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Abstract. Adults of some coccinellid species overwinter in aggregations consisting of many individuals. They may clump because
adults are attracted to particular environmental stimuli and/or of an innate tendency to join conspecific individuals. Aggregation
behaviour was studied in Coccinella septempunctata L., which forms small clumps, and Ceratomegilla undecimnotata (Schneider)
and Hippodamia variegata (Goeze), which form large clumps. Adults were recorded at five hilltop hibernacula (400-1500 m
altitude) in central Europe (50—51°N, 14—16°E) for periods up to 27 years. The hibernacula occur in areas sparsely covered with iso-
lated grass tussocks or completely with stones. Numbers of adults recorded under each of 300-900 stones or among the stems of the
grass tussocks were counted every year at each hibernaculum. The degree of aggregation was determined using Taylor’s power law.
The coccinellid distributions became more aggregated and the size of the aggregations increased as their abundance increased, less in
C. septempunctata than in the other two species. Aggregations formed even in the absence of prominent structures, which may
attract immigrants, and even when unoccupied stones or tussocks suitable for overwintering were available. Aggregations may be
established and their size limited by the strength of the intrinsic preference to join conspecifics. The supposed advantage of aggre-

gated overwintering must be greater than the risk associated with the easy spread of diseases.

INTRODUCTION

In central Europe the life histories of aphidophagous
lady-beetles (Coleoptera: Coccinellidae) are similar.
Larval development takes place on aphid infested stands
of field crops, wild herbs, shrubs or trees, where one gen-
eration (in some species and years 2-3 generations)
develop in late spring and early summer. Young adults
then forage in temporary habitats, where they feed on
both insect and vegetable food but do not reproduce.
They search for places to overwinter (hibernacula), usu-
ally small areas often well delimited against the surround-
ings, with a typical ground surface structure, vegetation
cover and microclimate (Hodek, 1996). Hibernacula may
be scattered in the agricultural landscape, along forest
margins, in gardens, in dry vegetation in ruderal areas or
on walls of buildings. Some individuals of some species
fly to prominent hilltops, often several kilometres away
from where they bred. At these sites diapausing or quies-
cent adults stay from mid-summer (July—August) until the
following spring (April-May), shelter in various struc-
tures and largely refrain from feeding (Hagen, 1962;
Hodek, 1996). Thus, they spend a considerable amount of
time in hibernation and have physiological and behav-
ioural adaptations that minimize mortality during this
period.

Hibernating adults may aggregate in clumps, which
usually consist of a few but sometimes tens of thousands
of individuals. Aggregations may arise passively, because
individuals are attracted to particular structures and/or
microclimatic conditions and there are few such struc-

tures. However aggregations might originate from an
intrinsic tendency to join conspecifics and clump together
even when there are many convenient hibernating sites
still available. Overwintering in clumps rather than singly
may alter the chance of survival. Ecological theory pre-
dicts that clumping may decrease the risk of predation
and/or parasitism (Sillen-Tullberg & Leimar, 1988; Tur-
chin & Kareiva 1989; Mooring & Hartl, 1992). However,
the high population density achieved in clumps may also
facilitate the spread of disease (e.g. Bellows & Hassell,
1999).

Aggregation was studied in three species that differ in
their overwintering habits, Coccinella septempunctata L.,
Ceratomegilla undecimnotata (Schneider) and Hippo-
damia variegata (Goeze). The hibernation behaviour of
C. septempunctata is plastic (Hodek, 1960). The adults of
this species move between habitats (Ricci et al., 2005)
before flying to hibernacula (Honé€k, 1990; Nedvéd et al.,
2001). Many individuals hibernate at lowland sites with
warm microclimates (southern slopes and woodland mar-
gins, roadsides), where they overwinter under dead leaves
or various debris, in dry vegetation, singly or in small
groups (Hon¢k, 1989). Adults that fly to hilltop hiber-
nacula overwinter in grass tussocks or under stones,
singly or in groups that may consist of several tens of
individuals (Hon¢k, 1989; Ceryngier, 2000). The abun-
dance of overwintering adults varies between years
(Hon&k & Martinkova, 2005). Ceratomegilla undecimno-
tata is a thermophilic species which breeds on herbaceous
plants in agricultural landscapes. Diapausing and quies-
cencent adults (Katsoyannos et al., 2005) fly to hilltops
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where they aggregate and may establish very conspicuous
overwintering clumps consisting of several thousands of
individuals (Hodek, 1960). Unlike both former species,
H. variegata can complete 2—3 generations per year and
may become very abundant in warm years (Hon¢k &
Rejmanek, 1982). It overwinters in a variety of lowland
and hilltop hibernacula, singly or in small groups, fre-
quently together with one of the other coccinellid species
(Hodek, 1960). Aggregations consisting of several tens of
individuals were observed at high altitude hibernacula in
central and northern Slovakia and smaller clumps on hill-
tops near the sites used in this study (A. Hon¢k, unpubl.).

