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Abstract. Each year huge numbers of adults of Coccinella septempunctata occupy aestivo-hibernation sites on Uludaz Hill, Cimen
Mountain in the Kahramanmaras Province of Turkey. In 2008 and 2009 we investigated the phenology, population dynamics, mortality
and natural enemies of C. septempunctata arriving on Uludaz Hill. Samples were collected once a month during the snow-free season
(April-November) from the top of the hill (2273 m a.s.1.) and at two lower altitudes (1900 m a.s.l. and 2050 m a.s.1.) on the slopes of
the hill. In both years C. septempunctata was clearly more abundant at the top of the hill than at the two lower altitudes, which is in
accordance with the hypothesis that beetles migrating to dormancy sites are strongly attracted to sites at the highest altitudes. Numbers
of C. septempunctata on the hill were low in April and May. The large increase in abundance recorded in June may be attributed to the
arrival of a new generation from lowland breeding sites. Emergence of previous year colonizers from their winter shelters is less prob-
able due to the high fat content of the beetles collected in June. Spring dispersal from the hill to lowland areas was not observed. We
suppose that this dispersal was either prevented by low temperature or considerably delayed and not synchronized with the period of
ladybird breeding activity in the surrounding lowlands. In addition, the C. septempunctata aestivo-hibernating on Uludaz Hill suffered
very high mortality, mainly caused by entomopathogenic fungi of the genus Beauveria. The results of our study are discussed in terms

of the ecological trap concept.

INTRODUCTION

The seven spot ladybird, Coccinella septempunctata L.,
exhibits great ecological plasticity in terms of various as-
pects of its life cycle, such as reproductive behaviour, vol-
tinism and dormancy (Hodek & Michaud, 2008). In this
species, among others, the length of dormancy and type of
dormancy site chosen are very variable. In central Europe
some individuals enter diapause as early as August, while
others are still active in October. Aestivo-hibernation of
the former is often preceded by a hypsotactically oriented
migratory flight to dormancy sites situated on the tops of
prominent hills or mountains. In contrast, individuals that
remain active for longer usually hibernate in lowland ar-
eas, near breeding sites (Hodek et al., 1993; Hodek, 2012).
The two types of individuals differ in their spatial distribu-
tions: lowland hibernators spend the cold months singly or
in small groups, while mountain aestivo-hibernators often
form large aggregations (Hodek, 2012).

In warmer regions, including the Mediterranean Basin
and Middle East, where C. septempunctata breeds in early
spring and the subsequent hot and dry season is more hos-
tile to the ladybird and its prey, migrations to high altitude
sites start as early as June (Bodenheimer, 1943; Katsoyan-
nos et al., 1997a, b; Ricci et al., 2005). One such high al-
titude site, where mass appearances of C. septempunctata
occur early in the season is an area on the top of Uludaz

Hill, Cimen Mountain near Kahramanmaras in southern
Turkey. At this locality impressive aggregations of C. sep-
tempunctata (Fig. 1) occur every year throughout the warm
season. Interviews with local people revealed that the bee-
tles have done this for more than 100 years.

The main aim of this study was to investigate phenology,
population dynamics and altitudinal differentiation of C.
septempunctata on Uludaz Hill. As dormant ladybirds of-
ten suffer a high mortality due to abiotic factors and many
different natural enemies (Ceryngier, 2000; Ceryngier et
al., 2012), we also assessed the effect of the natural en-
emies on C. septempunctata and the mortality of this coc-
cinellid while on the top of Uludaz Hill.

MATERIAL AND METHODS

This study was carried out in 2008 and 2009 on Uludaz Hill, Ci-
men Mountain in Kahramanmaras Province (37°55°N, 36°39'E).
Samples were collected in the area of the peak of the hill (2273
m a.s.l.) and on the slopes of the hill at two lower altitudes (1900
m a.s.l. and 2050 m a.s.l.). The substratum at all sampling sites
mostly consisted of rocks and stones and the vegetation was very
sparse (Fig. 2).

Population density

C. septempunctata density was assessed once a month during
the snow-free season (from April to November). The dates of
sampling in 2008 were: 19 April, 3 May, 7 June, 16 August, 20
September, 20 October and 25 November, and in 2009: 11 April,

41



Fig. 1. Coccinella septempunctata aggregating on the top of Uludaz Hill (photographed 7 June 2008).

