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Tracking migratory movement of small animals with variable migration patterns is difficult with standard mark
recapture methods or genetic analysis. We used stable hydrogen isotope (dD) measurements of wings from European
red admirals Vanessa atalanta to study several aspects of this species’ migration. In the central part of southern Europe we
found large differences in dD values between red admirals sampled in autumn and spring supporting the hypothesis that
reproduction takes place in the Mediterranean region during winter. There was also an apparent influx to southern
Europe in the spring of individuals with a more southerly origin, since many samples had higher dD values and similar to
those expected from coastal areas of North Africa. We found a clear seasonal difference in the dD values of red admirals
sampled in northern Europe. Spring migrants arriving in northern Europe generally had high dD values that indicated a
southerly origin. In autumn, dD values suggested that red admirals were mostly from regions close to the sampling sites,
but throughout the sampling period there were always individuals with dD values suggesting non-local origins. The
migration pattern of this species is supposedly highly variable and plastic. dD differences between individuals in the
western part of Europe were generally small making migratory patterns difficult to interpret. However, butterflies from
western Europe were apparently isolated from those from north-eastern Europe, since dD values in the western region
rarely corresponded to those of autumn migrants from the north-east. Use of dD data for inferring butterfly migration in
Europe is complex, but our study showed that this technique can be used to help uncover previously unknown aspects of
red admiral migration.

Understanding the ecology of migrating animals poses a
special challenge to ecologists, due to the long distances
travelled, unknown routes of migration or stopover locations. To better understand the ecology of such animals we
need to follow them throughout their annual cycles in the
different habitats they frequent. It is also important to
understand how different parts of their life histories are
connected by their migratory journeys (Alerstam et al.
2003). Some of the most straightforward approaches to
detect migration routes are to follow animals directly using
exogenous markers such as radio or satellite transmitters
and metal or colour tags (Webster et al. 2002). Endogenous markers such as morphometric, molecular and
biogeochemical markers have also been used especially
for animals too small for exogenous markers or when
re-encounter rates are very low (Hobson 1999, Webster
et al. 2002, Rubenstein and Hobson 2004, Bowen et al.
2005, Hobson and Norris 2008).
For insects, genetic studies can be difficult to use for
identifying migratory patterns since interbreeding often
keeps populations in different geographical regions from
developing discernable genetic differences (Endler 1973).
Stable isotopes of hydrogen, carbon, and nitrogen are
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now widely used to help delineate the origins of migrating animals (reviewed by Hobson and Wassenaar 2008).
Hobson et al. (1999) used geographically predictable
patterns of stable-hydrogen isotopes (dD) in precipitation to infer the origin of migratory monarch butterflies
Danaus plexippus in North America. Further, Dockx et al.
(2002) demonstrated that a previously unknown portion of
the eastern US and Canadian populations of monarchs
wintered in Cuba.
Ratios of naturally occurring stable isotopes often vary in
systematic ways across large geographical areas (Hobson
2003, Bowen et al. 2005). There is almost always some sort
of isotopic discrimination between the food and the
consumer, but this is generally systematic and if the
discrimination function is known, it is possible to estimate
the values for the location where these isotopes were
incorporated (Hobson et al. 1999; but see Wunder 2009).
If metabolically inert tissues are used in isotope analyses,
stable isotopes should reflect the provenance where they
were incorporated into the tissues of the consumer. If
the timing and turn-over rates for a tissue are known, stable
isotopes can be used to infer natal areas or wintering regions
for migrating animals (Hobson 1999, 2003, Hobson et al.

