
INTRODUCTION

Dispersal is not usually addressed in field studies on
insect population ecology. In the population dynamic
context, dispersal of females is the decisive factor,
because it is the females that lay the eggs. For our study
species, the geometrid moth Epirrita autumnata

(Borkhausen, 1794), there are many local ecological
studies and studies of population dynamics (e.g.
Kaitaniemi et al., 1999; Tanhuanpää et al., 1999, 2001,
2003; for general reviews, see Haukioja et al., 1988;
Ruohomäki et al., 2000). We attempted to measure the
dispersal of females directly but failed because in
mark-release-recapture studies E. autumnata females are
not efficiently recaptured by light traps. In addition to
their inefficiency the light traps are inconvenient at large
spatial scales, e.g. several kilometres. The number of
marked females in an area has to be remarkably high if
one is to be caught by a remote light trap. Therefore, we
attempted to estimate the dispersal of E. autumnata

females indirectly, using variation in mitochondrial DNA
(mtDNA). Maternal inheritance makes mtDNA a
potentially valuable tool for population studies (see e.g.
Avise, 1994). Analyses of mtDNA have been used in
several studies of the intraspecific genetic relationships
and population structure of insects (e.g. Hale & Singh,
1991; de la Rúa et al., 2000; Mardulyn, 2001; Kankare et
al., 2002).

Fluctuation in population density can sometimes con-
tribute to rapid microevolutionary changes. In insects, the
fluctuations in population density in outbreak populations
can be enormous (see e.g. Berryman, 1987) and have con-

sequences at the molecular level as outbreaks are fol-
lowed by a collapse in population size, leading to a popu-
lation bottleneck and a decline in genetic variability
(Futuyma, 1998). Indeed, E. autumnata has inspired
researchers particularly because it has cyclical population
dynamics. In north-European mountain birch forests the
length of the cycle is a ~9–10 years (Tenow, 1972;
Haukioja et al., 1988). During the low density phase it is
difficult to find one larva on a dozens mountain birches
whereas during some outbreaks, defoliation by millions
of E. autumnata larvae has caused severe damage to
mountain birch forests, even the death of forests over vast
areas (e.g. Tenow, 1972; Kallio & Lehtonen, 1973). In
contrast to the northern populations the density in more
southern populations, e.g. in southern Finland, is rela-
tively stable and without outbreaks (Tenow, 1972; Tan-
huanpää et al., 1999). Therefore, unlike the southern
populations those in the north may experience periodical
bottlenecks. Thus, in addition to spatial scales relevant to
the dispersal of females, we include in this paper an
analysis of mtDNA variation in the northern and southern
populations of E. autumnata.

MATERIAL AND METHODS

Study species

Epirrita autumnata is an abundant polyphagous geometrid
widely distributed in the Holarctic region, including Fen-
noscandia (Finland, Sweden and Norway). In spring the larvae
hatch and feed on the leaves of deciduous trees and shrubs. The
larvae pupate on the ground in the litter and the adults emerge
and fly in autumn.
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Abstract. Analysis of the mitochondrial DNA (mtDNA) control region (CR) was used to examine the dispersal of females of a geo-
metrid moth, Epirrita autumnata, in Fennoscandia. A 542-bp-portion of the CR of 200 individuals from four northern and four
southern localities was sequenced. The mtDNA CR of E. autumnata contains a substantial amount of variation as a total of 108
mtDNA haplotypes were observed. Between the northern and the southern localities (~1100 km), there was a moderate level of
genetic differentiation (FST = 0.128). The amount of variation in the mtDNA CR of E. autumnata was lower in the north than in the
south. The reduction in genetic variability may result from a combination of historical bottlenecks that date back to the post-glacial
recolonization of Fennoscandia and, present-day bottlenecks due to the northern E. autumnata populations experiencing repeated
outbreaks followed by collapse in population size. On a small spatial scale (0.6–19 km), within the northern and southern areas, no
genetic differentiation was detected suggesting ongoing gene flow due to the dispersal of E. autumnata females among the localities.
This finding was contrary to our earlier expectation of poor flying ability of E. autumnata females.
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Samples

A total of 200 individuals of E. autumnata were analysed. All
were collected by hand as larvae from Betula pubescens Ehrh.
between 1998 and 2002 from eight geographically separated
Fennoscandian localities (Table 1). Four of the localities were in
southern and the other four in northern Fennoscandia. The
southern localities in Vahto, coded Va36, Va36l, and Va36e,
were separated by 0.6 to 1.5 km from each other; Masku, M, is
~18 km from the three Vahto localities. The three northern
localities in Hana Norway, Lk, L, and LSB, were separated by
0.9 to 2.3 km from each other. The fourth Norwegian locality,
Boftsa, coded N4, is situated ~19 km from Hana. The distance
between the northern and southern localities was ~1100 km.
After collection, as described earlier (Snäll et al., 2002), the
southern E. autumnata larvae were stored at –20°C, while the
northern larvae were also first stored at –20°C but then kept at
5°C during transportation to Turku, Finland, after which they
were again stored at –20°C.

