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Introduction
Changes in climate and land use affect biodiversity
The erosion of biodiversity caused by anthropogenic changes in climate and land use is of
great scientific, political, and societal relevance. Its potential environmental and socioeconomical impact has been stressed and monitored by intergovernmental initiatives
and has become a concern for governments and institutions from global to local scales
(Houghton et al., 2001). The intensity and the rapidity of the biodiversity decline are of
major concern and require us to develop integrative approaches in order to understand
and predict biodiversity responses to the ongoing changes in climate and land use.
Climate warming and land use changes are univocally the main drivers of the erosion
of biodiversity (Millennium Ecosystem Assessment, 2005). The average yearly temperature has increased by 0.85◦ C over the period 1880 to 2012 and even though proposed
scenarios of climate change disagree on the magnitude of the warming by 2100, all predict a temperature increase relative to 1986-2005 between 0.3 and 4.8◦ C (Stocker et al.
2013).
Modifications of land use have contributed to further changes of both organisms’ abiotic
and biotic environments (Lambin et al. 2001; Field & Van Aalst 2014; cf. glossary). The
intensified production of crops and livestock that results in increased use of agrochemicals
(pesticides and chemical fertilizers) illustrates the ongoing modifications of agricultural
production. The landscape has also undergone major shifts such as the rearrangement of
land parcels and land abandonment, which contribute to the degradation of biodiversity
(Brook, Sodhi & Bradshaw, 2008).
In order to halt biodiversity loss and anticipate future changes it is necessary to make
informed predictions. How can biodiversity adapt to changes? To what extent is biodiversity resilient to changes? Studies have modeled species, and to a lesser extent
community, responses to modifications of their environments. Most have focused on the
effect of climate, mainly on the effect on temperature. This predominant interest in
temperature is explained by its role in setting the physiological limits of species distributions at large spatial scales (Pearson & Dawson 2003; cf. glossary), but also because
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changes in temperature correlate with shifts in species distribution in almost all cases
where it has been monitored (e.g. Parmesan et al. 1999; Roy & Sparks 2000; Chen et al.
2011). Yet, species’ responses to environmental changes deviate from predictions that
only take into account temperature change, which illustrates the difficulty to predict
such responses based on a unique, or a limited set of, variable(s) (e.g. Leathwick 1998;
Meier et al. 2010; Pellissier et al. 2013). Abiotic and biotic factors together determine
the potential geographic range of occurrence of a species. In fact, the realized distribution of a species only represents a portion of its fundamental niche, given the biotic
constraints (e.g. predators, competitors, cf. glossary). Research in spatial ecology has
therefore tried to better account for the role of biotic interactions on species distributions. Laboratory and field experiments allow empirical investigations of species’ abiotic
limitations and to test for the effects of biotic interactions.
This thesis aims to link organisms’ plasticity to their responses to modifications of their
environment in order to better predict species’ adaptive potential. To tackle this issue,
I focused on plant-feeding insects. Because plant-feeding insects contribute significantly
to overall biodiversity and are keystone species, their ecological impacts are substantial
(Thomas, 2005; Traill et al., 2010). Moreover, the biology of insects has been extensively
studied, and their short life cycles allow investigation of their responses to changes on a
short-time scale.

Species’ responses to environmental changes
Examples of species’ responses to changes in climate and land use have been reported
across all taxa and reflect both the ecological and evolutionary adaptive potential of
species (e.g. Erhardt & Thomas 1991; Walther et al. 2002; Parmesan 2006; Reidsma
et al. 2006; Braschler & Hill 2007; Feest, van Swaay & van Hinsberg 2014). These
responses can be grouped into two main categories by which species “stay”, due to
their resilience to modification of their niche and through adaptations, or “move”, when
species spatially shift in distribution in order to track their niche (Fig. 1). Of course,
these strategies are not mutually exclusive, and their combination would result in a larger
span of potential responses to changes in climate and land use.
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What enables species to “stay”?
Phenological change is by far the most reported response of species to climate change
(e.g. Root et al. 2003; Parmesan 2006; Walther 2010; referred as “Time”, Fig. 1). Phenology corresponds to the timing of biological events within an organism’ life cycle, such
as the flowering in plants, the spring emergence or migratory arrival in butterflies, the
timing of reproduction and larval development, or leaf fall in deciduous trees. These
periodic events are highly responsive to temperature (Menzel et al., 2006). For example,
Forister & Shapiro (2003) reported that among 23 butterfly species present in California, about 70% advanced their spring flight in response to changes in temperature and
precipitation observed over a 30 years period, with the most extreme shift of 27 days
found in Atalopedes campestris. Advancements and delays in spring phenology have been
reported and explained both by a sensitivity to spring warming and by a longer time
to fulfill chilling requirements due to warmer winters (Cook, Wolkovich & Parmesan,
2012).

Figure 1: Potential directions of species’ responses to environmental changes.
Figure redrawn from Bellard et al. (2012).
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Thus, phenotypic plasticity - an individual’s ability to express different phenotypes over
its life span - enables individuals to optimize their growth and survival in temporary
sub-optimal environments. However, plasticity is seen in many other features than phenology, such as morphology, behavior and physiology (referred as “Self”, Fig. 1). An
alternative to temporal shifts for coping with environmental variations is therefore to
alter “themselves”. Kingsolver et al. (2006) showed that larval growth rate in Pieris
napi fluctuated in response to temperature and differences in food treatments. Similarly, larvae of the winter moth, Operophtera bromate, adjusted their feeding behavior
in response to elevated temperatures and carbon dioxide levels (Buse et al., 1998). In
the same study, the authors also found that female fecundity was adversely affected by
increased temperature. Sheridan et al. (2011) further proposed that adjustments in
metabolic rate are likely involved in the observed decrease in organisms’ size that is
associated with a temperature increase. They based this prediction on the fact that
temperature governs metabolism in ectotherms and that the effect of temperature on
metabolism scales with body size (Gillooly et al., 2001).
However, in a situation where the changes persist, evolution can modify species life histories to fit the new conditions. Voltinism, which corresponds to the number of generations
each year in insects, is such a trait likely to evolve in response to environmental changes.
Altermatt (2010) found that among 263 butterfly and moth species, 72% are likely to
have partially or totally increased their number of generations between the periods before and after 1980. The prolonged time of the favorable season resulting from warming
is likely to make it possible for insects to produce a higher number of generations each
year, which would explain the observed pattern. Clearly, the evolution of this trait will
have a strong impact on the species, as an increase in number of generations each year
will positively affect its population dynamics.

How do species “move”?
Species have also shifted their distributions in response to modifications of their native
environment (referred as “Space”, Fig. 1). Like many other taxa, butterflies have shifted
in latitude and elevation as a result of warming (Chen et al., 2011). The most spectacular example of such shifts comes from Poÿry et al. (2009) who reported a poleward
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shift in range margin in butterflies of over 300 km over a ten-year period in Finland.
Modifications of land use practices may also affect species distributions. For example,
Merckx et al. (2015) suggested that the distribution of Urtica dioica will expand to new
habitats as a consequence of the recent anthropogenic eutrophication, affecting in turn
the potential distribution of nettle-feeding butterflies that feed on them.