2004). Since chitinous wings of butterflies appears to not be
part of the active metabolism after eclosion of the adults
(Hobson et al. 1999), we decided to sample the wings of red
admirals (and some local reference species) over parts of
their European distribution to try to determine the natal
area of separate individuals. Red admirals are among the
best known European insect migrants with a fairly regular
annual pattern of occurrence (Mikkola 2003b) and should
therefore be a good candidate species for such a study. We
decided to use dD as the geographic distribution of this
isotope compared to other possible candidates is reasonably well known due to its tight relationship with wellestablished spatial precipitation patterns (Bowen et al.
2005).
The red admiral Vanessa atalanta is a widespread
migratory butterfly that can be found in most areas of
North America, Europe, western Asia and North Africa
(Tolman 1997). The species’ annual migration in Europe
has been described based on flight directions taken at several
locations (Williams 1951, Imby 1993, Benvenuti et al.
1996, Steiniger and Eitschberger 1996, Hansen 2001).
Studies of winter ecology have been performed in Spain
(Stefanescu 2001) and Italy (Brattström 2006), while
observations of migration in relation to winds have been
studied in northern Europe (Mikkola 2003a, Brattström
et al. 2008a). Our knowledge about migration routes and
phenology in this species, however, is still very limited.
Most of the European red admirals appear to spend
winter around the Mediterranean Sea (Stefanescu 2001,
Brattström 2006). Hibernation during winter does occur in
the northern parts of Europe, but Pollard and GreatorexDavies (1998) suggested it a less important strategy compared to a southward migration. We know from field
observations of that migration not only occurs in a
dominant direction, i.e. towards the north in spring and
the south in autumn, but also that at the same time small
numbers of individuals are reported flying opposite to the
dominant direction (Williams 1951, Benvenuti et al. 1996,
Stefanescu 2001). It has also been observed that the peak
dates of the annual migration are variable (Hansen 2001,
Brattström et al. 2008a). Much of this variation is likely
caused by differences in environmental conditions experienced during the larval and pupal period. The developmental environment of butterflies has been shown to affect
flight directions of adults in large whites Pieris brassicae
(Spieth et al. 1998). Spieth et al. (1998) also noted that
adult butterflies kept their flight direction during the
whole experimental period (14 d), regardless of the environment they experienced after hatching. This suggests that
the flight direction of the adult butterfly is determined
before eclosion. It is therefore reasonable to suspect that the
migration phenology of red admirals is highly variable and
affected by variation in local environmental conditions.
In this study we were primarily interested in studying
four questions about the red admiral’s migration ecology
that were well suited to investigation using hydrogen
isotope methods: 1) are the red admirals found in southern
Europe during autumn hatched in that region where they
are captured, or are they immigrants from northern areas?
2) Are the red admirals that fly north from the Mediterranean region in spring hibernated individuals or the offspring of autumn migrants? 3) Does the population that

breeds in northern Europe mainly consist of migrants from
the south, or do large numbers of individuals successfully
hibernate at northern latitudes? 4) Are there any distinct
sub-groups of red admirals that utilize different migratory
pathways in Europe?

Materials and methods
Collection of red admiral samples
The red admirals used in this study were collected by the
lead author and a number of voluntary collectors. The
butterflies were euthanized using ethyl acetate and the wings
were removed from the body and stored in glassine
envelopes in a dry, dark place up until the analyses were
conducted. We sampled 259 red admirals from three main
regions of Europe: northern Europe (172 ind.) (southern
Sweden, Denmark, Estonia and Kaliningrad in Russia),
central Mediterranean (58 ind.) (Capri in Italy) and western
Europe (29 ind.) (northern Spain and northern France).
The sample sizes per location and collection period are
given in Table 1. All sample locations are indicated in
Fig. 1. Most samples were from the northern and southern
regions. In order to study differences between generations,
all samples from each region were divided into two groups
depending on date of capture. For the data from northern
Europe we used samples from 1 May until 15 July when
studying spring migration and from the autumn generation
we used samples from 25 August to 16 September. We used
these periods not only because we had a good number of
red admirals from these dates, but also because peak dates
for return migration towards the south reported from
Denmark were within this interval (Hansen 2001). This
makes it reasonable to assume that the majority of the
sampled individuals were captured while migrating.
At Capri, red admirals from the spring generation were
sampled in the second week of May, while individuals from
the autumn generation were sampled in the first week of
October. We also collected a small set of resident species
from Capri in order to evaluate the dD values found in
wings of butterflies from this location. In 2004, we captured
ten wall browns Lasiommata megera and ten southern small
whites Pieris mannii in the second week of September and
the following spring we captured an additional ten wall
browns from the same period as the spring samples from
red admirals. Wall browns hibernate during winter as small
immature larvae (Tolman 1997), and therefore almost all
the plant material contributing to the measured dD values
in the wings of the adult butterflies are consumed in early
spring. The samples from western Europe were of limited
numbers and from different time periods, ranging from 16
April in the spring to 7 November in the autumn. We used
these samples primarily to estimate the range of dD values
encountered in red admirals captured in western Europe
since they were too few to study the regional phenology in
more detail. To compare the seasonal differences in dD
values of butterflies in Spain we classified all samples up
until 15 July each year as individuals emerged during spring
(spring) and those captured after that date as individuals
emerged during late summer and autumn (autumn). From
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Table 1. Geographic position of sample locations, time period of sampling, number of butterflies sampled and mean dD values (with standard error and min/max values) measured in wings of red admirals
Vanessa atalanta, wall browns Lasiommata megera and southern small whites Pieris mannii throughout Europe in 20032006.
Species

