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Wing variation in the large blue butterfly, Maculinea arion (Linnaeus, 1758),
was studied using 22 measurements of the wing shape, venation and coloration
in males and females of Finnish and Karelian populations. The results showed
that the spots were fewer and smaller in the western populations than in the
eastern ones, whereas the black marginal stripe was wider in the west. The
samples from the western populations (Lohja, Kangasala, Hattula, Asikkala,
etc.) formed a distinctive group differing from the eastern populations
(Taipalsaari, Liperi, Isthmus of Karelia). The temporal within-population
variation in Asikkala was relatively high compared to the between-population
variation within both the western and eastern population groups.
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1. Introduction

Intraspecific variation is an important compo-
nent of biodiversity. Since there are few if any
truly endemic species in Finland, conservation
efforts should be focused also on subspecies and
intrasubspecifically differentiated populations.
The conservation value of marginal populations
varies depending on the degree of isolation and
associated differentiation. So far most attention
has been paid to vascular plants, birds and mam-
mals, while intraspecific variation in invertebrates
has remained virtually unknown.

The large blue butterfly, Maculinea arion
(Linnaeus), is an endangered species in Finland

(Rassi et al. 1986, 1992) and in all of Europe
(Heath 1981, Thomas 1983, 1984). Small larvae
of M. arion live on Thymus spp., but later the
species is dependent on the presence of ants
(Myrmica sabuleti Meinert) (Thomas 1984, Elmes
& Thomas 1992, Thomas & Wardlaw 1992).
The larvae are carried into ant nests where they
feed on small ant larvae. Secretion produced by
the butterfly larva is, in turn, utilized by the ants.

Several local populations of M. arion have been
lost in Finland (e.g. Jdrventausta et al. 1988), ap-
parently owing to changes in land use and cessa-
tion of forest fires, resulting in a highly disjunct
distribution (see also Muggleton & Benham 1975).
Low undergrowth has been replaced by slightly
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Fig. 1. Phenotypic variation of Maculinea arion from Finland. Males on the left, females on the right. The localities
are Liperi (four old specimens, collected prior to 1961, the bottom row), Lohja (six old specimens on the upper
right) and Asikkala (six more recently collected specimens on the upper left).

higher plants, which has favoured non-host ant
species (e.g. Elmes & Thomas 1992). Afforesta-
tion and gravel pits have destroyed some habitats.
The Finnish distribution of M. arion follows eskers
and sandy Salpausselkid ridges. M. arion occurs
also in Denmark, Sweden and Estonia (Nordstrém
et al. 1955, Thomson 1967, Henriksen & Kreutzer
1982, Keskiila 1992). Its range extends from south-
ern Europe to Siberia and China in the east.
Morphological differences in allopatric but-
terfly populations can be conspicuous (e.g.
Brakefield & Shreeve 1992). If the differences
are small, quantitative morphometric methods
can be used in the comparison of populations. M.
arion often has isolated populations which tend
to differ in their wing pattern (Fig. 1). Conse-
quently, several forms and subspecies have been
described (e.g. Higgins & Riley 1970, Henriksen
& Kreutzer 1982). Dempster (1991) published a
study on changes in the ratio of thoracic width to

thoracic length in M. arion in Britain. No sys-
tematic studies have been carried out on the
morphometric variation of M. arion in Finland.
The aim of the present study is to analyse the
wing variation of the species and to investigate
the degree of difference between local populations
in Finland and on the Isthmus of Karelia. The
difference of old and new samples from Asikkala
are also compared to each other to obtain a picture
on the magnitude of temporal variation.

