
INTRODUCTION

Within recent years, long-term data sets have acquired
an increasing importance owing to their potential value
for tracking human-enhanced climatic changes (Houghton
et al., 1996). A wide range of effects to natural systems
has been attributed to current climatic warming,
including: advancement of bud burst, flowering, fruiting
and nesting (Fitter et al., 1995; Lechowicz, 1995; Crick et
al., 1997; Colombo, 1998) and changes to development
rates, physiology, morphology and migration (Jenni &
Kery, 2003; Dullinger et al., 2004). The impacts are far
reaching, including latitudinal and altitudinal shifts in
species ranges (Archaux, 2003; Cotton, 2003; Johnstone
& Chapin, 2003) and with consequences for whole com-
munities and ecosystems (Skre et al., 2002; Georges & Le
Maho, 2003; Lemoine & Bohning-Gaese, 2003; Travis,
2003). Despite the mounting evidence of the impact of
global climatic change, long-term data on natural systems
are sporadic and modelling change and impact therefore
becomes necessary (e.g., Coppack & Both, 2002; Mal-
colm et al., 2002; Higgins et al., 2003; Pearson & Daw-
son, 2003). In order to predict future responses of
organisms to climate changes, we first need to know how
species have responded to climate change in the past.
Thus, where long or medium term data exist they fulfil an
important role in testing predictions and for building a
composite picture of the impact of climatic changes on
ecosystems (Harrington et al., 1999).

Butterflies provide particularly sensitive and con-
spicuous indicators of climatic and environmental
changes (Dennis, 1993). As with most poikilothermic ani-
mals, both development and activity are closely influ-
enced by climatic factors, particularly temperatures, and
short generation times allow changes to be determined
over relatively short time scales. Butterfly phenology is
known to be sensitive to climatic changes; emergence
dates, flight periods and number of broods have all been
related to trends in warming over the past 20 years or
more (Pollard & Yates, 1993; Sparks & Yates, 1997; Roy
& Sparks, 2000; Stefanescu et al., 2003). Dennis (1993)
predicted a theoretical loss/gain of five species of but-
terfly per 10–30 km2 in the UK for every 1°C change in
mean summer temperatures. And, climate change is now
known to affect population sizes and species ranges (Pol-
lard & Yates, 1993; Hill et al., 1999; Parmesan et al.,
1999). Pollard (1988) identified a powerful link between
temperatures and population size; warm dry summers
increase butterfly abundances. Most of the studies above
have been done in Western Europe on species with herba-
ceous hostplants. Far less is known of the response for
species whose larvae feed on shrubs and trees, and suffi-
cient data from continental areas have yet to accrue to
allow comparative analyses.

Here, we explore emergence dates for the high wood-
land butterfly Purple Emperor Apatura iris (Linnaeus)
over a 21-year period from a central continental location
in Switzerland. We ask a number of specific questions:
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Abstract. Data on pupation and emergence dates for the nymphalid Purple Emperor butterfly Apatura iris have been collected at
Basel, Switzerland, between 1982 and 2002. The butterfly has been shown to emerge on average 9 (males) to 12 (females) days ear-
lier per decade, 19 and 24 days earlier respectively over the study period. Emergence dates relate strongly to spring temperatures,
particularly with daily maximum temperatures for the months March to May. Temperatures for these months have increased signifi-
cantly during this period (0.7°C to 1.8°C per decade). Three factors suggest that the strongest influence of the rise in spring tempera-
tures has been on late larval instar growth and development: (i) May temperatures dominate emergence date models and larvae are
feeding faster and for longer periods during this month, (ii) Salix caprea flowering date, a surrogate for bud burst, is excluded in
stepwise regression models with temperatures and years suggesting that tree phenology may be less important than temperature
effects on later development, and (iii) convergence of female and male emergence dates over time points to limits on earlier feeding
in protandrous males. A negative consequence observed with earlier emergence dates is lethal extra broods.
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Are emergence dates sensitive to changes in temperatures
when the organism is developing? Are there systematic
changes (trends) in emergence dates and, if these exist, do
these relate to systematic changes in temperatures? What,
if any, are the consequences of increasingly early emer-
gence date for the butterfly?

MATERIAL AND METHODS

Status and life cycle of Apatura iris

As a tree top species Apatura iris is rarely recorded in tran-
sect data sets (Pollard & Yates, 1993). It is also known to be
declining in western and central Europe (Asher et al., 2001; van
Swaay & Warren, 1999).

