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The nature of migration in the red admiral butterfly
Vanessa atalanta: evidence from the population
ecology in its southern range

CONSTANT i STEFANESCU Butterfly Monitoring Scheme, Can Liro, Spain

Abstract. 1. The migrant Vanessa atalanta (L.) occurs throughout Europe and
North Africa. In autumn, populations emigrate from northern and central Europe to
the Mediterranean region to overwinter. In the spring, the northern range is
recolonised by migrants from the south. The dynamics of the species in the winter
range is poorly known.

2. From 1994 to 1999, adults and immatures of V. atalanta were monitored all
year round in Mediterranean habitats in north-east Spain.

3. Data showed that the Catalonia lowlands is an area to which V. atalanta
migrates to breed during the winter. Migrants arrive in October and early
November and initiate a period of intensive breeding. Larval development occurs
throughout the winter until a first annual generation of adults appears in early
spring.

4. Most of the butterflies emerging in the spring emigrate and leave the area
without breeding. The data suggest strongly that recolonisation of the northern
range is by these butterflies not by wintering adults. Altitudinal migration also
seems to be a common phenomenon, allowing a further summer generation of
adults to occur at high elevations within the Mediterranean region.

5. The complex phenology of V. atalanta in its southern range has evolved as a
strategy to track larval resources through space and time. Autumn migration
coincides with the greatest availability of the main food plant, Urtica dioica L. Late
spring migration occurs by the time food quality is decreasing.

Key words. Altitudinal migration, latitudinal migration, Mediterranean, phenology,

population ecology, southern range, Vanessa atalanta, winter breeding.

Introduction

Though migration by some butterfly species is well established
(Williams, 1930, 1958), a detailed understanding is still elusive
because of the technical difficulties of studying butterfly
migrants (Baker, 1984; Shreeve, 1992). The typical image of
true migrants in the north temperate zones is that they simply
survive in an overwintering region, then fly north in spring to
exploit the temporary availability of high quality resources in
summer (Dingle, 1996). This is exemplified by the migrant
monarch butterfly Danaus plexippus (Malcolm etal., 1993;
Brower, 1996) and this same general pattern has been
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suggested for the red admiral Vanessa atalanta (L.)
(Benvenuti et al., 1994). Alternatively, some species time their
migration to exploit the availability of high quality resources in
their winter range, as well as exploiting the availability of
northern resources in summer. Some moths and other insects
provide good examples of this type of migration (e.g. Riley
etal., 1991; Showers, 1997).

Vanessa atalanta is an Holarctic species, found throughout
Europe and Africa north of the Sahara (Emmet & Heath, 1990;
Tolman & Lewington, 1997). In its northernmost European
range, populations are not permanent and its presence depends
each year on migration from southern countries (Tucker,
1997). Although records of its directional flights have been
documented many times (e.g. Grant, 1936; Lack & Lack,
1951; Williams, 1951; Roer, 1961; Benvenuti etal., 1994),
many unanswered questions remain about the migratory
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Fig. 1. Location of the two sites where adult and immature Vanessa atalanta were monitored all year round (%) and transect routes from the
Catalan Butterfly Monitoring Scheme that were used in this study (see text for more details).

pattern of this butterfly (Baker, 1984). In particular, knowledge
about its dynamics in the winter range (presumably in the
Mediterranean region) is very scarce.

Two recent papers have emphasised the need for an
improvement in knowledge of the biology of V. atalanta in
southern Europe. Bryant eral. (1997) investigated how the
range margins occupied by four nettle-feeding nymphalid
butterflies were conditioned by their thermal requirements for
development. Vanessa atalanta did not conform to the same
pattern as the other three species, apparently because of its
migratory status. They acknowledged that uncertainties over
the overwintering biology of V. atalanta constrained their
ability to draw conclusions. Using data from the British
Butterfly Monitoring Scheme, Pollard and Greatorex-Davies
(1998) analysed the trend of increased abundance of V.
atalanta in Britain from 1976 to 1996. They suggested that this
trend was probably due to increased immigration from
southern areas in spring, but lack of knowledge on the precise
location of source areas prevented them from reaching more
definite conclusions.

In the work reported here, data from various sources are
combined to obtain a clear picture of the phenology of this
long-distance migrant in typical Mediterranean habitats. This
information is used to answer the main question: Does V.
atalanta simply move south to overwinter and return north to
breed in the following spring or does it breed throughout the

year (i.e. produce an early spring brood in the south) and
exploit high quality resources that are available at different
times in the south and in the north of its range?

Materials and methods

As part of the Catalan Butterfly Monitoring Scheme run in
Catalonia, north-east Spain, since 1994 (Stefanescu, 2000) and
also from a study on mating behaviour of V. atalanta (C.
Stefanescu, unpublished), abundant information has been
obtained on the phenology of this butterfly in its southern
European range. Between 1997 and 1999, two stinging nettle
Urtica dioica patches were selected to monitor the abundance
of immature stages all year round.

Estimates of adult relative abundance

Annual abundance. Estimates of adult relative abundance
were obtained for the whole year by means of transect counts
at two sites = 100 km apart: Can Liro (41°41°16”N, 2°23’07”E)
(1995-1999) and Torre del Vent (42°17'31”N, 3°08’00”E)
(1997-1999) (Fig. 1). The sites have a Mediterranean climate,
with maximum rainfall in autumn and spring, and summer
drought (Table 1).

©2001 Blackwell Science Ltd, Ecological Entomology, 26, 525-536
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Table 1. Meteorological data and main habitat types at the Torre del Vent and Can Liro sites where both adults and immatures of Vanessa
atalanta were monitored, and at several sites in the Montseny mountain that were selected to analyse altitudinal patterns of adult abundance.
Annual rainfall and mean temperatures show average values for 1994-1999, when most of the butterfly data were collected.

