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Entomopathogenic fungi on field collected cadavers

While plenty of dead coccinellids could be found at

both montane hibernation sites, it was difficult to find any

at Karpacz. Thus, the incidence of entomopathogenic

Hyphomycetes in field collected coccinellid cadavers is

only given for the samples from Mt. nie ka and Mt.

Szrenica (Fig. 2). The fungal pathogens were identified as

Beauveria bassiana (Balsamo) Vuillemin, Paecilomyces

farinosus (Dicks) Brown & Smith, Verticillium lecanii

(Zimmermann) Viégas and Cephalosporium sp. V. lecanii

and Cephalosporium sp. were evaluated by laboratory

tests as being very weak pathogens of C. septempunctata,

in contrast to the very virulent B. bassiana and the inter-

mediately virulent P. farinosus (Ceryngier & Hodek,

1996; E. Mierzejewska & P. Ceryngier, unpubl. data).

Due to this, numbers of the first two taxa were pooled.

The incidence of weak pathogens was higher and of the

most virulent pathogen (B. bassiana) lower on the beetles

collected from Mt. nie ka than from Mt. Szrenica. The

total incidence of the two more virulent species (B. bas-

siana and P. farinosus) was 50% and 69% for Mt.

nie ka and Mt. Szrenica, respectively. In both localities,

mixed infections, i.e. the occurrence of more than one

fungal entomopathogen on the same beetle, were

common.

Post-hibernation mortality

At the beginning of the rearings, the mortality rate of

coccinellids from Karpacz was higher than that of cocci-

nellids from Mt. nie ka, mainly due to the emergence of

D. coccinellae larvae from parasitized individuals (Fig.

3A). Between late June and late July, the population from

Mt. nie ka declined faster than the population from Kar-

pacz. Only a few individuals from both localities survived

till the beginning of August. All beetles of Karpacz origin

soon died while those from Mt. nie ka persisted till mid-

September.

Four percent of ladybirds from Mt. nie ka and 24%

from Karpacz died as a result of the emergence of D. coc-

cinellae (Fig. 3B). Apart from those beetles (not tested for

the infestation by fungal pathogens), all remaining beetles

were infected by entomopathogenic Hyphomycetes.

However, the majority of the fungi found on ladybird

corpses belonged to the group of weak C. septempunctata

pathogens. Both of the more virulent pathogens, B. bas-

siana and P. farinosus, were about twice as frequent on

the beetles from Mt. nie ka than from Karpacz. Addi-

tionally, mixed infections were more often detected on

insects originating from Mt. nie ka (Fig. 3C).

DISCUSSION

Quality of low and high altitude hibernators

This study confirmed the earlier finding of Hon k

(1989) that montane hibernacula of C. septempunctata,

situated far from the breeding areas, are occupied by

larger, predominantly female, individuals. Larger indi-

viduals are usually more vigorous and larger females

more fecund than smaller ones (Rhamhalinghan, 1985;

Hon k, 1993). Thus, ladybirds overwintering on the

mountain tops appear to constitute the superior part of the

population to those spending dormancy near to the

breeding sites. According to Hon k (1989), the latter are

often unable to perform long-distance migration due to

their small size and lower metabolic reserves.

Impact of entomopathogenic fungi on low and high

altitude hibernators

Iperti (1966) found that in a coccinellid, Ceratomegilla

undecimnotata, the incidence of mycosis caused by

Beauveria bassiana was much lower when the beetles

overwintered in more elevated hibernacula. In contrast,
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Fig. 1. Rates of parasitization by Dinocampus coccinellae of

Coccinella septempunctata overwintering in different hiberna-

tion sites. Solid part of the bars – hosts containing living eggs

and/or first instar larvae of D. coccinellae. Lined part of the

bars – hosts containing living 2nd or 3rd instar larvae of D. coc-

cinellae. Open part of the bars – hosts only containing dead D.

coccinellae individuals in any instar.

Fig. 2. Incidence of entomopathogenic Hyphomycetes on

field collected Coccinella septempunctata cadavers. B.b –

Beauveria bassiana; P.f – Paecilomyces farinosus; others –

other entomopathogenic Hyphomycetes (incl. Verticillium

lecanii and Cephalosporium spp.); s – sterile (not sporulating)

mycelium; – = no entomopathogenic hyphomycete found;

diagonally striped part of the bars – contribution of the fungus

to mixed infections. Note that the sum of the values of indi-

vidual bars exceeds 100% due to mixed infections



our study suggests that C. septempunctata beetles over-

wintering on the mountain tops suffer heavy mortality

from the mycoses. The high number of dead adults found

at both montane hibernacula and the very frequent occur-

rence of fungal entomopathogens on those cadavers

(often more than one entomopathogen on the same

cadaver) indicate that the mountain tops were areas of

extensive epizootics.

Overwintering coccinellids infected by highly virulent

pathogens like B. bassiana usually do not survive the

hibernation period. Mortality caused by B. bassiana is

especially high in the late phase of dormancy, in early

spring (Lipa et al., 1975; Mills, 1981). It is, thus, not sur-

prising that the individuals which died in post-

hibernation rearings were mostly infected by relatively

weak pathogens (V. lecanii and Cephalosporium sp.).

Infection by more virulent species, B. bassiana and P.

farinosus, although rarely detected in the post-hibernation

period, was more frequent in coccinellids from the mon-

tane hibernaculum than from that situated at the foot of

the mountain.

Parasitization rates of low and high altitude

hibernators: possible source of differences

About three times lower rate of parasitization of C. sep-

tempunctata by D. coccinellae in the montane hiber-

nacula than in Karpacz may suggest that the adaptive

significance of overwintering at higher elevations is the

reduced risk of attack by this parasitoid. However, the

effect of elevation on the parasitization rate is presumably

indirect. The observed differences may be derived from

the different physiological and behavioural states of mon-

tane and low altitude ladybirds. Certainly, among beetles

aggregating in late summer and autumn in both types of

hibernacula some are parasitized by D. coccinellae. The

parasitoids may either enter diapause (typically as the 1st

instar larvae, rarely as eggs) together with their hosts or

may promptly develop to the adult stage in hosts which

are still not dormant (Hodek, 1973; Ceryngier & Hodek,

1996). The “autumnal” D. coccinellae females, emerging

in the sites of high ladybird densities, might be expected

to easily find and parasitize many hosts. However, the

effectiveness of foraging D. coccinellae in such aggrega-

tions depends on the availability of hosts which are still

mobile. Dormant ladybirds, hidden in the hibernation

shelters, are inaccessible for D. coccinellae (Balduf,

1926; Walker, 1961; Richerson & DeLoach, 1972). As C.

septempunctata entering montane hibernacula are charac-

terized by deep diapause and early onset of dormancy, (1)

parasitoid development in these beetles is arrested and (2)

the availability of hosts for the foraging parasitoid adults

is limited. In contrast, C. septempunctata individuals

which do not perform long-distance migrations remain

active much longer. This leads to the development of D.

coccinellae within autumnal aggregations of those beetles

(in some C. septempunctata from Karpacz D. coccinellae

development was still not arrested in September) and,

subsequently, to the efficient foraging of a new genera-

tion of D. coccinellae females (the parasitization rate of

coccinellids in Karpacz significantly increased between
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Fig. 3. Mortality and possible mortality factors of Coccinella septempunctata in post-dormancy rearings. A – mortality of C. sep-

tempunctata sampled on the top of Mt. nie ka (solid line) and in Karpacz (dashed line); B – rates of emergence of Dinocampus

coccinellae from C. septempunctata; C – appearance of fungal infections on dead beetles (symbols as in Fig. 2) .
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