Region

Location

Lat

Long

Year

Season

Date

N

dD9SE ()

Vanessa atalanta

North

Ølsted, DEN
Öland, SWE

55.98N
56.28N

12.18E
16.48E

Lund, SWE
Kullaberg, SWE
Sandhammaren, SWE
Rybachy, RUS

55.78N
56.38N
55.48N
55.28N

13.38E
12.58E
14.28E
20.88E

West

Karilatsi, EST
Vilagarcı́a, SPA

58.18N
42.68N

26.58E
8.88W

South

Lassy, FRA
Capri, ITA

48.18N
40.68N

1.98W
14.28E

Lasiommata megera

South

Capri, ITA

40.68N

14.28E

Pieris mannii

South

Capri, ITA

40.68N

14.28E

2004
2003
2005
2005
2003
2004
2004
2004
2004
2005
2005
2004
20042006
2004 and 2006
20032005
2004
2005
2005
2006
2006
2004
2005
2004

Autumn
Spring
Spring
Autumn
Autumn
Autumn
Autumn
Spring
Autumn
Spring
Autumn
Autumn
Spring
Autumn
Autumn
Autumn
Spring
Autumn
Spring
Autumn
Autumn
Spring
Autumn

716 Sep
9 June
13 July
31 Aug6 Sep
57 Sep
5 Sep
9 Sep
24 June3 July
415 Sep
16 June9 July
31 Aug14 Sep
28 Aug
16 Apr22 May
17 July7 Nov
27 July26 Sep
16 Oct
912 May
25 Oct
815 May
27 Oct
910 Sep
1113 May
1013 Sep

10
10
15
15
15
13
15
15
24
11
17
12
7
11
11
10
10
10
14
14
10
10
10

106.292.2
87.192.4
100.594.8
126.092.1
117.593.8
118.295.0
121.592.6
99.492.9
127.592.6
95.994.2
126.493.1
128.393.4
75.393.8
69.694.6
72.694.5
77.195.6
66.294.5
99.992.9
72.093.1
94.193.6
51.392.8
82.292.6
56.393.8

Min

Max

119.7
104.3
145.9
148.4
143.6
116.3
139.3
119.0
158.6
119.9
151.4
140.8
86.9
107.0
96.8
104.4
91.6
116.2
91.3
114.3
64.5
95.2
75.7

95.2
73.8
73.9
117.5
88.1
96.5
105.1
80.0
105.8
77.9
107.3
99.4
56.2
54.1
54.9
53.9
44.8
71.8
44.3
71.8
39.3
70.9
33.8

(VSMOW-SLAP) standard scale. The laboratory error
was estimated to be 93.1 based on a 6-month running average of within-run keratin reference materials
(Wassenaar and Hobson 2006).
Deuterium ratios in precipitation
The dD values found in butterfly wings is ultimately
controlled by the dD value of local precipitation (Hobson
et al. 1999, Brattström et al. 2008b), but isotope
discrimination processes deplete this value when going
from precipitation to the larval food plants. We used
the Online Isotopes in Precipitation Calculator (OIPC)
(/<http://wateriso.eas.purdue.edu/waterisotopes/pages/data_
access/oipc.html/>) to acquire interpolated amount-weighted annual and monthly dD values for the rainwater at
our sampling locations (Fig. 2a). The annual variation of
dD values in precipitation across Europe reveals a fairly
complicated picture because of local topography (e.g. the
Figure 1. Position of sample locations where red admirals Vanessa
atalanta were captured during spring and autumn 20032006.
Locations are: Vilagarcı́a  Spain (SP), Lassy  France (FR), Capri 
Italy (IT), Ølsted  Denmark (DE), Kullaberg  Sweden
(KU), Lund  Sweden (LU), Sandhammaren  Sweden (SA),
Öland  Sweden (ÖL), Rybachy  Russia (RU) and Karilatsi 
Estonia (ES).