Mean temperatures (°C)

Altitude Annual

Study site (m) Main habitat type rainfall (mm) Winter Spring Summer Autumn All year
Torre del Vent 60 Evergreen oak forest and arable farmland 659.7 9.4 14.0 23.1 159 15.6
Lowland site

Can Liro 310 Evergreen oak forest and arable farmland 645.0 6.8 13.6 23.6 14.6 14.6
Highland sites

Santa Susanna 750 Montane evergreen oak forest and pastures 911.5 5.1 10.9 20.6 12.1 12.2

El Puig 1000 Beech forest and bracken-dominated grassland 1211.6 43 8.4 16.2 9.9 9.7

Tur6 de 'Home 1675 Heathland 1153.5 1.5 5.7 14.9 7.9 7.5

At Can Liro, an agricultural area in the Montseny mountain
surrounded by evergreen oak Quercus ilex forest, counts
followed the standard British Butterfly Monitoring Scheme
methodology (Pollard, 1977; Pollard & Yates, 1993), with
some minor adaptations (Stefanescu, 2000). Transects were
walked once a week and only those butterflies seen within 5m
in front of the recorder were counted. Only 3% of the possible
recording weeks were missed (none in 1996, one in 1995 and
1997, two in 1998, four in 1999) and were estimated as the
mean of the preceding and succeeding counts.

Torre del Vent is a small hilltop (60 m a.s.l.) within the
Aiguamolls de ’Emporda Natural Park, a flat area extending
between the Muga and Fluvia rivers. It constitutes the only
prominent topographic landmark within several kilometres and
is used as a mating aggregation site by several butterfly
species, including V. atalanta. A census trail was established
from the base to the highest point, and counts of territorial
males (cf. Shields, 1967; Brown & Alcock, 1991) were made
once a week from March to November and once every 2 weeks
from December to February.

Numbers of hilltopping butterflies varied considerably
during the day so peak daily counts were used as the measure
of abundance. In the first year, up to six transects were walked
per day, to identify the daily peak, which occurred =2-3h
before sunset (cf. Bitzer & Shaw, 1995). Knowledge of this
daily pattern enabled the number of transects to be reduced to
two or three per day in subsequent years, while ensuring that
transects covered the time of peak activity. Missing weeks
were again estimated as the mean of the preceding and
succeeding counts. Between March and November, 10% of
samples were missed due to bad weather (one in 1997, five in
1998, six in 1999). Because sampling was carried out every
2 weeks from December to February, estimates in the winter
period accounted for =50% of the possible recording weeks.

To minimise inter-year variation in the pattern of counts
(e.g. advances or delays in adult emergence peaks due to
particular meteorological conditions), data were pooled for
each of 3 consecutive weeks starting on 1 March (e.g. the first
3 weeks of March were pooled together in the first group, and
so on). Thus, for a whole year, data were organised in 17 triads
of weeks (except the last group, which comprised the 4 weeks
of February). The first triad coincided with the beginning of
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March to facilitate comparison with data from the Catalan
Butterfly Monitoring Scheme.

Both at Can Liro and Torre del Vent, data were pooled
across all years and the similarity in the pattern of counts
between sites was compared using Spearman’s coefficient of
rank correlation. Comparisons among years were made at
Torre del Vent but not at Can Liro, where small sample sizes
meant that triads with zero values were very frequent (ranging
from 18 to 64% in a 5-year period). It should be noted,
however, that because data points are not strictly independent,
significance levels were probably overestimated in these
comparisons (see Diggle, 1990).

March—September abundance. Additional data on seasonal
abundance were obtained from fixed transect routes throughout
Catalonia (Fig. 1) as part of the Catalan Butterfly Monitoring
Scheme (Stefanescu, 2000). Sampling began on 1 March and
ended on 26 September, thus comprising 30 weeks. Data were
used for the period 1994-1999 (except for one site, El Cortalet,
where monitoring began in 1988), for 28 transects. Data were
excluded whenever =6 (i.e. 20%) weeks were missed in a
given season and when missing counts corresponded to =2
consecutive weeks.

Seven sites within the Montseny mountain (highest point at
1712 m) constituted a subset of transects that was used to
analyse altitudinal patterns of abundance (see Table 1, Fig. 1).
Data were pooled into two groups according to their general
climate: lowland Mediterranean sites (three transects, includ-
ing Can Liro) and middle/high mountain sites (four transects).
The former were at 150—-450m and were dominated by
evergreen oak forests and arable farmland. They have a
Mediterranean climate, with rainfall of = 650 mm per year and
summer drought. The latter were at 750-1675m and were
dominated mainly by mountain evergreen oak and beech
Fagus sylvatica forests, heaths, and pastures. They have a
Central European climate, with rainfall of = 1200 mm per year
and much reduced summer drought.

The remaining 21 transects were used to characterise the
pattern of abundance in Mediterranean lowland areas in north-
east Spain (Fig.1). Therefore data from several sites at
elevations =450 m were excluded (see Stefanescu, 2000, for
details of recording sites). At present, sampling in the Catalan



528 Constanti Stefanescu

Butterfly Monitoring Scheme is highly biased towards
Mediterranean habitats (i.e. those with summer drought lasting
1-3 months and rainfall of 350—650 mm per year, depending on
the area). Unfortunately, data from the Pyrenees and the pre-
Pyrenean area other than Montseny are scarce and do not
permit good phenological assessment of V. atalanta. As above,
data were grouped in triads of weeks and pooled across all
available years. Spearman’s coefficient of rank correlation was
used to assess similarities in seasonal abundance patterns.

Assessment of age population structure

At Torre del Vent, wing-wear condition was recorded in
1998 and 1999 for each territorial male using an arbitrary scale
ranging from 1 to 4 (1=perfect, 2=fine, 3 =poor, 4=well
worn). Males were observed at perching sites (usually on the
ground or on low branches) with the help of 8 X 22 binoculars.
This method allowed 75-100% of the males in most of the
samples to be classified.

Data from Torre del Vent, Can Liro, and the Catalan
Butterfly Monitoring Scheme lowland Mediterranean transects
(and also from the monitoring of immature stages, see below)
showed several clearly defined oscillations of abundance,
highly consistent between seasons and sites. Five such
phenological groups were identified (see Results). Age
population structure (i.e. proportion of males belonging to
the different age classes) was analysed and compared among
these phenological groups, using contingency tables. Wing
wear is correlated with age (as shown in many previous
studies), and males in category 1 were considered to be home-
bred. Conversely, the sudden appearance of males belonging to
other categories (especially 3 and 4) was indirect proof of the
arrival of migratory waves. These data were complemented by
records on migration and the monitoring of immature stages.