Adult A. iris are univoltine and fly in June and July. Eggs are
laid on sallows Salix caprea (L.) in shady positions along the
rides or edges of woods. Development of A. iris larvae in the
period prior to hibernation in November is slow; larvae attain
their second instar and usually achieve a maximum length of 10
mm. This contrasts starkly with the post hibernation period
(March–May), when they almost quadruple in size in just six
weeks; larvae feed by day and increase their feeding periods as
they mature, by length as well as by frequency (Willmott,
1990). Larvae change colour on renewing activity from
grey/brown, believed to be winter camouflage (Heslop et al.,
1964) to bright green matching the colour of young S. caprea

leaves. Pupation takes place during the last two weeks of May.
The time between a larva moving to the underside of the leaf
and the moment of pupation lasts from three to five days.

Study area, breeding programme and phenological

monitoring

Eggs and early instar larvae were collected from a single
population during July until October, 1982 to 2002, in woodland
close to Basel, Switzerland (47.33°N, 7.36°E, altitude 380 m
a.s.l.). A record was made of the numbers of eggs and larvae
occurring in the area in which they were found so that a measure
of population density could be made. Population density of the
adults is difficult to determine as they tend to occupy tree tops.
The larvae were bred on S. caprea in a nearby isolated suburban
garden situation (278 m a.s.l.). S. caprea bushes were planted
for the purpose of the study; their dimensions were managed to
achieve a wide canopy (2.5 m high, 2 m wide), tapering down
towards the ground, so that the leaves of the lower branches,
used by the larvae, were shaded.

Larvae were retained in vials, outside, and in a shaded posi-
tion, until the first week in September. S. caprea leaves were
renewed every three to four days. The vials were carefully
cleaned and dried on the inside every three days. At the begin-
ning of September the second instar larvae were transferred to
the leaves of a growing S. caprea bush in the garden. Only
branches low down on the bush, facing north or north-east and
in the shade, were used for the transfer in order to avoid
exposing the larvae to the afternoon sun. The branches con-
taining the larvae were enclosed in small mesh nylon netting.
Before transferring larvae to a branch, the leaves and branches
were very carefully examined for predatory insects and these
were all removed. It was not usually necessary to carry out any
further transfers before hibernation (November). Hibernation
takes place in one of three positions: either on a bud, on the
inside of the netting, or on a leaf. Most of the leaves fall from
the branch to the bottom of the net, and the larvae find their way
back to fresh leaves in spring. On renewing activity (March)
larvae move onto leaves even before they have unfurled prop-
erly and may feed on buds before they have opened. As growth

was depleted, they were moved onto new branches about every
ten days until pupation.

Dates were recorded of pupation and emergence (days from
April 30 in any year). The occurrence of parasitisation was also
recorded. Climatic data (monthly mean and maximum tempera-
tures) for Basel were obtained from The Swiss Meteorological
Institute (MeteoSchweiz). No data for S. caprea phenology were
available for Switzerland or nearby France. However, data on
flowering of S. caprea (days from January 1) were available for
14 sites in south west Germany (within 47.36–48.54°N, 7.36–
9.42°E, mean altitude 398 m) from Deutscher Wetterdienst.
Flowering precedes bud burst and is here treated as a surrogate
for bud burst timing; both are influenced by sap rising and are
closely correlated in data for 16 years from the border counties
of Hereford and Worcester in western England (r = 0.84, P <
0.001) (T.H. Sparks, unpubl. data).

For adult emergence date to relate to increasing temperatures
with climate change, several outcomes are hypothesised:

(1) First, emergence date should become significantly earlier
with time (years).

(2) Second, emergence dates should correlate strongly with
monthly temperature changes most likely to influence develop-
ment rates and timing.

(3) Third, temperatures should significantly increase, during
the same period, for months when development is likely to be
affected; a mismatch for months would suggest that either the
model determined for development timing is wrong or that there
is no effect of any climate change on emergence.

Potential explanatory variables included maximum tempera-
tures for the months preceding hibernation (July to October) and
for months during late hibernation, renewed activity, growth and
development (February to June). Two other variables were
entered into equations to test for population and sampling arte-
facts. The probability of detecting early emergences potentially
increases with increasing population size (Thomas, 1985), there
being more individuals to observe and greater potential genetic
variability available. Owing to the difficulty of recording adults
in the woodland canopy, this is based on the density of early
stages found in the source woodlands. As the numbers of indi-
viduals bred each year were small and variable, sampling arte-
facts were tested by entering numbers bred into regression equa-
tions.