France we only received data from individuals captured
during the autumn period.
Stable isotope analysis
We rinsed all wing samples in a chloroform-methanol
solution (2:1) to remove oils that could affect the isotope
assays, and air dried the samples overnight. Samples were
weighed to 0.3690.01 mg in silver capsules. Because
stable-hydrogen isotope analyses of chitinous and keratinous materials are complicated by isotopic exchange
between samples and ambient water vapour (Wassenaar
and Hobson 2000), we used the comparative equilibration
technique so that the values reported here are equivalent to
non-exchangeable hydrogen (Wassenaar and Hobson 2003,
Kelly et al. 2009). We assumed that properties of hydrogen
exchange in chitinous materials were similar to those in
keratinous samples. In short, the process involved simultaneous measurement of wing samples with replicates of three
different keratin standards whose non-exchangeable dD
values were known. Stable-hydrogen isotope measurements
of wings and the keratin standards were performed on H2
derived from high-temperature (13008C) flash pyrolysis
of wings and continuous-flow isotope-ratio mass spectrometry. We used a Eurovector 3000 (Milan, Italy) high
temperature elemental analyzer (EA) to automatically
pyrolyse samples to a single pulse of H2 gas. The resolved
H2 pulse was introduced to the isotope ratio mass spectrometer (Micromass Isoprime with electrostatic analyzer)
via an open-split capillary. All deuterium results are
expressed in the typical delta (dD) notation, in units of
per mil (), and normalised on the Vienna Standard Mean
Ocean Water  Standard Light Antarctic Precipitation

Figure 2. Interpolated dD values from OIPC (the Online Isotopes
in Precipitation Calculator). (a) Mean annual values in Europe
(map based on file downloaded from OIPC), and (b) monthly
average values in precipitation from the different locations used in
this study. The Swedish sample sites are represented by a single
mean value (SW).
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Alps) but the general trend is that dD in precipitation
becomes more negative along a north eastern gradient
(Fig. 2a, see also Hobson 2003). The deuterium values
in precipitation also changes depending on the season
(Fig. 2b). Since red admirals are migratory butterflies, we
can rarely be sure of the hatching location of sampled
individuals. To determine the expected local level of dD in
butterfly wings, we therefore used data from resident
butterfly species collected at Capri in Italy during spring
and autumn as well as peacock butterflies Inachis io
developed in Sweden (Brattström et al. 2008b). For the
samples from Capri we used the OIPC values for the two
months preceding the capture date to cover the time when
the butterflies developed. For the peacocks we used the
interval AprilJune, since this was a period corresponding
to the season when peacock larvae develop in Sweden
(Brattström et al. 2008b). We used a narrower time period
for the Capri material since butterflies in general develop
faster at warmer, more southern locations compared to
the north. We compared measured dD values from
wings of butterflies with known origin against the OIPC
data to determine if we could find a relationship similar
to the one reported for North American monarchs
(Hobson et al. 1999).
Statistical analysis
All samples from the same location and season were
pooled into one group regardless of year as we had no year
for which we had data from all sampling sites. For each
location with several years sampled, we found similar dD
values between years (except autumn 2004 in Italy, see
Discussion). We used a two-way ANOVA to study effects
of season and sample location on the data from northern Europe, after first having tested that year had no
significant result. This was done using a general mixed
model including year as a random factor. For the samples
from Capri, France and Spain we used a t-test to determine if spring and autumn individuals had different
dD values. We also used a t-test to analyse if autumn
individuals from the two local butterfly species at Capri
captured during the autumn season differed in mean dD
values. We used linear regression to analyse if there was a
relationship between measured dD in the butterflies’ wings
and the OIPC values for the months prior to the hatching of the butterflies. In all comparisons, when considering mean values we present them as population mean9
standard error. SPSS 15.01 was used for all statistical calculations except the general mixed model (PROC
MIXED) which was calculated using SAS 9.2.