Records of autumn migration

Migrant V. atalanta are easily recognised by their distinctive
behaviour: solitary migrant butterflies fly in a straight line at
~1m above the ground at a mean speed of about 15kmh™
(Roer, 1961; Benvenuti eral., 1994). From 1997 to 1999,
observations of autumn migrants were made at Can Liro, using
the same procedures as Benvenuti eral. (1994). Whenever V.
atalanta was sighted in a migration flight, it was observed for
some time using binoculars until it vanished and its bearing
was recorded using a compass. One hundred and sixty-one
observations were made. Direction of migrants was analysed
for a subset of 126 independent records and uniformity in
circular distribution was tested using the Rayleigh test (Zar,
1999).

Estimates of the abundance and development of immatures

Vanessa atalanta is a nettle-feeding specialist. Both Urtica
dioica and U. urens are used as food plants in Catalonia (C.

Stefanescu, pers. obs.) but U. dioica is by far more abundant
throughout the country and is the main host plant. Although
eggs are also commonly laid on Parietaria officinalis, an
abundant herb at disturbed sites, no attempt was made to study
immatures on this plant.

From 1997 to 1999, standardised 30-min counts were made
every 2weeks at two U. dioica patches in the search for
immatures. At Can Liro, the patch (45 m?) was growing near a
stream, within the Butterfly Monitoring Scheme transect route
where adults were monitored. The second patch (25 mz) was
located 0.5 km from Torre del Vent (the hilltop site), and was
growing on a road margin with a southern aspect. Throughout
the recording period, 67 samples were taken out of a possible
72, both at Can Liro and Torre del Vent.

Larvae of V. atalanta are very easy to detect due to their
habit of concealing themselves within a fent of nettle leaves
(Tucker, 1997). Each tent found was inspected to determine
the larval instar (1 to 5, according to cephalic size). Final-instar
larvae sometimes pupate within a conspicuous shelter formed
from several nettle leaves spun together with silk but they
usually pupate at ground level or even outside the patch. Pupae
were seldom found in Can Liro and only very rarely in Torre
del Vent, where the overall nettle density was low. On the
other hand, eggs are laid on the upper surface of the leaves and
are readily located by their bright green colour. They can be
mistaken for those of the comma butterfly Polygonia c-album
but V. atalanta lays the eggs preferentially on the middle of the
leaf while P. c-album lays on the leaf edge. Though egg-laying
by P. c-album was recorded occasionally in the nettle patch at
Can Liro, it is considered that almost all the eggs found
(>99%) belonged to V. atalanta.

For each sample, a value representing the mean stage of
immatures was calculated according the scale: O=egg, 1-
S=larval instars, 6=pupa. Development of immatures
during the autumn and winter period was investigated.
Daily temperatures were recorded 100m from the nettle
patch in Can Liro and in a nearby site (El Cortalet) 5km
from Torre del Vent. Because sample size varied among
samples (due to mortality and predation on any instar,
additional egg-laying, dispersal of full-grown larvae, etc.)
and some, but not all, individuals were counted repeatedly
throughout their development, it was not possible to
undertake a formal statistical analysis between values of
mean stage of immatures and temperatures. Instead, the
parameters were compared graphically using data from
October 1997 to March 1998 (a period with no missing
counts), when the number of immatures entering winter was
exceptionally high.

Degree-day accumulation (Arnold, 1959) was calculated
from daily maximum and minimum temperatures recorded at
several sites, using the double triangle method (Sevacherian
etal., 1977). The lower and higher thresholds of development
were set at 8.3 and 32 °C respectively, following the estimates
provided by Bryant eral. (1997). According to these authors,
396.5 degree-days are required to complete development from
first-instar larva to adult. Calculations were performed with the
Degree-Day Utility software (UC IPM, 1990).

©2001 Blackwell Science Ltd, Ecological Entomology, 26, 525-536
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Fig.2. Seasonal abundance of Vanessa atalanta as recorded by
weekly transect counts made at (a) a hilltop at Torre del Vent
(1997-1999) (n=1027) and (b) Can Liro (1995-1999) (n=216).
Data were pooled across all years and for each of three consecutive
weeks starting on 1 March.

Assessment of breeding habitat quality

Overall nettle patch quality was assessed once a month. The
patch was classified according to two different scales: plant
density and foliage quality (cf. Pullin, 1987). Nettle density
was scaled from 1 (low) to 3 (high). Foliage quality was scaled
from O to 4: O=senescent plants, 1=flowering plants,
2=mature plants prior to flowering, 3 =regrowth plants,
4 =vigorous plants with young leaves. The two measures were
multiplied to produce an index of patch availability, ranging
from O to 12.

Breeding habitat quality is presented as average values for
the period 1997-1999. There were inter-year variations,
especially due to the heterogeneity of rainfall, but average
values are thought to give a good approximation of the usual
situation at the sites.

Results

Annual pattern of relative abundance

A first peak of adults was seen in March—April (Fig.2).
Subsequently, numbers decreased and remained very low
until a second peak at the end of August—early September.
In Torre del Vent, this second peak was not clearly distinct
and counts increased steadily from the beginning of August.

©2001 Blackwell Science Ltd, Ecological Entomology, 26, 525-536
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N

Fig. 3. Flight direction of 126 Vanessa atalanta recorded at Can
Liro between 30 September and 9 November in 1997-1999.
Observations were grouped with a class interval of 5°. The arrow
indicates the mean angle of the sample; its length is proportional to
the data concentration.

The strongest increase, however, was in autumn. Thus,
October and November counts represented 50 and 43% of
the butterflies seen in a whole year at Can Liro and Torre
del Vent respectively. Although some butterflies were
recorded throughout the winter, numbers remained low or
very low from December to February.

