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Abstract – Chalkbrood susceptibility of in vitro reared honey bee larvae was investigated. Larvae were
grafted from 3–4 colonies headed by pure mated queens of Apis mellifera carnica, A. m. ligustica and A. m.
mellifera, respectively. Three day old larvae were fed with different dosages of Ascophaera apis spores and
a clear dose-response relationship was shown. Over the whole experiment LD50 estimates ranged from 55 to
905 spores. The response differed significantly (up to a factor ten) between colonies of the same subspecies.
The mean time to death decreased with increased dose, with more larvae dying faster after eating more
fungal spores. The A. m. ligustica larvae used in this study were less susceptible to A. apis than A. m.
mellifera and A. m. carnica larvae. However due to the limited number of colonies included and the high
variation shown we cannot predict that any A. m. ligustica colony is better adapted to cope with A. apis than
colonies of A. m. carnica and A. m. mellifera.

Ascosphaera apis / bioassay / brood disease / insect pathogen / in-vitro rearing

1. INTRODUCTION

Ascosphaera apis (Maassen ex Claussen)
Spiltoir and Olive (1955) is an important fun-
gal pathogen of the honey bee (Apis mel-
lifera L.) and it is the causal agent of the
chalkbrood disease (Gilliam and Vandenberg,
1997). A. apis only produces sexual spores
and is heterothallic, thus spores are only pro-
duced when mycelia of the two opposite mat-
ing types come together and fruiting bodies
are formed (Aronstein et al., 2007). The honey
bee larvae primarily get infected upon ingest-
ing these spores with their food. In the lu-
men of the gut the spores germinate due to
the presence of a high CO2 content (Heath
and Gaze, 1987). The hyphae then penetrate
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the peritrophic membrane, epithelia cells and
basal membrane before entering the haemo-
coel for further growth. Mycelia growth has
also been observed in the fat bodies and other
larval tissue (Chorbiński, 2004). After colo-
nizing the larva cavity, the hyphae penetrate
the cuticle from the inside and finally the en-
tire larvae body surface will be covered with
white mycelium and /or eventually dark fruit-
ing bodies. However, A. apis does not produce
chitinase like many other insect pathogenic
fungi (St. Leger et al., 1993), but N-acetyl-
β-glycosaminidase and protease, enzymes that
destroy protective insect body barriers (Alonso
et al., 1993; Theantana and Chantawannakul,
2008).

To combat a fungal disease like chalk-
brood the honey bee has developed individ-
ual as well as social immune systems. The lar-
val resistance can be divided into two main
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categories of defence reactions: cell-mediated
responses such as phagocytosis or encapsula-
tion performed by haemocytes and cell free de-
fence mechanisms such as antimicrobial pep-
tides, small proteins and lysosymes all which
mainly are produced in cells by the fat body
(Glinsky and Buczek, 2003; Schmid-Hempel,
2005). Honey bees, however, carry fewer
known immune system genes than the fruit
fly Drosophila melanogaster Meigen or the
malaria mosquito Anopheles gambiae Giles as
revealed by genomic analyses. This finding
was unexpected since social life with crowded
quarters and close relatedness between the
individuals comes with additional risks for
diseases to spread (Honeybee Genome Se-
quencing Consortium, 2006) and indicates that
powerful compensatory mechanism to secure
diseases resistance are probably in place.