Data processing and statistical tests

All variables were checked for normality; no transformations
proved necessary. Correlations were determined using Pearson’s
r and comparisons by applying pairwise t tests. Gamma, a non
parametric association measure, was used for counts of para-
sitism with a large number of ties (Goodman & Kruskal, 1972).
Relationships between emergence date and climatic data (mean
monthly maximum temperatures) were analysed using stepwise
linear regression. Maximum temperatures were used rather than
mean temperatures as they better describe conditions when
larvae are developing during the day. As the data for emergence
dates are means based on a variable number of records,
weighted regression which places greater emphasis on those
results based on larger numbers of observations was used
(Draper & Smith, 1981). Residuals were examined for model
adequacy and emergence dates tested for autocorrelation. All
analyses were conducted in STATISTICA (Statsoft, 1999).

RESULTS

Phenology

From 274 eggs and 476 larvae, 107 male and 96 female
adult A. iris emerged (27%). Females were missing from
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emergent broods in five years (1982–83, 1985, 1989–90).
Males are typically protandrous and emerged before
females. Matched for years the mean difference (± 1 SE)
in days was significant (males 49.1 ± 2.0 days, females
56.0 ± 2.4 days; t15 = –6.69, P < 0.001). First emergence
date correlated highly with mean emergence date for both
sexes (males r = 0.98, females r = 0.94, P < 0.0001 in
both cases). Male and female emergence dates also corre-
lated closely (r = 0.91, P < 0.0001).

When matched for years, mean pupation date and mean
emergence date correlated highly (males r = 0.95, females
r = 0.97, P < 0.0001 in both cases). The pupation period
was partly influenced by pupation date. The earlier the
pupation date for each individual, the longer the pupation
period; this was significant in the females (r = –0.36, P <
0.001) but not in the males (r = –0.10, P = 0.35).

Pupae were parasitised by Psilomastax pyramidalis

Tischbein 1868 (Ichneumoninae) after 1993. The propor-
tion of pupae parasitised increased with years (Gamma =
0.78, P = 0.0006) in relation to the number of eggs and
larvae collected (Gamma = 0.58, P = 0.011) but not popu-
lation density (Gamma = –0.11, P = 0.65). The per-
centage of individual A. iris surviving increased with the
number of larvae and eggs collected (Gamma 0.39, P =
0.018) and also increased, rather than decreasing as
expected, with increased parasitism (Gamma 0.49, P =
0.03).

Trends in A. iris phenology dates with time

A significant linear trend was detected in mean adult
emergence date with emergence becoming increasingly
early (Fig. 1). No significant autocorrelation occurred in
emergence date (Pearson’s r, P = 0.08 to 0.63) and there
was no significant trend in population abundance in wild
colonies over years (density of early stages) (r = –0.10, P
= 0.69). Time (year) accounted for 41% to 50% of the
variation in emergence dates; over a decade, males
emerged on average 9 days earlier and females over 12

days earlier. Although the difference of over 9.2 days
between mean emergence date for the sexes in 1982 was
reduced to only 3.8 days in 2002, the difference in slopes
was not significant (t33 = 1.15, P = 0.26). During 2000 to
2002, three larvae continued to develop, rather than
entering diapause, two surviving to adults in the autumns
of 2001 and 2002, and in effect producing a second
brood.

The timing of mean pupation dates advanced over time
(males, r = –0.56, P = 0.009; females, r = –0.77, P =
0.001). But, pupal period did not change over time (years)
(males, r = –0.01, P = 0.95; females, r = 0.36, P = 0.18).

Relationships of A. iris phenology with temperatures

Adult mean emergence date (sexes separately) was
regressed (stepwise forwards entry) against maximum
temperatures for the period of February to June in the cur-
rent year and for July to October in the previous year. The
regression included variables measuring population abun-
dance (density, number of eggs and larvae collected/area
searched) and sample size (number bred each year).

Population abundance (density) and sample size
(number bred) had no influence on mean emergence date
(Table 1). The regressions for both sexes were dominated
by maximum temperatures for three months: March, April
and May (Table 1, Fig. 2). In every case the regression
coefficients were negative, indicating earlier emergence
with higher maximum temperatures, and the variables
accounted for 84% to 97% of the variation in emergence
dates.