Counts at Can Liro and Torre del Vent were highly
correlated (triad counts: r,=0.532, n=17, P<0.05).
Moreover, the seasonal pattern of abundance was consistent
between years in Torre del Vent (1997-1998: r,=0.836,
n=17, P<0.001; 1997-1999: r;=0.908, n=17, P<0.001;
1998-1999: r,=0.676, n=17, P<0.01).

The autumn migration

In lowland Mediterranean areas, populations increase
strikingly in October and early November (Fig.2), with the
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Fig.4. Wing-wear condition of hilltopping male Vanessa atalanta
recorded at Torre del Vent in 1998-1999 (n=368), according to an
arbitrary scale ranging from 1 to 4 (1=perfect, 2=fine, 3=poor,
4=well worn). Data were grouped in five phenological categories
(see text for more details).

mass arrival of autumn migrants from central and northern
Europe (see also Benvenuti eral., 1994) (Table 2, Fig. 3).

The bulk of migration was between 4 and 17 October
(70.2% of the records; Table?2). A very similar pattern was
observed in 1997 and 1998, while in 1999 migrants arrived
slightly later in the season (1997-1998: x>=0 with Yates
correction, d.f.=1, P=NS, based on distribution of records in
triads of weeks; 1997-1999: X2= 10.86, d.f.=2, P<0.01;
1998-1999: %*>=5.63, d.f.=2, P=NS).

Pooled data showed a global SSW direction (Fig. 3), with a
mean angle a=216.8°, and circular uniformity was rejected
strongly (Rayleigh’s test: z=53.71, n=126, P<0.001).

Age population structure gives further evidence that the
autumn peak was composed mainly of migrants (Fig.4).
Although there was a noticeable contribution from newly
emerged males, most of the butterflies were mid- or old-aged.
The average value was 2.41 (n=126) and 45% of the males fell
into wing-wear class 3.

Overwintering

Autumn migrants commenced reproduction soon after they
arrived. Hilltopping activity reached its maximum during the
last 2 weeks of October (Fig.2) while the maximum frequency
of egg-laying occurred during late October and early
November (Fig. 5).

At Torre del Vent, a coastal site, larval development
continued throughout winter, albeit slowly, as shown by the
increase in mean stage of immatures from November to March
in all three winters. At Can Liro, an inland site, larval growth
almost stopped in December and January (Fig.6). This
difference accords with the difference in winter temperatures
(December and January mean temperatures in 1997/98:
XTorre del vent=9.54+£2.29°C, Xcan Liro=0.21£2.53°C),
allowing larval growth at Torre del Vent but not at Can Liro.

Overwintering of adults occurred at both sites, though in low
numbers (Fig. 2). Nearly all males seen at Torre del Vent from
December to February were very worn and were probably up
to 34 months old (Fig.4). Mean wing-wear value was 3.13
(n=47), and only one newly emerged male (class 1) was

recorded. Although adults were sighted in Can Liro in all
winter months, densities were extremely low.

The early spring emergence

The first annual generation of adults emerged by late
March—April, the peak of abundance occurring slightly earlier
at Torre del Vent (Fig.2). This is expected, given the faster
development of larvae and pupae at Torre del Vent (Fig. 6).
The spring emergence was confirmed at Catalan Butterfly
Monitoring Scheme sites (Fig. 7a,c).

Accumulation of degree-days for larval and pupal develop-
ment during autumn, winter, and early spring was compared
with field data. Calculations were made starting on both
15 October and 1 November (Table 3): in most years, eggs laid
by the earliest autumn migrants should hatch around 15 October
and those laid by the majority of migrants should hatch around
1 November. In general, there was close agreement between
expected curves and development of immatures as recorded in
the field (Fig. 6) and between predicted dates of emergence and
transect counts. At Torre del Vent, the timing of predicted and
observed highest counts (expressed as Catalan Butterfly
Monitoring Scheme weeks) was 3/3 in 1996/97, 1/4 in 1997/
98 (but week 2 was missed), 4/4 in 1998/99. Peak emergences
could not be deduced easily from transect data at Can Liro
because densities were lower. Even so, there was broad
agreement between predictions and field data.

The spring generation consisted predominantly of young
butterflies. The average wing-wear value was 1.83 (n=_89) and
there was a majority of males falling into class 1 (Fig.4). A
few very worn males (probably overwintered) were recorded in
March.

The late spring and early summer migrations

Numbers declined rapidly in late spring at lowland
Mediterranean sites (Figs 2 and 7a,c). This decrease coincided
with an increase at nearby sites located at middle and high
elevations (Fig.7b). Thus, pooled data from lowland and
highland sites were correlated negatively, albeit not signifi-
cantly (r,=-0.468, n=10, P=NS). Predicted accumulation of
degree-days (Table3) showed that the build-up in numbers
occurring at highland transects from March to mid June
(Fig. 7b) could not be a consequence of local breeding. Even at
the lowest, warmest of the mountain transects, temperatures
from November to March were usually well below the lower
threshold for development, and earliest and peak emergences
were predicted to occur during the last 2weeks of May
(Table 3).

The scarcity of butterflies in June—July was also a feature at
Torre del Vent (Fig.2a) and the other Mediterranean lowland
transects of the Catalan Butterfly Monitoring Scheme (Fig. 7c).
The few males recorded at the hilltop were usually newly
emerged, as shown by a low average wing-wear value of 1.53
(n=17).

The very low number of immatures that was found soon
after the emergence of the early spring generation indicates
that most butterflies left the monitored sites without breeding
(Fig. 5).

©2001 Blackwell Science Ltd, Ecological Entomology, 26, 525-536
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Fig.5. Seasonal abundance of immatures of Vanessa atalanta in standardised 30-min counts made every 2 weeks in two Urtica dioica patches at
(a) Torre del Vent and (b) Can Liro. The percentage of eggs and first-instar larvae in each sample provides an indication of the timing of major

egg-laying activity. *Missing counts.

Mountain breeding and late summer migration

Maximum population levels at middle and high elevations
were reached by mid July (Fig.7b). The summer peak of
abundance occurred =2 months after a first peak was recorded
by mid May and is assumed to be the result of local breeding.
At El Puig, for example, a site where V. atalanta was
especially abundant, predicted times of emergence for larvae

©2001 Blackwell Science Ltd, Ecological Entomology, 26, 525-536

hatching on 10 May (first day of week 11 in the Catalan
Butterfly Monitoring Scheme) were 22 July in 1997, 16 July in
1998, and 11 July in 1999.