2. Material and methods
2.1. Material

The study area was restricted to eastern
Fennoscandia and material from southern and
castern Finland and the Isthmus of Karelia were
used in the analysis. The material consisted of 229
specimens (166 males and 63 females) in the col-
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Fig. 2. The distribution of Maculinea arion in eastern Fennoscandia. The numbers refer to the populations (or
population groups) used in the statistical analysis (Table 1). Open circles = “old” material collected prior to
1961, mostly 1914-1940; black dots = samples taken 1960 onwards. Sample codes: 1LO = N: Lohja; 2KA =
Ta: Kangasala, Pirkkala, YI&jarvi, Nokia; 3HA = Ta: Hattula, Parola; 4AS and 5AS = Ta: Asikkala, Vaaksy; 6SA
= “Saimaa”; 7TA = Ka: Taipalsaari; 8Ll = Kb: Liperi; 9MU = /k (Russia): Muolaa, Valkjarvi, Kivennapa,

Metsapirtti.

lections of the Zoological Museum, University of
Helsinki, and in private collections (coll. H.
Holmberg, P. Koskinen, G. Nordenswan, P. So-
merma). The specimens were grouped into 9 sam-
ples belonging to 8 populations or geographically
limited groups of populations (Fig. 2). In addition
to these populations, only scattered specimens are
available.

2.3. Measurements

The variables measured were either shape vari-
ables (the shape of the wing and the pattern of
veins) or colour variables (the spot or colour
pattern of the wing). Nomenclature of wing veins
follows Higgins (1975). Altogether 19 metric
variables were measured on each individual to
the nearest 0.25 mm. In addition, 3 numeric
variables (V6, V21, V22) refer to the number of
certain spots (Fig. 3). All measurements were
made by one person (Pirjo Leppidnen) using a
binocular microscope.

2.4. Statistical analysis

Canonical discriminant analysis (CANDISC, SAS
multivariate procedures, Cary, N. C.) was the
main statistical method used. In this method,
canonical analysis is carried out to find linear
combinations of the variables that best depict the
differences among the populations. Given two or
more groups of observations with measurements
on several quantitative variables, canonical dis-
criminant analysis derives a linear combination
of variables that has the highest possible multi-
ple correlation with the groups. The second ca-
nonical correlation is obtained by finding the
linear combination, uncorrelated with the first
canonical variable, that has the highest possible
multiple correlation with the groups. The num-
bered “populations” (i.e. populations or popula-
tion groups) given in Fig. 2 were used in the
analysis. The analysis was carried out separately
for males and females using all metric variables.
Mahalanobis distances D? computed through the
F-statistics matrix permits assessment of the
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Fig. 3. The 20 morphometric measurements made on Maculinea arion. Spots and fixed points for measurements
on wing upper and under side indicated by letters. Variable measured on wing upper side: V1—4 = maximum
diameters of spots a—d, respectively; V5 = minimum width of black margin between veins 3 and 4 (e); V6 =
presence or absence of ‘subcostal’ spot f; V7 = distance A-B; V8 =B-D; V9 = C-D; V10=B-C; V11 =E-G; V12
= F-G; V13 = F-H. Wing under side: V14—15 = maximal diameters of spots g and i; V16-20 = distances between
spots h—j, h—k, h—i, i+, j-k, respectively; V2122 = number of underside ‘discal’ spots (proximal to broken line,

>0.5 mm) on front wing and on hind wing.

relative similarity of group centroids of different
populations. Populations sharing small D? values
can be considered more alike than those with
higher values. In order to interpret the matrix of
D? values, a cluster analysis (Program NCLAS,
SYN-TAX IV; Podani 1990) was constructed by
average linkage (UPGMA). Similar clustering
has been used e.g. by Battin (1992) for the Aegean
damselflies.

3. Results

The means of numerical variables indicated that
the western populations, especially males, had
fewer spots than eastern populations on both
wings (Table 1). The mean number of discal
spots (including ‘basal’ spots) on male fore wing
underside (V21) varied from 7.0 to 7.5 among

the western populations from Lohja to Asikkala
(1LO, 2KA, 3HA, 4AS, 5AS), and between 7.7
and 8.5 among the eastern populations (6SA,
TTA, 8LI, 9MU). In the females, the means were
7.1-8.1 and 7.7-9.0, respectively. Similarly, the
mean number and discal spots on the male hind
wing underside (V22) varied between 8.8 and
9.7 among the western populations, and between
10.4 and 11.6 among the eastern ones. For the
females the respective values were 9.4-10.9 and
11.2-12.3. The subcostal spot (V6) was missing
in all western females and in almost all western
males, but it was commonly present in eastern
individuals (with the exception of 6SA). The
largest males (measured as the value of V7) were
found from Taipalsaari (7TA: mean 18.46 mm)
and the smallest from Hattula (HA3: 17.55 mm).
Respectively, the largest females originated from
Lohja (1LO: mean 19.62 mm) and, in contrast to
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the males, the smallest from Taipalsaari (7TA:
17.97 mm). However, the size variables differed
less between populations than the variables as-
sociated with spot pattern, and most differences
were statistically non-significant.
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The main results from the canonical discri-
minant analysis of the metric variables are given
separately for M. arion males and females in
Table 2. The eigenvalues can be interpreted as
the ratio between the between-population varia-

