
BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers,
academic institutions, research libraries, and research funders in the common goal of maximizing access to critical research.

Effect of Regional Climate Warming on the Phenology of
Butterflies in Boreal Forests in Manitoba, Canada
Author(s) :A. R. Westwood and D. Blair
Source: Environmental Entomology, 39(3):1122-1133. 2010.
Published By: Entomological Society of America
DOI: 10.1603/EN09143
URL: http://www.bioone.org/doi/full/10.1603/EN09143

BioOne (www.bioone.org) is a a nonprofit, online aggregation of core research in the
biological, ecological, and environmental sciences. BioOne provides a sustainable online
platform for over 170 journals and books published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Web site, and all posted and associated content indicates
your acceptance of BioOne’s Terms of Use, available at www.bioone.org/page/terms_of_use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial
use. Commercial inquiries or rights and permissions requests should be directed to the
individual publisher as copyright holder.

http://www.bioone.org/doi/full/10.1603/EN09143
http://www.bioone.org
http://www.bioone.org/page/terms_of_use


COMMUNITY AND ECOSYSTEM ECOLOGY

Effect of Regional Climate Warming on the Phenology of Butterflies in
Boreal Forests in Manitoba, Canada

A. R. WESTWOOD1 AND D. BLAIR2

Environ. Entomol. 39(3): 1122Ð1133 (2010); DOI: 10.1603/EN09143

ABSTRACT We examined the effect of regional climate warming on the phenology of butterßy
species in boreal forest ecosystems in Manitoba, Canada. For the period 1971Ð2004, the mean monthly
temperatures in January, September, and December increased signiÞcantly, as did the mean tem-
peratures for several concurrent monthly periods. The mean annual temperature increased
�0.05�C/yr over the study period. The annual number of frost-free days and degree-day accumulations
increased as well. We measured the response of 19 common butterßy species to these temperature
changes with the date of Þrst appearance, week of peak abundance, and the length of ßight period
over the 33-yr period of 1972Ð2004. Although adult butterßy response was variable for spring and
summer months, 13 of 19 species showed a signiÞcant (P � 0.05) increase in ßight period extending
longer into the autumn. Flight period extensions increased by 31.5 � 13.9 (SD) d over the study period
for 13 butterßy species signiÞcantly affected by the warming trend. The early autumn and winter
months warmed signiÞcantly, and butterßies seem to be responding to this warming trend with a
change in the length of certain life stages. Two species, Junonia coenia and Euphydryas phaeton,
increased their northerly ranges by �150 and 70 km, respectively. Warmer autumns and winters may
be providing opportunities for range extensions of more southerly butterßy species held at bay by past
climatic conditions.

KEY WORDS climate change, Lepidoptera, phenology, Canada

Climate change is normal at many time scales, but
recent and projected atmospheric changes resulting
from human activity point to rapid climate change
over the next century. The 100-yr linear trend of the
global surface temperature for the period 1906Ð2005
was 0.74�C (IPCC 2007), and the 10 warmest years in
the instrumental record dating back to 1880 all oc-
curred within the period 1997Ð2008 (GISS 2008). In
Europe, the temperature is now �1.4�C higher than
preindustrial levels (EEA 2007) and has warmed al-
most 1�C since 1900, shifting climatic isotherms north-
wards by an average of 120 km (Beniston et al. 1998).
Climate models using a wide variety of greenhouse gas
emission scenarios indicate that the global surface
temperature is likely to rise by 1.1Ð6.4�C (relative to
1980Ð1999) by the end of this century (IPCC 2007).

In Canada, average annual temperatures have in-
creased 1.3�C since 1948, which is about twice the
global average, and future increases are also expected
to be well above the global trend (Lemmen et al.
2008). Climatic parameters in central Canada have
changed substantially during the past century. Both
Gan (1998) and Skinner and Gullett (1993) reported
increases in the mean, minimum, and maximum tem-

peratures, with an average increase in the mean tem-
perature of 1.1�C in the century before their studies.
Nkemdirim and Venkateson (1985), Rannie (1990),
and Blair and Bezte (1992) documented an increase in
the length of the frost-free season by 7Ð12 d in some
areas of Manitoba. Bonsal and Prowse (2003) studied
20th century trends in the timing of the seasonal ad-
vance and retreat of the 0�C isotherm in autumn and
spring in Canada and found signiÞcant trends toward
earlier springs, especially over the last 20 or 30 yr in
western Canada. In contrast, little change in the onset
of autumn was observed. None of these studies spe-
ciÞcally examined climate trends in eastern Manitoba,
which is the subject of this study.

CanadaÕs boreal forest biome may be particularly
susceptible to climate change, and effects may include
altered species distribution and abundance, reproduc-
tive and phenological change, and increases in insect,
disease, and Þre occurrence (Loehle and LeBlanc
1996, Noss 2001, Waite and Strickland 2006, Scott and
Lemieux 2007). Climate changes, especially rapid
change, can have profound effects on natural ecosys-
tems and have subsequent effects on the distribution
of terrestrial biota (McCarty 2001, IPCC 2007). In the
province of Manitoba, productive boreal forest covers
�12 million ha and supports a large forest products
industry (Province of Manitoba 2006). The forests make
up the largest single group of similar landscapes in the
province, and they have evolved over thousands of
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years. A major change in climate will greatly affect the
makeup and geographic distribution of the provinceÕs
forests and critical ecosystem processes they support,
with potential threats to the forest industry, tourism,
recreation, hunting, and trapping. Early warning of
ecological changes may facilitate appropriate resource
management decisions in ManitobaÕs forests and ex-
pedite sustainable public policy aimed at mitigating
further climate change.