The role of biotic interactions
In addition to changes in climate and land use, biotic interactions also affect species’
response to changes as they influence individual fitness, constrain geographic ranges, and
structure communities (Gilman et al., 2010). These biotic interactions are themselves
modified by environmental changes (Blois et al., 2013; Dornelas et al., 2014) and their
modifications are expected to affect in turn the response of species. In this section I
detail the interaction between plant-feeding insects and their host plants, and the role
of parasites, as two examples of direct and indirect biotic interactions that may interfere
with organisms’ fitness and affect herbivorous insects’ response to changes.

The role of direct interactions: the example of the relationship between
plant-feeding insects and their host plants.
Plant-feeding insects strongly depend on the availability of their host plants during larval
development. Host plant range, or the number of host plants that can be used by a species
- both the plants on which individual females can oviposit and the plants that can be use
as food by larvae – directly influences the species’ potential for adaptive change. Species
range from host plant specialists, with larvae feeding on one or a few host plants of the
same family, to generalists, with larvae able to feed on plants from different families or
orders (cf. glossary). The broader the host plant range is, the wider the species is likely
to be geographically distributed (Slove & Janz, 2011). Broader host plant range may also
allow individuals to compensate for seasonal changes in the availability of their hosts.
The necessary match between the insects and their resources will consequently be more
important in specialist species as they depend upon the availability of a unique plant
species, at a specific time, to complete their life cycle (Schweiger et al., 2012). On the
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other hand, specialist species might be more responsive to fluctuations in the availability
and suitability of their hosts and, therefore, might be able to track their changes more
closely.
In any case, plant-feeding insects require their phenology to overlap with that of their
hosts. However, in the context of climate change this temporal overlap is likely to
be modified. The direction and the magnitude of phenological changes vary across
species (Parmesan, 2007). For example, butterflies have been shown to advance their
phenology by an average of 3.7 days, while herbs and grasses have shifted 1.1 days only
(Parmesan, 2007). Such differences in phenological shifts across species are expected to
result in mismatches between interacting species. Changes in synchrony between larval
development and plant availability have been shown to jeopardize the development and
survival of the offspring (Visser & Both, 2005). The most extreme cause of mismatch
is a total absence of suitable host plants during the growth of the juveniles (Aide &
Londono, 1989). But sub-optimal overlaps between the timing of larval development and
the window during which a plant can be used as a resource can also cause discernible
phenological asynchronies (Forister, 2005; Posledovich et al., 2015). Indeed, seasonal
changes in plant chemical composition can interfere with the fitness of the offspring
(Feeny, 1970; Forkner, Marquis & Lill, 2004; Stipanovic et al., 2006).
Asynchrony between the larval development of an insect and its hosts can have dramatic
fitness effects and act as a potential driver of evolution. For example, Schweiger et
al. (2008) predicted that the monophagous butterfly (cf. glossary), Boloria titania,
could expand its distribution in response to a warming beyond the current range of
distribution of its host plant and dispersal ability. This expansion would necessarily lead
to a dead end or require the butterfly to incorporate new host plants in its repertoire.
Therefore, the ability of plant-feeding insects to modify the strength of their associations
with their hosts in a relatively short time scale may increase their ability to cope with
changes in the availability of their resources, both in time and space. The lability in
host plant repertoire has been observed to a certain extent (Singer & McBride, 2012),
but the underlying mechanisms allowing plant-feeding insects to modify their host plant
repertoire are not yet well understood. Similarities in plants’ chemical composition or the
absence of defensive compounds may, for instance, allow species to shift to, or integrate,
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new hosts (Cunningham, 2012). A systematic study of plant chemical composition in
relation to insect metabolization and detoxification strategies would clarify the functional
link between plant-feeding insects and their hosts and suggest potential evolutionary
processes of adaptation for other host plants.

The role of indirect interactions
Indirect interactions also influence species’ responses to environmental changes. For example, Settle & Wilson (1990) showed that the range expansion of the grasshopper,
Erythroneura variabilis, resulted in a decrease of the population of a congeneric species,
Erythroneura elegantula, endemic to California. Parasitism was shown to mediate apparent competition between the two species (cf. glossary). The range expansion of E.
variabilis in California positively affected the population dynamics of their shared parasites whose preference for the E. elegantula explained their higher mortality. Clearly,
indirect interactions are often more difficult to detect than biotic interactions, and this
difficulty probably explains why they have generally been overlooked.

Study system
Northern regions
I studied species adaptation to changes in Northern regions. These regions are particularly suitable for studying consequences of climate change (Stocker et al., 2013). Warming has been shown, and is predicted, to be more pronounced at high latitudes (Stocker
et al., 2013), making species’ responses more likely to be detectable over relatively short
time-scales. Northern regions also correspond to the northern limit of distribution for
many species. In that respect, an increase in temperature is likely to be associated with
ecological and evolutionary processes such as poleward range expansions or voltinism
shifts.