Results
Results from the analysis of dD are presented as mean,
standard error and range of dD values for all of the sampled
locations and time periods in Table 1.
There was a strong linear relationship (r2 0.87;
pB0.001; Fig. 3) between measured dD values in the
wings of local butterflies from Capri and peacock butterflies
from southern Sweden in relation to the OIPC values for
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Figure 3. Relationship between measured dD values for local
butterflies captured at Capri, Italy and in Sweden (for details see
Brattström et al. 2008b) in relationship to local dD values in
precipitation (derived from OIPC data) during the developmental
time period of the larvae.

their region and season. The equation of the regression line
was (dDWING 1.1 dDPRECIPITATION 41).
The mean dD value in wings of red admirals from Capri
was higher in spring (69.692.6) compared to in
autumn (90.892.8) (t-test, t 5.31, NSpring 24,
NAutumn 34, p B0.001). The local butterfly species
collected at Capri instead showed lower dD values in
spring (82.292.6) than in autumn (53.892.4)
(t-test, t 7.45, NSpring 10, NAutumn 20, p B0.001).
There was no difference between the two species of local
butterflies included in the autumn group (t-test, t 1.07,
NL. megera 10, NP. mannii 10, p 0.299). The dD values
of individual butterflies captured at Capri and the OIPC
curve for mean monthly dD in precipitation at this location
are presented in Fig. 4.

Figure 4. Mean dD values measured in wings of butterflies
captured during spring and autumn at Capri, Italy. The included
species are: two species of local butterflies ('), wall brown
Lasiommata megera and southern small white Pieris mannii and the
migratory red admiral Vanessa atalanta. Red admirals are presented
separately for each year: 2004 (I), 2005 (D) and 2006 (k). The
broken line is the mean monthly dD values in the local
precipitation as calculated by using the OIPC and the solid line
is the mean values of the previous two months dD values (time
period estimated to match the development period of the sampled
butterflies). See text for further explanations.

The two-way ANOVA showed that both location
and season had a significant effect on the mean dD
values measured in red admiral wings in northern Europe
(Table 2). There was no interaction between these
two covariates. Samples from the spring season showed
higher dD values (96.692.0; pooled mean across
all locations) than those from the late summer generation (122.591.2; pooled mean across all locations)
(Fig. 5). A Tukey post-hoc comparison identified two
subsets among the sample locations in late-summer season
that were different from each other (p B0.05; Fig. 5).
Denmark stands out among the locations with the highest
dD values in autumn. Furthermore, we found a general
decrease in dD values along an eastern gradient.
A separate ANOVA analysing samples from the island of
Öland in the Baltic Sea only from three distinctly different
time periods), showed that dD values of red admirals
from 9 June (87.192.4), 13 July (100.594.8)
and 31 Aug6 Sep (126.092.1) were significantly
different depending on sampling period (Table 3). A Tukey
post-hoc comparison showed that all three time periods
were significantly different from each other. Figure 6 shows
the distribution of deuterium values from this subset of
individuals.
There was no significant difference in mean dD values
from red admirals captured in northern Spain during the
first (75.393.8) and second (69.694.6) (t-test,
t 0.88, NSpring 7, NAutumn 11, p0.392) part of
the year. Nor were there any significant differences in mean
dD values between northern Spain (71.893.1; spring
and autumn combined) and France (72.694.5)
(t-test, t 0.16, NSpain 18, NFrance 11, p 0.876).
The mean dD values for the western part of Europe are
presented in Fig. 7.

Discussion
Movement patterns and timing of migration of red admirals across Europe is currently based on inferences from
observational data and hence still relatively unsubstantiated. We found significant differences in dD in wings of red
admirals from different sites in Europe. Even though
the considerable natural variation in dD values can make
predictions about sample origin difficult (Pain et al. 2004,
Langin et al. 2007, Brattström et al. 2008b), especially
when studying migratory animals with multiple generations, our data is the first evidence that can be used
Table 2. Results of the ANOVA test on measured dD values for red
admirals Vanessa atalanta collected at different locations in northern
Europe during spring (1 May15 July) and late summer (25 August
16 September) season. The presented result is the final model
that remains after a non-significant interaction terms have been
removed.
Dependent variable: dD
Variable

S.S.