Since 1978, the distribution and abundance of C. sep-
tempunctata was studied at five overwintering sites in the
west of the Czech Republic. These hibernacula are natural
grasslands or rock debris fields, on the southern slopes of
hills. All these sites provide many places for overwin-
tering as they are covered by thousands of grass tussocks
or stones, all of similar size and quality. The coccinellid
aggregations at these hibernacula are apparently formed
spontaneously, as there is an abundance of places for
hibernation. C. undecimnotata and H. variegata occurred
at only two localities. The objectives of this study were to
determine (i) whether the coccinellid distribution is
aggregated, (ii) how clump size varied with overall spe-
cies abundance and (iii) whether aggregation behaviour
differs between species.

MATERIAL AND METHODS

Overwintering sites

Overwintering adults of C. septempunctata, C. undecimnotata
and H. variegata were counted at a hibernation site at Rana hill
(50°24'N, 13°46’E, atitude 390 m a.s.l) and Srdov hill
(50°24'N, 13°47’E, altitude 440 m a.s.l.) in the west of the
Czech Republic. Both areas are natural grassland and covered
with grass tussocks spaced 5-20 cm apart on bare ground. They
are on southwestern slopes near the tops of the hills. At these
sites the soil is shallow (2-5 c¢cm) and on vulcanic bedrock, and
exposed to sun and wind. Hibernacula on Velky Studenec
(50°50°N, 14°27°E, 720 m), Obii Hieben (50°44'N, 15°45E,
1420 m,) and Studni¢na hora hills (50°43°N, 15°42E, 1480 m)
were occupied only by C. septempunctata. These hibernacula
were in fields of rock debris. At each hibernaculum coccinellids
were counted each year within the same plot, the size of which
(100 to 250 m?) differed between hibernacula. At all sites the
area suitable for hibernation extended beyond the limits of the
plot searched for coccinellids. The Rana hibernation site was
checked once each year from 1978 to 2004, the other hiber-
nacula from 1979 to 1988 and from 2002 to 2003.

Coccinellid abundance

Adults of the three species overwinter deep between the
densely packed stems of grass tussocks. In rock debris fields the
coccinellids are on the undersides of stones. A standard method
of counting was used throughout the study. Every year at each
hibernation site coccinellids were counted on one day, between
September 20 — October 20. At this time coccinellid immigra-
tion had ceased and hibernation mortality was minimal. Num-
bers of individuals hibernating in each tussock or under each
stone were recorded separately. The stems of the grass tussocks
were spread apart and the coccinellids counted. On rock debris
fields surface stones were turned and the number of coccinellids
on the undersides recorded. Every year at each hibernation site
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Fig. 1. Distribution of clump sizes in years with contrasting
population densities. Data for C. septempunctata, Rana,
1978-2003. Years when there were A — less than 10 individuals
per 100 tussocks (1987-8, 1994-5, 1997, 1999, 2001-3, B —
more than 100 individuals per 100 tussocks (1979, 1981-2,
1985-6, 1989, 1992, 1996).

presence of coccinellids was established in 3x100 to 9x100
(usually 5x100) tussocks or under a similar number of stones.
When several coccinellids occupied one tussock or were present
under one stone it was considered to be a “clump” even when
they were actually a few centimeters apart. Before the onset of
the cold winter period, individuals in such loose groups may fre-
quently change their position, crawl around, bask in the sun but
finally form dense clumps (A. Hon€k, unpubl.). The total
number of individuals recorded was 14,373 C. septempunctata
(39,400 tussocks/stones inspected), 714 C. wundecimnotata
(6,800 tussocks) and 110 H. variegata (6,000 tussocks).

Data processing

Average number of each species of coccinellid present at a
site in a particular year (“abundance”) was calculated as the
arithmetic mean of the mean number per hundred
tussocks/stones. Statistical analyses were performed within R (R
Core Development Team, 2004). In order to identify whether
the distribution of each coccinellid species was random or
clumped Taylor’s power law was used (Taylor, 1961), i.e. a
regression of variance on mean, both on a logarithmic scale. For
a random distribution the slope of the regression line is equal to
“1”, while for a clumped distribution the slope is greater than
“1”. Whether the slope parameter differed from unity was tested
using a t-test. To determine how the degree of clumping
changes with abundance, the index of dispersion (ID), i.e.
variance-to-mean ratio (Ludwig & Reynolds, 1988), was esti-
mated for each sample, which was then regressed on standard-
ised sample sizes, both on logarithmic scales to normalize the
distribution of the variables. In both analyses linear models were
compared using ANCOVA with species as a factor and sample
sizes as a covariate. Minimal adequate model was achieved by
combining factor levels (Crawley, 2002).
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Fig. 2. Variance in clump size plotted against abundance at
particular sites for C. septempunctata (e) and a combined
sample of H. variegata and C. undecimnotata (IJ). Combined
data for all hibernacula and years. Parameters of the individual
linear models (log[y] = log[a] + b log[x]) are: C. septempunc-
tata a = 2.50, b = 1.38, H. variegata and C. undecimnotata a
=7.17,b=1.77.