7

Focal species
I focused on the response of a set of nettle-feeding butterflies currently occurring in
Sweden: Vanessa cardui, Polygonia c-album, Aglais urticae, Aglais io, and Araschnia
levana (excluding Vanessa atalanta). These species are characterized by their shared
ability to feed on the stinging nettle, Urticae dioica, in addition to their phylogenetic
relatedness. They all belong to the Nymphalini tribe, family Nymphalidae, but differ in
distribution, phenology and life history (e.g. host plant range and voltinism).
Vanessa cardui , the painted lady, has a cosmopolitan distribution. In comparison with
the other resident focal species, it is unique in that it is a migratory butterfly. Each year,
this butterfly leaves its overwintering sites in North Africa (Stefanescu et al., 2011) to
migrate across Europe. The first spring migration wave of adult butterflies has been
recorded in Spain in late April (Stefanescu, 1997). African migrants and their offspring
breed along the migration route, potentially continue their northward movement and,
when the season is favorable, reach the northern areas at the beginning of May (Pollard
et al. 1998; Stefanescu et al. 2013, Fig. 2a). In the reproduction sites, larvae have been
reported to be able to feed on 25 host plant species (Ackery, 1988). It is thus a true
generalist species, which can be said to have an “opportunistic” host plant use, even
though a preference hierarchy exists (Stefanescu, 1997; Janz, 2005). In Sweden this
butterfly only has one generation each year (Stefanescu et al. 2013, Fig. 2a).
P. c-album meets its northern European limit of distribution in northern Scandinavia.
It hibernates in the adult stage, and in Sweden it emerges from the winter in April
(Fig. 2b). The species is mainly univoltine in Sweden even though partial bivoltinism
in the population can be observed further south. In central and southern Europe it is
bi- or multivoltine. P. c-album is also polyphagous (cf. glossary), but to a lesser extent
than V. cardui, with larvae able to feed on seven plant families (Urticaceae, Ulmaceae,
Cannabaceae, Salicaceae, Betulaceae, Corylaceae, and Saxifragaceae).
A. urticae is distributed over all of Sweden. Like P. c-album, it hibernates during
adulthood, and it emerges from hibernation in March (Fig. 2c). A. urticae can produce
two consecutive generations in a year in most parts of Sweden, but shifts to univoltinism
in the northernmost parts of its distribution. In contrast to the two previously described
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Figure 2: Average weekly number of observations of adult butterflies of (a) V.
cardui, (b) A. urticae, (c) A. io, (d) P. c-album, and (e) A. levana over all of
Sweden for the period 01/01/2011-11/31/2014 (data collected from the Swedish
Species Information Centre at SLU, www.artportalen.se). The black arrows indicate the spring emergence of overwintering adult butterflies, the orange arrows
indicate the flight peaks of adult butterflies from first and second generation, and
the green arrows indicate the arrival of V. cardui African migrants. Note that
for A. levana the first peak corresponds to adults from the first generation as
individuals hibernate in the pupal stage.
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species, it is monophagous, with larvae feeding exclusively on Urtica dioica.
Similar to A. urticae, A. io is also monophagous, with larvae feeding exclusively on U.
dioica. On the other hand, like P. c-album, A. io is absent from northern Scandinavia.
Its phenology also largely overlaps with P. c-album, and it has a univoltine life cycle
(Fig. 2d). Like both the above-mentioned resident species, it hibernates in the adult
stage.
Last, Araschnia levana shows the most limited distribution, being rare or absent in
Northern Europe. However, for the last twenty years, it has become possible to observe
A. levana flying in Southern Sweden (county of Skåne, www.artportalen.se), and is
expanding its range northward as a consequence of climate change. Individuals hibernate
in the pupal stage, and the first flight is observed at the end of April or beginning of
May (Fig. 2e). It is a bivoltine species and, similar to Aglais urticae and Aglais io, it is
monophagous, feeding exclusively on Urtica dioica.

Research Aims
Many studies have reported species’ responses to environmental changes. Yet there is
still much research needed to understand how the biology of a species and its biotic interactions can be used to predict these responses, both ecological and evolutionary.
I focused on the five nettle-feeding butterflies Vanessa cardui, Polygonia c-album, Aglais
urticae, Aglais io, and Araschnia levana. As explained above, host plant range and
voltinism are two life history traits in plant-feeding insects strongly associated with the
population dynamic of a species and its adaptive potential. Therefore, I studied the
ecological responses of these butterflies to changes in climate and land use, focusing on
these two traits and the species’ biotic interactions. To this end, I combined laboratory
experiments with a modeling approach, and I covered responses on several biological
levels, to investigate:
• The extent of organisms’ ability to cope with a phenological mismatch with its
host through phenotypic plasticity (paper I).
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• Changes in larval performance among butterfly species, in relation with their
hosts, to an increase in the nutrient content of their food (expected outcome
from an increase in the use of chemical fertilizers in agriculture) and temperature
(paper II & III).
• How a change in community composition caused by climate change affects the
distribution of resident species (paper IV).

Material and Methods
Experimental approach: from molecules to phenotypes
Three of these studies used laboratory experiments to investigate organisms’ plasticity,
in relation to their hosts, to cope with a temperature change (paper I & III) and an
increased nutrient leakage (paper II). Specifically, changes in larval performance were
monitored according to three scenarios: a phenological shift, an increase in the nutrient
content of their food, and the direct effect of an elevated temperature. In parallel to
larvae monitoring, we investigated changes in plants’ chemical composition (paper I &
II).

Plant chemical composition and nutrient content
In the field, we examined seasonal changes in plants’ overall chemical composition (paper
I). We analyzed material from vegetative and reproductive plants of Cynoglossum officinale early and late in the season (June-July and July-August). Plants were collected
around the Stockholm University area. In collaboration with the Swedish Metabolomics
Center in Umeå (SMC), we used a metabolic profiling approach to investigate phenological and developmental stage-related changes in primary and secondary metabolites
of C. officinale (cf. glossary). Untargeted metabolite profiles of plants were obtained
using Gas and Liquid Chromatography – Mass Spectrophotometry (LC-MS and GCMS, cf. glossary). These two techniques allow quantifying compounds with low and
high polarity, respectively, which broadly separate primary and secondary metabolites
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(cf. glossary). We tested for class discrimination between plant developmental stages
separately early and late in the season (vegetative versus reproductive plants), and for
each plant developmental stage across the season (early versus late).
In the laboratory, we used different fertilization treatments to obtain groups of plants
with different nutritional status (paper II). We grew Urtica dioica plants under four different fertilization treatments of nitrogen and phosphorus (Control, +Nitrogen, +Phosphorus, +Nitrogen+Phosphorus). Differences between fertilization treatments in leaf
Nitrogen:Phosphorus ratio (N:P ratio) were assessed and compared to the ratios found
in leaves collected in feeding sites in the field. These analyses were performed both in
order to ensure that the differences between the four fertilization treatments induced
variation in plant nutrient contents and to evaluate that the fertilization treatments we
chose were ecologically relevant in that they overlapped with the range of variation of
nitrogen and phosphorus in plants found in nature.

Body nutrient content
We sampled ten fifth-instar larvae and ten pupae of P. c-album, A. urticae, and A. io
reared on each of the four fertilization treatments described above (Control, +Nitrogen,
+Phosphorus, +Nitrogen+Phosphorus) and analyzed their body N:P content (paper
II). We hypothesized that if individuals are limited or can benefit from higher plant N:P
ratios, larvae body stoichiometry should reflect the N:P ratio of their diet.

Larval rearing
Newly hatched neonates were assigned to different treatments according to the experimental set-ups described below. In each of the treatments we monitored larval performance in terms of pupal mass, pupal time, and survival.
In paper I, V. cardui larvae were fed on Cynoglossum officinale. C. officinale belongs
to the Boraginaceae family and is a low-ranked plant in the V. cardui preference hierarchy (Stefanescu, 1997). Anecdotal observations report that V. cardui larvae can
feed on C. officinale and successfully reach adulthood early in the season. However, as
the season progresses, successful larval development to adult emergence is rare (M.P.
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Celorio-Mancera 2013, personal observation). We reared larvae on vegetative plants of
C. officinale twice over the season, early and late (in June-July and July-August). In
parallel to the rearing on C. officinale, we reared larvae on an artificial diet. Larvae feeding on an artificial diet were used as a control as the composition of the artificial diet is
a standardized mix of nutrients that was the same between larval rearing events.
In paper II, A. urticae, A. io, and P. c-album larvae were fed with Urtica dioica grown
under four different fertilization treatments of nitrogen and phosphorus (Control, +Nitrogen, +Phosphorus, +Nitrogen+Phosphorus).
In paper III, newly hatched P. c-album larvae were transferred to one of the two temperature treatments (15◦ C and 23◦ C) and to one of the three host plants (Urticae dioica,
Betula pubescens, Salix caprea). This experiment was repeated twice, early and late
in the season (in May-June and July-August), to simulate a bivoltine life cycle in P.
c-album.