Molecular techniques

Our previous study (Snäll et al., 2002) indicates that the
mtDNA control region (CR) is likely to contain sufficient varia-
tion for investigating the population structure of E. autumnata.
The entire CR sequence of 16 individuals was determined. This
revealed four mtDNA lineages that differed from each other
with an average sequence divergence of 7.5%, which was
almost 4 times higher than that within the lineages. In the pre-
sent study, the 5’ part of the E. autumnata CR, domain I, which
consists mainly of nonrepetitive sequences, was chosen as a
marker.

DNA was extracted, and a ~1100–1300 bp fragment con-
taining the entire mtDNA CR was amplified as described previ-
ously (Snäll et al., 2002). A manual hot-start with 100 ng of the
template DNA was performed to improve the specificity of the
PCR reaction and to increase the yield. Sixteen individuals
(eight northern and eight southern) from our earlier study (Snäll
et al., 2002) were included in this study and, like those, also 28
new individuals (14 northern and 14 southern) were cloned prior
to sequencing. The remaining 156 individuals were successfully
directly sequenced after purification of the desired PCR frag-
ment from the agarose gel with GFX PCR™ DNA and Gel
Band Purification Kit (Amersham Pharmacia Biotech Inc., Pis-
cataway, N.J.).

The sequencing of the CR clones and PCR products was per-
formed on an automatic ABI PRISM™ 377 DNA Sequencer
using ABI PRISM® BigDye™ and dRhodamine Terminator
Cycle Sequencing Kits (Applied Biosystems, Foster City, CA),
of which the latter chemistry was better for the AT-rich insect
mtDNA CR templates. Both the clones and PCR products were
sequenced in only one direction with their forward PCR primer,
because no reverse sequencing primer could be designed in the
middle of the AT-rich CR. The 28 cloned CR sequences were
determined from one randomly chosen clone per sample.

Data analysis

In the 200 E. autumnata originating from eight Fennoscan-
dian localities, the total length of the CR portion analysed
ranged from 530 to 532 bp covering the 5’ part of the CR up to
the beginning of the AT-array. The sequences were edited using
the Sequencher™ v.3.1.1 program (Gene Codes Corp., Ann
Arbor, MI). Because of the considerable variation in length
(long A- and T-runs) over the region studied, sequences were
aligned visually. Using this method, the final length of the con-
sensus sequence was extended to 542 bp, which hereafter is
referred to as the length of the region analysed.

The population genetic analyses were carried out using the
Arlequin 2.0 software (Schneider et al., 2000), where transitions
are given the weight 2.0. The population genetic structure based
on the haplotype frequencies with 10100 permutations was
inferred by using AMOVA (Excoffier et al., 1992). Population
comparisons included the calculation of FST statistics, the inter-
population component of genetic variation (Slatkin, 1995) and
pairwise differences between populations (Nei & Li, 1979). At
the intra-population level, the number of polymorphic sites (S),
haplotype (H) and nucleotide ( ) diversities (Nei, 1987) and the
mean number of pairwise differences (dx) (Tajima, 1983)
among haplotypes were determined. The presence of historic
population bottlenecks was estimated using Tajima’s D
statistics, the test for selective neutrality (Tajima, 1989). The
differences in mtDNA lineage frequencies between northern and
southern areas were compared using Fisher’s Exact Test for
lineages 2 and 6 (small expected frequencies) and Chi Square
Test for lineages 1, 3, 4, and 5.

RESULTS

CR sequence polymorphisms

There was considerable length variation over the region
studied, mainly resulting from insertions and deletions
(indels) embedded in long homopolymer runs. The
sequences were aligned so that the length-variable A- and
T-runs did not overlap, avoiding transversions and
emphasizing the occurrence of indels, some of which are
evolutionarily informative. In the 200 aligned E. autum-

nata sequences (Appendix), there were 103 variable sites
with two different substitutions at four sites, and a substi-
tution and an indel at two sites. Altogether 87 nucleotide
substitutions and 22 indels were found and of these 109
different variants, 46 were unique. The transition / trans-
version ratio was 2.0 : 1.0. Epirrita autumnata from the
south were more polymorphic than those from the north,
having an average of 62.5 polymorphic sites compared to
32.0 (Table 2). The mean number of pairwise differences
among localities was 1.6 times higher in the south than in
the north. The mean nucleotide diversity value in the
north was 0.0245 (±0.0127) and in the south 0.0385
(±0.0196).
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* three individuals were reared in the laboratory to adulthood
before storage at –20°C.