RESULTS
Aggregated distribution

For each species and overwintering site the abundance
varied between years. The size of the clumps and the fre-
quency of large clumps increased with overall abundance.
This was apparent in C. septempunctata (Fig. 1) as well
as in H. variegata and C. undecimnotata, for which there
was less data. The analysis of variance vs. abundance
plots (Taylor’s power law) revealed that the regression
slopes were significantly greater than “1” suggesting that
all three species aggregate (Fig. 2). There was a signifi-
cant difference between the regression models for the dif-
ferent species (ANCOVA, F107 = 9.49, P = 0.0001).
Models for H. variegata and C. undecimnotata were com-
bined because they were similar in both slope and inter-
cept (ANCOVA, Fi5 = 2.1, P = 0.12). The combined
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Fig. 3. Percentage of tussocks/stones occupied plotted against
average abundance of C. septempunctata. Data for all hiberna-
tion sites and years. Parameters of the linear model (log[y] =
log[a] + b log[x]): a=-0.088, b =10.739.
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Fig. 4. The index of dispersion (ID) plotted against abun-
dance at particular sites for C. septempunctata () and a com-
bined sample of H. variegata and C. undecimnotata (U).
Combined data for all hibernacula and years. Parameters of the
individual linear models (log[y] = log[a] + b log[x]) are: C. sep-
tempunctata a = 0.099, b = 0.417, H. variegata and C. undecim-
notata a=0.431,b=0.769.

model for these two species was significantly different
from the model for C. septempunctata, in both parameters
(ANCOVA, Fy 100 = 25.7, P < 0.0001). The slope of the
regression model for the combined data of H. variegata
and C. undecimnotata (t-test, P < 0.001) was steeper than
that for C. septempunctata (t-test, P = 0.005). This indi-
cates that the former species aggregated more intensely
than C. septempunctata. The proportion of occupied
tussocks/stones increased with abundance but some
tussocks/stones were always unoccupied. For C. septem-
punctata  (Fig. 3) the proportion of occupied
tussocks/stones increased with abundance (R? = 0.940, P
< 0.0001) but all were only occupied at abundances of
670 individuals per 100 tussocks/stones.

Group size

Analysis of the ID vs. mean abundance plots (Fig. 4)
revealed species differences in the relationship between
abundance and clump size (ANCOVA, F; 107 = 9.5, P =
0.0001, Fig. 2). Both parameters in the regression models
for H. variegata and C. undecimnotata were similar
(ANCOVA, Fi35 = 2.1, P = 0.12). Both parameters of the
combined model for both species are significantly dif-
ferent from those of the model for C. septempunctata
(ANCOVA, Fi,100 = 25.7, P < 0.0001). The difference in
slope indicated that H. variegata and C. undecimnotata
tend to overwinter in larger clumps (ID = 60) than C. sep-
tempunctata (ID = 20). Because of the greater tendency to
aggregate a greater proportion of C. undecimnotata than
C. septempunctata overwintered in large clumps (Fig. 5).

DISCUSSION

Some species of coccinellids characteristically aggre-
gate during hibernation. A number of explanations for
this behaviour have been proposed (Hodek, 1960), but
only a few species have been studied in detail (Hodek,
1996). Massive aggregations of Hippodamia convergens
Guerin were studied by Hagen (1962). The adults may be
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Fig. 5. Percentage of individuals overwintering in clumps of
different sizes. Data for Rana, 1978-2003. A — C. septempunc-
tata, B — C. undecimnotata.

carried by the wind to montane hibernation sites and then
actively redisperse, and select humid sites for overwin-
tering (Hagen, 1962). Coleomegilla maculata (DeGeer)
may also prefer to aggregate in moist places (Benton &
Crump, 1979). By contrast, Harmonia axyridis Pallas
forms large aggregations on prominent structures (Obata,
1986; Nalepa et al., 1996). A similar behaviour is
observed in C. undecimnotata (Hodek, 1960). Aggrega-
tions of these species originate because adults are
attracted by environmental stimuli and fly to particular
sites. The existence of an intrinsic aggregation tendency,
i.e. tendency to join conspecific individuals, is unclear. It
might be inferred from the distribution at hibernacula
where there is an abundance of apparently similar hiber-
nation sites, like the grass tussocks or stones in this case.
Because of the absence of differences between the struc-
tures, the clumps may arise due to the mutual attraction of
coccinellid adults. This was demonstrated in C. undecim-
notata by a preliminary experiment at a hibernation site
(Hodek, 1960) and in H. convergens in an olfactory
chamber (Copp, 1983).

