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Abstract—The flight period of Erebia ligea (Linnaeus, 1758) in the Sysert District of Sverdlovsk Province lasts 
from early July until early August only in the odd-numbered years. The species is characterized by protandry, its 
males emerging 5–7 days before females. Erebia ligea manifests sexual and seasonal variation of the wing length 
and diameter of the eyespots in the Middle Urals. According to the literature and newly obtained data, the relative 
male/female wing length varies within the species range. The vectors of the seasonal variation of the body size are 
opposite in the males and females: in early summer the largest males and the smallest females occur, then medium-
sized individuals appear, while the smallest males and the largest females fly at the end of the warm period. Al-
though the males of Erebia ligea are larger than females, the latter have larger eyespots on the wings. Seasonal 
variation of the diameters of the forewing eyespots is largely similar in the two sexes: individuals with larger spots 
appear earlier in the season than those with small spots. The eyespots treated as phenes in this study develop on the 
wings only if the remaining spots of the wing pattern attain a threshold size. A threshold nature was shown for P4 
spot in M3–Cu1 cell of the fore wing and G2 spot in cell M1–M2 of the hind wing. Individuals with and without 
phene G2 have opposite vectors of seasonal variation of the sizes of the rest spots of the hind wing pattern. It is ap-
parently the threshold character of variation of these elements of the wing pattern that defines the variation of the 
proportion of phenetic combinations of the eyespots in the individuals emerging in different periods of the season. 
Describing phenetic variation at the population level, one should remember that the percentage of the “morphs” or 
phenetic combinations may vary during a season, especially in the protandric species. 
DOI: 10.1134/S0013873810060011 

The Arran brown Erebia ligea (Linnaeus, 1758) is  
a broadly distributed Trans-Eurasian species. In the 
Urals (except for the polar regions) and in Siberia (as 
far as the Sayan Range) it is represented by the sub-
species E. l. kamensis Krulikovsky, 1909. The larvae 
feed on grasses and sedges. The flight period of one 
generation extends from the end of June to the end of 
August (Korshunov and Gorbunov, 1995; Korshunov, 
2002; Olshvang et al., 2004). 

Erebia ligea is a biennial form. The parameters of 
its flight (year, relative abundance, and the time of 
emergence) may vary in different parts of its distribu-
tion range. According to Dayanov (1984, cited after 
Ivanov et al., 1987) E. ligea in the Southern Urals can 
be observed only in odd-numbered years. We have 
observed flight periodicity of this species in the Mid-
dle Urals (Sysert District of Sverdlovsk Prov.) since 
2001. The butterflies appeared in 2001, 2003, 2005, 
and 2007, but were not recorded in even years. Ac-
cording to our original and published data, E. ligea is 

characterized by protandry, its males emerging earlier 
than the females. The males emerge at the beginning 
of the flight period of a generation, then the sex ratio 
becomes even, and the females prevail at the end of 
the flight (Zakharova, 2006, 2008). In view of this,  
a question arises as to the nature of phenotypic varia-
tion of morphological characters not only in different 
sexes and generations but also in individuals emerging 
at different times within the same season. 

This communication presents analysis of the metric 
characters of the wing and eyespots in the wing pattern 
of E. ligea in relation to sex and emergence time dur-
ing one generation. 

MATERIALS AND METHODS 
The material was collected near the Biological Sta-

tion of the Ural State University (Fomino, Sysert Dis-
trict, Sverdlovsk Prov.) in 2005 and 2007. The butter-
flies were captured daily during the entire flight period 
of the generation, except for rainy and overcast days 
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when the flight activity decreased greatly. The total 
sample size was 292 ind. in 2005 and 511 ind. in 2007. 