The honey bees have developed several
types of behaviour in order to avoid, control or
eliminate an intruding pathogen (Cremer et al.,
2007). The age dependent division of labour
and nest mate recognition will reduce the up-
take and intake of spores from the environment
as well as it will decrease the spread between
colonies (Naug and Camazine, 2002). More
profound is the hygienic behaviour where fun-
gal killed larvae and pupae, also called mum-
mies, are pulled out of the cells by young
worker bees and dumped outside the colony;
an example of a sophisticated social behaviour
(Gilliam et al., 1988). Slightly chilling of
newly capped brood increases the incidence of
A. apis significantly. This can easily occur in
colonies that temporarily have an insufficient
numbers of adult bees to incubate their brood
adequately around 34–35 ◦C (Bailey, 1967;
Puerta et al., 1994; Flores et al., 1996). Such
chilling is more likely to occur in colder cli-
mates, however colonies exposed to A. apis
can increase nest temperature, that suppos-
edly inhibit the development of the chalk-
brood disease (Starks et al., 2000). In addition,
honey bees collect antimicrobial substances
from the environment and use them prophy-
lactically e.g. propolis or antagonistic microor-
ganisms collected from pollen that inhibit A.
apis growth (Sahinler and Kurt, 2004; Gilliam
et al., 1988).

Recent molecular analyses suggest that
A. mellifera originated in Africa and expanded
into Europe twice, resulting in a C lineage
South East of the Alps and a M lineage North
West of the Alps, that are geographically close
but genetically distant (Whitfield et al., 2006).
Within the two lineages several locally adapted
races and subspecies then developed, which
can be distinguished based on morphology
and ecological traits (Ruttner, 1988). The sub-
species A. m. mellifera belongs to the M lin-
eages and is supposed to be better adapted to
survive in the colder North European climate
as opposed to the Mediterranean subspecies
A. m. ligustica and A. m. carnica which belong
to the C lineage and A. m. mellifera may there-
fore also be better adapted to cope with chalk-
brood. Many honey bee breeders around the
world today are breeding bees derived from
these three subspecies either in pure stocks or
as hybrids. Assessing chalkbrood resistance in
different breeding stocks might be valuable in
future breeding programs.

The aim of the current study was to develop
a method for investigation of the susceptibility
of honey bee larvae of A. mellifera to A. apis.
We aimed to compare colonies of A. m. car-
nica, A. m. ligustica and A. m. mellifera. This
was done by testing the individual immunity of
larvae exposed to different controlled dosages
of A. apis.

2. MATERIALS AND METHODS

2.1. Honey bee

Three groups of colonies headed by queens
of three different European honey bee subspecies:
A. m. carnica, A. m. ligustica and A. m. mellif-
era were established each in three different api-
aries. All queens were naturally mated with drones
of their respective subspecies in to ensure progeny
of pure races. The four established A. m. car-
nica queens originated from three different breeding
lines, three of the queens were bought from Danish
queen breeders that utilise island mating (two of the
queens were sisters) and one queen was imported
from Slovenia. The three established Italian queens
all originated from different breeding lines, two of
those were bought from Danish queen breeders that
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utilise island mating and the third queen was im-
ported from Italy. The four A. m. mellifera queens
originated from Læsø (an isolated island hosting
the main population of A. m. mellifera in Denmark
(Jensen et al., 2005)), but they were all mated on
another isolated island in Denmark.

To verify the subspecies of the A. m. carnica and
A. m. ligustica queens the mtDNA region includ-
ing the tRNALeu gene, the COI-COII intergenic re-
gion and the 5’ end of the COII gene was amplified
from one bee per colony using a protocol described
by Garnery et al. (1993). The PCR product was run
on 1.5% agarose gel for size determination and se-
quenced from both ends.