1 May, 10 June, 14 July, 15 August, 8 September, 17 October
and 21 November. At each of the three altitudes numbers were
recorded at sites with a northerly (N), easterly (E), southerly (S)
and westerly (W) aspect, respectively. The beetles were counted
in three randomly selected 1 m? plots at each site and date. Only
beetles visible on rocks, stones or plants were counted.

Physiological state

From May to October 2009, samples of 30—60 individuals of C.
septempunctata were collected at the peak of the hill. They were
subsequently dissected in Ringer solution under a stereomicro-
scope to record the state of their fat bodies, digestive tracks and
in the case of females their ovaries. Fat body size was assessed
as small, medium-sized or large. Maturation level of ovaries was
evaluated, after Sakurai et al. (1986), using a 5-stage scale, from
stage 1 for undeveloped germaria containing oogonia to stage 5
for ovarioles with mature eggs.

Potential mortality factors

In both years, between June and October, live C. septempunc-
tata were collected once a month from the peak of the hill. Each
sample consisted of more than 200 individuals. They were brought
to the laboratory and reared in glass containers at 24 + 2°C and 60
+ 10% relative humidity, with water and honey solution provided.
Ten to 15 days after sampling, the beetles were checked daily
for mortality and emergence of parasitoids and dead individuals
were removed from the rearing containers. Ladybirds dying at
that time, except those killed by parasitoids, were checked for
fungal infection. They were placed in Petri dishes with moist fil-
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ter paper and kept at 25°C to stimulate the growth and sporula-
tion of fungi on infected dead individuals. Spores produced by
the mycelia overgrowing beetle cadavers were then incubated on
potato dextrose agar. Fungus identification was done using slide
culture techniques (Lacey, 1997).

Statistical analysis

We used multifactor ANOVA to reveal the relationships be-
tween the dependent variable (C. septempunctata density) and
the three explanatory variables (altitude, aspect of slope and sam-
pling time).

As our data were highly right-skewed with many zero values it
was Box-Cox transformed in order to meet ANOVA assumptions.
R statistical software was used in the analyses.

RESULTS

Population dynamics of C. septempunctata

Multifactor ANOVA revealed that in both years of this
study altitude, site and time of sampling had highly sig-
nificant effects on the density of C. septempunctata, while
a significant effect of the aspect of the slope was recorded
only in 2009 (Table 1). Post hoc comparisons (Tukey test)
revealed that in that year the ladybird densities on the south-
and east-facing slopes were not significantly different (P =
0.54), but were significantly lower on the west-facing slope
(P =10.003 and P < 0.001 for W-S and W-E comparisons,
respectively). In comparison with the densities occurring



Fig. 2. General view of higher parts of Uludaz Hill.

on slopes of other aspects that on the northern aspect was
much lower (P <0.001).

Although the abundance of C. septempunctata was dis-
tinctly higher in 2008 than in 2009 (91,060 individuals
recorded in 2008 vs. 20,406 in 2009 = 4.5 times higher),
a very clear altitude-density pattern was recorded in both
years and each aspect; the ladybirds tended to be much
more abundant in the peak area of the hill than at lower
altitudes (Figs 3 and 4).

In 2008, only a few C. septempunctata were found in
April (mean densities 2.1, 3.1 and 0.6 individuals per m?
at 1900, 2050 and 2273 m a.s.l., respectively) and May
(1.2 ind./m? at 1900 m a.s.l. and none at the two higher
altitudes). However, already in June the ladybird num-

bers reached the seasonal maximum (133 ind./m? at 1900
m a.s.l., 226 ind./m? at 2050 m a.s.l. and 2723 ind./m? at
2273 m a.s.l.). Later in the season, the numbers gradually
decreased and in November a few individuals (9.4 per m?)
were recorded only in the area of the peak (Fig. 3).

In 2009, the first individuals of C. septempunctata were
recorded in May and the last in October. Relatively high
numbers were recorded in June, August and September,
with lower densities in July (Fig. 4).

Physiological state of C. septempunctata

The guts of all the C. septempunctata individuals dis-
sected between May and October 2009 did not contain any
food or contained brown fluid without distinguishable food
particles.