May 2000 2560°23’N, 22°07’EM    Masku

May 20022560°39’N, 22°21’EVa36e    Vahto

May 20022560°40’N, 22°20’EVa36l    Vahto

May 2000
May 1998*

2560°40’N, 22°21’EVa36    Vahto

South (Finland)

June 20002570°23’N, 28°10’EN4    Boftsa

June 20022570°14’N, 28°29’EL    Hana

June 20022570°14’N, 28°27’ELSB    Hana

June 20002570°14’N, 28°27’ELk    Hana

North (Norway)

Sampling
year

Sample
size

CoordinatesCodeLocality

TABLE 1.  Details of the eight Fennoscandian localities sam-
pled.



A total of 108 haplotypes, Ea1-Ea108, were defined
(Appendix). The majority, 74.1% (80/108), of the haplo-
types were unique, 9.3% (10/108) were shared between
the south and the north, and none were common at all
localities. The number of haplotypes at a locality ranged
from 15 to 24, the average being 17 in the north and 21 in
the south (Table 2). The mean haplotype diversity value
in the north and in the south was 0.9575 (±0.0127) and
0.9784 (±0.0198), respectively.

Population structure

The majority of the genetic variation (87.2%) occurred
within localities, and the rest was due to differences
between the north and the south. The combined north vs.
south FST value 0.128 (p < 0.05) indicates a moderate
level of differentiation over the large geographical scale
studied (~1100 km). No genetic differentiation (FSC =
–0.011, p = 0.87) was found among the localities within
the two geographical groups on a small spatial scale (0.6
– 19 km). The pairwise FST values between the localities
showed significant differences between the northern and
southern populations (Table 3). The Tajima’s D values

indicated significant historical population bottlenecks had
occurred at all northern localities, and one of the southern
localities, Va36l (Table 2).

mtDNA lineages

In our previous study (Snäll et al., 2002) four E. autum-

nata mtDNA lineages based on the CR variation of 16
individuals were identified. In the present study, two
additional lineages were identified (Appendix and Table
4). The previously described lineage 1 was split into two
lineages numbered 1 and 5. In addition, another new
mtDNA lineage, numbered 6, emerged. Lineages 2, 3 and
4 remained as previously described. Each lineage was
defined by a specific variant pattern found in every indi-
vidual sequence assigned to that particular lineage (Table
4). These patterns consisted of two to 25 variants of
which zero to 13 were solely lineage specific. There were
also nine indels in long A- and T-runs, which were infor-
mative in the mtDNA lineage definitions. The sequence
divergence within and between lineages, respectively,
ranged from 0.2% (lineage 6) to 4.3% (lineage 4)
(average of 3.1%), and from 3.7% (lineage 1 vs. lineage
5) to 11.6% (lineage 4 vs. lineage 6) (average of 7.8%).

The Fennoscandian E. autumnata showed geographical
variation in the frequencies of the mtDNA lineages at the
large spatial scale (Table 5). Lineages 2 and 6 were spe-
cific to the south with a total of 13 individuals. The other
four lineages were represented in both the southern and
northern populations. Lineage 1 was predominantly
northern with statistical significance (p < 0.001), as 58
out of 100 individuals belonged to that lineage, whereas
in the south, there were only six out of 100 individuals
assigned to this lineage. Lineage 4 was significantly (p <
0.001) more frequent in the south than in the north. The
other two lineages, lineages 3 and 5, were also dominated
by southern E. autumnata, but not significantly so.
Among localities in the north or south, there were no, or
only minor, differences in the frequencies of the mtDNA
lineages (Table 5).