Population levels decreased in early August, and by the end
of August and the whole of September V. atalanta was
scarcely recorded at highland transects (Fig. 7b). Conversely,
numbers increased at lowland sites during the last 2 weeks of
August (Figs2 and 7a,c) even though immatures on nettle
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Table 2. Seasonal distribution of 161 Vanessa atalanta recorded at Can Liro during the autumn migration (1997-1999). Triads of weeks and
corresponding weeks in the Catalan Butterfly Monitoring Scheme are given to allow comparison with the patterns shown in Figs2 and 7.

6-26 September

27 September—17 October

18 October—7 November 8-28 November

Triad 10 11 12 13

BMS week 28 29 30 31 32 33 34 35 36 37 38 39 Total
1997 0 0 0 9 42 13 8 12 7 0 0 0 91
1998 0 0 0 4 3 22 8 3 2 0 0 0 42
1999 0 0 0 0 5 15 3 2 0 3 0 0 28
Total 0 0 0 13 50 50 19 17 9 3 0 0 161

Table 3. Predicted dates of first adult emergences (accumulation of degree-days starting on 15 October) and peak emergences (starting on
1 November) in 1997-1999 at Torre del Vent and Can Liro sites where immatures were monitored, and at two middle/high elevation transect

routes in the Montseny area (see text for more details).

1996/97 1997/98 1998/99
Altitude (m) First Peak First Peak First Peak
Torre del Vent 60 13 January 16 March 12 January 4 March 20 February 22 March
Can Liro 310 3 April 23 April 3 April 27 April 20 April 5 May
Santa Susanna 750 15 May 22 May 21 May 31 May 23 May 30 May
El Puig 1000 13 June 19 June 21 June 26 June 19 June 25 June

patches were extremely rare during July and early August
(Fig.5). These patterns resulted in a very high correlation
between lowland Mediterranean transect counts in the
Montseny area and elsewhere (r,=0.867, n=10, P=0.001;
Fig.7a,c), and a strong opposite pattern of abundance with
respect to highland Montseny sites (r,=-0.675, n=10,
P <0.05; Fig. 7b,c).

Wing-wear condition in late August—early September was
quite heterogeneous (Fig.4). Old males falling into class 3
were predominant but young individuals were also well
represented in the samples because small-scale breeding in
late summer occurred in most seasons (Fig.5). The total
number of immatures increased slightly during this period and
eggs and first-instar larvae accounted for high percentages
before they developed further into a third generation of
butterflies by late October—early November (see also Fig.4).

Changes in breeding habitat quality

The highest nettle quality occurred in autumn and winter
(Fig.8). There were some differences between seasons and
sites, mainly due to variability in rainfall (e.g. quality was
comparatively low in winter 1998 due to drought in the
previous year) and differences in temperature regimes (e.g. at
Can Liro, nettles were affected negatively by low temperatures
during the coldest months).

Mean temperature (°C)
Mean stage of development
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Fig.6. Mean stage of immatures (0=egg, 1-5=larval instars,
6=pupa) recorded in 2-week samples between October 1997 and
April 1998 at (a) Torre del Vent and (b) Can Liro. The mean
temperature recorded during each sample interval is also shown.
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Fig.7. March-September abundance of Vanessa atalanta as
recorded by weekly transect counts made at (a) three Mediterranean
lowland sites in the Montseny area (n=315 individuals), (b) four
middle/high mountain sites in the Montseny area (n=350), and
(c) 21 Mediterranean lowland sites throughout Catalonia (n=511).
Data were obtained from 1988 to 1999 but available years varied by
site.
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Patch quality decreased during the spring and reached its
lowest values shortly before the summer, however differences
in phenology were found between sites. At Torre del Vent, the
flowering period was usually in March and patch quality
decreased steadily after February until June (Fig. 8a). At Can
Liro, patch quality remained high until April, just prior to
flowering, but fell to very low levels in May and June (Fig. 8b).
This sharp decrease was caused partly by high densities of
Pleuroptya ruralis Scop. (Lepidoptera: Pyralidae), a nettle
specialist moth whose larvae live inside shelters constructed by
rolling whole leaves (e.g. Davis, 1991). At Can Liro, this moth
was double-brooded (old larvae were found in April-May and
again in August—September) and was recorded abundantly in
each season (especially the first generation).

Patch quality began to increase during the summer and was
high at the beginning of October. Thus, in early autumn, there
was the highest seasonal availability, with respect to both plant
density and foliage quality (Fig. 8).

Discussion
The work reported here shows that the Catalonia lowlands, and

probably the Mediterranean region as a whole, is an area to
which adult V. atalanta migrate in order to breed in winter. It is
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Fig. 8. Seasonal nettle patch quality recorded at (a) Torre del Vent
and (b) Can Liro. Patch availability combines qualitative measures
of plant density and foliage quality and is scaled from O to 12. The
curves show average values for 1997-1999.
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not a region to which the adults retreat simply in order to
hibernate successfully. Although the higher autumn than spring
peak gives the appearance that overwintering breeding may
lead to a decline in population size, this may not be the case:
spring adults apparently emigrated soon after emergence and
individuals may have been present for a shorter period than in
autumn.

As expected, migration (both latitudinal and altitudinal) is
key to understanding the phenology of this butterfly in
southern Europe. Another crucial point is that autumn breeding
and subsequent development of immatures throughout the
winter, produces an early spring generation of adults.

In the Mediterranean region, the most conspicuous event in
V. atalanta phenology is the mass arrival of autumn migrants
from north and central Europe. Depending on the breeding
success and population levels reached at northern latitudes, this
invasion becomes more or less apparent. In 1997, for example,
V. atalanta was particularly abundant in The Netherlands and
the British Isles (van Swaay & Ketelaar, 2000) and autumn
transect counts at two Catalan Butterfly Monitoring Scheme
sites also yielded the highest values ever recorded.