Table 1. Mean values of Maculinea arion variables with statistically significant between-population differences in
univariate analyses (F statistics for V1-5 and V7-20; chi-square statistics for V6; and Kruskall-Wallis H-statistics
for V21-22). For comparison, V22 is also given for females. *** = P<0.001, ** = P<0.01, * = P<0.05, NS = P>0.05.

Variable Population Statistic
1LO 2KA 3HA 4AS 5AS  6SA 7TA 8Ll 9MU value

Males
V1 0.09 0.14 0.18 0.22 0.08 0.35 0.57 0.41 0.55 2.35°
V2 2.37 2.35 2.60 2.60 1.97 3.09 3.26 2.99 2.85 6.74***
V4 0.68 1.28 0.99 1.01 0.72 0.86 1.89 1.85 1.39 3.53™*
V5 1.49 1.56 1.60 1.35 1.41 1.21 1.05 117 0.99 4.78***
V6 0.00 0.00 0.00 0.04 0.05 0.00 0.55 0.78 0.50 82.37**
Vvi2 4.31 4.88 4.67 4.61 4.66 4.80 4.93 4.69 4.88 3.87**
Vi4 1.91 1.84 1.93 1.85 1.94 1.88 1.81 1.84 1.72 2.99**
Vi5 1.19 1.08 1.05 1.09 117 1.36 1.35 1.29 1:15 3534
V18 4.69 4.30 4.38 4.63 5.02 461 4.79 512 5.00 7.57™"
V20 4.19 4.07 3.88 419 417 4.20 4.31 4.20 4.41 2.24*
Va1 7.47 7.00 7.00 7.52 7.10 8.22 8.45 8.50 7.68 35.21**
V22 9.67 917 8.83 9.44 9.70 11.56 10.82 10.41 10.73 26.03***

Females
V1 0.50 0.53 0.33 0.19 1.84 0.79 1.42 1.04 5.96***
V2 2.63 2.78 2.65 2.06 3.33 3.03 3.66 3.31 416"
V3 2.47 225 2.37 2.14 2.83 2.22 3.25 3.05 2.59*
V4 2.03 1.73 1.30 1.42 3.30 2.45 2.76 2.41 3.28*"
V6 0.00 0.00 0.00 0.00 017 0.83 1.00 0.50 42.00***
V9 8.85 7.92 8.17 8.07 7.67 7.53 8.07 8.23 2.63*
\AR| 16.53 15.23 15.58 15.72 1534 1473 15.01 15.65 2.22*
V13 1217  11.32 11.28 11.41 11.11 10.33 11.16 11.67 317
Vi4 2.25 1.93 1.87 2.08 1.98 1.78 1.91 1.81 723
V15 1.23 1.13 0.93 1.19 1.34 1.14 1.38 1.33 4.79**
V18 4.90 4.48 4.67 4.88 4.55 4.55 5.21 5.28 427
V20 4.53 4.35 418 4.38 4.26 3.94 4.41 4.62 2.63*
V21 8.14 7.29 714 7.78 9.00 7.67 8.56 8.00 13.90*
V22 10.86 9.43 9.43 10.44 12.33 1117 11.78 11.17 0.98 NS

Table 2. Results from the canonical discriminant analysis carried out on male and female Maculinea arion. The
highest correlations are the highest total-sample correlations between the first three canonical variables (CV1,

CV2, CV3) and the original variables.