In order to analyze the effect of the flight phase on 
the size parameters, each sample was subdivided into 
three “subsamples:” “beginning of the flight,” “middle 
of the flight,” and “end of the flight,” in the same way 
as we did before when studying other species of Sa-
tyridae (Zakharova, 2004, 2008). Since the males 
started and ceased flying earlier than the females, each 
flight phase of the males was shifted by 5–10 days 
relative to the corresponding phase of the females. The 
relative position and duration of the flight phases and 
the size of the corresponding samples are shown in 
Fig. 1. 

In the laboratory, the sex of each individual was de-
termined and the length of fore (LF) and hind (LH) 
wings was measured. The fore wing was measured 

from the base of vein Sc to the wing apex, and the hind 
wing, from the base of vein Rs to the end of vein Cu1. 

According to Schwanwitsch (1935), the hypotheti-
cal form Protoerebia, representing the nymphaloid 
prototype of wing pattern in the genus Erebia, has up 
to 6 eyespots on the fore wing and up to 7 eyespots on 
the hind wing (Fig. 2A). According to our data, the 
maximum number of eyespots on the fore wing of  
E. ligea is 5; they are located in cells R5–M1, M1–M2, 
M2–M3, M3–Cu1, and Cu1–Cu2. These eyespots have 
been designated as P1, P2, P3, P4, and P5, respec-
tively. The hind wing also has no more than 5 eye-
spots, located in cells Rs–M1, M1–M3, M2–M3, M3–Cu1, 
and Cu1–Cu2, and designated as G1, G2, G3, G4, and 
G5 (Zakharova, 2008). 

Measurements of wing length and eyespot diameters 
(along the median line of the corresponding cell) were 

 
Fig. 1. Timing and relative duration of the flight phases and the size of the corresponding samples (n) of Erebia ligea (L.) in Sverdlovsk 
Prov. (2005 and 2007). 

 
Fig. 2. Eyespots in the wing pattern of the genus Erebia Dalman: (A) Protoerebia: a hypothetical form representing the nymphaloid 
prototype of wing pattern in the genus Erebia. The cells in which eyespots can occur are designated by underlined Arabic numerals (after 
Schwanwitsch, 1935); (B) the maximum possible number of spots on the fore (P1–P5) and hind wings (G1–G5) of Erebia ligea (L.);
LF, the length of fore wing; LH, the length of hind wing. 
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carried out at 8 × 0.6 magnification, using an MBS-10 
dissecting microscope equipped with an ocular mi-
crometer. The scheme of the eyespots and the corre-
sponding measurements is shown in Fig. 2B. All the 
measurements were done on the left underside of each 
specimen. 

Statistical data treatment was carried out using the 
methods of discriminant analysis and three-factor 
analysis of variance. The significance of sex-related 
size differences was determined using the t-test. The 
structure of phenotypic correlations was described by 
Pearson’s coefficients (r); the results were illustrated 
by cluster analysis. The data were processed using 
Statistica 5.5 software package. 

RESULTS 

Protandry and Sex-related Size Dimorphism 

The flight of E. ligea in Sysert District of Sverd-
lovsk Province occurs in odd years, from the begin-
ning of July to the beginning of August. The males  
are the first to emerge, and the first females appear  
5–7 days later. This is a typical case of protandry, 
which is characteristic of many species in the family 
Satyridae. The males are about 1.2–1.3 times as abun-
dant as the females. A similar sex structure and dy-
namic sex ratio are also observed in species of the 
genera Lopinga, Aphantopus, Coenonympha, etc. 
(Wiklund and Forsberg, 1991; Zakharova, 2004, 
2006). 

We measured the length of fore and hind wings and 
the diameters of eyespots in the wing pattern. The 
mean values of these metric characters for E. ligea 
samples broken down by phases of emergence are 
given in Table 1. The data obtained demonstrated the 
presence of sex-related size dimorphism. The wings  
of males were 0.5–1 mm longer than those of females. 
These differences are highly significant (2005:  
t = 2.69, df = 275, p < 0.01; 2007: t = 9.92, df = 494,  
p < 0.0001). 