Trends in temperatures over time

During the 21 year period, annual temperatures signifi-
cantly increased (annual mean temperatures: r = 0.68, P <
0.001, 0.95°C per decade; annual maximum temperatures:
r = 0.59, P = 0.006, 0.87°C per decade). Significant
increases in temperatures occurred for only four months,
for February, March, May and June (Table 2); April tem-
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Fig. 1. Trend in mean emergence dates in Apatura iris (days
after April 30) over the period 1982 to 2002. The two lines rep-
resent from bottom to top: mean emergence of males (solid cir-
cles) and mean emergence of females (squares). Males: r =
–0.64, P = 0.002, females: r = –0.71, P = 0.002.

Fig. 2. Linear relationships of emergence dates (means, days
after April 30) with spring temperatures (mean maximum tem-
peratures for March to May). Lower line (solid circles): males, r
= –0.90. Upper line (squares): females, r = –0.94.



peratures increased by >0.5°C per decade but this was not
significant.

Trends and associations in S. caprea phenology

Flowering dates in S. caprea advanced with years (r =
–0.67, P = 0.0009), 14.4 days earlier per decade between
1982 and 2002 occurring on average in late March in
1982 but in February in 2002. Maximum temperatures for
the early part of the year (January to March) explained a
significant proportion of the variation in flowering date
(F3,17 = 38.3, R2 = 87.2%, P < 0.00001). Day-time
maximum temperatures provided a better relationship
than mean monthly temperatures (R2 = 78.8%).

A. iris mean emergence date correlated with S. caprea

flowering date for males (r = 0.55, P = 0.011) and females
(r = 0.54, P = 0.03). In a stepwise regression of A. iris

emergence date on year and S. caprea flowering, only
year is entered, a result occurring for both sexes. In a
further stepwise regression of A. iris emergence date
against monthly spring temperatures (March to May) and
S. caprea flowering date, only temperatures were entered
into the regression as in Table 1. Flowering in S. caprea

did not contribute significantly to the model (males P =
0.92; females P = 0.64).

DISCUSSION

Factors in earlier emergence date of A. iris

The data on adult emergence date for A. iris from
Basel, Switzerland from 1982 to 2002 reveal a systematic
advance in emergence dates for the butterfly coinciding
with an increase in temperatures over this period. The
butterfly is emerging some 9 to 12 days earlier a decade
for a rise in mean maximum temperatures of just under
1°C. No influence of population numbers, or of numbers
of A. iris being bred, was found; that is, there is no evi-
dence of artefacts of increasing population size or sam-

pling effects on emergence date (Thomas, 1985). The
advance in emergence date correlates significantly with
temperatures only for spring months (March to May).
This is particularly interesting as it is the early months
(February to June), with one exception, for which there is
a significant increase in mean and maximum temperatures
throughout the period; for day-time maximum tempera-
tures this increase is of the order of 0.69°C to 1.87°C per
decade. The exception is April that shows a non-
significant rise in mean temperature of 0.55°C per decade
(maximum temperature 0.69°C).

The key months relating emergence timing with tem-
peratures are March, April and May when the insect is in
late larval stages and renewing activity and development
after hibernation. It is noteworthy that by far the largest
variation accounted for is by May temperatures, when
day-time feeding is extending and growth rates are at a
maximum. March and April, the period of bud burst and
initial post hibernation growth, account for lower addi-
tional variation. There is no significant impact of the pre-
vious summer or autumn temperatures (when larvae feed
before hibernation). Even though pupation date correlates
strongly with emergence date, earlier emergence is not
determined by any reduction in the pupation period.
Underlying this apparent anomaly is the relationship
between pupation period and date of pupation; indi-
viduals pupating earlier in the year remain as pupae for
longer periods, a relationship that is significant for
females. Thus, earlier or faster development in the larval
stage will draw forward pupation to a cooler time of the
spring; if the temperature difference between previous
and current pupation dates is not offset by rising tempera-
tures during the period 1982 to 2002, the pupal period
will be extended.

Rising temperatures in spring may influence A. iris

emergence dates in two, not exclusive, ways: through
development timing and development rates. First, bud
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1Monthly temperatures entered for February to June of current
year and July to October of previous year. Emergence dates are
weighted by number of emergences in any year. 2Both popula-
tion abundance (density) and sample size (number of indi-
viduals bred in each year) were entered into the equations to
test for population size and sampling artefacts. Both failed to
enter the equations, as did all other monthly temperatures.