As shown here, migrants start to arrive by late September
and early October, and the bulk of migration is recorded by
mid October (see also Lack & Lack, 1951). The last migrants
are usually seen in early November. This temporal pattern is
almost identical to that found by Benvenuti etal. (1994) in
central-northern Italy (42-44°N), at a similar latitude to
Catalonia.

Pooled data for autumn migrants showed a mean flight
direction of 216°, i.e. towards SSW. This direction differs from
the predominantly SSE direction found by Benvenuti eral.
(1994) for central-northern Italy (but see also Benvenuti ez al.,
1996). In both cases, however, the preferred direction matched
the orientation of the coastline closely, minimising the risk of
flying into the open sea, an explanation suggested by Spieth
and Kaschuba-Holtgrave (1996) for Pieris brassicae.

Regular monitoring, together with circumstantial observa-
tions, suggests that most of the butterflies produced in source
areas of northern and central Europe, emigrate to the
Mediterranean region in autumn (Pollard & Greatorex-
Davies, 1998). Although there are records of overwintering
adults at northern latitudes (e.g. Archer-Lock, 1989; Emmet &
Heath, 1990), it is generally assumed that overwintering is rare
and has a negligible effect on numbers in the following season
(Pollard & Greatorex-Davies, 1998).

In Catalonia, the arrival of migrants coincided with a period
of intensive breeding, and both hilltopping activity and egg-
laying increased greatly in October and early November. Adult
activity was also recorded regularly in winter months but
numbers decreased progressively and only a few, very worn
individuals were seen at the end of this period.

This phenological model differs from that in closely related
species and may explain why some ecophysiological responses
in V. atalanta did not fit well to the predictions raised by
Bryant etral. (1997). Aglais urticae, Inachis io, and Polygonia
c-album all overwinter as adults and breed in spring (Emmet &
Heath, 1990; C. Stefanescu, pers. obs.). In contrast, adults of V.
atalanta did not cease their activity completely in winter.

Immatures that hatched from eggs laid in autumn did not
enter into a true diapause. Instead, slow growth is still possible
whenever temperatures remain above the developmental
threshold. In other words, immatures of V. atalanta remain
active throughout most of the winter, with occasional
quiescence and growth retardation (Mansingh, 1971; Leather
etal., 1993).

Bryant etal. (1997) estimated the developmental threshold
in V. atalanta at = 8.3 °C though this varied according to instar.
Bryant eral. (2000) found that larvae of V. atalanta do not
bask and their body temperature depends largely on ambient
temperature. In contrast, the gregarious basking larvae of 1. io
and A. urticae achieve body temperatures 20 °C above ambient
temperature when direct sunlight is available.

There is close agreement between development threshold
estimates and field observations (Fig.6). At Can Liro, larval
growth was arrested completely between December 1997 and
January 1998, when the mean recorded temperature was
6.21 °C, but growth continued during the same period at Torre
del Vent, where the comparable temperature was 9.54 °C. The
same pattern was found in the following two winters and, on
the basis of recorded temperatures, should have occurred in
most recent years (Table 1).

Using weather data for the period 1997-1999 from Torre del
Vent and Can Liro, it was found that eggs hatching by late
October and early November are predicted to produce adults
between 4 and 22 March and 23 April and 5 May respectively.
These predictions were confirmed by field data gathered from
transect counts of adults (Fig. 2).

Though spring emergence is observed at many lowland
Mediterranean sites (Fig.7c), most of these butterflies leave
their natal patches without breeding. This conclusion is
reached from two lines of evidence. First, the age population
structure was highly biased towards young individuals.
Secondly, in 3 consecutive years, early immatures were
scarcely recorded in April-May, following emergence of the
first generation of adults.

Both latitudinal and altitudinal migration are likely to
account for the disappearance of spring butterflies. Northward
migration in March—June has been known to occur at northern
latitudes for nearly a century (e.g. Williams, 1930, 1951, 1958;
Grant, 1936; Roer, 1961) but is seen rarely in the
Mediterranean region (but see Benvenuti etal., 1994). The
recolonisation of central and northern Europe that occurs every
season implies that at least part of the population over-
wintering in the Mediterranean region migrates to the north in
spring. Data presented here indicate strongly that the offspring
of autumn migrants are involved in this northward migration,
and give no support to the hypothesis that recolonisation is a
result of wintering adults returning to their original breeding
grounds (Benvenuti etal., 1994).

This study also gives some evidence of altitudinal
migration in V. atalanta. Intensive monitoring at several
sites in the Montseny mountain seemed to indicate that
butterflies emerging at low sites in early spring moved
uphill to breed at mid and high elevations (Fig.7a,b).
Accumulation of degree-days at the lowest and warmest
mountain site from 15 October predicted first emergences
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of adults between 15 and 31 May in 1997-1999. Adults
recorded at this and higher, colder sites before these dates
must have come from the lowlands. Additional evidence
comes from circumstantial observations of nettle patches in
winter. Due to the low temperatures, nettle leaves were
killed and became totally unavailable to young larvae until
April or May (C. Stefanescu, pers. obs.), as happens in
most of central and northern Europe.

Pooled data from several years and transect routes at mid
and high elevations showed that a distinct peak of abundance
occurred by mid July, =2 months after the arrival of the bulk of
lowland migrants. This increase in population levels was the
result of local breeding and the emergence of the second
generation of adults in the same season. Predictions of
developmental time from first-instar larva to adult coincided
fully with the pattern actually recorded.

Likewise, by the end of summer, this second generation of
adults can be assumed to have moved downhill to breed again
at lowland sites (Fig.5). A further third generation thus occurs
in October, resulting in a mixing of individuals of different
ages when autumn migrants start to arrive (Fig.4).
Alternatively, the increase in population levels in the lowlands
by late August may be the result of migrants arriving from
south or central France, although this seems unlikely
considering the lack of observations of southward flights
before October (Table 2).