Various authors reported sex-related differences in 
the fore wing length within the distribution range of  
E. ligea. For example, in the Russian Far East the 
length of fore wing varies from 20 to 28 mm in males 
and from 22 to 29 mm in females (Key to Insects…, 
2005). There are also published data on the size varia-
tion of E. ligea in the northeast of European Russia. 
According to Tatarinov and Kulakova (1999), the fe-
males are larger than the males in the upper course of 

the Shchugor River, near Syktyvkar and Ukhta, 
whereas in the Subpolar Urals (the middle course of 
the Malyi Patok) and the Yany-Pupu-N’er Range the 
males are larger. The wing length of E. ligea from 
Sweden is 22.3 ± 0.1 mm in males and 22.5 ± 0.2 mm 
in females. The mean values for continental Europe 
are 24.1 ± 0.2 mm and 24.5 ± 0.3 mm, respectively 
(Nylin and Svärd, 1991; Wiklund and Forsberg, 1991). 

Although the females in our material were on  
average smaller than the males, they had larger eye-
spots in the wing pattern (Table 1). Discriminant 
analysis of variation of wing length and eyespot di-
ameter (Table 2) demonstrated significant differences 
between the sexes in the samples taken in different 
years. 

The Structure of Phenotypic Correlations between 
metric Characters in Erebia ligea L. 

Many publications devoted to analysis of genetic 
and phenotypic variation of the lepidopteran wing 
pattern have appeared since the 1990s. Studies of the 
wing patterns of such classical research objects as 
Bicyclus anynana (Butler, 1879), Pararge aegeria 
(Linnaeus, 1758) (Satyridae), and Junonia coenia 
Hübner [1822] (Nymphalidae) allowed the authors to 
describe some aspects of variation of eyespot size 
(Monteiro et al., 1994; Beldade et al., 2002), shape 
(Monteiro et al., 1997a), position relative to other 
elements of the pattern, and the structure of correla-
tions among the various characters (Paulsen and Nij-
hout, 1993; Monteiro et al., 1997b; Beldade and 
Brakefield, 2003; Beldade et al., 2005; Breuker et al., 
2007, etc.). 

Analysis of the structure of phenotypic correlations 
in the nymphalid Junonia coenia (Paulsen and Ni-
jhout, 1993) revealed no significant correlation be-
tween different homologous series in the pattern ele-
ments, in particular between the parafocal elements 
and the eyespots. The homologous elements, on the 
contrary, showed high correlations both in size and in 
the metric positional parameters. The strongest corre-
lation was observed between the spots located on the 
upper and lower sides in the same wing cell; between 
the spots located in adjacent cells, and also between 
the spots located in homologous cells on the fore and 
hind wings. 

We have analyzed the correlation structure of wing 
length and eyespot diameters separately for each sex 
because of the sex-related size dimorphism observed 
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Table 1. Mean values of wing length and eyespot diameter (mm) in Erebia ligea L. related to the time of adult emergence 
Emergence Number of ind. LF P2 P3 P4 P5 

2005, males 
Early 44 25.93 ± 0.88 1.69 ± 0.37 1.66 ± 0.35 0.06 ± 0.21 1.00 ± 0.54 
Typical 98 25.75 ± 0.97 1.69 ± 0.39 1.69 ± 0.42 0.08 ± 0.22 1.03 ± 0.52 
Late 26 25.56 ± 0.96 1.63 ± 0.37 1.69 ± 0.34 0.13 ± 0.30 1.01 ± 0.44 

  25.75 ± 0.94 1.67 ± 0.38 1.68 ± 0.37 0.09 ± 0.24 1.02 ± 0.50 
2005, females 

Early 27 25.04 ± 1.60 2.00 ± 0.33 1.99 ± 0.36 0.24 ± 0.45 1.41 ± 0.41 
Typical 61 25.50 ± 1.01 1.96 ± 0.39 1.92 ± 0.33 0.26 ± 0.46 1.45 ± 0.43 
Late 36 25.62 ± 0.84 1.98 ± 0.48 1.96 ± 0.45 0.29 ± 0.44 1.47 ± 0.52 