Female oviposition
In all the experiments, eggs came from wild caught adult females within the Stockholm
area, except V. cardui, which were provided from a commercial supplier (Worldwide
Butterflies, www.wwb.co.uk). In the laboratory, adult females were placed individually
in cages (50x50x50 cm) with a host plant so that they would lay eggs. In all the experiments, eggs were collected daily and kept under room conditions to emergence.
In paper I, we studied the ability of V. cardui females to discriminate between plant
developmental stages (vegetative and reproductive) as an indicator of their ability to
distinguish between plants with potential differences in suitability as larval food. This
comparison was repeated early and late in the season (June and July) to investigate
if differences in the seasonal progression of vegetative and reproductive plants would
influence V. cardui oviposition choice (paper I).
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Modeling approach: species’ realized distribution and niche
partitioning
Resulting from climate warming, Araschnia levana has expanded its range northward and
is now established in the southern Sweden. Using a modeling approach, we investigated
niche partitioning between the Aglais urticae and Aglais io, and we explored the effect
of the recent establishment of A. levana in South Sweden (Skåne) on the distribution of
the native species (A. io and A. urticae, paper IV). The analyses were performed over
two time-periods (2001-2006 and 2009-2012) corresponding to before and after A. levana
establishment, and two geographically distinct regions of Sweden, Skåne and Norrström
(Fig. 3), where it has and has not yet established, respectively. This study was done to
assess the effect of the establishment of A. levana in Skåne, while controlling for climatic
variability between the two time periods.
We followed the analysis framework proposed by Broennimann et al. (2012, cf. paper
IV). This framework uses a weighted Principal Component Analysis on the environmental
variables (PCA-env) to define the environmental space subsequently used to quantify
niche overlap and then to test for niche equivalency and similarity (cf. Warren, Glor &
Turelli 2008).
We first extracted the environmental data. We divided the regions covered by our
analysis, Skåne and Norrström, into 1km resolution grid cells and extracted, for each
grid cell, the percentage of the different types of land use (forest, open land, arable land,
non-intensive agriculture, water body, and urban land), an estimate of soil nitrogen and
phosphorus flow (interpreted as nutrients available for plant root absorption), and the
average topography (aspect and slope).
Second, we defined the environmental space available to the species as all the grid cells in
which occurrence data of our focal species were found from the Swedish Species Information Centre at SLU (www.artportalen.se). We then compared species distributions based
on their differences in the grid cells of this environmental space we knew they occupied
(cf. paper IV for more details). To this end, in each region (Skåne and Norrström) and
period, we selected for each species the subset of grid cells in which it was found. From
these grid cells, we performed a PCA-env after applying a kernel density function to

14

Figure 3: Map of the two study-regions, corresponding to the county of Skåne in
Southern Sweden and the Norrström drainage basin in Central Sweden.
the number of sites of each specific environmental condition (see Material and Method
paper IV for an explanation on the kernel density function). The two first axes of this
PCA-env defined a two-dimensional environmental space available to the species. Note
that we performed two distinct analyses in each region so that environmental differences
between regions (mostly in agricultural activity) do not mask the main sources of variation within each region, which are the components that are of most interest for detecting
niche partitioning.
Last, in the two-dimensional environmental space available to the species in Skåne and
in Norrström, species’ densities of occurrence were plotted according to region and time
period, after applying a kernel density function to the species occurrence records, in a
similar way as for the environmental data. In each region, differences in the patterns of
occurrence between species were then tested. We examined niche overlap between and

15

within species over time. We also tested for equivalencies and similarities between realized niches (cf. glossary). The niche equivalency tests the significance of the difference
(or of the overlap) in the distributions of two species in the environmental space. It
compares the actual overlap between two species’ niche to the distribution of the overlap
obtained from a random resampling of species distributions from the environmental space
in which both species occur. The niche similarity tests for differences in niche occupancy
within their distributions. In other words, we asked if, within the environmental space
the species occur or co-occur, are the distributions of the density of occurrence of the
two species (or of the same species between time periods) within their niches similar or
do they show differences in their preference across the environmental conditions where
they overlap.

Results and Discussion
The effect of a shift in phenological synchrony
Tightly interacting species rely heavily on their phenological match. This observation
is the case in plant-feeding insects whose reproductive success depends upon the availability and suitability of its host plant(s) during larval development. In the context of
climate change, however, the persistence of phenological synchrony between two interacting species is likely to be compromised. The relationship between V. cardui and its
host plants illustrates the difficulty to maintain this synchrony. Indeed, the effect of
climate change on the interaction between V. cardui and its host plants is difficult to
predict as it depends on the local climatic conditions across a vast area during different
time periods. Climate change at the overwintering sites may alter the timing of the
northward migration of V. cardui and, therefore, put the insect in contact with plants
in different phenological stages at the northern reproductive sites. Such a phenological
change would increase the risk of asynchrony between the insect and its hosts in the
northern areas.
In paper I, we monitored the seasonal change in C. officinale chemical composition that
V. cardui larvae may encounter. The analysis of the chemical composition of vegetative
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plants early and late in the season revealed great variation in both plant primary and
secondary metabolites (GC-LS and LC-MS, respectively), which occurred over a onemonth period only (Fig. 4). We observed a general trend of a seasonal decrease in amino
acids in plants, important sources of nitrogen nutrition for larvae, and this trend was
significant for tyrosine and valine (cf. Table 2 in paper I). On the other hand, GABA (4aminobutyric acid), a toxic compounds which inhibits herbivory by interfering with the
neuromuscular activity of the larvae (Ramputh & Bown, 1996; Bown, Hall & MacGregor,
2002), accumulated. Thus, as the season proceeded, the nutritional quality of vegetative
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plants seems to have decreased at the same time as their toxicity has increased.
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Figure 4: Number of compounds that were significantly more present in the plant
groups from the analyses of class discrimination (i) between vegetative plants used
in the two larval rearings (early on the right vs late on the left), (ii) of each plant
developmental stage used in the oviposition experiments over the season (seasonal
change in vegetative (V) and reproductive (R) plants), and (iii) between plant
developmental stages used in each of the oviposition experiments (developmental
stage V versus R early and late).
Vegetative and reproductive plants used in the oviposition experiments also showed
clear class separation between plant developmental stages early and late in the season
(vegetative versus reproductive plants), and for each plant developmental stage across
the season (early versus late, Fig. 4). The higher difference was found between vegetative
and reproductive plants in both oviposition experiments.
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This clear remodeling of plant chemical composition over time correlated with a lower
performance of the larvae. While early in the season some V. cardui larvae reared on
the early plants were able to reach adulthood, later in the season none of the caterpillar
reared on the late plants survived (Fig. 5). A phenological match is therefore critical
for a successful development of V. cardui larvae feeding on C. officinale. Nonetheless,
females were not able to discriminate between plants with measurable metabolomics
differences, which are potentially associated with differences in suitability as larval food.
Indeed, they accepted both vegetative and reproductive plants for oviposition.