The pattern found in the Montseny mountain can almost
certainly be generalised to most of Catalonia and perhaps to
many other mountainous Mediterranean areas. An increase in
abundance by late August (unexplained by local breeding)
seems to be a common feature at lowland sites in the Catalan
Butterfly Monitoring Scheme (Fig. 7c). Though detailed data
such as those presented here are not available from other areas,
Larsen (1976) suggested that, in the south-eastern
Mediterranean, V. atalanta may only breed during the winter
at lowland sites and from May onwards is mostly found
breeding in the mountains.

The complex phenology of V. atalanta in the Mediterranean
region, involving altitudinal and latitudinal migration, has
certainly evolved as a strategy to track larval resources through
space and time. Thus, the arrival of migrants in the autumn,
with subsequent breeding and larval development in winter,
coincides with the major availability (both in quality and
abundance) of the main host plant, U. dioica. The decrease in
food quality (Fig. 8) occurring just after the emergence of the
first generation of butterflies might have imposed a very strong
selective pressure for migration in late spring and early
summer. Thus the pressures involved may be departure from a
declining resource, movement towards an improving resource,
and movement to and from areas where successful over-
wintering is possible.

Poleward migration in spring has been reported for many
insects in temperate regions, including V. atalanta, and is
considered to be an adaptive strategy allowing the colonisation
of increasingly favourable areas (e.g. Williams, 1958; Johnson,
1995; Pedgley etal., 1995; Dingle, 1996; and references cited
therein). On the other hand, altitudinal migration is a less well-
known phenomenon, though there is circumstantial evidence
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for many highly mobile butterflies (e.g. Larsen, 1975; Shapiro,
1975, 1980) and, more recently, it has been described in great
detail in a fairly sedentary species (Peterson, 1997). With the
available data, however, it is not possible to know whether
both types of migration in V. atalanta could be the result of the
maintenance of genetic variation (some kind of dichotomy) in
a presumably panmictic population. This seems unlikely and
poses an interesting problem that deserves further investigation
and would require an experimental approach to be addressed
fully.

The phenological pattern described here for the
Mediterranean region should help in understanding several
aspects of the ecology of V. atalanta, for example those related
to changes in abundance in its northern margin of distribution
(Pollard & Greatorex-Davies, 1998). Data from several butterfly
monitoring schemes are now available (Pollard & Yates, 1993;
van Swaay et al., 1997; Stefanescu, 2000) and the integration of
all this information will help in understanding the population
dynamics of this and other common migrants (see Pollard et al.,
1998, for an integrated study of Cynthia cardui). These
widespread and highly mobile butterflies are important in
assessing future changes in phenological and migratory patterns
in response to global climate change (cf. Bryant eral., 1997).

Acknowledgements

Thanks are due to all the recorders of the Catalan Butterfly
Monitoring Scheme. Technical assistance was provided by
Jests Avilla, Jordi Jubany, Ferran Paramo and Jordi Viader,
and Marta Miralles assisted me in many ways.
Meteorological data were kindly provided by the staff of
the Aiguamolls de I’Emporda Natural Park and Montseny
Natural Park. Emma O’Dowd kindly revised the English
version of the manuscript. David Gutiérrez, Torben Larsen,
Marko Nieminen, Chris van Swaay and, especially, Ernie
Pollard and Chris Thomas made helpful comments on an
earlier version of this paper. The Butterfly Monitoring
Scheme in Catalonia is funded by the Departament de Medi
Ambient de la Generalitat de Catalunya. The Diputacié de
Barcelona, Patronat Metropolita Parc de Collserola and
Museu de Granollers de Ciencies Naturals have also given
financial support to this project.

References

Archer-Lock, A. (1989) Butterflies in winter. Entomologist’s Record
and Journal of Variation, 101, 117-120.

Arnold, C.Y. (1959) The determination and significance of the base
temperature in a linear heat unit system. Proceedings of the
American Society of Horticultural Science, 74, 430-435.

Baker, R.R. (1984) The dilemma: when and how to go or stay. The
Biology of Butterflies (ed. by R. I. Vane-Wright and P. R. Ackery),
pp. 279-296. Academic Press, London.

Benvenuti, S., Dall’ Antonia, P. & loale, P. (1994) Migration pattern of
the red admiral, Vanessa atalanta L. (Lepidoptera, Nymphalidae),
in Italy. Bollettino di Zoologia, 61, 343-351.

Benvenuti, S., Dall’Antonia, P. & Ioale, P. (1996) Directional



536 Constanti Stefanescu

preference in the autumn migration of the red admiral (Vanessa
atalanta). Ethology, 102, 177-186.

Bitzer, R.J. & Shaw, K.C. (1995) Territorial behavior of the red
admiral, Vanessa atalanta (Lepidoptera, Nymphalidae). I. The role
of climatic factors and early interaction frequency on territorial start
time. Journal of Insect Behavior, 8, 47-66.

Brower, L.P. (1996) Monarch butterfly orientation: missing pieces of a
magnificent puzzle. Journal of Experimental Biology, 199, 93—103.

Brown, W.D. & Alcock, J. (1991) Hilltopping by the red admiral
butterfly: mate searching alongside congeners. Journal of Research
on the Lepidoptera, 29, 1-10.

Bryant, S.R., Thomas, C.D. & Bale, J.S. (1997) Nettle-feeding
nymphalid butterflies: temperature, development and distribution.
Ecological Entomology, 22, 390-398.

Bryant, S.R., Thomas, C.D. & Bale, J.S. (2000) Thermal ecology of
gregarious and solitary nettle-feeding nymphalid butterfly larvae.
Oecologia, 122, 1-10.

Davis, B.N.K. (1991) Insects on Nettles. Naturalists’ Handbooks 1.
Richmond Publishing, Slough, U.K.

Diggle, P.J. (1990) Time Series, a Biostatistical Introduction.
Clarendon Press, Oxford.

Dingle, H. (1996) Migration. The Biology of Life on the Move. Oxford
University Press, Oxford.

Emmet, A.M. & Heath, J. (eds) (1990) The Butterflies of Great Britain
and Ireland 7 (1). Harley Books, Colchester, U.K.

Grant, K.J. (1936) The collection and analysis of records of migrating
insects, British Isles, 1931-1935. Entomologist, 69, 125-131.