The use of biota as an early warning system, as well
as an indicator of biodiversity, has proven effective
(McKinney 1998, Parmesan and Yohe 2003, Rosenz-
weig et al. 2008). The range, distribution, abundance,
and life cycle of butterßies are closely linked to cli-
mate (Dennis and Bramley 1985, Turner et al. 1987,
Dennis and Shreeve 1991, Dennis 1993, Pollard and
Yates 1993, Woods et al. 2008), and butterßies are one
of the more promising groups to study with respect to
short-term climate change predictions (Coope 1995,
Roy et al. 2001) and hindcasting (Pollard and Moss
1995, Hill et al. 1999a, b). Hindcasting is deÞned as the
analysis of historical data to examine changes in but-
terßy range, emergence, and ßight periods over time.
Some of the longest and most accurate biotic popu-
lation data available has been collected for butterßies
(Roy et al. 2001).

Butterßies are ectotherms and, as such, are sensitive
to changes in climate. Higher temperatures reduce the
time-to-ßight threshold, thereby increasing the rate of
key life cycle activities dependent on ßight. These
activities include nutrient procurement, growth, de-
velopment, reproduction, and dispersal (Dennis and
Shreeve 1989, 1991; Fleishman et al. 2001; Warren et
al. 2001). Although the distribution of butterßies over
a landscape is indirectly linked to the distribution of
hostplants for the larvae(LeesandArcher1980,Pullin
1986), climate seems to be just as important in regu-
lating distribution, because butterßies may be absent
even if their larval food plants are available when
climate regimens are unfavorable (Murphy and Weiss
1994,GutierrezandMenendez1998).The inßuenceof
microclimate (a product of climate and weather pa-
rameters and ecosystem structure) strongly deter-
mines the long-term survival success of many butter-
ßies (Turner et al. 1987), and average temperature and
solar radiation correlate with the survival and diversity
of butterßies.

Murphy and Weiss (1994) have shown that climate
warming in western North America may lead to a
reduction of habitat for some butterßies, especially
alpine species. Davies et al. (2006) reported the effect
of climate in changing habitat associations byHesperia
comma L. in the United Kingdom. Higher tempera-
tures may induce heat stress on adults or cause pop-
ulation declines because extra generations may fail
because of insufÞcient time for the completion of their
life cycles (Dennis and Shreeve 1991). Conversely,
developmental rates may increase with warmer tem-
peratures and induce the production of extra gener-
ations within the season.

Regional climate changes, therefore, are likely to
cause a discernible shift in butterßy distributions on

temporal and spatial scales. A number of studies have
examined changes in butterßy biology including the
range, abundance, and phenology in response to
changes in climate (Ehrlich et al. 1980; Pollard and
Moss 1995; Parmesan 1996; Parmesan et al. 1999, 2000;
Roy and Sparks 2000; Forister and Shapiro 2003;
Woods et al. 2008). Northward expansions in butterßy
species range correlating with northward shifts in iso-
therms have been documented in both Europe and
North America (Karl et al. 1996, Parmesan 1996,
Parmesan et al. 1999, Hill et al. 1999a, Hickling et al.
2006). In Canada, the Gorgone checkerspot (Chlosyne
gorgone,Hübner) and the Delaware skipper (Anatry-
one logan, W. H. Edwards) have recently expanded
their northern ranges signiÞcantly (Kerr 2001). Roy
and Sparks (2000) reported that the date of spring
appearance of British butterßy species advanced sig-
niÞcantly over the period 1976Ð1998.

Commonly measured biological responses to cli-
mate change by butterßies include shifts in geograph-
ical distribution and timing of phenological activities
such as duration of ßight period, timing of Þrst and of
peak occurrence (Parmesan et al. 2000, Roy and
Sparks 2000), and the role of temperature in regulating
butterßy distribution and occurrence has also been
assessed (Pollard 1979, 1988; Turner et al. 1987; van-
Swaay 1995; Parmesan 1996; Berry et al. 2002; Andrew
and Hughes 2005; Wilson et al. 2005). Unlike plant
species and many animals that may react more slowly,
butterßies may respond quite quickly to climate ßuc-
tuations (years versus decades or centuries).

When using biological organisms as indicators of
ecosystem change for a particular geographic area, it
is desirable that the area be relatively untouched by
human development and that many of the natural
ecosystems remain intact. If human land use has sig-
niÞcantly changed the landscape, it may be difÞcult to
distinguish changes in species phenology or distribu-
tion related to climate change from those associated
with anthropogenic alterations to ecosystems. Con-
siderable parts of eastern and northeastern Manitoba
remain relatively undeveloped; much of our study
area has no permanent settlements. In the eastern half
of the province, boreal forest ecosystems occur largely
uninterrupted for nearly 1,000 km on a northÐsouth
gradient, with most permanent roads or other linear
developments restricted in comparison to the western
part of the province. Forestry, tourism, and recreation
are the primary economic activities in the area. It is
also necessary to have a long-term historical biological
data set with which to compare current species phe-
nology and distributions with past occurrences. For-
tunately, ManitobaÕs butterßies are one of the most
intensely studied groups of biota in the province, and
there exists a long-term record of species occurrences
(Klassen et al. 1989).