DISCUSSION

A moderate amount of genetic differentiation in the
mtDNA CR of E. autumnata was found at the large spa-
tial scale, i.e. between the southern and northern
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NS, not significant; ***, p < 0.001; **, p < 0.01; *, p < 0.05

  —20.750.03850.97842163—mean South

  —13.210.02450.95751732—mean North

1.00NS21.630.04030.9967246525    M

1.12NS20.910.03880.9733205925    Va36e

1.77*21.520.03990.9667185825    Va36l

0.20NS18.930.03510.9767216825    Va36

South

2.68**14.100.02620.9433153425    N4

3.26***12.370.02290.9533162825    L

2.74**11.250.02090.9600172925    LSB

3.30***15.120.02810.9733193725    Lk

North

DdxHnHSn    Locality

TABLE 2.  The sample size (n), number of polymorphic sites
(S), number of haplotypes (nH), haplotype diversity (H),
nucleotide diversity ( ), mean number of pairwise differences
(dx) and Tajima’s D statistics for E. autumnata at the eight
localities.

NS, not significant; ***, p < 0.001; **, p < 0.01; *, p < 0.05.

    M

–0.0112NS    Va36e

–0.0169NS–0.0146NS    Va36l

–0.0171NS–0.0127NS–0.0146NS    Va36

South

 0.1340** 0.1163** 0.1563***0.1601***    N4

 0.1241** 0.1202** 0.1585***0.1473**–0.0131NS    L

 0.1552*** 0.1474** 0.1892***0.1894***–0.0150NS–0.0238NS    LSB

 0.0516* 0.0479* 0.0811**0.0649*  0.0079NS–0.0132NS0.0101NS    Lk

North

MVa36eVa36lVa36N4LLSBLocality

TABLE 3.  Pairwise FST values among localities.



localities, that are located more than one thousand kilo-
metres apart. In contrast, no or only little differentiation
was found at the local scale, i.e. among localities sepa-
rated from each other by 0.6–19 kilometres. The latter
suggests ongoing gene flow due to the dispersal of
females among the localities.

Dispersal of E. autumnata females

Ongoing gene flow enough to prevent genetic differen-
tiation of populations at a local scale is contrary to our
earlier expectation of the poor dispersal ability of E.

autumnata females. This expectation was based on the
following observations. First, E. autumnata is a capital
breeder relying on larval-derived resources for reproduc-
tion (Tammaru & Haukioja, 1996); this means that a
newly-emerged female has a heavy load of eggs. Moreo-
ver, E. autumnata females have smaller wings than the
otherwise similar-sized males. Together these facts indi-
cate females are weak flyers (see also Itämies et al.,
1995). Second, during peak population densities few E.

autumnata adults are caught in light traps located a few
hundred metres from traps in which large numbers of
both females and males are caught (Itämies et al., 1995).
This implies low dispersal from where the moths devel-
oped as larvae. Third, in a mark-release-recapture study

of laboratory-reared moths, some females were recap-
tured after one to two nights in the same hectare within
which they were released, and had only few eggs left.
This indicates that females have no strong tendency to
disperse before oviposition and suggests the absence of
an obligatory dispersal phase before the onset of oviposi-
tion. However, old E. autumnata females with lighter egg
loads are likely to have improved flight ability and there-
fore may lay the rest of their eggs further away from
where they developed. Although only few eggs are likely
to reach other habitats in this way, the consequence for
gene flow could be important if they survive and the off-
spring successfully reproduce in the new habitat.

Another explanation for the lack of genetic differentia-
tion at a local scale could be larval dispersal by balloon-
ing, i.e. the production of a silken thread by larvae and
transportation by the wind. In E. autumnata, however, the
dispersal of larvae by ballooning seems to occur only
over short distances. For example, when over-wintering
eggs were killed by low temperatures at low altitudes, the
boundary between defoliated and not-defoliated mountain
birch forest remained sharp in the following summers
(Tenow, 1975; Tenow & Holmgren, 1987). Further,
results for other species of Lepidoptera with ballooning
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Dot; sequence identity with reference nucleotide.

CA-CAAGA.ATCG..A.C..A..C..-.......A.AAACAC..C..  56

............GA.....C......-...A......A....-.C.A175

...........................................A.G.634

...........................T...--..............433

........TAT.G.G.G.GC.AC.CT.T--...T.-AA..AC....A  82

..........A.GA.....C......................-....641

Reference nucleotides
ATTTGCAGGGGTAGAGATATTGTATAT-AA-TT-TAGGGTTTGGTAG

Number of individualsMtDNA lineage

TABLE 4. Variant patterns defining six E. autumnata mtDNA lineages (See Appendix). Lineage-specific variants are in italics and
bold.