0.00189.60.50–2.13March3

0.0274.20.49–2.07April2

0.000459.80.47–2.84May1

PCum R2BseBVariableStep

Females: mean emergence date, F3,12 = 34.58 P < 0.00001

0.00284.00.45–1.63March3

0.00471.40.48–2.34April2

0.000154.10.44–2.72May1

PCum R2BseBVariableStep

Males: mean emergence date, F3,17 = 29.65 P < 0.00001

TABLE 1. Stepwise regression parameters relating emergence
dates in Apatura iris to monthly maximum temperatures1,
population abundance and sampling size2. Cum R2 represents
the cumulative R2 in the stepwise model. Parameters are
reported only for significant variables entering the equations.

–0.070.92–0.020.070.920.02December

–0.230.80–0.060.200.810.06November

0.300.720.090.660.290.25October

–0.670.43–0.19–0.240.75–0.08September

0.310.530.150.630.120.36August

–0.040.13–0.35–0.450.42–0.19July

1.160.030.481.050.020.52June

1.160.040.461.650.020.53May

0.690.300.240.550.240.28April

1.780.030.481.710.030.50March

3.040.020.512.830.010.55February

0.710.530.150.760.460.17January

Change
(°C/decade)

Pr
Change

(°C/decade)
Pr

Maximum temperaturesMean temperatures

Month

TABLE 2. Correlations of changes in air temperatures (ºC)
with time (years) for Basel, Switzerland between 1982 and
2002.



burst in S. caprea may be advanced with renewed feeding
and development in A. iris occurring earlier. Second, the
higher temperatures, especially day-time maximum tem-
peratures when the larvae are feeding, may result in faster
development rates. This can arise by the larvae feeding
longer during each day or by more rapid ingestion (Den-
nis, 1993). The data on flowering in S. caprea in S. W.
Germany strongly suggest there was seasonal advance-
ment in S. caprea bud burst. Large scale consistency is
reported in phenological changes (e.g., Menzel & Fabian,
1999). This is supported by bud burst data from Switzer-
land (Swiss Phenological Observation Network) based on
40 stations and 69 phenophases of 26 different plant spe-
cies, mainly wild plants; these data record an average
advance of 11.6 days for significant photophases (Defila
& Clot, 2001). The correlation of A. iris with S. caprea

flowering suggests that earlier bud burst in S. caprea may
be partially responsible for seasonal advancement in A.

iris emergence dates. But, three facts would indicate that
the largest effect is on late larval instar growth and
feeding period. First, May temperatures dominate emer-
gence dates. Second, S. caprea flowering is excluded in
stepwise regression models with temperatures and years.
Third, the convergence of female with male emergence
dates points to limits on earlier feeding in protandrous
males; although this trend is not significant the mean dif-
ference in emergence dates has been halved over the
period 1982–2002.

Implications of advancement in eclosions for A. iris

Advancement in flight period has both potential advan-
tages and disadvantages for the organism. For multi-
voltine species, there is the potential for increasing popu-
lation size resulting from a higher intrinsic rate of
increase (Pollard & Yates, 1993). But, the production of a
second brood in A. iris is fatal; individuals so produced,
as from 2000, emerge in cold autumn conditions, unable
to breed as leaf fall removes food for early instars. For
characteristically univoltine species, such as A. iris, early
appearance typically results in an extended flight period
(a longer lower tail) and thus potential for risk spreading
of early stages through seasonal weather conditions (but
see Roy & Sparks, 2000).

There is no evidence that populations of A. iris are
increasing, as might be expected, in the woodland
sourcing the specimens for this study. In fact, casual
observations indicate that adult A. iris numbers have
declined. The influences on population numbers may be
local; forestry activities (e.g., coppicing) have reduced the
numbers of S. caprea over the study period (Dell, pers.
observ.). One possible artefact of climatic warming may
be increased parasitism (Dennis, 1993). Parasitism of A.

iris larvae by P. pyramidalis has indeed increased during
the study period but as this correlates with the number of
eggs and larvae being bred and not population density,
this may simply occur as an artefact of sampling; this
conclusion is supported by the positive rather than nega-
tive correlation of parasitism with percent individuals sur-
viving during breeding. However, it should be mentioned
that climatic warming may increase the susceptibility of

A. iris to enemies by advancing the pupation date.
Increased mortality of pupae owing to a lengthening in
the pupation period has been recorded in another closely
related woodland butterfly Limenitis camilla (Pollard,
1979). A further consideration is that not all months have
become warmer during this period. Gains at one stage in
the year may be countered by cooler or damper conditions
in July, when the butterfly is mating and egglaying, and
in September when young larvae are first developing.