  25.39 ± 1.15 1.98 ± 0.40 1.96 ± 0.38 0.27 ± 0.45 1.44 ± 0.45 
2007, males 

Early 187 27.59 ± 0.93 1.89 ± 0.38 1.80 ± 0.42 0.11 ± 0.31 1.22 ± 0.50 
Typical 68 27.40 ± 0.91 1.85 ± 0.38 1.79 ± 0.30 0.07 ± 0.21 1.25 ± 0.46 
Late 24 27.51 ± 0.83 1.78 ± 0.49 1.68 ± 0.43 0.02 ± 0.12 1.23 ± 0.36 

  27.50 ± 0.89 1.84 ± 0.42 1.76 ± 0.39 0.07 ± 0.21 1.23 ± 0.44 
2007, females 

Early 48 26.97 ± 0.94 2.15 ± 0.33 2.18 ± 0.33 0.25 ± 0.39 1.64 ± 0.38 
Typical 76 26.71 ± 1.02 2.10 ± 0.32 2.05 ± 0.31 0.33 ± 0.47 1.53 ± 0.41 
Late 108 26.56 ± 0.95 2.07 ± 0.38 2.01 ± 0.38 0.31 ± 0.47 1.48 ± 0.39 

  26.75 ± 0.97 2.10 ± 0.34 2.08 ± 0.34 0.30 ± 0.45 1.55 ± 0.39 
Table 1 (Contd.) 

Emergence Number of ind. LH G1 G2 G3 G4 G5 
2005, males 

Early 44 21.59 ± 0.93 – 0.27 ± 0.38 1.47 ± 0.46 1.04 ± 0.51 1.45 ± 0.38 
Typical 98 21.40 ± 0.86 – 0.30 ± 0.40 1.47 ± 0.45 1.10 ± 0.49 1.45 ± 0.46 
Late 26 21.13 ± 0.95 – 0.18 ± 0.30 1.29 ± 0.57 1.00 ± 0.45 1.38 ± 0.41 

  21.37 ± 0.91 – 0.25 ± 0.36 1.41 ± 0.49 1.04 ± 0.48 1.43 ± 0.42 
2005, females 

Early 27 21.13 ± 1.59 – 0.23 ± 0.34 1.54 ± 0.47 1.29 ± 0.44 1.53 ± 0.47 
Typical 61 21.31 ± 1.09 – 0.19 ± 0.32 1.50 ± 0.45 1.14 ± 0.54 1.54 ± 0.44 
Late 36 21.76 ± 0.86 – 0.19 ± 0.42 1.55 ± 1.23 1.54 ± 1.69 1.55 ± 0.42 

  21.40 ± 1.18 – 0.20 ± 0.36 1.53 ± 0.72 1.32 ± 0.89 1.54 ± 0.44 
2007, males 

Early 187 22.40 ± 0.85 0.01 ± 0.11 0.23 ± 0.36 1.40 ± 0.47 1.05 ± 0.45 1.43 ± 0.42 
Typical 68 22.16 ± 0.87 0.01 ± 0.08 0.30 ± 0.44 1.48 ± 0.52 1.09 ± 0.38 1.51 ± 0.44 
Late 24 22.62 ± 0.72  0.33 ± 0.43 1.45 ± 0.54 1.07 ± 0.51 1.39 ± 0.51 

  22.39 ± 0.81 0.01 ± 0.06 0.29 ± 0.41 1.44 ± 0.51 1.07 ± 0.44 1.44 ± 0.46 
2007, females 