NS, not significant; ***, p < 0.001; *, p < 0.05

—1001002525252525252525
Total number
of individuals

NS
  5  0

1
(4%)

2
(8%)

1
(4%)

1
(4%)

00006

NS
12  5

1
(4%)

4
(16%)

4
(16%)

3
(12%)

4
(16%)

00
1

(4%)
5

***
4518

13
(52%)

9
(36%)

11
(44%)

12
(48%)

4
(16%)

4
(16%)

3
(12%)

7
(28%)

4

NS
2419

4
(16%)

8
(32%)

6
(24%)

6
(24%)

4
(16%)

5
(20%)

5
(20%)

5
(20%)

3

*
  8  0

3
(12%)

1
(4%)

3
(12%)

1
(4%)

00002

***
  658

3
(12%)

1
(4%)

0
2

(8%)
13

(52%)
16

(64%)
17

(68%)
12

(48%)
1

MVa36eVa36lVa36N4LLSBLk
Statistical

significance
SouthNorth

Southern localitiesNorthern localitiesMtDNA
lineage

TABLE 5.  Frequencies of the E. autumnata mtDNA lineages (percentage values in parentheses) at the eight localities and totals in
the north and south. In the last column, the statistical significance (Fisher’s Exact Test for lineages 2 and 6, and Chi Square Test for
lineages 1, 3, 4, and 5) of the differences between the north and the south is indicated.



larvae suggest that the dispersal distances are too short to
affect local population dynamics (Liebhold & Elkinton,
1990; Harrison, 1994; Dwyer & Elkinton, 1995; but see
Edland, 1971).

To the best of our knowledge there are no studies on
the population genetics of geometrids utilizing mtDNA
CR sequence analyses. Previous studies on the population
structure of geometrids were conducted using allozyme
variation (Van San & Šula, 1993; Woiwod & Wynne,
1994; Van Dongen, 1997; Wynne et al., 2003) and there-
fore cannot be compared with the present study.
However, whether the studies are based on variation in
allozymes or DNA there are certain disadvantages in
applying indirect methods to studies conducted on eco-
logical time scales. For example, a lack of resolution of a
DNA marker as well as lack of power of the statistical
analysis could limit the interpretive value of estimates of
gene flow (Bossart & Prowell, 1998). Moreover, a recent
gene flow is difficult to distinguish from an historical one
(Slatkin & Madison, 1989). Therefore, there is need to
combine successful field studies with molecular data in
order to get more precise information about ecological
issues such as the distance a species may disperse.

Lower mtDNA diversity in the north

The variation in mtDNA CR of E. autumnata was
lower in the north than in the south. The nucleotide diver-
sity in the northern populations was only 64.1% of that in
the south (Table 2), and two out of six mtDNA lineages
were absent from the northern localities (Table 5).
Further, the existence of one strongly predominating
mtDNA lineage reflects the smaller long-term effective
population size (Hale & Singh, 1991) of the fluctuating
northern E. autumnata compared to the more stable
southern populations.

The mtDNA, because its effective population size is a
quarter of that of nuclear DNA (Birky et al., 1983), is
expected to be very sensitive to the bottleneck phenome-
non. First, the decrease in genetic variability in the north,
a phenomenon frequently observed in population struc-
ture surveys of European species (e.g. Schmitt & Seitz,
2002; Merilä et al., 1996; Cooper et al., 1995), is pre-
dicted to be a consequence of post-Pleistocene coloniza-
tion events in which northward-expanding populations
are likely to have experienced at the edge of this range
several consecutive bottleneck events, which resulted in
the loss of a large amount of the original genetic vari-
ability (Avise, 2000; Hewitt, 1996). In our study,
Tajima’s D values indicate historical population bottle-
necks occurred at all the northern localities (Table 2).
Second, drastic declines in population size, as exhibited
periodically by the northern populations, are always
thought to reduce variability in the mtDNA (Futuyma,
1998). However, because temporal variation has not been
studied it is not possible to distinguish between the contri-
butions of historical and present-day bottlenecks. Com-
pared to southern E. autumnata, the reduced mtDNA
diversity in northern populations could result from several
bottleneck events, both historical and cyclical, over a long
time scale.

In conclusion, we used mtDNA CR sequence data to
indirectly estimate the dispersal of E. autumnata females
over small distances. The results of the present analysis
suggest females disperse for enough to homogenize popu-
lation structure over distances of up to at least 19 km.
This is contrary to our earlier expectations based on the
assumption that E. autumnata females are poor flyers,
and without supporting field studies these results have to
be interpreted with caution. Our large-scale study
revealed that the mtDNA CR of the northern E. autum-

nata is less variable than that of the southern population.
This could be due to the combined effects of historical
bottlenecks related to the postglacial range expansion and
recurrent bottlenecks related to the cyclicity of northern
E. autumnata populations.
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