Although historical data are useful for hindcasting,
it does have some limitations. The number of recorded
butterßies for a given year partially depends on the
intensity of the recording effort to determine abun-
dance, range, and phenology (Pollard and Moss 1995).
In Manitoba, the most comprehensive butterßy oc-
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currence records have been kept for the eastern part
of the province extending from the ManitobaÐNorth
Dakota/Minnesota border northward to the mid-
point of Lake Winnipeg (a distance of �250 km
south-to-north). Currently, there are no docu-
mented long-term studies examining changes in but-
terßy phenology in Canada in relation to climate
change. The purpose of this study was to assess the
trends in butterßy temporal distribution in eastern
Manitoba and to attempt to relate any changes to
concomitant changes in climate.

Materials and Methods

Study Area.The study area (Fig. 1) occupies part of
the Boreal Shield ecozone and two ecoregions (Lac
Seul Upland and Lake of the Woods) in eastern Mani-
toba (Environment Canada 2005). It includes three
Provincial Parks and four Crown Forests and is �250
km long north to south and has an area of �21,000 km2.
ClimateVariables.The weather variables examined

included date of Þrst autumn frost, date of last spring
frost, length of the frost-free season, monthly degree-
day accumulations, and monthly and annual mean
temperatures. Mean temperatures for all months in
the current year and previous year were included in
the analyses. Roy and Sparks (2000) and others have
reported that temperatures in the year before the
recording year and sequences of months may also
inßuence butterßy phenology. Only those months or
sequences of months (e.g., September through De-
cember) that were found to have signiÞcant climate
trends were included in the assessment of the rela-
tionships between climate variables and butterßy phe-
nology. Frost dates were used to determine the length
of the frost-free season, using �1.0�C as the temper-
ature at which frost occurs. Degree-day accumula-
tions, as indicators of thermal conditions conducive to
butterßy development and survival, were based on a
threshold of 4.0�C. As is typical for long-term weather
recording stations, especially in rural or remote areas,
the records of daily maximum, minimum, and mean
temperatures for some of the stations in the study area
were not complete. Complete 1971Ð2004 unadjusted
weather records were available from three Environ-
ment Canada stations located in the south, central, and
north-central portions of the study area: Indian Bay
at 49�37.20� N, 95�12.00� W; Sprague at 49�1.20� N,
95�36.00� W; and Beausejour at 50�7.80� N, 96�13.2� W.
Monthly and annual temperatures, annual frost-free
days, and monthly degree-day accumulations for the
three stations were averaged for the analyses.
ButterflyMonitoring.Butterßy response to regional

climate warming was evaluated by calculating the
mean Þrst date of occurrence, mean peak level of
population activity (wk), and the mean length of the
ßight period. The ßight period was calculated as the
number of days between the Þrst and last observations
at a location for a given year (Roy and Sparks 2000).
The butterßy data base (originally compiled by P.
Klassen and A. R. Westwood, Klassen et al. 1989, and
updated by A. R. Westwood and P. Klassen from 1990

to 2000) was based on a survey of private and public
collections holding Manitoba butterßy material, un-
published data and Þeld surveys by P. Klassen and
A. R. Westwood, and a review of literature on species
records for Manitoba.

Within the study area, 36 sites were identiÞed
based on the locations of specimens collected
and/or observed between 1972 and 2000. In the
historical data base, collectors and observers visited
sites between 1 May and 15 September between
1972 and 2000, approximately every 2 wk during the
summer, although not every site was sampled every
year. One to two collectors/observers sampled an
area �300 m long and 20 m wide, spending �30 min
per site.

For the period 1972Ð2000, there were �7,000 entries
for ßight periods of butterßy species by location. Al-
though there are 158 species of butterßies in Manitoba
(Klassen et al. 1989) and records for �100 species
were available for the study area, many species were
poorly represented (few date/location records). In
addition, species that overwintered as adults or were
observed early in the spring were not considered for
analysis because there were few survey data points for
April. The species list was reduced to the 19 species
that had a minimum of 175 entries in the data base and
at least Þve sites per year (the minimum site number
used by Roy and Sparks 2000) (Tables 1 and 2). These
19 species are among the most common butterßies in
the study area and are consistently abundant every
year in most sites.

To augment the historical data base, 4.5-mo Þeld
surveys (1 May to 15 September) were conducted
between 2001 and 2004 at the 36 sites. Sites were
visited every 2 wk. We characterized sites according
to forest classiÞcation and V-type (Zoladenski et al.
1995) and recorded their geographic coordinates (lo-
cationsand forest vegetationclassiÞcationavailableon
request). A transect �300 m in length was re-estab-
lished at each site, and two observers spent �20 min
within 10 m of the transect during the 2001Ð2004
sampleperiod.Butterßieswerecountedand identiÞed
on the wing or collected using sweep nets, identiÞed,
and released. A small number of the butterßies were
killed and returned to the laboratory for further iden-
tiÞcation. Butterßy identiÞcation was based on Klas-
sen et al. (1989) and Layberry et al. (1998). Data
recorded for each butterßy included species identiÞ-
cation, location (latitude/longitude), and date of ob-
servation. Approximately 3,500 entries were recorded
for the 19 target species in the 2001Ð2004 database,
bringing the total number of entries available for anal-
ysis to �10,500. With inclusion of the additional
survey, the study period extended from 1972 to 2004
(33 yr).

Thecriteria for species inclusioncorrespondedwith
those of Roy and Sparks (2000). Their study examined
the responses of British butterßies to climate change,
and analyzed data for 35 species representing 30,710
entries, with data for individual species ßight periods
ranging from 115 to 1,700 per species. Their data set
covered �100 sites in an area of �245,000 km2,
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whereas this study area encompassed 36 sites in an
area of �21,000 km2. In addition to phenological ob-
servations for the 19 species, the geographic distribu-

tion of all butterßy species in our study area was
recorded and examined in relation to new species
records and range extensions.