2.2. In vitro rearing of worker larvae

Larvae were reared in vitro following the pro-
tocol of Aupinel et al. (2005) with a few modi-
fications. Larvae were reared individually directly
in 48-well tissue culture plates with a diet con-
sisting of 50% of Chinese fresh frozen royal jelly
(v/v) (Sonnentracht Imkerei GmbH, Bremen, Ger-
many), 6% D-glucose (w/v), 6% D-fructose (w/v)
and sterile deionised water. The diet was mixed
and frozen in smaller aliquots and was pre-heated
to 34 ◦C before being used for feeding. Larvae
younger than 24 hours were taken from the combs
using a Swiss grafting tool (Swinty, Sønderborg,
Denmark) and carefully transferred to a droplet of
10 μL diets. Larval age was estimated by size, since
mean weights of different age groups differs signif-
icantly (Brødsgaard et al., 1998). The subsequent
days the larvae were feed once a day with 10 μL
(day 2), 20 μL (day 3), 30 μL (day 4), 40 μL (day 5)
and 50 μL (day 6) summing up to 160 μL diet in all.
By this feeding regime no additional transfer of the
larvae with the risk of injury was necessary. The lar-
vae were placed within a humid chamber to ensure
a high relative humidity and thereby avoiding larval
dehydration. The humid chambers were placed in
an incubator at 34 ◦C except day 6 where they were
incubated at 28 ◦C for 24 hours. The incubation at a
low temperature was included, since chilling of the
brood just upon capping has a significant effect on
the development of the chalkbrood disease (Puerta
et al., 1994; Flores et al., 1996). When the larvae
started to defecate the wells were gently cleaned
with small cotton sticks.

2.3. Preparation of A. apis spore
suspensions and spore viability test

A stock of 50 black mummies originating from
a single honey bee colony naturally infected by A.
apis was grinded dry and stored at 4 ◦C. Spore sus-
pensions were made by transferring approximately
0.01 gram dry stock to a sterile glass tissue ho-
mogenizer. 50 μL sterile deionised water was added
and thereafter grinded using a glass pistil for two
minutes to break apart spore cysts and spore balls.
The released spores were mixed with 1 mL sterile
deionised water. Large particles in the suspension
were allowed to settle for 20 min, and a sample of
approximately 0.5 mL was taken from the middle
of the suspension using a pipette. A haemocytome-
ter was used to determine the spore concentrations
which, were usually around 1.0×108 spores per ml.
Fresh spore solutions were made the day of each
infection experiment.

Spore viability was tested following the protocol
of James and Buckner (2004) with a few modifi-
cations. 100 μL spore suspension of a concentra-
tion of 2.0 × 107 spores per ml was mixed with
500 μL GLEN, a liquid medium suitable for ger-
mination and in vitro growth of fastidious insect
pathogenic fungi (Beauvais and Latgé, 1988; Jensen
et al., 2001). Ten μL was placed onto each of the
six mm spot on sterile Teflon coated slides, which
were placed in sterile Petri dishes lined with wet fil-
ter paper. Each Petri dish was subsequently placed
in an airtight container. The container was flushed
with CO2 several times and incubated 24 hours at
34 ◦C. A cover slip was added and the germination
percentage was determined using differential inter-
ference contrast microscopy at 400× magnification.
100 spores were evaluated for enlargement or germ
tube formation in three different fields of view.

2.4. Fungus treatment procedure

A. apis spores were thoroughly mixed with the
larval diet by vortexing. Five different concentra-
tions were prepared: 2.0× 105, 1.0× 105, 2.0× 104,
1.0×104 and 2.0×103 spores per mL. According to
Bailey (1967) larvae are most susceptible to chalk-
brood disease when they are three-four days old
thus on the second day after grafting the larvae were
feed five μL infectious diet and approximately six
hours later 15 μL normal diet. The larvae were fed
five μL infectious diet first to increase the changes
of a quick ingestion of all the spores. Control larvae
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were treated similarly; they were first fed five μL
uninfectious normal diet and later on 15 μL diet.

We grafted 24–48 larvae (a half or one plate) per
spore concentration and control, giving a total of
144–192 larvae per colony per experiment. Larvae
dying during the first two days after grafting were
excluded from the experiment, since they died be-
fore the fungus treatment. All colonies of the same
apiary were grafted on the same day and all experi-
ments were repeated on different dates.

