
INTRODUCTION

Morphological polymorphisms are well studied and
provide evidence of natural variation and micro-
evolutionary processes occurring in nature (Ford, 1964).
Although these studies now seems “marginal” compared
to the flood of information from molecular studies (Lowe
et al., 2004) they are important because they provide
direct evidence of interaction between environmental fac-
tors and animal characteristics at the organismic level.
Among the frequently studied polymorphic taxa lady bee-
tles (Coleoptera: Coccinellidae) occupy a prominent posi-
tion, in particular the results of studies on the poly-
morphism in the pattern and colour of their dorsal
surface: head (Rogers et al., 1971), scutum (Blehman,
2007) and elytra. The pattern on the elytra varies in terms
of the base colour and number, size and shape of spots.
The few species that are the classical subjects of these
studies have a small number of morphs in which the base
colour of the elytra differs and is determined by major
genes. There are many studies on local and temporal
variation in proportions of morphs in populations (Slog-
gett & Honek, 2012). In most cases the occurrence of
morphs appears to be associated with climatic factors,
industrial pollution (Zakharov, 2003) and, possibly,
visual predation (Brakefield, 1985). It is supposed that
“melanic” morphs have an advantage over “pale” non-
melanic morphs in cold and/or humid areas. Dark col-
oured individuals are able to quickly increase their body
temperature when sunlight penetrates overcast skies and
the resultant greater activity results in an increase in
breeding success (Brakefield & Willmer, 1985; de Jong et

al., 1996). However, mechanisms balancing the ratio of
particular morphs in populations are still open to dispute
and worthy of further study (Majerus, 1994).

Of particular interest is the maintenance of polymor-
phism in species that do not show conspicuous variation
in the base colour of their elytra, which is supposed to be
important for the operation of selection in these species.
An example is Hippodamia (= Adonia) variegata
(Goeze), a species in which the morphs differ only in the
number, size and merging of the spots. This Palaearctic
species is found also in central Africa and India (Bie-
lawski, 1959) and was introduced into North (Schaefer &
Dysart, 1988) and South America (Grez et al., 2004). In
central Europe this species colonizes stands of wild her-
baceous plants and crops infested with a variety of aphid
species (Honek, 1985; Nedved, 1999). As this species has
2–3 generations per year, all of which may overwinter,
this species is abundant in late summer. There is a very
rich variety of morphs in this species, which differ in the
pattern of spots on their elytra. The proportion of the dif-
ferent morphs in local populations varies geographically.
In the Western Palearctic the dominant morphs lack con-
fluent spots but in the Eastern Palearctic the dominant
morphs are “melanic” with confluent spots. It has been
concluded that the proportion of “melanic” morphs in an
area increases with the level of humidity recorded there
(Dobzhansky, 1933). At localities in Central Europe the
proportions of the different morphs in local populations
are similar (Schilder, 1952). The population of this spe-
cies at Štúrovo, southern Slovakia, provides an excellent
opportunity to study the temporal changes in the percent-
ages of the various morphs as it has been sampled repeat-
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Abstract. Lady beetles (Coleoptera: Coccinellidae) are a classical group for studying the mechanisms that determine local and tem-
poral trends in colour polymorphism. Here we report long term trends in variation in the percentage of different morphs in a popula-
tion of Hippodamia variegata (Goeze) at Štúrovo, Slovakia (47°48´N, 18°43´E). The morphs differ in the number and location of the
spots on their elytra. Beetles were sampled from stands of herbaceous plants using a standard method each year in August over a
period of 74 years from 1937 to 2011. Twenty two morphs (out of 74 possible) were recorded in a total sample of 6,984 individuals.
Four dominant morphs made up 90% of the total sample and varied in their annual frequency independently of one another. Fre-
quency of “pale” morphs (0–3 spots per elytra), supposedly favoured by a warm climate, increased from 1981 to 2000s’ during a
period of climate warming, but only after a decrease that took place between 1937 and 1981, which did not parallel a change in cli-
mate. Moreover, the differences in the extent of the melanization of the elytral surface are too small to significantly affect thermo-
regulation in the different morphs. Therefore, the results presented do not provide unequivocal support for climate change
determining the long term trends in the variation in the proportions of the different morphs.
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edly since the 1930’s, by Strouhal (1939), Balthasarova-
Hrubantova (1951) and the present authors. To explain
this temporal variation, we proposed the hypothesis that
the variation in occurrence of beetles with larger or
smaller numbers of spots is correlated with climatic
changes and tested for a trend in the percentage of par-
ticular morphs, with an increase in pale morphs with
increase in ambient temperature expected.