TaBLE 1. The effects of altitude, aspect and month and their interactions on the densities of Coccinella septempunctata recorded on
Uludaz Hill (multifactor ANOVA of the Box-Cox transformed data).

. 2008 2009

Explanatory variable F P F P

Altitude 190.671 <0.001 403.150 <0.001
Aspect 0.239 0.869 30.834 <0.001
Sampling time 328.490 <0.001 289.795 <0.001
Altitude x aspect 2.769 0.013 2.954 0.009
Altitude x sampling time 23.702 <0.001 29.598 <0.001
Altitude x aspect x sampling time 2.897 <0.001 3.993 <0.001

43



01900 m a.s.l. D2050 m a.s.|. M2273 m as.l.

Mean density (ind. / m?%) Mean density (ind. / m?) Mean density (ind. / m?)

Mean density (ind. / m?)

01900 m a.s.l. 02050 m a.s.|. M2773 m a.s.l.

=2}
o
o

400 A

200 1

—E

Apr.

May Jun. Jul. Aug. Sep.

Oct.

Nov.

800

600

400 A

B

Apr.

. May Jun. Jul. Aug. Sep. Oct. Nov.

800

600 1

400 A

200

o

Apr

. May Jun. Jul. Aug.

Sep.

Oct.

Nov.

800

[=2]
o
o

400 A

200 A

4000
A
&
E 3000
°
£
>
= 2000 A
c
Q
o
c
3 1000
=
0 . - . ’—I S
Apr. May Jun. Jul. Aug. Sep. QOct. Nowv.
4000
B
E 3000
°
£
>
2 2000
c
L7
=]
=
3 1000
] TI fl
0 T T -
Apr. May Jun Jul. Aug. Sep. Oct. Nov.
4000
Cc
&
E 3000 |
k]
£
>
£ 2000
c
@
©
c
é 1000
0 ‘ , ’—I M m
Apr. May Jun. Jul. Aug. Sep. Oct. Nov.
4000 D
&
E 3000
©
£
>
£ 2000
c
@
©
c
3 1000
=
0 - T . V_I_'_.:—_vi
Apr. May Jun. Jul. Aug. Sep. Oct. Nov.

Fig. 3. Mean densities of Coccinella septempunctata at three
altitudes on Uludaz Hill in 2008. A — north-, B — east-, C — south-
and D — west-facing slopes.

Ovaries of all but one of the females dissected were
undeveloped, with oogonia or early oocytes showing no
traces of yolk deposition (stages 1-2). The initial phase of
oocyte vitellinization (stage 3) was recorded only in one
female in the October sample.

Percentages of C. septempunctata with different amounts
of fat changed with the season. The May sample includ-
ed a mixture of beetles with small (28%), medium-sized
(18%) and large (54%) fat bodies. Later, between June
and August, individuals with extensive fat reserves clearly
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Fig. 4. Mean densities of Coccinella septempunctata at three
altitudes on Uludaz Hill in 2009. A-D — as in Fig. 3.

predominated (92—100%), but their percentage was much
lower in September (45%) and October (33%) (Fig. 5).

Mortality factors of C. septempunctata

Two mortality factors were identified in field collected
C. septempunctata: the braconid parasitoid Dinocampus
coccinellae (Schrank) and the entomopathogenic fungi of
the Beauveria bassiana Balsamo (Vuillemin) group.

All the field collected beetles dying in the experimen-
tal rearing were found to be either parasitized by D. coc-
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Fig. 5. Fat body size in individuals of Coccinella septem-
punctata collected between May and October 2009 at the top of
Uludaz Hill.

cinellae or infected with Beauveria. The prevalence of D.
coccinellae in individual samples ranged between 2% and
15% in 2008 and 0.3% and 4% in 2009. The respective val-
ues for infection with Beauveria were 2—78% in 2008 and
1-78% in 2009. The total C. septempunctata mortality due
to these two factors ranged in individual months between
6% and 93% in 2008 and 5% and 77% in 2009. Especially
high mortalities were recorded in August 2008 and August
and October 2009 (Fig. 6).