Fig. 1. Location map of study area, collection sites, and weather stations.
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Statistical Analyses.The analyses were in part based
on those of Roy and Sparks (2000) to facilitate com-
parison of results. The relationships of climate vari-
ables with year were examined using individual linear
regressions. Only those climate variables that proved
to be signiÞcantly correlated with year were used in
the butterßy analyses. For butterßies, the mean date
of Þrst occurrence, the mean peak week of occur-
rence, and the mean length of the ßight period in days

were calculated for each year. Trends over time for
Þrst date, peak week, and ßight period of butterßies
were examined with Pearson bivariate correlation
(Roy and Sparks 2000). We used generalized linear
models to examine relationships between butterßy
ßight period and mean temperatures for individual
months or groups of months and used AkaikeÕs infor-
mation criterion (AIC) to select best-Þtting models.
AIC assists in identifying models that explain the most
variation with the least number of variables (De
Leeuw 1973, Burnham and Anderson 2002, Caprio et
al. 2009). Flight period was log-transformed [y 	 log
(x
 1)] to stabilize variance and to maintain a normal
distribution.

Pollard (1988) and Roy and Sparks (2000) found
that sequences of months in the same year and the
previous year inßuenced butterßy activity; therefore,
climate data for both the current year and previous
year of butterßy occurrence were examined for rela-
tionships to butterßy phenology. Consequently, al-
though the butterßy study period was 1972Ð2004, the
climate data study period was 1971Ð2004. Data were
analyzed using SPSS version 16 (SPSS 2007). Results
were assessed for signiÞcance at P � 0.05.

Results

Climate Trends. There was a strong warming trend
in the period 1971Ð2004. SigniÞcant warming occurred
in January, September and December and various
monthly sequences (Table 3). Mean monthly temper-
atures in the spring or summer months (April through
August) did not change signiÞcantly. The annual
mean temperature increased signiÞcantly. The most

Table 1. Species list, authority, and common name of 19
butterflies in study

Species Authority Common name

Thorbyes pylades (Scudder, 1870) Northern cloudy
wing

Thymelicus lineola (Oshsenheimer, 1808) European skipper
Polites mystic (W. H. Edwards, 1863) Long dash skipper
Poanes hobomok (Harris, 1862) Hobomok skipper
Euphyes vestris (Boisduval, 1852) Dun skipper
Amblycirtes vialis (W. H. Edwards, 1862) Common roadside

skipper
Papilio canadensis Rothschild and Jordan,

1906
Canadian tiger

swallowtail
Colias philodice Godart, (1819) Clouded sulphur
Colias eurytheme Boisduval, 1852 Orange sulphur
Colias interior Scudder, 1862 Pink-edged Sulphur
Lycaena dorcas W. Kirby, 1837 Dorcas copper
Callophrys niphon (Hübner, 1823) Eastern pine elÞn
Celastrina ladon (Cramer, 1780) Spring azure
Glaucopsyche
lygdamus

(Doubleday, 1841) Silvery blue

Speyeria aphrodite (Fabricius, 1787) Aphrodite frittillary
Speyeria atlantis (W. H. Edwards, 1862) Atlantis frittillary
Boloria selene (Denis and

Schiffermüller, 1775)
Silver bordered

frittillary
Boloria bellona (Fabricius, 1775) Meadow frittillary
Phycoides cocyta (Cramer, 1777) Northern crescent

Table 2. Summary data for butterfly occurrence, peak week, and flight period, 1972–2004

Species
Years in
survey

Overwintering
stage

Peak week
(mean � SD)

Flight period (d)
(mean � SD)

Flight period
range (d)

Species with one
generation
per year

T. pylades 23 Larva/pupa 7.4 � 1.7 23.8 � 7.8 60
T. lineola 21 Egg 10.9 � 2.4 39.8 � 18.1 85
P. mystic 19 Larva 8.8 � 1.5 19.9 � 7.3 51
P. hobomok 22 Larva/pupa 6.8 � 1.5 20.5 � 5.7 48
E. vestris 24 Larva 11.4 � 2.3 33.7 � 15.9 81
A. vialis 19 Pupa 8.6 � 1.7 20.3 � 10.8 67
P. canadensis 19 Pupa 8.4 � 2.8 50.4 � 12.6 87
C. interior 28 Larva 10.8 � 2.3 48.0 � 19.5 77
L. dorcas 24 Egg 12.1 � 1.8 27.2 � 11.9 78
C. niphon 23 Pupa 4.9 � 1.7 20.9 � 10.7 56
C. ladon 27 Pupa 5.7 � 3.3 48.8 � 23.5 100
G. lygdamus 25 Pupa 6.6 � 3.0 41.2 � 17.4 100
S. aphrodite 26 Larva 12.2 � 2.6 56.5 � 20.5 107
S. atlantis 26 Larva 10.9 � 2.6 53.3 � 20.2 104

Species with two
generations
per year

C. philodice 20 Pupa 11.6 � 3.6 77.8 � 34.1 153
C. eurytheme 19 Pupa 11.3 � 2.8 86.8 � 11.4 117
B. selene 25 Larva 11.3 � 3.3 63.1 � 22.0 102
B. bellona 26 Larva 10.0 � 3.8 78.7 � 20.0 116
P. cocyta 28 Larva 10.5 � 2.6 73.7 � 23.0 103

Example weeks numbers: 1Ð7 May 	 week 1, 1Ð7 June 	 week 5, 1Ð7 July 	 week 9.
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warming was observed in the mean temperature of the
2 consecutive mo of December and January (Table 3).
In summary, the early autumn and winter months got
warmer, especially the period December to February,
as did the year as a whole.