DF

F

Figure 5. Mean dD values measured in wings of red admirals
captured at seven locations in northern Europe during spring and
autumn migration. Locations are presented in order of their
geographical position along a longitudinal gradient. The values
from spring were significantly different from autumn samples.
There was no significant difference between the mean values with
data from the spring season. Results from a Tukey post-hoc test
show that the significant effect of sample location during autumn
is composed of two subsets.

to answer some fundamental questions about the patterns
and timing of migration for red admirals in Europe.
Relationship between deuterium content of
precipitation and butterfly wings
We found that the dD of butterfly wings from Swedish
peacock butterflies and non migratory butterflies from
Capri were depleted by ca 40 (presumably due to
isotopic discrimination) compared to the estimated local
precipitation during the larval development period, similar
to that of many birds (Hobson and Wassenaar 2008).
Whereas the water-tissue relationship we found for our
samples do not match the results presented by Hobson et al.
(1999) from a study of monarchs raised in a controlled
environment, it should be noted that their study used water
with a deuterium content that occurs outside the range of
dD values naturally occurring in our study region. Another
potentially important factor that has to be taken into
account when interpreting dD values in migratory organisms is the possible impact of seasonal variation of dD
values in precipitation. Studies of moth larvae developing
on leaves of different age classes showed that the fitness of
the adults were highest when the larvae fed on buds and
young leaves compared to older leaves (Virtanen and
Neuvonen 1999). Studies of peacock butterflies in Sweden
Table 3. Results of the ANOVA test on measured dD values for red
admirals Vanessa atalanta collected at three different time periods at
Öland, southern Sweden.
Dependent variable: dD

p
Variable

Sample location
Season
Error
Total

4797.6
22379.8
27907.9
2323809.4

6
1
164
172

4.70
131.51

B0.001
B0.001

Time period
Error
Total

S.S.
10008.2
6408.9
472115.7

DF

F

p

2
37
39

28.89

B0.001
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Figure 6. Measured dD values in wings from red admirals Vanessa
atalanta captured on the island of Öland (southern Sweden) at
three different time periods during summer. The early summer
individuals have isotopic signature matching a southerly origin
while the last group have values matching what would be expected
for hatching close to Öland, or even further north. The mid group
(July) individuals show a very wide range of values, suggesting
that at this time of the year there is a mix of local individuals
hatched and migrants from southerly areas.

found that dD values in wings of adults corresponded better
with the dD values in local precipitation for the months
prior to hatching of the pupae than the annual mean values
(Brattström et al. 2008b). Red admirals are closely related
to peacock butterflies and utilise the same host plants and
are therefore expected to show a similar pattern. If we
only looked at the annual amount-weighted dD values in
precipitation (Fig. 2a) without considering development
time, host plants and their water use when trying to
determine origins of individual butterflies, we would
estimate the origin of our sampled butterflies incorrectly.
Butterflies from a spring sample that have developed during
a period with lower-than-average local precipitation dD
values will be assigned to a region further towards the
northeast. For autumn samples the error will be reversed,
i.e. they will be misplaced further towards the southwest.
Winter ecology of red admirals in the Mediterranean
region
The local butterfly species collected at Capri must have
been hatched during the same season in which they were
collected, and the larvae should mainly have consumed
food-plant material within a time period of a few months
before capture. By assuming that the larval food-plants of
these species contain similar dD values to those being the
food sources for possibly locally hatched red admirals; we
can use these data as an indicator of the expected dD values
for red admirals originating from the same area in Italy at
the same time of year.
The red admirals collected at Capri in autumn showed
lower dD values, different from the autumn brood of local
butterflies, suggesting that the region is re-colonized each
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Figure 7. Mean dD values measured in wings of butterflies
sampled in northern France and northern Spain from 2003 to
2006. The migration periods are divided in spring (before 15
July, filled symbol m) and autumn seasons (after 15 July, open
symbol k).

autumn by individuals arriving from northerly regions. This
is further supported by field studies showing late autumn
migration in a southerly direction in Italy (Benvenuti et al.
1996) and former Yugoslavia (Reichholf 1978). In Spain,
southerly movements are also observed and here it is
coupled with a substantial increase in numbers of observed
individuals in the regional standardized butterfly monitoring programme, further suggesting an annual recolonization
in autumn (Stefanescu 2001).
Red admirals captured during spring at Capri showed
similar dD values as the spring samples of local sedentary
butterflies, but a fraction of the individuals showed slightly
higher values suggesting a more southerly origin. The
minimum dD value was almost identical between local
resident butterflies and red admirals so the Capri spring
populations of red admirals was probably made up of both
locally hatched individuals and others originating from
further south. The individuals with the highest dD values
did not correspond to values that would be expected in
wings from butterflies hatched anywhere in Italy, and they
could therefore possibly be as far south as from the north
coast of Africa, a region known to have populations of red
admirals (Tolman 1997). Examining the profile of the
North African coast and looking for the most southern
location possible (also with a higher winter-time mean dD
value in local precipitation) it is possible that some of the
red admirals were hatched as far south as the coastal regions
of Libya. There is no detailed data on the ecology of red
admirals in the North African part of their distribution
and it would be very interesting to further study their
connectivity with the European population.
Our data suggest that red admirals that spend the winter
in the Mediterranean region do not migrate to this
southerly region just to find suitable conditions for
hibernation, but instead reproduced in the area before the
spring migration the following year. Wintertime reproduction has previously been suggested in Spain where wing
wear index noted during monitoring suggested that a new