Figure 5: Average survival of larvae in each family according to the diet (C.
officinale and artificial diet) and seasonality (early and late). The marks and
error bars correspond to the averages across families in each diet and period, and
the associated confidence intervals.
Previous studies have shown that changes in plant phenology impair larval development
(Stipanovic et al., 2006; Ali & Agrawal, 2012; Posledovich et al., 2015). Here we showed
that not only does the accumulation of toxic compounds impair larval development – a
seasonal pattern often observed in plants as a result of changes in resource allocation
(Strauss et al., 2002) or as a defensive response to herbivory (Feeny, 1970; Forkner,
Marquis & Lill, 2004) – but also that the overall chemical profile of plants changed. Our
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study also gives experimental support to show that small mismatches between plantfeeding insects and their host plants can be dramatic.

Phenotypic plasticity
The plastic potential of species allows them to buffer the effect of environmental changes.
The ranges of an organism’s plasticity to both changes in climate and land use have been
extensively investigated in order to assess to what extent species might be able to adapt
to these changes (e.g. Matson et al. 1997; Bale et al. 2002; Bishop et al. 2010). However,
two considerations have often been overlooked when attempting to integrate the effect
of phenotypic plasticity at the community context. The first is that plastic responses are
species-specific, which may make some species better able to adapt to changes in their
environment while the adaptive potential of others will be limited. The second is that
a species’ plastic response to variation in the environment is further constrained by the
response of the species with which it interacts to the same changes.

Plastic responses are species-specific
Rearing Aglais urticae, A. io and P. c-album larvae on four different plant fertilization
treatments, we found that larval performance responded to variation in plants N:P ratios
between groups and that body N:P ratio of larvae and pupae varied according to the
stoichiometry of their food (Fig. 6 and Fig. 2 in paper II). In addition to this overall
response, species were not equally sensitive to plant fertilization treatment. A. urticae
was the most sensitive species. Time to reach pupation was most significantly reduced
in this species when feeding on plants with the highest N:P ratio and, despite the shorter
development time on this treatment, larvae still reached the highest pupal mass (Fig.
6). Like A. urticae, but to a lesser extent, P. c-album developed faster and reached a
higher pupal mass when reared on plants with the highest N:P ratio. Moreover, while
P. c-album and A. urticae benefited in terms of mass from feeding on plants with higher
N:P ratios, the opposite pattern was observed in A. io (Fig. 6), where pupal mass was
positively affected by a lower N:P ratio.
Both the degree of host plant specialization and voltinism participated to explain the
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observed differences in response between the three species. As a result of their unique
(or restricted number of) host(s), we expected the specialist species to express a high
level of adaptation to their hosts and, therefore, be better able to regulate their growth
to the nutritional status of their food in order to optimize development. The fine-tuned
response to plant N:P ratio observed in A. urticae appears to support this hypothesis. On
the other hand, the other specialist species, A. io, showed a weak response to variation
in plant N:P ratio, even weaker than the response of the generalist P. c-album. An
alternative explanation to the clear positive response of A. urticae to plant N:P ratio may
instead be attributed to differences in voltinism between species. In contrast to the other
two species, A. urticae is bivoltine and is thus under time pressure to accomplish two
generations during the short Swedish summer. In order to achieve these two reproductive
cycles in a limited time, it seems reasonable that A. urticae should benefit from a faster
development that nutrient-rich food allows. This hypothesis is further supported by the
fact that the response of A. urticae to an increased plant N:P ratio was more pronounced
in terms of development time than pupal mass (Fig. 6).
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Figure 6: Deviation of development time from the control (% ± se) (a) and
deviation of pupal mass from the control (% ± se) (b), for Aglais urticae, Polygonia
c-album, and Aglais io larvae according to plant fertilization treatment.
The higher ability of A. urticae to benefit from nitrogen-rich plants may facilitate its
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adaptation to land use changes and result in its range expansion. This hypothesis is
supported by the observed pattern on a larger scale that specialist species with a preference for nitrogen-rich diets were more prone to expand their distribution than others
(Betzholtz et al., 2013). Moreover, such a response to land use changes may interact
with the response of species to the effect of climate change. In A. urticae, A. io, and P.
c-album, differences among species in their sensitivity to variation in temperature have
also been shown (Bryant, Thomas & Bale, 1997).

Interspecific interactions influence species’ adaptive potential
Organisms’ plastic responses to variations in their environments are further influenced by
the responses to the same environmental changes by the species with which they interact.
The plastic response of P. c-album feeding on three different host plants (Urtica dioica,
Betula pubescens, Salix caprea) in interaction with two temperature regimes and over
two rearing events (early and late in the season) illustrates the effect of such biotic
interaction (paper III).
During the first rearing event, we found that individuals reared at 23◦ C developed faster,
grew larger, and survived better than individuals reared at 15◦ C (Fig. 7). Larval growth
was also always higher on U. dioica, followed by S. caprea and B. pubescens (Fig. 1 in
paper III). In addition, variation in larval performance between the two temperature
regimes interacted with the host plants. P. c-album feeding on U. dioica showed the
largest increase in growth rate in response to the warmer rearing conditions. During
the second rearing event, the hierarchy of host plant suitability in terms of growth was
maintained (Fig. 2 in paper III), but the benefits of warmer rearing conditions were
smaller. Most interesting, while early in the season larval survival was highest on S.
caprea, later in the season the herbaceous U. dioica enabled the highest survival (Fig.
7). Thus, the seasonal pattern of quality decrease in each of the host plants interacted
with larval development to modify the plastic responses of the herbivores.
P. c-album is strictly univoltine in Sweden, but, in the southern part of its geographic
range, populations can be bi- to multivoltine. We might expect that climate warming
will ease the temperature constraint and allow a second generation to be achieved in Swe-
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den. Additionally, the biotic interaction between insects and hosts can constrain insects’
responses to climate change, including the propensity to shift in voltinism. In butterflies
and moths, Altermatt (2010) showed that the propensity to shift in voltinism was higher
in species with larvae feeding on herbaceous plants with seasonal foliage. This behavior
is explained by the different seasonal patterns of development between herbaceous plants
and trees. While herbaceous plants have sequentially developing leaves, which provide
larvae with young leaves of higher nutritional value throughout the growing season, trees
flush only once in early spring and their leaves deteriorate seasonally (Feeny, 1970; Cizek,
Fric & Konvicka, 2006). Thus, a voltinism shift in P. c-album could become even more
likely as it includes in its host plant range the herbaceous plant U. dioica.