In this study, the plots where coccinellids overwintered
were on southerly exposed slopes of hills, which are
warm as a consequence of their exposure to sun and the
sparse or absent vegetation. The coccinellids may be
attracted to these areas because they are warmer than the
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surroundings (Iperti, 1966; Hon¢k, 1989). However, the
reason for the aggregated distribution, in areas consisting
of apparently similar grass tussocks or stones, which
differ little in size, exposure, temperature or humidity, is
not obvious. The adults nevertheless aggregated in some
tussocks/stones and rejected others. The distribution
between tussocks or stones within hibernacula may result
from selecting particular structures because of (i) subtle
differences of an unidentified nature or (ii) a pioneer con-
specific occupying a tussock/stone at random. Once the
tussock/stone is occupied further adults prefer to settle
there, which finally results in a densely packed group.
This behaviour may be seen in late summer. On sunny
days, adults temporarily climb up on to the stones and
bask in the sun. With the onset of cool weather they
return and gather below the stone (A. Hon&k, unpubl.).
Finally they overwinter in a dense clump in which all
individuals are in close contact.

Forming a dense clump requires the precise location of
other conspecifics. Studies of foraging, copulation and
oviposition behaviour have revealed that coccinellid
adults can perceive olfactory (Ruzicka, 1997; Hamilton et
al., 1999; Shonouda, 1999; Schaller & Nentwig, 2000;
Yasuda et al.,, 2000; Ninkovic et al., 2001) and other
chemical stimuli (Hemptinne et al., 1998), and also
respond to visual stimuli (Nakamuta, 1984), and that
olfactory stimuli provide a cue for aggregation (Copp,
1983; Al Abassi et al., 1998). There are thus several
potential mechanisms that overwintering aduts could use
to aggregate, but the mechanism is unknown.

The behaviour that brings coccinellids together to form
aggregations also results in clumps of different sizes. As
there was a surplus of grass tussocks or stones, the typical
cluster size was characteristic of the species. In C. sep-
tempunctata, the hibernacula were scattered over the
whole landscape, and the aggregations were small even
when the adults were abundant. This species is apparently
reluctant to form large assemblages in which there are
several layers of individuals. In contrast, C. undecimno-
tata prefers hilltop hibernacula and usually overwinters in
rock crevices. The assemblages may consist of 10° — 10*
individuals (Hodek, 1960). Its tolerance of contact with
conspecifics is apparently greater than that of C. septem-
punctata. Although for C. undecimnotata hibernating in
grass tussocks is a marginal option, the size of its aggre-
gations in grass tussocks was significantly greater than
those of C. septempunctata, probably because of its
intrinsic preferences.

How a clumped distribution contributes to winter sur-
vival is not understood. Winter mortality in coccinellids is
high and differs between hibernacula (Timofeeft-
Ressovsky, 1940; Lipa et al., 1975; Bazzocchi et al.,
2004). Aggregation has been interpreted as a protection
against predators and/or parasitoids (see review in Hodek,
1960), but this remains to be tested. By contrast, easy
spread of disease is probably the most important disad-
vantage of clumping (Hongk, 1997) and the potential
advantage of clumping must be greater than its risk. In C.
septempunctata, migration may provide a mechanism



decreasing risk of spreading disease, particularly in hiber-
nacula at high altitudes where abundance is highest and
clumps are largest. In fact, winter mortality and occur-
rence of diseases was lower in populations originating
from hilltops than lowlands (Honé&k, 1997). This may be
due to selection against weak individuals operating
during the autumn migration to hibernation sites. Most
individuals develop in lowland agriculture crops (Honék,
1982, 1989) and from there fly to hilltop hibernacula, fre-
quently over several kilometres away and several hundred
metres higher up. This difficult migration results in the
hilltop hibernacula being occupied by larger individuals
than lowland hibernacula (Hon¢k, 1989; Ceryngier,
2000). Small (and/or sick) individuals apparently more
frequently stay in lowland hibernacula and generally
suffer a high winter mortality (Barron & Wilson, 1998).
This process of “selection” in favour of mainly healthy
individuals occupying hilltop hibernacula may also be
important in C. undecimnotata.
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