DISCUSSION

Phenology

Ladybird beetles overwintering on the tops of hills and
mountains usually return to the lowlands in spring to repro-
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Fig. 6. Proportion of Coccinella septempunctata collected from
the top of Uludaz Hill infected with Beauveria and parasitized
by Dinocampus coccinellae. Numbers above the bars are sample
sizes.

duce (Hodek, 1960, 2012). After spring dispersal, a certain
time elapses before the tops are recolonized by a new gen-
eration of beetles. Our two-year investigations showed that
in the area of the peak of Uludaz Hill C. septempunctata
occurs throughout the snow-free season and that over this
period they have empty guts and immature ovaries, which
is the state typical of dormant individuals (Hodek, 2012).
In the lowlands surrounding Uludaz Hill, mating and
egg-laying by C. septempunctata take place in late April
and early May (O. Giiven, unpubl. data). At that time, the
higher parts of the hill are often covered with snow be-
low which the ladybirds are hidden in their winter shelters.
When the snow melts around May, it is probably still too
cold for most of C. septempunctata to leave their hiding
places and fly to lowland areas. In June, when the air tem-
perature rises to about 8-10°C, C. septempunctata appear
in great numbers on rocks, stones and plants, and their
walking and flying activity is high. This may be related to
both the emergence of hibernating individuals from their
winter shelters and the immigration of a new generation of
beetles from lowland breeding sites. According to Boden-
heimer (1943) and Katsoyannos et al. (1997a,b), most C.
septempunctata in the Mediterranean region migrate to
the mountains in June, at the beginning of the hot season.
However, our data on fat body dynamics, especially the
relatively high percentage of fatty individuals in the May
sample, may indicate that some well-fed beetles arrive at
Uludaz Hill very early, already before June. Almost exclu-
sive occurrence of individuals with extensive fat bodies
found in the following months (June—August) is probably
due to disappearance (mortality and/or dispersal) of the
previous season’s aestivo-hibernators. The state of the fat
bodies of the individuals in the late samples (September
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Fig. 7. Large numbers of dead Coccinella septempunctata at the top of Uludaz Hill (photographed 7 June 2008).

and October) suggests that in some of the individuals the
fat reserves were substantially depleted before winter.

We did not observe the dispersal of C. septempunctata
from the top of Uludaz Hill. It can be deduced that due
to climatic constraints this could not happen earlier than
June, when the reproductive activity of C. septempunctata
in lowlands has already ceased and the adults of a new
generation migrate in the opposite direction. Bodenheimer
(1943) found that the life-cycle of C. septempunctata in
the central part of Turkey is univoltine, with a prolonged
aestivo-hibernation lasting from early summer till April-
early May of the next year. The results of our study are
generally in accordance with Bodenheimer’s finding with
the exception that on Uludaz Hill aestivo-hibernation ter-
minates so late the year that there is little or no time for
them to disperse and breed.

Natural enemies

Spending many months in dense aggregations, the la-
dybirds on Uludaz Hill were subject to attack by natural
enemies, especially entomopathogenic fungi of the genus
Beauveria. They could not be reliably identified to species
level in this study because, as recent investigations sug-
gest, the fungi traditionally classified as B. bassiana are
actually a group of cryptic species, which are difficult to
separate (Rehner et al., 2011). The enormous numbers of
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dead C. septempunctata, often overgrown by pathogen
mycelium, recorded in dormancy shelters (Fig. 7), provide
good evidence of this. Also, the high prevalence of myco-
sis among field collected beetles that died in the laboratory
rearings indicates that the scale of infection was severe.
The maxima in the scale of infection in the reared ladybirds
were recorded in the late samples (August in 2008 and Oc-
tober in 2009), which suggests that the infected individuals
were new generation individuals that had recently arrived
on the hill. Infected beetles of the previous generation were
probably killed by the fungi before June (the first sampling
date) while they were still in hibernation. It is reported by
various authors (Lipa et al., 1975; Mills, 1981; Ceryngi-
er, 2000) that in the late phase of dormancy the mortality
caused by Beauveria is especially high.

The role of D. coccinellae in limiting the numbers of
C. septempunctata on Uludaz Hill was much smaller than
that of Beauveria. Although parasitoids emerged from the
ladybirds in each sample, the percentage emergence was
usually low (a few percent), which is consistent with the
finding of Ceryngier (2000) that the rates of parasitization
of C. septempunctata by D. coccinellae at montane sites
are low in comparison with the rates recorded at sites at
lower altitudes.