Control and treated larvae were observed ev-
ery day under a dissection microscope. Dead lar-
vae were classified as dead by ceased respiration,
loss of body elasticity or a change to gray or brown
colours. Larval mortality and A. apis infection in
laboratory bioassays was recorded daily. Dead lar-
vae were classified as dead of A. apis when hyphae
were growing out of the body. All experiments were
terminated nine days after the treatment since we in
a preliminary experiment showed that only a very
few individuals that were kept until the emergence
of the adults, died of A. apis after nine days. In total
5364 larvae were exposed to different dosages of A.
apis spores.

2.5. Statistical analysis

Data on mortality due to A. apis nine days
post treatment was subjected to probit analysis to
generate dose–mortality regression lines using the
Polo Plus ver 2.0 in the LeOra software pack-
age (Robertson and Preisler, 1992). Dose–mortality
regression lines were generated for colony sepa-
rately, and the slopes and LD50’ies and LD90’ies were
compared as described by Robertson and Preisler
(1992). LD’s of the colonies were considered sig-
nificantly different if the LD ratios of the 95% con-
fidence limit (CL) did not include 1.0, since this is
a more powerful data interpretation than just using
the 95% confidence intervals (Payton et al., 2003).

Mean time to death defined as the number
of days needed to achieve an accumulated 50%
mortality was estimated by use of the Kaplan–
Meier product-limit estimator survivorship analysis
(PROC LIFETEST, SAS ver. 9.1) since it can han-
dle censored as well as uncensored data. Censored
data are those that arise when the dependent vari-
able represents the time to a terminal event, in our
case nine days. We only included those larvae that
died due to the fungal infection and survivors. Pair-
wise comparisons were performed using a log-rank
chi-squared test.

3. RESULTS

3.1. Haplotype designation

Sequences of the mtDNA region including
the tRNALeu gene, the COI-COII intergenic
region and the 5’ end of the COII gene of the
A.m. ligustica colonies were in agreement with
the subspecies designation given by the breed-
ers. They all had the C1 haplotype which is
typical A. m. ligustica (Frank et al., 2001). In
the four A. m. carnica colonies we found two
different haplotypes. Colony 1, 2 and 3 had
the C11 haplotype which is found in Turkey
(Solorzano et al., 2009) and is common in US
(Szalanski A.L., pers. comm.) and colony 4
had the C2C haplotype which is typical for
A. m. carnica in Slovenia (Sušnik et al., 2004).

3.2. Spore germination and control
mortality

The germination was determined based on
the enlargement after 24 hours. Mean (±SE)
spore germination across all bioassays was
80.3 (±2.3) %, which was regarded fully sat-
isfactory. Control mortality was below 20%.

3.3. Dose mortality relationship

The dose–mortality regression lines for
each colony nine days post treatment within
each of the three groups were significantly dif-
ferent from each other (χ2 = 68.40; df = 6;
P < 0.05) A. m. carnica; 68.40, (χ2 = 19.22;
df = 4; P < 0.05) A. m. ligustica and (χ2 =
68.39; df = 6; P < 0.05) A. m. mellifera.

The LD50 over all the colonies span from 55
to 905 spores and the LD90 from 1.27 × 103 to
4.18×104 spores, thus the lethal dose ratio be-
tween of the LD50 of the most (A. m. carnica)
and least (A. m. ligustica) susceptible colony
was 16.4, and the lethal dose ratio between the
LD90 of the most (A. m. mellifera) and least
(A. m. ligustica) susceptible colony was 33.4
(Tab. I).

There were significant differences of the
LD50’ies and LD90’ies between some of
the colonies of the same group, except for the
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Table I. Lethal doses LD50 and LD90 of Ascosphaera apis spores feed to third instars honey bee (Apis mel-
lifera) larvae originating from three different subspecies, A. m. carnica, A. m. ligustica and A. m. mellifera.