Early 48 22.35 ± 0.88 0.03 ± 0.12 0.31 ± 0.40 1.55 ± 0.52 1.19 ± 0.44 1.68 ± 0.36 
Typical 76 22.02 ± 1.01 0.06 ± 0.15 0.31 ± 0.38 1.43 ± 0.56 1.18 ± 0.47 1.55 ± 0.44 
Late 108 22.02 ± 0.84 0.07 ± 0.17 0.39 ± 0.41 1.43 ± 0.48 1.13 ± 0.40 1.53 ± 0.37 

  22.13 ± 0.91 0.06 ± 0.14 0.34 ± 0.40 1.47 ± 0.52 1.17 ± 0.44 1.58 ± 0.39  



SEASONAL VARIABILITY OF WING LENGTH 

ENTOMOLOGICAL REVIEW   Vol.   90   No.   6   2010 

673

 

in our material. The coefficients of correlation calcu-
lated for males and females of E. ligea are shown in 
Fig. 3. Both sexes revealed considerable similarity in 
the general structure and arrangement of the clusters. 
As can be seen from the dendrograms, all the metric 
characters form 2 isolated clusters, one of them uniting 
the lengths of the fore and hind wings (LF and LH), 
and the other, the diameters of the eyespots. The struc-
ture of the latter cluster reflects the correlation among 

the stable and discrete elements of the wing pattern. 
The most closely correlated by size are spots P2, P3, 
P5, G3, G4, G5, the values of the corresponding coef-
ficients (r) varying from 0.55 to 0.85; these spots are 
also the largest and the most stable as concerns their 
manifestation in the pattern (Table 1). The size of 
spots P4 and G2 is weakly correlated with that of the 
remaining spots. The frequency of occurrence of these 
spots varies from 12.3 to 41.8%. Spot G1 may be re-
garded as rare; it occurs in about 6% of the females 
and is usually absent in the males, therefore it is not 
shown in the dendrogram (Fig. 3A). Spot P1 is the 
rarest: it was observed in only one female from the 
sample of 2007. The frequency of this spot was there-
fore about 0.1%, and the values of r between its di-
ameter and diameters of the remaining spots were not 
calculated (Zakharova, 2008). 

Our results largely agree with those obtained by 
other authors (Paulsen and Nijhout, 1993; Breuker et 
al., 2007, etc.). The lengths of fore and hind wings are 
strongly correlated (r varying from 0.80 to 0.85); at 
the same time, the size of the eyespots in the wing 
pattern only weakly depends on the size of the wing on 
which they occur. The strongest correlation is ob-
served between the spots located in adjacent cells on 
the same wing (e.g., spots P2 and P3; G3 and G4). 
Considerable correlations occur between the spots 
located in homologous cells on the fore and hind 
wings. 

The general pattern of correlations is determined by 
the stable eyespots, which are always present. The size 
of the rare spots (P4, G1, and G2) varies almost inde-
pendently of that of other spots in the wing pattern. 

Variability of Metric Characters in Relation 
to the Phase of Emergence 

Discriminant analysis of wing lengths and diameters 
of spots in the wing pattern revealed significant differ-
ences between the sexes and generations (Table 2).  
It was not clear, however, whether the metric parame-
ters are uniform in individuals of the same sex emerg-
ing at different time during the same generation.  
In order to assess this seasonal variation, we used  
the implementation of analysis of variance suitable  
for studying variability of qualitative characters  
(Gritsenko et al., 1998). The factors “sex” and “phase 
of adult emergence” were considered to be independ-
ent in our analysis. In addition, the presence of one of 
the spots in the wing pattern was also regarded as an 

Table 2. Generalized Mahalanobis distances between sam-
ples of Erebia ligea (L.) based on the complex of metric 
characters (the pairs with p < 0.0001 are marked with ***) 