Figure 7: Effect of temperature, host plant, and seasonality (first brood and
second brood in bold) on larval survival rate (mean ± se) The standard errors
reflect interfamily variations in larval survival. Notice the decrease in survival
rate in every treatments between the first and the second brood. Figure from
(Audusseau, Nylin & Janz, 2013).
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Thus, an organism’s response to modifications of its environment is determined by its
life history traits modulated by its relationship with other species. This response can be
used to predict the fitness of an organism to adapt to change and, at to a larger scale,
the population dynamic of the species in its community.

Changes in biotic interactions and their effect on species distribution
As an alternative and complementary strategy to phenotypic plasticity, species have been
observed to shift their geographic distribution in response to modifications of their native
environment. The most obvious example of such shifts is the northward displacement
of species that are tracking their optimal climatic niche in response to warming (e.g.
Thomas & Lennon 1999; Pöyry et al. 2009). However, because range shifts are not
synchronous across species, community composition is likely to be modified, resulting in
the alteration of interspecific interactions (Kerbiriou et al., 2009; Devictor et al., 2012)
and potentially leading to new interactions. At the geographic scale, the biology of a
species and the understanding of its biotic interactions can participate to explain such
a shift in species distribution.
In Sweden, nettle-feeding butterfly communities are currently undergoing a change in
community composition. As a result of warming, A. levana has recently expanded its
range northward and is now well-established in the southern part of Sweden (Betzholtz
et al., 2013), where it is likely to interact with the resident species (Aglais urticae and
Aglais io). To better understand how the recent shift of A. levana may have affected
the environmental niche of the resident species (cf. glossary), we studied patterns of
co-occurrence and quantified overlaps among A. levana, A. urticae, and A. io across
topographic and land use gradients. As described in the Methods, we focused on two
regions of Sweden – Skåne and Norrström (Fig. 3) – and two time-periods (2001-2006
and 2009-2012). These two regions represent areas where A. levana has and has not
established, and the periods before and after its establishment in Sweden.
Using the analysis framework proposed by Broennimann et al. (2012), we found suggestive evidence that the recently established A. levana is likely to have constrained the
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Figure 8: Plots of the differences in density of occurrence of A. urticae over time
(a) in Norrström and (b) in Skåne, and between (c) A. urticae and A. levana in
period 2 in Skåne.
environmental space occupied by A. urticae and A. io. The first piece of evidence is
the significant distributional shifts of A. urticae and A. io over time, which were, for
both species, more pronounced in Skåne than in Norrström (Table 1 and Fig. 5 in paper
IV). This regional difference is unlikely to be explained by regional differences in climate
change, but rather indicates that modifications of their ecological niches have occurred
(cf. Discussion paper IV). Interestingly, these regional differences in species shifts correlated well with the establishment of A. levana. Both native species tend to have shifted
their distribution away from habitats with a higher proportion of forest, also corresponding to the habitat where A. levana has established. The second piece of evidence is that
we further found a larger shift in distribution of A. urticae than A. io (niche overlap)
in Skåne, which gives support to the biological mechanism we believe is at play (Fig.
8, Table 1 in paper IV). While effects of direct competition among these three species
are not likely to be strong, parasite-driven apparent competition may better explain
the differences in shifts between A. urticae and A. io in Skåne. All three focal species
are heavily parasitized and share parasites (Hinz & Horstmann, 2007; Shaw, Stefanescu
& Van Nouhuys, 2009). We may expect that the increase in potential larval hosts associated with the establishment of A. levana is beneficial for the population dynamics
of the shared parasites. Phenological differences between butterflies may also prolong
the temporal niche for parasites to reproduce and develop (Blitzer & Welter, 2011). In
such a scenario of apparent competition, mediated by parasites, the phenologically late
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species will likely be more vulnerable, and therefore potentially more responsive, as it
reproduces at a time when the population size of parasites is expected to be maximal
(Blitzer & Welter, 2011). The latest species in this community is the second brood larvae
of the bivoltine A. urticae (Fig. 2).

An evolutionary perspective on host plant preference
In the long-term, species’ life histories are likely to evolve in response to changes. As
explained in the introduction, the population dynamics of plant-feeding insects are highly
determined by their voltinism and host plant range. The evolution of these traits may
therefore have important consequences on the ecosystems.
Voltinism is indeed responding to changes in climate and land use. For instance, the
above mentioned study by Altermatt (2010) showed, based on observation records, that
butterflies and moths have increased in voltinism in response to the observed increase in
mean summer temperature. Among our focal species, P. c-album is likely to experience
such a voltinism shift in response to a continued warming. Because of the short time
window for the species to reproduce, P. c-album is univoltine in Sweden, but is bi- or
multivoltine at lower latitudes. So an increase in the length of the summer is likely to
allow the occurrence of a second brood (Nylin et al., 2009). Such a shift in voltinism has
already been recorded in England, where the propensity of P. c-album to have an extra
generation has increased through time (Frohawk, 1924; Hodgson et al., 2011).
In turn, a voltinism shift is expected to modify the relationship between the insect and
its resources. In a scenario where P. c-album would become bivoltine, we found that the
suitability of the different host plants to support larval survival will be changed (Fig.
7). While early in the season survival was highest on S. caprea, late in the season we
recorded lower survival rate and slower growth for larvae feeding on trees (S. caprea
and B. pubescens) in comparison to larvae feeding on the herbaceous U. dioica (Fig. 1
& 2 in paper III). We suggested that the higher survival and growth of second brood
larvae feeding on U. dioica may induce a shift in preference towards this host in order
for the species to complete an additional generation. Thus, climate change may result in
a selection on P. c-album to specialize on U. dioica (Nylin1998, scriber and Lederhouse
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1992, Scriber 2002, Nylin et al 2009). This hypothesis is further supported by the fact
that bivoltine populations of P. c-album tend to feed almost exclusively on U. dioica
(Nylin et al 2009).
Another source of discussion on the evolution of host use comes from paper I. We found
that, while the phenological mismatch between V. cardui larval development and C.
officinale may dramatically affect the success of the offspring, females were not able to
discriminate between plants with different levels of suitability as larval food. This lack of
discriminatory abilities can be explained by an opportunistic behavior in adult females,
where oviposition choice will vary according to the availability of the hosts (Stefanescu,
1997; Janz, 2005; Stefanescu et al., 2011). However, what would seem a maladaptive
behavior could be a transitory step in evolution. The lack of discriminatory behavior in
adult females may allow genetic variation to be expressed, as well as different phenotypes
in larvae, and therefore promote variation that selection may act upon. In a similar way,
phenological asynchrony between insects and their resources may induce variations in
the plastic response of organisms in order to adapt to such a time shift. Again, these
phenotypic variations form the raw material for evolution.
In that respect, we observed family differences in feeding abilities on C. officinale. Family 11 and 12 showed higher survival rate than the others 15 families (Fig. 5). Such
variations were also found among individuals when looking at differences in frass weight
as an indicator of larva ability to feed on C. officinale (Fig. 2 in paper I). These differences in performance indicate that there are already genetic variations among families
and individuals that selection may act upon for increased performance, should conditions favor the use of this plant. The evolution of host plant range and the retention
of polyphagy remains puzzling. The broad plant metabolomics study we conducted is
a step toward a better understanding of the interactions between insects and their host
plants in general. Further studies on plant metabolome and gene expression may provide
insights into the genetic basis of polyphagy.
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Concluding Remarks
There exists a large diversity among species in their responses to environmental changes.
In this thesis, I showed that host plant range and voltinism explain a large part of the
variance observed among species in how they respond to changes. Other traits of the
biology of plant-feeding insects such as winter diapause, cold duration, and spring emergence, may also greatly influence species’ ecological response to changes in climate and
land use. The originality of these thesis lies in that it looks specifically at trait differences
among species to study organisms’ adaptive potential. This work also complements studies in community ecology that have used trait-based approaches to investigate differences
among species in range shifts. Such an approach that stems from life history traits to
study organisms’ adaptive potential allows a better understanding of species’ response
to changes and should be pursued and generalized to more species.
Biotic interactions also greatly influence species’ adaptive potential. Studies in niche
modeling have shown that biotic interactions refine species distribution models. However,
these biotic interactions are modified by environmental changes and their changes are
likely to affect species distributions. Biotic interactions should therefore be considered
to refine species distribution models but they should also be treated as a dynamical
feature, especially in predictive models of changes. Moreover, the importance of biotic
interactions to explain how individuals occupy the environment should not be limited
to the role of direct interactions among species. In plant-feeding insects the role of
indirect interactions is likely to be crucial and they require a better integration. Using a
modeling technique, this thesis has provided support for the importance of the indirect
role of parasites in the partitioning of the niche among butterfly species. This study also
illustrates that niche modeling can be used to stress and/or identify indirect interactions
that structure communities.
The identification of important life history traits and biotic interactions that constrain
species’ adaptive potential can provide support to build hypothesis on species’ evolutionary responses to changes. Life history traits and biotic interactions influence individual
fitness, constrain geographic ranges, and structure communities. Therefore, their evolution should be followed in order make prediction on the future population dynamic
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of species. Species’ direction of change is of course difficult to foretell but there exist
hypotheses, for example on the evolution of host plant range, which the ongoing climate
change allows to test. In the set of common species I studied we found that species show
a certain level of adaptation to variations in their environment and a view to look at the
ongoing changes is to see them as a promoter of phenotypic variation on which selection
may act upon.
This thesis has illustrated how environmental changes can modify the ecological equilibrium within a community of common species. In fragile communities, it is easy to
conceive that such changes can result in an erosion of biodiversity. Thus, the approach
used in this work can be particularly insightful to evaluate group of species with high
extinction risk and, therefore, could help in conservation issues. It can also allow to assess the impact of environmental changes on biodiversity, in agriculture, and on human
health.