Subspecies na Slope±SE H- LDC
50 (95% CL) Alld LDc

90 (95% CL) Alld

indexb

A. m. carnica
Colony 1 347 0.74 ± 0.09 1.78 113.3 (44.7–219.1) a 6.20 × 103 (2.37–37.01) de
Colony 2 408 0.99 ± 0.09 1.51 530.4 (341.7–831.2) c 1.02 × 104 (0.49–3.35) e
Colony 3 388 0.88 ± 0.09 1.88 113.6 (55.3–199.3) a 3.29 × 103 (1.49–12.56) cd
Colony 4 293 0.93 ± 0.16 1.14 55.1 (11.1–123.0) a 1.33 × 103 (0.63–5.47) abc

A. m. ligustica
Colony 1 715 0.67 ± 0.06 1.82 534.6 (329.8–918.5) c 4.18 × 104 (1.43–24.56) f
Colony 2 593 0.68 ± 0.07 1.88 446.4 (234.7–854.8) bc 3.51 × 104 (1.11–25.91) f
Colony 3 626 0.88 ± 0.80 2.19 905.0 (570.2–1567) d 2.55 × 104 (1.02–11.54) ef

A. m. mellifera
Colony 1 422 0.69 ± 0.09 1.60 78.0 (28.8–149.5) a 5.61 × 103 (2.15–34.55) cde
Colony 2 578 0.88 ± 0.10 1.69 259.9 (124.3–444.2) b 7.41 × 103 (3.52–26.57) cde
Colony 3 487 1.26 ± 0.11 1.90 291.9 (198.1–421.9) b 3.07 × 103 (1.78–7.03) bcd
Colony 4 507 1.18 ± 0.09 1.65 104.2 (68.6–145.0) a 1.27 × 103 (0.79–2.44) a

a Total number of larvae tested from each colony. b Goodness of fit χ2 divided by the degree of freedom. c Total
number of spores ingested. d LD’s within each column followed by the same letter are not significant different.

LD90 between the three A. m. ligustica (Tab. I).
Among the three groups the highest variation
was found within A. m. carnica, here lethal
dose ratios of a factor 9.6 for the LD50 and a
factor 7.6 for the LD90 between the most and
the least susceptible colony were shown.

Due to the different dose mortality re-
sponses between the colonies from the same
group we could not merge all data per group
to test for the overall group response. However
in the pair wise comparison of LD50 and LD90,
all three A. m. ligustica colonies were signifi-
cant less susceptible than several of the A. m.
carnica and A. m. mellifera colonies (Tab. I).

3.4. Time mortality relationships

Already two days after the larvae were fed
with A. apis spores a few A. m. mellifera lar-
vae died of fungal infections and hyphae pen-
etration were observed. The first A. m. carnica
and A. m. ligustica larvae that died of fungal
infections were recorded three days post inoc-
ulation.

The mean time to death decreased with
increased spore concentration. Within each
colony there was significant difference of the
mean time to death when the larvae were

feed with 1000 and 10 000 spores respectively
(Tab. II) and as seen in Figure 1 the cumulative
mortality of the infected larvae was through-
out dependent on the spore concentration. The
higher concentration the higher a percentages
of the exposed larvae died earlier of fungal
infection.

When the larvae were fed the highest
dosage, 10 000 spores, there was no significant
differences in the mean time to death between
colonies of the same group (χ2 = 3.38; df = 3;
P = 0.34) A. m. carnica; (χ2 = 2.372; df = 2;
P = 0.31) A. m. ligustica and (χ2 = 1.29.;
df = 3; P = 0.73) A. m. mellifera. At a dosage
of 1000 spores there was significant difference
in the mean time to death between the four
A. m. carnica colonies (χ2 = 11.68.; df = 3;
P = 0.009) and between the four A. m. mellif-
era colonies (χ2 = 9.91.; df = 3; P = 0.019)
respectively, however no significant difference
was observed between the three A. m. ligustica
colonies (χ2 = 0.26.; df = 2; P = 0.88).