The warming trend did not inßuence degree-day
accumulations in April and May, which remained un-
changed during 1971Ð2004. This was expected, be-
cause mean temperatures in the study area did not
increase signiÞcantly between April and August. The
date of last spring frost did not decrease signiÞcantly
(r2 	 0.11, P	 0.054) but the date of the Þrst autumn
frost did increase signiÞcantly (Table 4); the latter is
indicative of the signiÞcant warming trend found in
September over the last 33 yr (Table 3). The number
of frost-free days increased signiÞcantly in September,
as did the degree-day accumulations (Table 4).
Butterfly Trends and Associations With Climate.

For 18 of 19 species, the Þrst date of occurrence was
strongly correlated with the peak week (Table 5). For
12 species, the peak ßight period increased in con-
junction with increases in the date of Þrst occurrence
(Table 5). The Þrst date of occurrence was signiÞ-
cantly earlier for 6 of the 19 species (Table 6). The
peak period of occurrence increased for Þve species,
whereas adults of C. philodice tended to occur earlier
as the study period progressed (Table 6). The ßight
period increased signiÞcantly over the study period
for 13 species and did not change for the remaining six
species (Table 6). Given that there was little change
in the beginning of the ßight period for most species
and that the ßight period lengthened for 13 of 19
species, adults seem to be extending ßight periods
later into the summer and autumn. Increases in ßight
period ranged from 1.6 to 48.4 d (Table 6). The av-
erage ßight period increase for butterßy species with
signiÞcantly longer ßight periods was 31.5 � 13.9 (SD)
d. The minimum signiÞcant increase in ßight period

was 7.6 d (Table 6). No signiÞcant decrease in ßight
period was detected for any species.

The analyses assessing the relationships between
mean monthly temperatures and butterßy observa-
tions showed that there are signiÞcant links between
butterßy phenology and the climate. The mean tem-
peratures of months, or sequences of months, most
frequently selected in the generalized linear models
included January (seven butterßy species), Decem-
ber/January (six butterßy species), January of the
previous year (six butterßy species), September (Þve
butterßy species), and January through April (Þve
butterßy species) (Table 7). December, September
through December, and September of the previous
year were also signiÞcantly associated with many but-
terßy species (Table 7). Species with mostly positive
� coefÞcients (e.g., T. pylades, T. lineola, P. canadensis,
C. interior, L. dorcas, C. niphon, and S. selene; Table 7)
also had signiÞcant increases in peak week and ßight
period (Table 6), whereas species with both positive
and negative � coefÞcients (e.g.,A. vialis, S. aphrodite)
had variable responses to Þrst date, peak week, or
ßight period (Table 6). Species that showed no phe-
nological response to monthly temperature changes

Table 3. Summary of linear regression analysis of mean annual, monthly and consecutive-month temperatures, 1971–2004

Regression
statistic

Jan.a Sept.
Dec. and

Jan.
Jan. through

Apr.
Jan. and

Feb.
Sept. through

Dec.
Dec.

Annual
mean

r2 0.12 0.17 0.18 0.15 0.14 0.13 0.26 0.17
P 0.039 0.014 0.011 0.022 0.027 0.031 0.002 0.021
�C/yrb 0.11 0.06 0.14 0.13 0.08 0.12 0.12 0.05

aOnly months and sequences of consecutive months with signiÞcant trends shown.
b Temperature increase based on slope of regression line.

Table 4. Summary of linear regression analysis of degree-day
accumulations, spring and autumn frost dates, and frost-free days,
1971–2004

Regression
statistic

Date of Þrst
autumn frost

Total
frost-free

days

Total
degree-days

in Sept.

r2 0.28 0.20 0.14
P 0.001 0.008 0.030

Frost is deÞned as a minimum temperature � �1.0�C.
Degree-days are accumulated above developmental threshold of

4.0�C.

Table 5. Correlations of first date of occurrence with peak
week and flight period, 1972–2004

Species
Peak week Flight period

r P r P

Species with one
generation
per year

T. pylades 0.82 0.001 0.31 0.148
T. lineola 0.74 0.001 �0.29 0.201
P. mystic 0.91 0.001 �0.43 0.063
P. hobomok 0.71 0.001 0.01 0.973
E. vestris 0.69 0.001 �0.59 �0.001
A. vialis 0.78 �0.001 �0.67 0.002
P. canadensis �0.07 0.778 �0.57 0.013
C. interior 0.60 0.001 �0.65 �0.001
L. dorcas 0.68 �0.001 �0.25 0.037
C. niphon 0.92 �0.001 0.09 0.685
C. ladon 0.87 �0.001 �0.22 0.256
G. lygdamus 0.81 �0.001 �0.02 0.944
S. aphrodite 0.68 �0.001 �0.81 �0.001
S. atlantis 0.60 0.001 �0.67 �0.001

Species with two
generations
per year

C. philodice 0.65 0.002 �0.81 �0.001
C. eurytheme 0.57 0.017 �0.82 �0.001
B. selene 0.75 �0.001 �0.90 �0.001
B. bellona 0.61 �0.001 �0.42 �0.001
P. cocyta 0.60 0.001 �0.51 0.006
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(e.g., P. hobomok and P. cocyta; Table 7) also showed
no response over the year (Table 6).