MATERIAL AND METHODS

Species studied

The colour pattern on the scutum and elytra of H. variegata is
very variable (Strouhal, 1939). The pattern on the elytra, which
is the topic addressed in this study, is that of the spots located at
6 specific positions (Fig. 1). Any of these spots may be either
present or absent, regardless of the state of the other spots. Thus,
the pattern on each elytron may consist of 0 to 6 spots in one of
74 combinations of which 22 were recorded in this study (Fig.
1). The seventh spot, which is in the centre of the scutellum and
present in all individuals, was not included in this study. Rare
individuals (0.14% of the total sample) in which pairs of spots
merge were classified as if the spots had not merged. In
addition, the morphs were also arbitrarily classified as “pale” if
there were 0–3 spots and “melanic” if there were 4–6 spots on
each elytron.

Sampling

The beetles were sampled within 20 km of Štúrovo, Slovakia
(47°48´N, 18°43´E, 110 m a.s.l.). The terrain in this area is flat
and consists of intensely cultivated large fields bordered by
woody hedgerows and interspersed with small vineyards, uncul-
tivated steppe and broadleaved forests. Typical crops are
cereals, maize, alfalfa and sugar beet. Since 1971, samples of H.
variegata were collected by the senior author (AH), each year
between 10th to 30th of August. They were sampled from stands
of alfalfa and wild herbaceous plants (particularly umbellifers),
using an entomological sweep net, on warm still days between
08:00–18:00 h, when adults are active in the upper stratum of
vegetation. The beetles sampled were put in alcohol and later
sorted in the laboratory based on their elytral pattern. Beetles
collected after 2004 were preserved in alcohol. Data for 1937
(Strouhal, 1939) and 1950 (Balthasarova-Hrubantova, 1951)
were retrieved from literature. The period of time covered by
the data is thus 74 years.

Data processing

The beetles were each assigned to one of 7 categories, each
defined by the number of spots present on the elytra (0 to 6
spots) regardless of their position and to 22 morphs each charac-
terized by a specific number and position of the spots on the
elytra (Fig. 1). The frequencies of particular morphs differed in
each of the 14 years sampled. Data for 2003 and 2006 were
excluded from further analysis because of small sample size.
Differences in morph frequencies between other years (sample
size 154 – 2,296 individuals) were tested using GL saturated
model with Poisson error structure and log link function, using
individual counts as a response variable and morph, year and
their interaction as explanatory terms. Then particular years
were grouped based on the percentages of the different morphs
using cluster analysis with Euclidean distances and complete
linkage, in order to remove the influence of the variation in
annual sample size. Percentage frequencies of the abundant
morphs (making up > 5 percent of total catch) were further
tested using a z-test (Systat Software, 2006). Percentage of a

morph in the total sample for a particular year was tested against
percentage of the same morph in each of the other years.

The relationship between temperature in spring and summer
and the percentage of the different morphs was investigated
using data for 1992–2011. Percentages of individuals belonging
to each of the categories characterised by a particular number of
spots were separately regressed on average temperatures over
periods (April–July, April–August, May–July and May–August)
that might have affected individuals collected in late August in
each of these years. This data was calculated using monthly
mean temperatures (whole day temperatures calculated using
standard method and data collected at 07:00 h, 14:00 h and
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Fig. 1. Elytral colour patterns recorded during the course of
this study. Numbering of the morphs throughout the text corre-
sponds to that used in this Figure. The rows represent categories
with particular numbers of spots, starting from 0 (top) to 6 (bot-
tom).



21:00 h) at Bratislava (located c. 130 km from the sites sampled,
http://www.weatheronline.cz). Long term records of the changes
in temperature in Central Europe were obtained from Prague
Klementinum, where the record goes back to 1775 (http://
zmeny-klima.ic.cz/).

To estimate the percentage of the surface area of the elytra
covered by black spots their areas were measured using an
optical planimeter and photographs of individuals with spots of
different sizes.