The larvae from A. m. carnica and A. m.
mellifera died significant quicker than A. m.
ligustica larvae (χ2 = 34.16; df = 1; P >
0.0001) and (χ2 = 27.51; df = 1; P > 0.0001)
when fed 10000 spores, however there were no
significant differences between the mean time
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Table II. Mean time to death (LT50) of third instar honey bee (Apis mellifera) larvae fed with two different
doses of Ascosphaera apis spores. The larvae originated from three different honey bee subspecies, A. m.
carnica, A. m. ligustica and A. m. mellifera.

Dose of 1000 spores Dose of 10 000 spores
Subspecies na LT50 ± SE na LT50 ± SE

(days p.i.) (days p.i.)
A. m. carnica

Colony 1 104 6.57 ± 0.21 71 4.96 ± .025
Colony 2 127 6.65 ± 0.21 63 5.24 ± 0.28
Colony 3 120 6.43 ± 0.17 62 4.61 ± .020
Colony 4 72 6.06 ± 0.2 51 5.20 ± 0.2
All 5.00 ± 0.12

A. m. ligustica
Colony 1 197 6.79 ± 0.17 109 5.83 ± 0.23
Colony 2 115 6.97 ± 0.21 79 5.82 ± 0.24
Colony 3 203 6.89 ± 0.16 116 6.24 ± 0.22
All 5.98 ± 0.13

A. m. mellifera
Colony 1 90 6.58 ± 0.21 45 4.96 ± 0.25
Colony 2 154 6.65 ± 0.21 80 5.24 ± 0.28
Colony 3 119 6.43 ± 0.17 83 4.61 ± 0.20
Colony 4 142 6.06 ± 0.20 75 5.20 ± 0.23
All 5.26 ± 0.11

a Total number of larvae tested from each colony.

to death of A. m. carnica and A. m. mellif-
era (χ2 = 1.92.; df = 1; P = 0.17). A pair
wise comparison on the merged dataset of each
group was not performed at the 1000 dose due
to the significant within group variation; how-
ever the three A. m. ligustica colonies had the
highest mean time to death (Tab. II).

4. DISCUSSION

We have shown that in vitro rearing is a
practicable routine method to study suscepti-
bility of individual honey bee larvae to A. apis
under controlled conditions excluding the so-
cial immunity. Previous in vitro rearing of lar-
vae have been used successfully to study bac-
terial brood pathogens; American or European
foulbrood (Brødsgaard et al., 1998; McKee
et al., 2004; Genersch et al., 2005). All the
eleven honey bee families included in the cur-
rent study were found to be susceptible to A.
apis spores harvested from mummies collected
in a single naturally infected colony.

Three day old larvae were fed with differ-
ent dosages of A. apis spores and a clear dose-

response relationship were shown. Over the
whole experiment LD50 estimates ranged from
55 to 905 spores. Glinski (1981) found LD50
values between 580 and 4700 spores using 3–
4 days old larvae from a single A. mellifera
colony thus it is in the upper range of what
we found. These differences might be due
to the experimental settings; Glinski (1981)
used in vitro spores from different fungal iso-
lates grown on agar plates whereas we used
spores harvested directly from infected mum-
mies and also the temperature regimes varied.
In Glinski (1981) the larvae were held at con-
stantly at 25 ◦C, whereas our larvae were held
at 34 ◦C, the normal brood rearing tempera-
ture, and only chilled to 28 ◦C 24 hours when
they reached the prepupal stage.