Most species in this study overwinter as either lar-
vae or pupae. The earliest appearing butterßies in-
cluded skippers (Hesperiidae), blues and elÞns (Lycae-
nidae), and swallowtails (Papolionidae). T. pylades, P.
mystic, P. hobomok, A.vialis, P. canadensis, C. niphon, C.
ladon, andG. lygdamus emerge as adults from mid-May
to mid-June in Manitoba (Table 2) and would likely be
most affected by warming spring periods. Only two of
thesespecies,C.niphonandG. lygdamus, showedatrend
of earlier adult emergence over the study period (Table
6), whereas date of Þrst occurrence remained un-
changed for the remaining species. C. niphon also had a
signiÞcantly longer ßight period. Adults of three mid-
June to late-summer species, E.vestris (Hesperiidae), C.
eurytheme (Pieridae), and B. selene (Nymphalidae),
emerged earlier, whereas Þrst emergence dates for the
remaining eight mid-June to late-summer species re-
mained unchanged. The increase in length of ßight pe-
riod was signiÞcant for species with either one or two
generations per summer. Extended ßight periods did not
seem to be linked to any particular overwintering stage.
SigniÞcant ßight period extensions were found for spe-
cies that overwinter as eggs, larvae, or pupae.

No butterßy species new to the study area were
found. The geographic distribution remained un-
changed for all but two butterßy species. Two species
not included in the temperature analyses, the Buck-
eye, Junonia coenia Hübner, and Baltimore Checker-
spot,Euphydryas phaeton (Drury), showed signiÞcant
northward movement in geographic distribution. In
2001, freshly emerged adults of J. coenia were ob-

served and collected at several of the most northerly
sites (Fig. 1). The previous records for this species in
eastern Manitoba were from 1930 to 1941 and 1976
(Taylor et al. 2008a). These older records represent
individuals found at locations �150 km further south
than the 2001 observations. Based on wing condition,
the specimens observed in 2001 appeared to have been
freshly emerged or had very recently arrived from
sites close by. The 2001 specimens being found be-
tween 29 June and 4 July, rather than in the traditional
late July and August periods of the previous records,
may have been the result of immigrant adults laying
eggs in May, or perhaps they represent a local popu-
lation. The 1930Ð1941 and 1976 records were of older
and worn single specimen occurrences, which were
probably migrants.

In 2001, freshly emerged adults of E. phaeton were
observed in several northerly sites, representing new
colonies of this butterßy. The study area includes the
most northern tip of the range for E. phaeton. These
site colonies were �70 km north of the previous re-
ports (Klassen et al. 1989).

Discussion

Roy and Sparks (2000) recorded �307 ßight period
entries per site, whereas in this study, we recorded
�292 ßight period entries per site. In terms of density,
we estimate that Roy and Sparks (2000) recorded
�0.13 ßight period entries per km2, whereas we re-
corded �0.50 ßight periods/km2. A mean of 877 ßight
periods were recorded per species by Roy and Sparks
(2000); in this study, we recorded a mean of 531 ßight

Table 6. Summary of correlation of first date, peak week, and flight period, with year, 1972–2004

Species
First date Peak week Flight period

Daysa
r P r P r P

Species with one
generation
per year

T. pylades 0.39 0.030b 0.47 0.012b 0.52 0.006b 9.21
T. lineola �0.21 0.174 0.27 0.121 0.57 0.003b 38.70
P. mystic �0.21 0.189 �0.15 0.269 0.05 0.422 1.71
P. hobomok 0.22 0.166 0.22 0.158 0.20 0.182 3.41
E. vestris �0.56 0.002b �0.30 0.074 0.57 0.001b 34.90
A. vialis �0.17 0.241 �0.05 0.421 �0.02 0.469 1.65
P. canadensis �0.11 0.326 0.63 0.002b 0.71 0.001b 42.16
C. interior �0.32 0.049b 0.41 0.015b 0.74 �0.001b 48.40
L. dorcas �0.01 0.482 0.28 0.089 0.59 0.002b 19.90
C. niphon �0.56 0.003b 0.53 0.004b 0.41 0.025b 7.69
C. ladon 0.12 0.266 0.16 0.202 0.32 0.044b 15.90
G. lygdamus �0.41 0.020b 0.53 0.003b 0.22 0.140 9.39
S. aphrodite �0.12 0.258 0.04 0.411 0.53 0.002b 45.60
S. atlantis �0.11 0.286 �0.05 0.393 0.47 0.007b 31.30

Species with two
generations
per year

C. philodice �0.35 0.062 �0.48 0.016b 0.22 0.178 9.93
C. eurytheme �0.58 0.007b �0.31 0.114 0.52 0.017b 45.70
B. selene �0.47 0.009b 0.32 0.048 0.57 0.002b 38.28
B. bellona �0.16 0.224 0.18 0.382 0.52 0.004b 31.40
P. cocyta �0.26 0.093 �0.02 0.474 0.31 0.050 1.56

aDays is increase in the no. of days of ßight period over study period, based on slope of regression line.
b P � 0.05.
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periods per species. The number of recording years for
each species in this study ranged from 19 to 28 (Table
2), whereas species in the British study were observed
for a 23-yr period.

Temperatures recorded in eastern Manitoba vary
greatly between years, which is one of the essential
characteristics of its continental climate. Despite this
substantial background variation, a signiÞcant warm-
ing trend in the autumn and winter months was de-
tected in the study area. The warming trend has
caused an increase in the annual number of frost-free
days and total degree-days in September. These Þnd-
ings are consistent with other reports of warming in
southern Canada and North America in general (Bon-
sal and Prowse 2003, Vincent and Mekis 2006, IPCC
2007, Lemmen et al. 2008). Strong spring warming
trends have been reported in Europe and eastern Asia
(Menzel et al. 2006, Piao et al. 2008), and warming
trends in the United Kingdom causing butterßies to
emerge as adults earlier in the spring were reported by
Roy and Sparks (2000). In our study area, warmer
temperatures in the autumn seem to be increasing the
ßight season for many butterßy species. We did not
detect an increase in late spring or summer temper-
atures, and spring and early-summer phenology was
unchanged for most butterßy species. Taylor et al.
(2008b) linked a delay in autumnal leaf coloration and
autumn leaf senescence in Populus spp. in North
America and Europe to elevated CO2 levels associated
with climate change; in this instance, butterßies on the
wing longer into the autumn could be taking advan-
tageofhostplants andnectar sources remaininggreen.