Males Females
CcV1 Cv2 Cv3 CV1 Ccvz2 Cv3
Eigenvalue 1.74 0.65 0.64 4.34 1.83 0.94
Percent variance explained:  0.42 0.16 0.15 0.49 0.21 0.11
cumulative % 0.42 0.58 0.73 0.49 0.70 0.81
Highest correlations
Positive V2 049 Vi2 050 Vi8 0.36 V14 063 V18 0.72 V15 0.54
Vi 040 V4 028 V4 0.29 V20 0.45 V14 0.47
V3 0.25 V3 038 Vi1 041
Negative V5 -0.53 V18 -0.55 Vi -0.55
V2 -0.54
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Fig. 4. Sample scores for the first and second canoni-
cal variables for Maculinea arion males (upper) and
females (lower). For the sample codes, see Fig. 2.

tion and the within-population variation for the
corresponding canonical variable. The first three
dimensions accounted for 73 % of the variation
in the original male data, and 81 % of the varia-
tion in the female data.

The first canonical variable correlated best
with the measurements related to the size of spots
of front wings in both males (V1, V2) and females
(V1, V2, V14), and in the case of males also to
the width of the marginal stripe (V5). In general,
the spots were smaller in the western populations
than in the eastern ones, whereas the marginal
stripe was wider in the western part of the study
area (Table 1). The second canonical variable
was associated with V12, V4 and V18 in males,
and with V18, V20 and V3 in females.
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Fig. 5. Average linkage clustering based on the matrix
of Mahalanobis distances of nine male (upper) and
eight female (lower) samples of Maculinea arion. Ab-
breviations as in Fig. 2. For explanation see text.

The scatter diagram showing the male
populations along the first two canonical axes
(Fig. 4) agrees to some degree with the geo-
graphical distribution of the population (cf. Fig.
2). The western populations are on the right and
the eastern populations on the left, the Saimaa
population (6SA) being intermediate. A similar
diagram on females (Fig. 4) also kept the eastern
and western population separated, though the
western populations were on the right and the
eastern ones on the left.

Results from the cluster analysis are given in
Fig. 5. The analysis revealed that the eastern and
western populations formed two strongly differ-
entiated main clusters, their aggregation level
being distinctly lower in males than in females.
The female population from Saimaa (6SA) was
clustered together with the eastern branch,
whereas the respective male population was
clustered together with the western branch. Tem-
poral within-population variation in Asikkala
(4AS) was relatively high compared to the be-



ENTOMOL. FENNICA Vol. 5 ¢ Viisdnen et al.:

tween-population variation within both the west-
ern and eastern population groups.

4. Discussion

The Finnish populations of M. arion seem to
differ from each other in their wing variation
on the basis of several wing variables. The
main result was that the western populations
are characterized by fewer and smaller spots
and wider black fore wing margins than the
eastern populations. The border between west-
ern and eastern types lies between Asikkala
and Saimaa.

The result of the analysis was a feasible sim-
plification of the biogeographical pattern of mor-
phologically differentiated M. arion populations
in the field. The results from the Asikkala popu-
lation based on specimens collected during dif-
ferent decades showed that the temporal struc-
ture of the material affects the results (see also
Viisdnen & Heliovaara 1990, Dempster 1991).
The old Asikkala sample resembled morphologi-
cally more the eastern populations than the new
Asikkala sample, although the difference between
those sympatric samples was not very large. The
temporal difference provided base-line informa-
tion for the interpretation of the biogeographical
pattern. The results showed that the western
populations formed a relatively distinct group,
whereas the eastern populations comprised a chain
of gradually changing geographically adjacent
populations.

The sandy eskers of Finland have been a major
dispersal pathway for many animals and plants
(e.g. Jalas 1950). The specialized fauna and flora
of eskers represent old elements in the Finnish
biota, dating at least partly back to the Pre-Boreal
Era. Apparently, M. arion belongs to this element.
It may have arrived in Finland prior to closed pine
forests and much before the arrival of spruce (see
Alho 1990). The results showed that the Finnish
M. arion populations are not only marginal exten-
sions of Central European or Russian populations,
but represent distinctly differentiated populations,
especially in the western part of the country. This
increases the conservation value of the Finnish
populations beyond the national considerations. It
also sets new priorities for conservation: both the
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eastern and the western populations have to be
preserved in order not to lose a substantial part of
genetic variation of the species. This does not mean
that the long-term survival of M. arion would al-
low the loss of any viable population.
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