 Males, 
2005 

Females, 
2005 

Males, 
2007 

Females, 
2007 

Males, 
2005 

– 2.053*** 4.434*** 2.712*** 

Females, 
2005 

 – 7.627*** 2.461*** 

Males, 
2007 

  – 2.238*** 

Females, 
2007 

   – 

 
Fig. 3. Similarity dendrogram of wing length and eyespot size in 
Erebia ligea (L.): males (A) and females (B). Abscissa: coefficients 
of correlation (1–r). The characters are designated as in Fig. 2B. 
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independent factor. Since the frequency of occurrence 
of different spots was not the same, we treated the 
spots showing a discrete variant of manifestation as 
phenes (spots P1, P4, and P5 on the fore wing and 
spots G1, G2, G3, and G4 on the hind wing) (Za-
kharova, 2008). Analysis of the structure of pheno-
typic correlations showed that the diameters of spots 
P4, G1, and G2 were weakly correlated with those of 
other spots in the wing pattern. Therefore, we regarded 
the presence of spot P4 as the third independent factor 
for estimating the seasonal variability of characters of 
the fore wing by analysis of variance. The presence of 
spot G2 was selected to assess the characters of the 
hind wing in the same way. 

The results of three-factor analysis of variance are 
presented in Tables 3 and 4 and illustrated in Fig. 4. 
The influence of sex and the presence of the corre-
sponding spot (P4 or G2) were significant for all the 
samples. Therefore we may conclude that spot P4 

appears on the fore wing (spot G2, on the hind wing) 
on which other spots have reached a certain threshold 
size. In other words, if spots P2, P3, P5 (or G3, G4, 
G5) do not reach the threshold size, then spots P4 (G2) 
will be absent in the wing pattern of this individual. 
The results obtained suggest that the spots with  
a discrete variant of manifestation can be regarded  
as phenes, i.e., stable states of threshold-based cha- 
racters, as proposed by Vasil’ev (1988, 1996, 2005, 
etc.). 

The influence of the phase of emergence on the 
characters in question was not always significant; 
however, significant interactions with this factor were 
observed (Tables 3, 4). 

Analysis of seasonal variation in the wing length 
revealed not only sex-related differences (males being 
larger than females), but also significant differences 
between individuals of the same sex captured in dif-
ferent time. During the flight period of one generation, 

Table 3. Results of analysis of variance for wing lengths (LF, LH) and diameters of eyespots on the fore wing (P2, P3, P5) 
Parameter λ F df1 df2 p 

2005 
Sex 0.876 9.16 4 258 0.000001 
Emergence phase 0.979 0.69 8 516 0.696539 
Presence of spot P4 0.888 8.17 4 258 0.000003 
Sex × emergence phase 0.937 2.14 8 516 0.030372 
Sex × presence of spot P4 0.996 0.24 4 258 0.914006 
Emergence phase × presence of P4 0.976 0.78 8 516 0.620114 
Sex × emergence phase × presence of P4 0.979 0.70 8 516 0.691493 

2007 
Sex 0.895 9.95 5 423 0.000001 
Emergence phase 0.954 2.00 10 846 0.030500 
Presence of spot P4 0.961 3.41 5 423 0.004939 
Sex × emergence phase 0.991 0.38 10 846 0.954904 
Sex × presence of spot P4 0.985 1.32 5 423 0.253712 
Emergence phase × presence of P4 0.954 2.00 10 846 0.030671 
Sex × emergence phase × presence of P4 0.963 1.62 10 846 0.095015 

2005 and 2007 
Sex 0.884 17.52 5 669 < 0.000000 
Emergence phase 0.969 2.16 10 1338 0.018129 
Presence of spot P4 0.900 14.90 5 669 < 0.000000 
Sex × emergence phase 0.965 2.41 10 1338 0.007814 
Sex × presence of spot P4 0.996 0.58 5 669 0.714330 
Emergence phase × presence of P4 0.985 1.02 10 1338 0.424614 
Sex × emergence phase × presence of P4 0.986 0.91 10 1338 0.520522 
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the largest males are the first to emerge; they are fol-
lowed by middle-sized males, and the smallest ones 
appear later. The females showed the opposite trend: 
the smallest individuals were the first to emerge, and 
the largest ones appeared at the end of the flight,  
but these differences were not always significant  
(Fig. 4A). The males lacking spot P4 in the wing pat-
tern were larger than those possessing this spot. The 
females did not reveal a significant difference in wing 
length depending on the presence of spot P4. 