The progeny of the different pure breed
queens was found to differ in susceptibility
to the tested spore concentration within each
of the three subspecies tested A. m. carnica,
A. m. ligustica and A. m. mellifera. The A. m.
carnica colonies had the most variable dose-
mortality response with up to a factor 10 dif-
ference in the LD50 estimates between larvae
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Figure 1. Dose-mortality effect. Three day old larvae from three different honey bee subspecies were fed
with different doses of Ascosphaera apis spores. The time course of chalkbrood infection at two doses (1000
or 10000 spores) are shown as the average cumulative mortality (± SE indicated by error bars) of larvae
that died due to fungal infection.
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from the different queens. The within sub-
species variation in susceptibility was not so
pronounced when considering the mean time
to death of larvae exposed to A. apis spores.
Thus at the highest dose 10000 spores there
were no significant difference in the mean time
to death of colonies, whereas significant dif-
ferences were found in between larvae of the
four A. m. carnica and the four A. m. mellifera
colonies when exposed to 1000 A. apis spores.
This indicates that the larval immune system
inevitably succumbs to infections that are over
a certain threshold dose. A similar result has
been found when infecting leafcutter ants with
Metarhizium (Hughes and Boomsma, 2004)
and indicates that pilot experiments are al-
ways necessary to find the appropriate dose
that can detect differences in susceptibility at
the colony or (sub) species level.

Honey bee larvae infected with A. apis have
an increased expression of certain antimicro-
bial peptides and genes implicated in the cel-
lular immunity (Evans, 2006). Differences in
the expression level of larvae from the differ-
ent colonies (Evans and Pettis, 2005), might
account for the observed variance in suscep-
tibility to chalkbrood. Such colony variation
in the response might not only be restricted to
A. apis. Considerable colony variation in the
abaecin expression of larvae exposed to Amer-
ican Foulbrood has been observed (Evans and
Pettis, 2005; Decanini et al., 2007). A recent
study showed that even drone larvae from sis-
ter queens differed in susceptible to American
Foulbrood (Behrens et al., 2007), which genet-
ically are much more homogenous compared
to the worker larvae we used.

Hygienic behaviour is supposed to be the
prime chalkbrood tolerance actor and a neg-
ative correlation was found between colonies
that quickly removed freeze killed brood
and development of the chalkbrood disease
(Gilliam et al., 1988). Some colonies however
deviate from this pattern which might be ex-
plained by the variable larval response, thus if
a highly hygienic colony have highly A. apis
susceptible larvae symptoms of chalkbrood
might been seen eventhough. The genetic vari-
ability of the individual colony by means of
mating frequency of the queen might be an-
other exploratory factor; since multiple-drone-

inseminated queens did not suffer of severe
natural chalkbrood infections as did single-
drone-inseminated queens (Tarpy and Seeley,
2006). Multiple mating of honeybee queens
adds an additional component of susceptibil-
ity variation within each colony; differential
patriline susceptibility. This has so far only
been shown for American foulbrood (Palmer
and Oldroyd, 2003). However, the chalkbrood
prevalence varied significantly more in single-
drone-insemated compared to multiple-drone-
inseminated colonies exposed to chalkbrood
spores (Tarpy, 2003). This might be explained
by fact that the variable paternal inheritance
are equalled out in multiple mated colonies.

Requening colonies which suffer of chalk-
brood, utilising queens breed for higher
chalkbrood tolerance, has long been the rec-
ommended measure (Lunder, 1972). The re-
queening success regarding chalkbrood resis-
tance will thus depend both on the hygienic
capacity, mating frequency and the larvae sus-
ceptibility.

Little work has been done to investigate dif-
ferences in susceptibility to honey bee diseases
between subspecies. Malone and Stefanovic
(1999) were not able to detect any significant
different responses of Nosema apis infection.
Larvae from the A. m. ligustica queens used
in this study were found to be less suscepti-
ble to chalkbrood, as shown both in the dose-
response experiments and time-mortality anal-
ysis, than larvae from A. m. carnica and A. m.
mellifera queens. Considering the low number
of colonies used we can, however, not predict
that any A. m. ligustica colony is more resis-
tant to chalkbrood compared to A. m. carnica
and A. m. mellifera colonies. Our data do not
support any major differences in the response
at larval level to A. apis between honey bees
derived of the two European A. mellifera lin-
eages. This could be due to the low number of
colonies included or because the A. m. mellif-
era queens originate from a single population
where conservation and genetic purity of the
population is in focus. Still other adaptations
might have evolved including social defences
like hygienic behaviour or better control over
brood rearing temperature e.g. by adjusting the
spring build up according to climate.
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In conclusion, our study proved that the in-
dividual larvae response toward A. apis vary
substantial among honey bee colonies and that
variation can be found within and between
different subspecies. The variation might be
higher than found in the eleven colonies ex-
amined; however, even with the modest num-
ber included, it is clear that there is breeding
potential toward higher larval chalkbrood tol-
erance in honey bees.
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Sensibilité au couvain plâtré (Ascosphaera apis)
des diverses sous-espèces d’abeilles : Apis melli-
fera carnica, A. m. ligustica et A. m. mellifera.