A strong relationship was found between the date of
Þrst appearance and peak populations for nearly all
species; this was also reported by Roy and Sparks
(2000). In instances when the Þrst date of appearance
was later, there was usually a corresponding shift of
the ßight period with peak populations occurring

Table 7. Summary of general linear models relating mean
monthly temperatures to flight period

Species Predictors � � SE P

Species with one
generation
per year

T. pylades s 0.032 � 0.015 0.046
jPREV 0.020 � 0.007 0.007
sdPREV 0.048 � 0.023 0.044
AIC 	 62.4

T. lineola j 0.046 � 0.020 0.024
d 0.070 � 0.019 �0.001
sd 0.131 � 0.035 �0.001
jPREV 0.079 � 0.013 �0.001
AIC 	 55.5

P. mystic dj 0.013 � 0.012 0.017
AIC 	 39.2

P. hobomok None
E. vestris j 0.034 � 0.006 �0.001

jPREV 0.040 � 0.005 �0.001
AIC 	 54.4

A. vialis j �0.021 � 0.006 0.001
sPREV �0.058 � 0.019 0.003
dj 0.061 � 0.015 �0.001
yrPREV �0.079 � 0.029 0.007
AIC 	 45.1

P. canadensis j 0.060 � 0.016 �0.001
ja 0.063 � 0.025 0.015
jPREV 0.029 � 0.009 0.003
AIC 	 57.3

C. interior sd 0.093 � 0.025 �0.001
dj 0.065 � 0.014 �0.001
yrPREV 0.076 � 0.037 0.040
AIC 	 48.1

L. dorcas j 0.029 � 0.007 �0.001
s 0.050 � 0.014 �0.001
ja �0.033 � 0.010 �0.001
jPREV 0.039 � 0.012 0.001
sPREV 0.064 � 0.020 0.002
jaPREV 0.059 � 0.010 �0.001
AIC 	 58.3

C. niphon d 0.020 � 0.007 0.013
sd 0.083 � 0.020 �0.001
AIC 	 46.6

C. ladon j 0.072 � 0.034 0.037
jf �0.063 � 0.028 0.026
AIC 	 86.5

G. lygdamus j 0.043 � 0.014 0.003
d 0.026 � 0.005 �0.001
ja 0.061 � 0.023 0.010
jfPREV �0.074 � 0.019 �0.001
jaPREV 0.104 � 0.026 �0.001
AIC 	 86.9

S. aphrodite s 0.157 � 0.051 �0.001
sPREV �0.192 � 0.067 0.002
dj 0.237 � 0.033 �0.001
jf �0.152 � 0.058 0.003
ja 0.213 � 0.078 0.006
AIC 	 225.2

S. atlantis s 0.123 � 0.055 0.027
jf �0.156 � 0.072 0.032
dj 0.140 � 0.034 �0.001
AIC 	 222.6

Species with two
generations
per year

C. philodice d 0.076 � 0.033 0.018
sd �0.296 � 0.127 0.020
dj �0.183 � 0.061 0.003
yrmean 0.510 � 0.100 �0.001
jfPREV �0.089 � 0.034 0.010
sdPREV 0.335 � 0.047 �0.001
AIC 	 246.2

Table 7. Continued

Species Predictors � � SE P

C. eurytheme ja 0.078 � 0.033 0.018
yrmean �0.122 � 0.058 0.038
dPREV 0.076 � 0.035 0.031
jaPREV 0.192 � 0.044 �0.001
sdPREV 0.250 � 0.085 0.003
AIC 	 166.8

B. selene s 0.033 � 0.025 0.019
yrmeanPREV 0.133 � 0.054 0.015
AIC 	 226.7

B. bellona jPREV 0.066 � 0.016 �0.001
sPREV �0.123 � 0.032 �0.001
dPREV 0.042 � 0.010 �0.001
AIC 	 219.7

P. cocyta None

Coding: Current year: mean monthly temperatures: j 	 Jan., s 	
Sept., d 	 Dec., jf 	 Jan. to Feb., ja 	 Jan. to Apr., sd 	 Sept. to Dec.
and yrmean 	 annual mean temp. Previous year mean temperatures:
jPREV 	 previous year Jan., sPREV 	 previous year Sept., dPREV 	
previous year Dec., jfPREV 	 previous year Jan. to Feb., jaPREV 	
previous year Jan. to Apr., sdPREV 	 previous year Sept. to Dec.,
yrPREV 	 previous year annual mean temp and dj 	 previous year
Dec. and current year Jan. Only signiÞcant predictors and lowest
AICÕs shown.
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later, and for many species, the length of the ßight
periods were extended. Of course, there are other
factors in addition to temperature that can affect ßight
period, including host plant availability for oviposition
and the availability of adult food sources, but it seems
that butterßies are quite ßexible (at least as adults) in
regulating ßight period. In our study area adult but-
terßies seem to be living longer under milder condi-
tions. The warming trend in the autumn would also
allow butterßies to extend ßight periods even if late
springs forced adults to emerge later than normal, thus
putting females under less pressure to Þnd mates and
oviposit in years with late springs or cool, wet sum-
mers.