RESULTS

A total of 6,984 individuals belonging to 22 colour
morphs were collected over the 74 year period from 1937
to 2011 (Appendix), which is only a fraction (30%) of the
total of 74 possible morphs. Four morphs 12 (3-spot), 14
(4-spot), 21 (5-spot), 22 (6-spot) (Fig. 2), each making up
> 5% of the total sample, were sampled every year and
together made up 89.3% of the total sample. Four less
abundant morphs, 6, 16, 17 and 20, each making up
1–5% of the total sample occurred regularly each year
except 1981 (missing morph 16), 1992 and 2005 (missing
morph 6), and 2010 (missing morph 20). Of the total
sample they made up 7.5%. There were also fourteen rare
morphs that each made up less than 1% of the total
sample and together 3.2%.

The frequency of individuals with particular numbers
of spots varied between years (GLM-p, deletion test: 2

231

= 703.65, p << 0.001). The percentage of “pale” morphs
with 0–3 spots was high in 1937, then decreased to a
minimum in 1981 and again increased up to 2006–2011
(Fig. 3). Particular years were grouped in two main clus-
ters (Fig. 4), one consisting of 1981, 1992 and 2005,
years in which there were low percentages of the 3-spot
morph 12, and high percentages of 5-spot (21) and 6-spot
(22) morphs. The other cluster included the remaining
years with different combinations of morphs. This cluster
includes three sub-lineages one of which includes 1937
and 2007–2010, which indicates that the morph composi-
tion of the H. variegata population at the end of the moni-
toring period was similar to that at the beginning. The
percentage of particular abundant morphs varied inde-
pendently of one another and the patterns of similarity in

percentage between particular years were specific for
each morph (Fig. 5).

The percentages of the abundant morphs in 1992–2011
were not significantly related to weather prevailing in the
season when the beetles developed. The regression of the
percentage of particular abundant morphs, 12 (3-spot), 14
(4-spot), 21 (5-spot) and 22 (6-spot), or of 3-spot plus
4-spot morphs (12 + 14) or 5-spot plus 6-spot morphs (21
+ 22) on any combination of April to August mean tem-
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Fig. 2. Frequency of particular morphs in the total sample col-
lected over the period 1937–2011. The morphs are indicated by
the numbers used in Fig. 1.

Fig. 3. A – Percentage of beetles with 0–3 spots (“pale”
morphs) and 4–6 spots (“melanic” morphs) on their elytra in
particular years. B – Mean annual temperatures in particular
years. Data from the meteorological station of Prague Klementi-
num.

Fig. 4. Results for the years sampled grouped according to the
frequency of individuals with different numbers of spots in the
total sample using cluster analysis (complete linkage, Euclidean
distance).



perature were not significant (P = 0.171–0.540). In fact,
the morphs were similar in the percentage of the surface
of their elytra covered by black spots, which was 9%
(when the spots were small) – 15% (spots large) in 3-spot
morph 12, 10–19% in 4-spot morph 14, 11–19% in 5-spot
morph 21 and 12–22% in 6-spot morph 22.

DISCUSSION

First, we should address a problem associated with this
type of study, which is the absence of a genetic analysis
of spot pattern polymorphism in H. variegata (Majerus,
1994). In coccinellids where the morphs differ fundamen-
tally in pattern and base coloration of the elytra, the
inheritance the pattern is via multiple alleles of a major
gene. This is the case in Adalia bipunctata (L.) (Schröder,

1909; Fiori, 1928; Lusis, 1928), Harmonia axyridis (Pal-
las) (Tan & Li, 1934; Hosino, 1936) and Olla v-nigrum
(Mulsant) (Vandenberg, 1992) in which melanic morphs
are dominant and in Coelophora species (Chazeau, 1980;
Houston & Hales, 1980) in which the pale morph is
dominant. Hippodamia variegata only varies in the pat-
tern of the distribution of the spots on the elytra. Of 74
possible spot combinations only 22 (30%) were present in
the natural populations studied, which indicates there may
be a genetic constraint on the extent of the variation. In
other coccinellid species similar variation, although under
genetic control (Lusis, 1932; Zarapkin, 1938; Hosino,
1942), is modified by the temperature experienced by an
insect at certain sensitive stages in its development (Zim-
mermann, 1931; Okuda et al., 1997; Michie et al., 2010).
With increasing temperature the size of spots decreases
gradually until some spots do not develop at high tem-
peratures. In H. variegata the variation in the size of spots
is constrained with the lower limit to their size usually far
from zero. The assumed reduction in size of spots caused
by experiencing high temperatures during development
probably rarely ends in spot elimination. The pattern of
spots is likely to be determined genetically but this needs
to be verified.