Johnson, S.J. (1995) Insect migration in North America: synoptic-scale
transport in a highly seasonal environment. Insect Migration.
Tracking Resources through Space and Time (ed. by V. A. Drake
and A. G. Gatehouse), pp. 31-66. Cambridge University Press,
Cambridge.

Lack, D. & Lack, E. (1951) Migration of insects and birds through a
Pyrenean pass. Journal of Animal Ecology, 20, 63-67.

Larsen, T.B. (1975) Provisional notes on migrant butterflies in
Lebanon. Aralanta, 6, 62-74.

Larsen, T.B. (1976) The importance of migration to the butterfly
faunas of Lebanon, East Jordan, and Egypt (Lepidoptera,
Rhopalocera). Notulae Entomologicae, 56, 73-83.

Leather, S.R., Walters, K.F.A. & Bale, J.S. (1993) The Ecology of
Insect Overwintering. Cambridge University Press, Cambridge.
Malcolm, S.B., Cockrell, B.J. & Brower, L.P. (1993) Spring
recolonization of eastern North America by the monarch butterfly:
successive brood or single sweep migration? Biology and
Conservation of the Monarch Butterfly (ed. by S. B. Malcolm and
M. P. Zalucki), pp. 253-268. Los Angeles County Natural History

Museum, Science Series, no. 38, Los Angeles, California.

Mansingh, A. (1971) Physiological classification of dormancies in
insects. Canadian Entomologist, 103, 983-1009.

Pedgley, D.E., Reynolds, D.R. & Tatchell, G.M. (1995) Long-range
insect migration in relation to climate and weather: Africa and
Europe. Insect Migration. Tracking Resources through Space and
Time (ed. by V. A. Drake and A. G. Gatehouse), pp. 3-29.
Cambridge University Press, Cambridge.

Peterson, M.A. (1997) Host plant phenology and butterfly dispersal:
causes and consequences of uphill movement. Ecology, 78,
167-180.

Pollard, E. (1977) A method for assessing changes in the abundance of
butterflies. Biological Conservation, 12, 115-134.

Pollard, E. & Greatorex-Davies, J.N. (1998) Increased abundance of
the red admiral butterfly Vanessa atalanta in Britain: the roles of
immigration, overwintering and breeding within the country.
Ecology Letters, 1, 77-81.

Pollard, E., van Swaay, C.A.M., Stefanescu, C., Lundsten, K.E., Maes,
D. & Greatorex-Davies, J.N. (1998) Migration of the painted lady
butterfly Cynthia cardui in Europe: evidence from monitoring.
Diversity and Distributions, 4, 243-253.

Pollard, E. & Yates, T. (1993) Monitoring Butterflies for Ecology and
Conservation. Chapman & Hall, London.

Pullin, A.S. (1987) Changes in leaf quality following clipping and
regrowth of Urtica dioica, and consequences for a specialist insect
herbivore, Aglais urticae. Oikos, 49, 39-45.

Riley, J.R., Cheng, X.-N., Zhang, X.-X., Reynolds, D.R., Xu, G.-M.,
Smith, A.D. etal. (1991) The long-distance migration of
Nilaparvata lugens (Stal) (Delphacidae) in China: radar observa-
tions of mass return flight in the autumn. Ecological Entomology,
16, 471-489.

Roer, H. (1961) Zur Kenntnis der Populationsdynamik und des
Migrationverhaltens von Vanessa atalanta L. in Paldarktischen
Raum. Beitrage zur Entomologie, 11, 594-613.

Sevacherian, V., Stern, V.M. & Mueller, A.J. (1977) Heat
accumulation for timing Lygus control measures in a safflower—
cotton complex. Journal of Environmental Entomology, 70,
399-401.

Shapiro, A.M. (1975) Why do California tortoiseshells migrate?
Journal of Research on the Lepidoptera, 14, 93-97.

Shapiro, A.M. (1980) Mediterranean climate and butterfly migra-
tion: an overview of the California fauna. Atalanta, 11,
181-188.

Shields, O. (1967) Hilltopping. Journal of Research on the
Lepidoptera, 6, 69-178.

Showers, W.B. (1997) Migratory ecology of the black cutworm.
Annual Review of Entomology, 42, 393-425.

Shreeve, T.G. (1992) Monitoring butterfly movements. The Ecology of
Butterflies in Britain (ed. by R. L. H. Dennis), pp. 120-138. Oxford
University Press, Oxford.

Spieth, H.R. & Kaschuba-Holtgrave, A. (1996) A new experimental
approach to investigate migration in Pieris brassicae L. Ecological
Entomology, 21, 289-294.

Stefanescu, C. (2000) El Butterfly Monitoring Scheme en Catalunya:
los primeros cinco afos. Treballs de la Societat Catalana de
Lepidopterologia, 15, 5-48.

van Swaay, C.A.M. & Ketelaar, R. (2000) Dagvlinders en libellen
onder de meetlat: jaarverslag 1999. Rapport VS2000.06, De
Vlinderstichting, Wageningen, The Netherlands.

van Swaay, C.A.M., Maes, D. & Plate, C. (1997) Monitoring butterflies
in the Netherlands and Flanders: the first results. Journal of Insect
Conservation, 1, 81-87.

Tolman, T. & Lewington, R. (1997) Butterflies of Britain and Europe.
Harper Collins, London.

Tucker, M. (1997) The Red Admiral Butterfly. British Butterfly
Conservation Society, Dedham, U.K.

UC IPM (1990) DDU. Degree-Day Utility User’s Guide, Version 2.0.
UC IPM Publication 9. Division of Agriculture and Natural
Resources, University of California, Davis, U.S.A.

Williams, C.B. (1930) The Migration of Butterflies. Oliver and Boyd,
Edinburgh.

Williams, C.B. (1951) Seasonal changes in flight direction of migrant
butterflies in the British Isles. Journal of Animal Ecology, 20,
180-190.

Williams, C.B. (1958) Insect Migration. Collins, London.

Zar, JH. (1999) Biostatistical Analysis, 4th edn. Prentice Hall,
Englewood Cliffs, New Jersey.

Accepted 16 November 2000

©2001 Blackwell Science Ltd, Ecological Entomology, 26, 525-536