Glossary
Abiotic factors: Abiotic factors include all non–living chemical and physical parts of
the environment that may affect organisms, such as temperature, precipitation,
wind, topography, light, etc. In this thesis, the abiotic factors considered are
temperature, aspect, slope, and nutrient levels (in the soil or in plants).
Apparent competition: Two species are in apparent competition when they indirectly negatively affect each other’s presence via the action of natural shared
enemies (Holt, 1977).
Biotic factors: In opposition with “abiotic”, the biotic context is all living species
that may interact with, and affect, a living organism. The biotic factors studied
in this work are the role of parasites, the interaction between insects and their host
plants, and interspecific interactions between A. urticae, A. io, and A. levana.
Environmental niche: The environmental niche corresponds to the set of environmental conditions in which the species is present. Environmental conditions mostly
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refer to abiotic variables even though other variables, such as land use, can be
included.
Fundamental niche: The fundamental niche corresponds to the range of abiotic conditions in an n-dimensional hypervolume in which the species is able to survive
and develop.
Gas Chromatography – Mass Spectrophotometry (GC–MS): GC–MS is a technology to separate volatile chemicals. The sample is vaporized into a column
in which the chemical compounds present in the sample will differentially migrate through the capillary. Identification is based on the comparison of the
spectra to the spectra of known-compounds found in libraries. GC–MS allows
analysis of less polar compounds than LC–MS. GC–MS is effective for the analysis of alkylsilyl derivatives, eicosanoids, essential oils, esters, perfumes, terpenes,
waxes, volatiles, caratenoids, flavenoids, lipids. Like LC–MS, it can separate alcohols, alkaloids, amino acids, catecholamines, fatty acids, phenolics, polar organics,
prostaglandins, steroids.
Generalist versus specialist species: In this thesis, generalist and specialist species
are defined in terms of their resource use. Species able to feed on a large variety of
hosts are defined as generalists in comparison to specialist species with a relatively
more limited range of resource use.
Liquid chromatography – Mass Spectrophotometry (LC–MS): LC–MS is a technology used to separate non-volatile metabolites. It physically separates the compounds using liquid chromatography and analyses their mass by mass spectrophotometry. Unlike GC–MS, there is no library that can be used to identify the
metabolites based on their spectra. The identification of the metabolites is based
on the mass of the compound. LC–MS is mostly used to identify polar chemicals as organic acids, organic amines, nucleosides, ionic species, nucleotides and
polyamines.Alcohols, alkaloids, amino acids, catecholamines, fatty acids, phenolics, polar organics, prostaglandins, steroids can be separated both with LC–MS
and GC–MS..
Monophagy: A species is characterized as monophagous when it feeds on only one
specific food type – in plant-feeding insects, species that feed only on one host
plant.
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Niche equivalency: The test of niche equivalency (see Warren, Glor & Turelli 2008)
assesses if two realized niches occupy significantly distinct environmental conditions.
Niche similarity: The test of niche similarity (see Warren, Glor & Turelli 2008) evaluates if the relative use of the environmental conditions that define the niche of
two entities are significantly different.
Polyphagy: A species is characterized as polyphagous when it can feed on a variety of
food types – in plant-feeding insects, species that feed on several host plants.
Primary metabolites: Primary metabolites are the necessary compounds to ensure
organisms’ growth and reproduction, such as amino acids, lipids, sugars, and
nucleic acids.
Realized niche (Ecological niche): The realized niche of a species is the abiotic environmental space occupied by a species. It corresponds to a subset of the species’
fundamental niche, resulting from negative biotic interactions (competition, predation), and dispersal limitation and population dynamics.
Secondary metabolites: Secondary metabolites are compounds that can affect an
organism’s physiology and phenotype, but that are not directly involved in development and reproduction. For example, they can be involved in toxicity, coloration pattern, and odours (e.g. plant volatiles). They are divided into several groups such as alkaloids, flavonoids, saponins, phenolic acids, glucosinolates,
phenylpropanoids, polyamines, and their derivates (De Vos et al., 2007).
Species distribution: Species distribution corresponds to the geographical environmental space occupied by a species.
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cause spatial mismatch of trophically interacting species. Ecology, 89, 3472–3479.
Settle, W. & Wilson, L. (1990) Invasion by the variegated leafhopper and biotic interactions: parasitism, competition, and apparent competition. Ecology, pp. 1461–1470.
Shaw, M.R., Stefanescu, C. & Van Nouhuys, S. (2009) Parasitoids of European Butterflies.
Sheridan, J.A. & Bickford, D. (2011) Shrinking body size as an ecological response to
climate change. Nature climate change, 1, 401–406.
Singer, M.C. & McBride, C.S. (2012) Geographic mosaics of species’ association: a
definition and an example driven by plant-insect phenological synchrony. Ecology, 93,
2658–2673.
Slove, J. & Janz, N. (2011) The relationship between diet breadth and geographic range
size in the butterfly subfamily nymphalinae–a study of global scale. PloS one, 6,
e16057.
Stefanescu, C. (1997) Migration patterns and feeding resources of the Painted Lady butterfly, Cynthia cardui (L.)(Lepidoptera, Nymphalidae) in the northeast of the Iberian
peninsula. Misc. Zool, 20, 31–48.