The results provide an opportunity to discuss the tem-
poral variation in the percentage of individuals with dif-
ferent elytral patterns in H. variegata. As the data
contradicted the hypothesis of stable morph composition
we first looked for variation consistent with change in cli-
matic factors already demonstrated in other coccinellid
species. The composition of morphs in populations of A.
bipunctata in xeric Central Europe has remained stable
for 33 years (Honek et al., 2005) while in populations in
areas with a humid oceanic climate it has changed. It is
suggested that these changes are determined by the level
of industrial air pollution (Creed, 1971; Zakharov, 2003)
and changes in climate (de Jong & Brakefield, 1998;
Brakefield & de Jong, 2011). Directional long-term
changes also occur in local populations of H. axyridis
(Komai & Chino, 1969). In both these species the tem-
poral variation in the frequency of morphs involves
changes in the percentages of “pale” (yellow or red back-
ground colour with black spots) and “melanic” (black
with yellow or red spots) morphs. In contrast, in H. varie-
gata there are several morphs only arbitrarily divided into
“pale” and “melanic” forms. If we assume that “melanic”
morphs (4–6 spots) are at an advantage when the weather
is cold and overcast and the “pale” morphs (0–3 spots)
when the weather is warm, then the long term variation in
percentages of different morphs should parallel climate
trends, but the results indicate they only partly parallel
these trends (Fig. 3). The temperatures remained low
between 1930 and 1980 then gradually increased up to
the end of the period studied (Anonymous, 2010). During
the latter period the highest increase in temperature was
for April–August and decrease in rainfall for April–June,
which was accompanied by an increase in the number of
hours of sunshine (Anonymous, 2010). In fact changes in
percentages of the different morphs of H. variegata fitted
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Fig. 5. Significant differences between particular years (P <
0.05, z-test of percentages, shaded) in percentages of abundant
morphs (numbering as in Fig. 1). A – 3-spot morph 12; B –
4-spot morph 14; C – 5-spot morph 21; D – 6-spot morph 22.



the prediction after 1980 when the percentage of “pale”
morphs increased in parallel with the warming in the
weather. However, the decrease in the percentage of
“pale” morphs between 1937 and 1981 is not paralleled
by a cooling in the climate. Another reservation, when
seeking an explanation for changes in the percentage
composition of the different morphs in terms of climatic
change, is the existence of short term oscillations in
morph composition (2005), which might bias the estima-
tion of long term trends when using incomplete data.

Studies on species with morphs that differ in the base
colour of their elytra and pattern of spots reveal the cru-
cial role of thermoregulation in balancing morph propor-
tions (Sloggett & Honek, 2012). They lead to local
differences in the proportions of the different morphs
(Komai & Hosino, 1951; Bengtson & Hagen, 1975) and
can change relatively fast when the climate changes
(Brakefield & Lees, 1987; de Jong & Brakefield, 1998;
Majerus & Zakharov, 2000; Brakefield & de Jong, 2011).
It is unlikely that thermoregulation has affected the per-
centages of the different morphs in the Sturovo popula-
tion of H. variegata. The differences in the median
percentages of the surface area of the elytra covered with
melanic spots in the most abundant morphs are small and
overlapping. Therefore the variation in percentage of ely-
tral surface that is melanic is unlikely to result in signifi-
cant differences in the body temperatures of the different
morphs.

Temporal changes are important when evaluating local
variation in the percentages of different morphs. The
composition of the population at Sturovo is generally
similar to that of populations at other localities in Central
(Schilder, 1928, 1952; Schilder & Schilder, 1951) and
Eastern Europe (Dobzhansky, 1933). The occurrence of
particular morphs is nearly identical [one morph lacking
confluent spots in Schilder’s (1952) list was not present
in our samples] and the order of abundant morphs is simi-
lar. The major difference is in the variation in the percent-
ages of the rarer morphs. As there is a significant
temporal variation in morph composition of local popula-
tions, geographic comparisons based on data collected in
different years are confounded by temporal variation in
percentages of the different morphs.

Causes of the significant long term variation in percent-
ages of the different morphs of H. variegata thus remain
to be determined. As in other species further progress
requires an experimental study of the genetic basis of
colour polymorphism and the reaction norms of the
various morphs to temperature. This supplementary infor-
mation will make this species a likely subject for studies
on ecological genetics.
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APPENDIX 1. Numbers of individuals of morphs 1–22 (Fig. 1) in samples collected in years 1937–2011.