In this study, the Þrst date of occurrence and peak
week of occurrence was unchanged for over one half
of the butterßy species. Roy and Sparks (2000) re-
ported considerable variability in the response of dif-
ferent species. The levels of signiÞcance for many of
the response variables reported by Roy and Sparks
(2000) were comparable to this study. Whereas the
response of adult butterßies in our study to signiÞcant
changes in Þrst date and peaks of occurrence were
variable, an increase in ßight period for many of the
butterßies was prominent. Gutierrez and Menendez
(1998) documented earlier ßight periods of butterßy
assemblages associated with warmer years and with
lower altitudes. Similarly, Roy and Sparks (2000)
noted earlier dates of Þrst appearance, longer ßight
periods, and mean peak occurrences in years with
particularly warm early spring temperatures and in
years with warmer mid- and late-winter periods. June
temperatures were found to be particularly critical to
the time of ßight period in the United Kingdom (Pol-
lard and Yates 1993). Forister and Shapiro (2003)
reported that warmer winter temperatures caused a
decrease in the spring ßight dates for 23 butterßy
species in California.

For butterßy species with signiÞcant ßight period
increases, Roy and Sparks (2000) reported a range of
3.5Ð17.3 d over a 10-yr period. This could be extrap-
olated to the equivalent of 11.2Ð55.3 d over the 33-yr
span of our study and would also be equivalent to a
mean increase in ßight period of 25.4 d (over 33 yr) in
the study by Roy and Sparks (2000), compared with a
mean of 32.7 d in our study. Hence, given an equiv-
alent survey time frame, the signiÞcant ßight period
increases reported by Roy and Sparks (2000) are quite
similar to increases reported in our study. Forister and
Shapiro(2003) found that, onaverage, the springßight
period had shifted 24 d earlier in their study on but-
terßies in the Central Valley of California. Roy and
Sparks (2000) also reported several species that had
signiÞcantly decreased ßight periods; in our study,
there were no species with contracted ßight periods.

Although previous studies have reported northward
movement of butterßy species and various phenolog-
ical responses to climate warming (Pollard 1979, 1988;
Turner et al. 1987; Parmesan 1996; Parmesan et al.
2000; Roy and Sparks 2000), especially in Europe, it
should be noted that many of these studies occurred
in landscapes moderately or highly inßuenced by hu-

mans. Because many of these landscapes most likely
did not have large intact areas of unaltered natural
habitats for many butterßies species, the inßuence of
urbanization, agriculture, and other major landscape
changes, although difÞcult to measure, cannot be dis-
counted. Our study included a signiÞcantly large land-
scape, a considerable portion of which is unaltered
from its natural state. Therefore, the impact of altered
landscapes in this study as a confounding variable may
be less than in other studies. The 19 butterßy species
reported here are nonmigratory and endemic to east-
ern Manitoba and should, therefore, be well adapted
to the local environment, and extensive high-quality
habitat remains to support these species.

Our results indicate changes in the length of but-
terßy ßight period but not spring activity. Our data
support the conclusion that the ßight period is ex-
tending later into the autumn for many species and
that, for some species, peak populations are occurring
later in the summer. The climate data analysis points
to climate warming in the study area, which is most
pronounced in the early autumn and winter, with
spring and summer parameters relatively unchanged.
Dennis and Shreeve (1991) postulated that increased
temperatures may induce species to produce extra
generations during a summer, which may or may not
fail because of insufÞcient time for the completion of
their life cycles. This may place species at risk in that
they are not in the correct stage to survive the winter.
Given the number of butterßy species in this study
with extended ßight periods, there may be future
implications concerning overwintering ability and re-
productive synchronization with larval host plants and
the presence of adult energy sources at critical egg
laying periods.

The extension of ßight periods in this study also
suggests that adults are living longer or perhaps that
emergence from pupae is being staggered over a
longer period. Other butterßy life stages may be
changing developmental periods to reßect the in-
creased ßight season. The nature of the survey was
such that we did not sample other butterßy life stages;
thus, we cannot conÞrm developmental time changes
in immatures. Because of the biweekly sampling meth-
ods, we were unable to determine changes in actual
butterßy population size or abundance, which would
be required to examine the possible link between the
survival and longevity of adults and warming climate
in more detail (Zonneveld et al. 2003). We are also
unsure whether warmer winters are lowering over-
wintering mortality of eggs, larvae, or pupae. Conse-
quently, further studies into phenology of larval host
plants and adult energy sources in the study area are
highly desirable. Warmer autumn and winter periods
may also provide opportunities for the invasion of
more southerly butterßy species held at bay by past
climate conditions, as shown by the presence of two
butterßy species in the northern portion of the study
area normally found in areas further south (Liebhold
et al. 1995, Lovett et al. 2006).

If butterßies in the study region are responding to
climate change, as seems to be the case, we can safely
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predict that other taxa (plants and animals) in the
boreal forests of central Canada are also responding to
the climate warming. The lengthening of ßight periods
of butterßies can act as an early warning that climate
change will affect a wide range of biota in boreal
forests in central Canada, perhaps at very basic eco-
logical levels. Changes in the phenology and distribu-
tion of biota at local levels should be closely monitored
in the future to help plan for and mitigate negative
changes in boreal forest ecosystems that may affect
local economies. The rate of climate change projected
for the coming decades will likely subject these taxa to
far greater ecological and physiological pressures than
have been observed in the region since the end of the
last glaciation. It is important, therefore, that further
studies focus on the rate of this change and the inter-
actions of plants and animals in the boreal forests
under study.
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