Just how far emergence date can be advanced depends
crucially on the timing between bud burst and recom-
mencing of feeding after hibernation. From feeding
damage on unopened buds, A. iris is known to renew
activity before bud burst, an observation repeated in this
study (Dell, pers. observ.). Therefore, as in the case of
synchrony between butterfly and crucifer hosts in Antho-

charis cardamines Linnaeus (Sparks & Yates, 1997), ear-
lier bud burst should be matched by advancement in
renewed activity in A. iris. If bud burst in S. caprea falls
behind renewed activity in A. iris, then larvae will
become food limited. Lack of synchrony has been
observed in other species (e.g., Operophtera brumata

(Linnaeus), Geometridae, with oak bud burst; cf., Buse &
Good, 1996 with Visser & Holleman, 2001). There is
indication from the German S. caprea flowering data that
this is not a danger. Advancement in bud burst timing will
also depend on genetic variation in temperature require-
ments for bud burst; this is relatively large in some Salix

species (Lennartsson, 2003). It is interesting that although
temperatures are rising fastest in late winter and early
spring (February and March) the difference in emergence
dates between the sexes is decreasing; males are protan-
drous but are not advancing in emergence dates as fast as
females. This observation suggests a limit to emergence
dates in males. Regardless of synchronization of herbi-
vore and host, earlier bud burst is associated with a fur-
ther threat from early frosts.

Wider context of earlier emergence date in A. iris

These findings for continental A. iris closely corre-
spond to and support findings for shifts in phenology of
other butterfly species in Britain and Spain. They support
recent research findings that suggest timing of many
natural events is occurring earlier in recent years and that
climate is the most likely cause (e.g., Crick et al., 1997;
Sparks & Menzel, 2002). Specifically, there is wide-
spread demonstration now that advances in eclosion and
flight periods are associated with warmer springs (Sparks
& Carey, 1995; Sparks & Yates, 1997; Roy & Sparks,
2000; Stefanescu et al., 2003) and that eclosion dates and
flight period timing are closely related (Brakefield, 1987)
especially for univoltine species such as A. iris (Roy &
Sparks, 2000). Roy & Sparks (2000) indicate that climate
warming of the order of 1°C could advance first and peak
appearance of most butterflies by 2 to 10 days. It has been
demonstrated that in line with projected climatic scenar-
ios, a rise in temperatures of 3°C could advance butterfly
appearance by two to three weeks (Sparks & Yates,
1997). This is more than matched by advanced emergence
dates in A. iris in Switzerland; males are already
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emerging 19 days and females 24 days earlier in 2002
than in 1982 for a rise in annual mean and maximum tem-
peratures of < 2°C. There may still be potential for further
advancement in timing as temperatures in February are
rising most rapidly.

For almost all butterfly species studied there is a highly
significant, negative, relationship between first appear-
ance date and weather, i.e. warmer weather producing
earlier first appearances (Roy & Sparks, 2000). The
advance in emergence timing for A. iris exceeds the
fastest rate for univoltine species elsewhere (7.6
days/decade for A. cardamines and 5.3 days/decade for
Gonepteryx rhamni) (Roy & Sparks, 2000). These find-
ings for A. iris are valuable then for demonstrating a wide
impact of warmer springs throughout Western Europe on
butterfly phenology including species dependent on arbo-
real host plants. The impact of climatic warming may be
greater in continental locations as increasing warmth is
less likely to be offset by variable spring weather from
frontal systems along ocean margins. These findings are
also unaffected by any autocorrelation among seasonal
emergence date or by population abundance.

CONCLUSIONS

A strong trend towards earlier emergences in the nym-
phalid butterfly Apatura iris in Switzerland has been
demonstrated; on average, they are emerging 19 (males)
to 24 (females) days earlier in 2002 than in 1982. This
pattern has been demonstrated to be strongly related to an
increase in spring temperatures that are also shown to
have been increasing during this period. The greater
influence has been on later larval growth and develop-
ment rather than on earlier renewal of larval feeding fol-
lowing hibernation. These findings reinforce the
hypothesis that climate change has potential negative
effects on the phenological appearance dates of phytopha-
gous insects.
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