generation was appearing in spring (Stefanescu 2001). Also
a previous study from Capri that measured the change in
the range of wing lengths encountered among red admirals
in spring and autumn supported the same hypothesis
(Brattström 2006). The finding that some red admirals in
Europe could well originate as far south as the North
African coast has previously not been reported, but we
know that a closely related species, the painted lady Vanessa
cardui, crosses the Mediterranean Sea when flying from
North Africa each spring on their migration towards
Europe (Stefanescu et al. 2007).
Phenology of red admirals in northern Europe
The samples of red admirals collected in spring in the
northern part of Europe resulted in dD values around
90 which is lower than the mean of the Capri spring
samples. However, the mean dD values were still higher
than expected for locally hatched individuals. The highest
dD values observed in northern Europe overlapped with
those observed at Capri in spring, suggesting that it was
possible that some of the red admirals that arrived in
northern Europe originated from the Mediterranean region.
However, the majority of the butterflies in our study
arriving to northern Europe in spring must have originated
from areas further north or north east of Italy. Some of
these red admirals showed dD values close to the expected
value for locally hatched butterflies, which means that they
were either the offspring of individuals that spent winter in
the area or that they originated from areas well further east
of the study region (Fig. 2a).
The autumn samples of red admirals from northern
Europe were clearly different from those found in spring.
The mean dD values were similar to those found in local
peacock butterflies from Sweden (Brattström et al. 2008b).
However, the range of values from most locations contained
some individuals with dD values corresponding to those
expected to be found in individuals from more southern
areas. We found a general trend towards lower mean dD
values in the sample locations towards the east. Hydrogen
isotope variation in feathers of birds from different locations
in Europe also shows a similar spatial pattern, with a general
decrease in dD values along a southwest to northeast
geographical gradient (Hobson et al. 2004, 2009, Pain
et al. 2004, Newton et al. 2006). The spatial trend in our
data was larger than expected from the OIPC data for the
sampling locations, so there were probably individuals from
areas further north and north-east encountered in Sweden,
Kaliningrad and Estonia. Since we dealt with migrating as
opposed to local butterflies, we have to expect larger
recruitment areas for our samples and this is probably the
reason for the observed mismatch between red admiral dD
values compared to the expected local values from that
region as inferred from the OIPC data.
Even though the general migration in the northern parts
of Europe is reported towards the south during autumn
(Imby 1993, Hansen 2001, Mikkola 2003a) there were
butterflies in our autumn samples with dD values that
suggested a more southerly origin. These individuals could
be on a northward migration despite the late season, and