Maladaptive aspects of C. septempunctata aestivo-
hibernating high on mountain tops

Honék (1989) records that harsh weather conditions may
impede the spring dispersal of ladybirds that hibernate
on mountain tops. Extensive epizootics caused by fungal
pathogens were found to be the other disadvantage of hi-
bernating or aestivo-hibernating on the tops of mountains
(Ceryngier, 2000). This study provides further evidence
that these two phenomena may negatively affect C. sep-
tempunctata arriving at dormancy sites in high mountains.
Due to an innate hypsotactic tendency, migrating individu-
als are probably strongly attracted to high summits, where
they form very dense aggregations facilitating the spread
of mycosis. Individuals that survive the prolonged dorman-
cy period in an environment rich in the spores of fungal
pathogens may then be ‘imprisoned’ on the mountain tops
by long-lasting adverse weather conditions. As previously
found (Hongk, 1989; Ceryngier, 2000), long distance mi-
grants to high mountains, which subsequently experience
the above mentioned disadvantages, are relatively large
and predominantly female. As to the potential fecundity
and vitality they constitute the “fittest” part of the popula-
tion as the smaller individuals cannot migrate or only mi-
grate for shorter distances.

It seems that the case reported here can be interpreted in
terms of the ecological trap concept. An ecological trap is
defined as a low-quality habitat that is preferred by organ-
isms over high-quality habitats (Battin, 2004). The empiri-
cal evidence for the existence of ecological traps mostly
concerns anthropogenically modified habitats (Schlaepfer
et al., 2002; Battin, 2004; Robertson & Hutto, 2006), but
some natural habitats can also act as traps (see e.g. Purcell
& Verner, 1998; Ries & Fagan, 2003). Theory assumes that
the presence of ecological traps should imply local extinc-
tion or at least decline of the species so trapped (Schlaepfer
et al., 2002; Battin, 2004; Robertson & Hutto, 2006). How-
ever, in the case of “natural traps”, such as that described
here, which persist in the environment for much longer
than “anthropogenic traps”, some kind of equilibrium be-
tween the deleterious effect of the trap and population per-
sistence must exist. As previously emphasized, individuals
may have a broader choice than between unsuitable but
preferred and suitable but avoided habitats (Kristan, 2003;
Battin, 2004). There may be a continuum of habitats differ-
ing in suitability and attractiveness. Moreover, as migra-
tion between habitats is energetically costly, some attrac-
tive but distant habitats may be unreachable by part of the
population. The tendency of C. septempunctata to migrate
to the mountain tops may thus represent a kind of relative-
ly ‘benign’ trap, where only strong individuals, capable of
performing long-distance flights, are trapped on the highest
summits while other individuals either migrate to hills at
lower altitudes or remain in the lowlands.

The hypsotactic migratory behaviour of C. septempunc-
tata cannot be completely maladaptive. There are certainly
benefits from flight to high altitude dormancy sites. Zhou
et al. (1995), for example, found that mountain hibernators
use less of their fat reserves during hibernation than low-

land ones, which may increase winter survivorship of the
former and positively affect their subsequent activities in
spring, such as dispersal to breeding areas or reproduction.
Dormancy at moderately high altitudes where there are
low or moderate densities of pathogen spores may there-
fore be more profitable than hibernating in lowland sites.
The problem arises when dormancy sites are situated high
in the mountains and/or there are high pathogen densities
there. Selection by C. septempunctata of very high altitude
sites is probably not rare in high mountain regions, taking
into account numerous papers reporting this. For example,
Ricci et al. (2005) record migration of beetles up to1940 m
a.s.l. in the Sibillini Mountains (central Italy), Ansaripour
et al. (2012) collected dormant C. septempunctata at alti-
tudes between 1700 and 1900 m a.s.l. in western Iran, and
Ozbek & Cetin (1991) record aggregations of seven spot
ladybirds as high as 2900 m a.s.l. in eastern Anatolia (Tur-
key). C. septempunctata is also recorded at very highly al-
titude dormancy sites in other Asiatic regions. According to
Savoiskaya (1966), the high mountain overwintering sites
of C. septempunctata in south-eastern Kazakhstan range
between 2600 and 3300 m a.s.l. and those in Tajikistan re-
ported by Ataeva (1972) between 2500 and 3000 m a.s.l.
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