maladie du couvain / pathogène / champignon /
test biologique / élevage in vitro

Zusammenfassung – Unterschiedliche Empfäng-
lichkeit verschiedener Honigbienenvölker für
Kalkbrut-Resistenz. Larven aus verschiedenen
Honigbienenvölkern wurden mit Kalkbrut-Sporen
(Ascosphaera apis) infiziert. Die Larven stammten
von Königinnen, die sich an isolierten Paarungs-
plätzen (z.B. Inseln) natürlich gepaart hatten. Wir
verwendeten Königinnen von Apis mellifera carni-
ca, A. m. ligustica und A. m. mellifera. Dadurch
konnten wir sowohl zwischen den drei Gruppen als
auch innerhalb der Gruppen die Unterschiede in der
Anfälligkeit gegen eine Kalkbrutinfektion testen.
Dreitägige Larven wurden dazu mit unterschiedli-
chen Dosen von A. apis-Sporen gefüttert, während
die Kontrollgruppe nicht kontaminiertes Futter er-
hielt. Alle Larven wurden täglich unter dem Mikro-
skop beobachtet und nach den Kriterien „lebend“,
„tot“ oder „durch Pilzbefall getötet“ (mit Pilzhy-
phen am Körper) eingeteilt. Es gab einen klaren
Zusammenhang zwischen der gefütterten Sporen-
menge und der Anzahl infizierter Larven. Es wa-
ren zwischen minimal 55 und maximal 905 Spo-
ren notwendig, um 50 % der behandelten Larven
zu töten (Tab. I). Die Unterschiede in der An-
fälligkeit betragen also mehr als den Faktor 10
und erwartungsgemäß nahm die durchschnittliche
Überlebensdauer mit zunehmender Sporendosis ab

(Abb. 1). Bei der höchsten verabreichten Sporendo-
sis von 10000 Sporen gab es keine Unterschiede in
der Überlebensdauer zwischen bzw. innerhalb der
Gruppen. Wurden die Larven aber nur mit 1.000
Sporen gefüttert, traten zwischen den Gruppen si-
gnifikante Unterschiede auf. Insgesamt weisen die
LD50–Werte und die durchschnittliche Überlebens-
dauer darauf hin, dass die in dieser Untersuchung
verwendeten A. m. ligustica-Larven weniger anfäl-
lig gegen A. apis-Infektionen waren als Larven von
A. m. mellifera und A. m. carnica. Allerdings wer-
den aufgrund der begrenzten Anzahl an Testvölkern
und der hohen Variation innerhalb der Unterarten
weitere Daten benötigt, um zuverlässige Vorhersa-
gen zur spezifischen Anfälligkeit bzw. Toleranz ver-
schiedener Apis-Unterarten gegenüber einer Kalk-
brutinfektion zu machen. Die großen Unterschiede
in der Kalkbrut-Anfälligkeit zwischen den verschie-
denen Völkern zeigen aber, dass es durchaus ein Po-
tential für die Zucht auf Kalkbrut-Resistenz gibt.

Ascosphaera apis / Biotest / Brutkrankheit / In-
sektenpathogene / in-vitro Aufzucht
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