because of this we found a mixture of individuals with
different migratory origin and directions at the same
location at this time of year. The range of dD values
from Öland in southern Sweden clearly demonstrated this
pattern with only low values in the beginning of summer,
indicating a southerly origin. Later in the season our
samples from this location had a very broad range
suggesting that the collected butterflies were a mix of
southern immigrants and locally hatched individuals. Later
in autumn we only found values corresponding to locally
hatched individuals. Field observations of orientation of red
admirals during migration supported our findings as they
generally reported a main flight direction (north or south
depending on season), but small numbers of individuals
flying towards the opposite direction were always encountered during the same time period (Williams 1951,
Benvenuti et al. 1996, Stefanescu 2001).
Large-scale patterns of migration in Europe inferred
from stable isotope values
We found no differences in dD values for red admirals
between spring and autumn in Spain or between Spain and
France. Since the sample sizes were small and spanned a
longer time period, it was not possible to draw any
conclusions from this. However, since we know that
there is large variation in dD values even within a set of
samples of resident butterfly species from single locations
(Brattström et al. 2008b) and only a limited natural
variation in precipitation dD values in this European region
due to the proximity of the Atlantic Ocean (Hobson 2003,
Rubenstein and Hobson 2004), our isotope values from
western Europe were harder to interpret. At the same time
of the year the difference in monthly precipitation dD
values at these locations differs only ca 1020, despite
the large geographical distance (Fig. 2b). Despite these
limitations, we gained one very important insight into red
admiral migration from these samples. The lowest red
admiral dD value found in this region (107) was much
higher than what would be expected in red admirals
hatched during summer and autumn in the northern
region, especially in the northeast (Kaliningrad) where we
regularly found values lower than 140. The number of
butterfly samples from the western region were small, but
collected over a long period of time (four years), so if
migration movements of red admirals between the northern
and western region of Europe are common, we would
expect to find several individuals in autumn in the western
region with more negative (B110) dD values. In our
study there were no such samples, which suggested that red
admirals originating from north Europe did not reach
France and Spain in autumn, at least not in high numbers.
Red admirals encountered at Capri in autumn had
higher dD values than those found in northern Europe
during the autumn migration, so the majority of red
admirals spending winter at this site likely originated
from areas north of Italy in central Europe or from further
to the west. This pattern could be the effect of a migratory
divide (Alerstam 2001, Alerstam et al. 2003, Åkesson and
Hedenström 2007) breaking up the normal migratory
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direction that is reported to be along a north-south axis. It is
possible that the red admirals reaching the western coast of
Italy and Capri originate mainly from western European
regions because of the location of the Alps in central
Europe, well known to affect the migratory directions of
birds (Liechti and Bruderer 1986, Bruderer and Jenni 1988,
1990, Liechti et al. 1996, Erni et al. 2005). We already
know that features of local topography affects red admirals
in a similar way to migratory birds, channelling their
migration temporarily in directions more or less deviating
from the preferred migratory direction of the season
(Reicholf 1978, Benvenuti et al. 1996, Brattström et al.
2008a). However, since the red admiral dD values we found
corresponded to several areas in different geographic
directions somewhere north of Capri, we cannot be sure
of the origin of the red admirals that arrived there in
autumn. It still seems more likely that they arrive from
westerly directions as visual observations at a coastal
location north of Capri suggest that red admirals avoid
flying over water and therefore follow the coast towards
south east in autumn (Benvenuti et al. 1996). Furthermore,
we know that red admirals on the eastern side of the
Adriatic Sea (west of Italy) also follow the coastline
(Reicholf 1978), so red admirals that pass the Alps on
the eastern side during the autumn migration would be
more likely to be funnelled into the Greek Peninsula rather
than ending up in Italy. In 2004 the dD values found at
Capri in autumn were higher than the other two years,
suggesting annual variations in recruitment areas.
Conclusions
We found general patterns in butterfly dD values among
the red admirals sampled in our study. The spring
population in northern Europe was made up of immigrants arriving from more southern areas. There also
seemed to be several different source areas for the spring
immigrants, since dD values found during summer and
early autumn covered a very broad range of inferred natal
areas. It was also clear that red admirals, at least in the
central Mediterranean region reproduced during winter
and that hibernation, even if it seems to occur at low
frequencies, is not a common strategy in northern Europe.
There was no doubt that north-south migration exists
in Europe, as previous field observations have suggested (Benvenuti et al. 1996, Stefanescu 2001, Mikkola
2003a, b), but our data suggest that the spring migrants
originated not only from the Mediterranean area, but
possibly from areas further to the north or east. Most of
the individuals captured in the western region and at the
island of Capri in Italy, both in spring and autumn
appeared to belong to another migratory population than
those captured in northern Europe. Only the most extreme
butterfly dD values from each season overlapped between
northern Europe and the other areas suggesting that the
western and central southern region of Europe were to
some extent isolated form the northernmost areas. It was
clear that hydrogen isotopes are powerful tools in studies
of migratory butterflies and other migrating insects and
animal migrants in Europe. If used in a multivariate
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approach with other potentially useful isotopes (e.g. d13C,
d15N), field observations, genetic analyses, and other
available methods we may be able to get to a more detailed
understanding of large scale annual movements of red
admirals in Europe that to date have been impossible to
study using standard monitoring techniques.
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