mismatching of bene“cial interactions, such as trophic
P. bistorta usually has many pollinators (and the ability dependencies, as was the case in our study, or better
of self-pollination), is regarded as quite competitive and matching of adverse interactions (e.g., limiting compet-
stress tolerant and plant stands do not show signs of itors or parasitoids). Nevertheless, positive effects could
overexploitation by herbivores (J. Settele,personal also be a consequence of future better matching of
observation). The same applies to the butter"y. Here bene“cial interactions (e.g., pollination) or more mis-
competitors (e.g., Kunte 2008), predators (e.g., Lang- matching of adverse interactions (e.g., release of a plant
ham 2004), parasites (e.g., Lei and Hanski 1997), or from its herbivore). Consequently, to provide realistic
diseases might limit its distribution in addition to projections of future species distributions other essential
climate and the host plant. Our study shows that co- biotic interactions have to be considered in addition to
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climate (Hampe 2004, Guisan and Thuiller 2005,
Heikkinen et al. 2006, 2007, Ibanez et al. 2006, Arga
and Luoto 2007).

Even under a minimum global-warming scenario,

changing interactions and the need for dispersal puts
strong evolutionary pressures on the affected species.
Some evidence for evolutionary responses to climate
change, such as changes in "owering time, habitat breath
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APPENDIX A
A map showing the current (1971...2000) distribution dfolygonum bistorta (Ecological Archives: E089-198-A1).

APPENDIX B
A map showing the current (1971...2000) distribution doloria titania (Ecological Archives: E089-198-A2).

APPENDIX C

A table showing projected changes in niche space &olygonu

m bistorta and Boloria titania for moderate, intermediate, and

maximum global-change scenarios for 208CECological Archives: E089-198-A3).