Although the females were generally smaller than 
the males, they had larger spots in the wing pattern. 
The trend of seasonal variation of diameters of fore 
wing spots (Table 3; Fig. 4B) was the same in both 
sexes. Adults emerging at the beginning of the flight 
period had larger spots. For example, in the males  
possessing spot P4 and emerging at the beginning of 
the flight period, the mean diameter of spot P5 was  
1.7 mm, whereas in the last males to emerge, this  was 

1.2 mm, i.e., the difference was 0.5 mm. The males 
lacking spot P4 had small and not insignificant sea-
sonal differences in the size of spot P5 (1.14 mm in 
the “early” males and 1.11 mm in the “late” ones). 

The pattern of seasonal variation in the size of spots 
G3, G4, and G5 in individuals lacking phene G2 was 
the same in both sexes: the largest spots were observed 
in the adults emerging in the middle of the flight pe-
riod, and the smallest ones, in those emerging at the 
end (Fig. 4C). Examination of the samples of butter-
flies possessing phene G2 showed that the males 
emerging in the middle of the flight period had the 
largest spots, and those emerging at the end of the 
flight period had the smallest spots. The females pos-
sessing spot G2 and emerging at the beginning of the 
flight period had small spots G3 and G4, while those 
emerging at the end had the largest spots. The diame-
ter of spot G5 in the females showed the same varia-
tion trends as in the males. 

Table 4. Results of analysis of variance for wing lengths (LF, LH) and diameters of eyespots on the hind wing (G3, G4, G5)
Parameter λ F df1 df2 p 

2005 
Sex 0.874 6.21 5 215 0.000021 
Emergence phase 0.938 1.40 10 430 0.176540 
Presence of spot G2 0.785 11.75 5 215 0.000001 
Sex × emergence phase 0.876 2.94 10 430 0.001392 
Sex × presence of spot G2 0.931 3.18 5 215 0.008662 
Emergence phase × presence of G2 0.889 2.62 10 430 0.004265 
Sex × emergence phase × presence of G2 0.917 1.91 10 430 0.041621 

2007 
Sex 0.823 16.36 5 381 < 0.000000 
Emergence phase 0.962 1.48 10 762 0.140742 
Presence of spot G2 0.828 15.83 5 381 < 0.000000 
Sex × emergence phase 0.961 1.54 10 762 0.121186 
Sex × presence of spot G2 0.995 0.39 5 381 0.852335 
Emergence phase × presence of G2 0.989 0.44 10 762 0.929023 
Sex × emergence phase × presence of G2 0.992 0.30 10 762 0.981279 

2005 and 2007 
Sex 0.912 11.76 5 612 < 0.000000 
Emergence phase 0.958 2.67 10 1224 0.003132 
Presence of spot G2 0.828 25.45 5 612 < 0.000000 
Sex × emergence phase 0.970 1.87 10 1224 0.044960 
Sex × presence of spot G2 0.990 1.28 5 612 0.271130 
Emergence phase × presence of G2 0.983 1.03 10 1224 0.415699 
Sex × emergence phase × presence of G2 0.994 0.36 10 1224 0.964745 
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DISCUSSION 

The Arran brown Erebia ligea in the Middle Urals 
reveals sex-related and seasonal variations in the wing 
length and eyespot diameter. According to the previ-
ously published data and the results obtained in this 
study, in some parts of the distribution range the males 
are larger than the females, whereas in other areas the 
females are larger. Thus, the value of the “sex dimor-

phism index” (ratio of the mean wing lengths of males 
and females), proposed by some authors (Wiklund and 
Forsberg, 1991; Nylin et al., 1993), shows geographic 
variability within the range from 0.99 (Sweden) to 
1.02 (Middle Urals). 