36

Stefanescu, C., Alarcon, M., Izquierdo, R., Páramo, F. & Avila, A. (2011) Moroccan
source areas of the Painted Lady butterfly Vanessa cardui (Nymphalidae: Nymphalinae) migrating into Europe in spring. J. Lepid. Soc, 65, 15–26.
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Résumé
Le réchauffement climatique et les changements d’occupation des terres d’origine anthropique provoquent une forte érosion de la biodiversité. Pour comprendre cette érosion,
et prédire les transformations futures de la biodiversité, il nous faut mieux connaitre la
réponse des espèces à ces changements, aux différentes échelles spatiales et temporelles.
Grâce à des outils de modélisation statistique, des corrélations entre les paramètres
physiques de l’environnement et la distribution des espèces à grande échelle spatiale ont
été observées. Mais ceci ne suffit pas à caractériser finement la réponse d’une espèce
donnée, car celle-ci dépend des caractéristiques biologiques propres de l’espèce. Cette
thèse se propose donc de confronter les études de modélisation à des connaissances sur
la biologie des espèces obtenues par des expériences en laboratoire. Ceci permettra (i)
d’identifier des traits d’histoire de vie et les relations biotiques qui influencent le potentiel adaptatif des espèces, et donc expliquent d’éventuelles différences de répartition,
et (ii) d’envisager, au-delà des aspects écologiques, la composante évolutive de cette
réponse. Une telle approche intégrative est susceptible d’améliorer nos prédictions sur
la dynamique des espèces dans un environnement changeant.
Le système d’étude de cette thèse est une communauté de papillons en Suède (Vanessa
cardui, Polygonia c-album, Aglais urticae, Aglais io, Araschnia levana), se nourrissant
de l’ortie (Urtica dioica). La biologie de ces espèces est bien connue et leur cycle de vie
rapide permet d’étudier leur réponse aux changements à une échelle de temps court. Chez
trois de ces espèces, j’ai mis en évidence des réponses très différentes à une augmentation
de la teneur en nutriments de leur nourriture, conséquence attendue de l’utilisation
accrue d’engrais chimiques. Ces différences sont dans une large mesure expliquée par
la gamme de plantes hôtes utilisées et le voltinisme (article II). Ces traits d’histoire de
vie déterminent donc la réponse des espèces aux changements, mais sont eux-mêmes
susceptibles d’évoluer. Par exemple, le réchauffement climatique modifie la synchronie
entre les individus et leurs plantes hôtes et pousse à l’évolution du régime alimentaire
des papillons afin que la présence de ressources soit assurée durant le développement
des larves (articles I & III). Les connaissances sur la biologie des espèces, y compris
leurs interactions biotiques, permettent de comprendre les variations de leur distribution
spatiale et de leur niche environnementale. Ainsi, l’établissement récent d’A. levana dans
le sud de la Suède, suite au réchauffement, a modifié les niches des espèces résidentes,
Aglais urticae et A. io (article IV).
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Svensk sammanfattning
Antropogena förändringar av klimat och markanvändning orsakar en dramatisk minskning av den biologiska mångfalden. För att förstå och förutsäga framtida effekter på
biologisk mångfald måste vi bättre förstå hur arter svarar på dessa förändringar på olika
rumsliga och tidsmässiga skalor. Modelleringsstudier har påvisat samband mellan fysiska
parametrar i miljön och arters utbredning över stora rumsliga skalor. Detta ger dock
inte en bra karakterisering av hur enskilda arter påverkas, eftersom modellerna inte tar
hänsyn till de unika begränsningar som följer av arternas biologi. Denna avhandling kombinerar därför experimentellt inhämtad kunskap om arters biologi med modellstudier.
Detta gör det möjligt (i) att identifiera livshistoriekaraktärer och biotiska interaktioner
som påverkar arters adaptiva potential, och undersöka hur dessa kan förklara eventuella
skillnader i arternas utbredning, och (ii) att beakta inte bara ekologiska utan även evolutionära aspekter i arternas svar på förändringar. Denna integrerade strategi kommer
sannolikt att förbättra våra prognoser för arters populationsdynamik i en föränderlig
miljö.
Jag har fokuserat på ett samhälle av fjärilar i Sverige –Tistelfjäril (Vanessa cardui),
Vinbärsfuks (Polygonia c-album), Nässelfjäril (Aglais urticae), Påfågelöga (Aglais io),
och Kartfjäril (Araschnia levana) – som alla livnär sig på brännässla (Urtica dioica).
Detta är ett lämpligt studiesystem, dels på grund av den omfattande befintliga kunskapen om dessa arters biologi, dels på grund av deras snabba livscykler som möjliggör
undersökningar av deras svar på förändringar under en kort tidsskala. Hos tre av dessa
arter visar jag på stora skillnader i respons på en ökning av födans näringsinnehåll, en
förväntad konsekvens av den ökade användningen av konstgödsel. Dessa skillnader kan
till stor del förklaras av deras grad av värdväxtspecialisering och voltinism (artikel II).
Organismernas livshistorieegenskaper avgör alltså deras respons på miljöförändringar,
men kommer själva sannolikt också att utvecklas som svar på sådana förändringar. Klimatförändringar kan till exempel förändra den fenologiska synkronin mellan växtätande
insekter och deras värdväxter, vilket gör det nödvändigt för insekten att utöka sin
värdväxtbredd för att säkerställa tillgången på resurser under larvutvecklingen (artikel
I & III). En arts biologi, inklusive dess biotiska interaktioner, bidrar till förståelsen av
observerade klimatrelaterade förändringar i utbredning och nischutnyttjande. Jag visar
att den pågående etableringen av A. levana i södra Sverige har förändrat nischuttnyttjandet hos de inhemska arterna A. urticae och A. io (artikel IV). Nichepartitioneringen
i detta samhälle är sannolikt medierad av parasitdriven “skenbar” konkurrens.
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