The species in question is biennial over most of its 
range (Ivanov et al., 1987) and is characterized by 
protandry. In the south of Sverdlovsk Province the 

 

Fig. 4. Variability of wing length (A) and diameters of eyespots on the fore (B) and hind (C) wings of Erebia ligea (L.), as related to sex, 
phase of emergence, and manifestation of phenes P4 and G2. A: mean ± standard deviation (1), length of fore wing in the absence (2) 
and presence (3) of spot P4, and length of hind wing in the absence (4) and presence (5) of spot P4). B: mean ± standard deviation (1), 
diameter of P2 in the absence (2) and presence (3) of spot P4, diameter of P3 in the absence (4) and presence (5) of spot P4, and diame-
ter of P5 in the absence (6) and presence (7) of spot P4. C: mean ± standard deviation (1), diameter of G3 in the absence (2) and pres-
ence (3) of spot G2, diameter of G4 in the absence (4) and presence (5) of spot G2, and diameter of G5 in the absence (6) and presence 
(7) of spot G2. 
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adults appear only in odd-numbered years, the males 
emerging 5–7 days earlier than the females. The indi-
viduals emerging at different times during the flight 
period differ in size. The trends of seasonal size varia-
tion in the males and females from our material were 
differently directed: the largest males and the smallest 
females appeared at the beginning of the flight period 
and were followed by medium-sized adults of both 
sexes, whereas the smallest males and the largest fe-
males appeared at the end. Although this trend has 
been repeatedly described in the literature, in particu-
lar for Pararge aegeria (Linnaeus, 1758) (Satyridae) 
and Lycaena tityrus (Poda, 1761) (Lycaenidae) 
(Fischer and Fiedler, 2001), its adaptive significance 
has not yet been explained. It was assumed that indi-
viduals of different sexes might respond differently to 
selective pressure, for example, to changes in the 
thermal regime of larval development. 

The size of individual eyespots in the wing pattern 
is only weakly correlated with the size of the wing 
itself. Even though the males are larger than the fe-
males, the females possess larger eyespots. The sea-
sonal variation in the diameters of forewing spots is 
largely the same in both sexes of E. ligea: adults with 
large spots emerge early, while those with small spots 
appear late. 

Assessment of seasonal variation in the eyespot size 
and stability of their appearance in the pattern, per-
formed by analysis of variance, has demonstrated  
a threshold mode of eyespot manifestation. The eye-
spots treated as phenes in this study appear on the 
wings only if other spots in the wing pattern have 
reached a certain threshold size (Brakefield and van 
Noordwijk, 1985; Zakharova, 2002; Vasil’ev, 2005). 
The vector of seasonal variation in the eyespot size has 
been found to change depending on the presence of 
phene G2 (spot in cell M1–M2 of the hind wing). Spots 
G3, G4, and G5 are the largest in the females lacking 
phene G2 and emerging at the beginning of the warm 
season, and the smallest in those emerging at the end. 
Among the females possessing spot G2, those emerg-
ing at the beginning of the flight period have small 
spots G3 and G4, while those emerging at the end have 
the largest spots. The opposite trends of seasonal 
variation in metric characters, observed in the samples 
of individuals possessing marker phenes (e.g., P4 and 
G2) and lacking them may suggest an epigenetic ex-
planation: different ontogenetic responses to environ-
mental influences at the population level. Since analy-
sis of variation of the eyespots deals with stable dis-

crete states of threshold-based characters, it should be 
borne in mind that changes in the size of some spots 
are correlated with manifestation of certain phenes in 
the wing pattern. The varying ratio of phenetic eyespot 
combinations in individuals emerging at different 
times during the flight period appears to be determined 
by the threshold nature of their variation. Thus, when 
describing phenotypic variation at the population 
level, one should remember that the relative abun-
dance of “morphs” or phenetic combinations may vary 
during the flight period of a generation, especially in 
protandric species. 
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