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Breeding grey A. m. carnica queens for hygienic behaviour is
beneficial for commercial beekeeping in Serbia, since hygienic
behaviour is associated with the resistance to the mite Varroa
destructor, as well as to American foulbrood and chalkbrood. In this
work, heritability of hygienic behaviour was analysed in autochthonous
grey A. m. carnica honey bees from Sumadija region in order to
ascertain if the expression of their hygienic behaviour could be
enhanced through selective breeding. Heritability of hygienic
behaviour was monitored through three queen generations and
estimated by one-parent-offspring regression method (mother-
daughter regression method). The heritability values for hygienic
behaviour were h?=0.63%+0.02 in relationship between daughter
queens (F1s) and breeder mother queens (Ps), h?=0.45+0.01 in
relationship between grand-daughter queens (F2s) and Ps and
h?=0.44+0.02 in relationship between F2s and F1s. These results
show that the expression of hygienic behaviour through selective
breeding could be enhanced and the best results could be achieved in
the F1 generation. It is important to emphasize that the F1 colonies bred
for hygienic behaviour in our stydy suffer no apparent costs in
reproductive and productive performances.
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INTRODUCTION

Beekeeping with Apis mellifera L. bees is endangered worldwide by the
ectoparasitic mite Varroa destructor Anderson and Trueman. Suppression of V.
destructor with acaricides is followed by numerous problems: loss of efficacy after
prolonged use due to the development of mite resistance (reviewed by Milani,
1999), the propagation of susceptible colonies by beekeepers, the occurrence of
acaricide residues in honey, wax and other bee products (Wallner, 1999;
Bogdanov, 2006), and increased beekeeping costs (Oldroyd, 1999). In addition,
detrimental effects on bees have been reported as a consequence of acaricide
treatment (Pettis et al., 2004) and organic acids treatment (Nozal et al., 2003;
Gregorc et al., 2004; Gregorc and Smodis-Skerl, 2007). Thus, a more sustainable
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solution to the mite problem is to select and breed lines of honey bees that show
natural mechanisms of resistance to the mite (Stanimirovi¢ et al., 2005a; lbrahim
and Spivak, 2006). Hygienic behaviour is one of several known mechanisms of
resistance against V. destructor (Peng et al., 1987; reviewed in Boecking and
Spivak, 1999). Hygienic honey bee workers are able to detect, uncap the wax
covering over the brood cells and remove diseased larvae and pupae out of their
cells. The bees uncap and remove the majority of mite-infested cells 4-7 d after
the cell is capped (Spivak 1996, Thakur et al. 1997), when offspring of the invading
foundress mite are developing on the capped pupa. The removal of infested
pupae thus limits the number of offspring of the mites by interrupting their
reproductive cycle (Fries et al. 1994). Hygienic behaviour is predominantly
performed by the middle-aged worker bees (15- to 20-day-old bees) that have not
yet begun foraging and about 18% of the bees in the colony are actually involved
in the task at any given time (Arathi et al., 2000).

Other resistance mechanisms against the mites including grooming
behaviour, in which adult bees remove mites from themselves or from nestmates,
damaging the mites in the process (Boecking and Spivak, 1999); as well as an
unknown physiological effect of either worker pupae or adult bees in some
colonies that reduces mite reproduction, the trait called Suppression of Mite
Reproduction-SMR (Harbo and Hoopingarner, 1997; Harris and Harbo, 1999).
The SMR line showed promise as stock with a good resistance mechanism
against V. destructor. However, many SMR colonies suffered from poor brood
viability and low honey production and beekeepers were unwilling to test the pure
SMR line in their colonies (Ibrahim et al., 2007).

This study examines the possibility to enhance the expression of hygienic
behaviour through selective breeding in autochthonous grey A. m. carnica honey
bees from Sumadija. Having in mind that selective breeding can proceed only
with the characteristics that are heritable (h?>0.25), the purpose of this study is to
measure the heritability of hygienic behaviour in those bees.

MATERIAL AND METHODS

The experiments were conducted from April 2004 to July 2006 in an apiary
near the city of Gornji Milanovac, Sumadija, Serbia). The expression of honey bee
hygienic behavior was measured using a modification of the pin-killed brood
(PKB) assay, described by Keffus et al. (1996). The frame containing a capped
brood was chosen from each experimental colony. On each frame, square
sampling area of comb (5 x 6 cm) was marked with a wire template and all cells
inside the marked area were punctured with a fine pin to kill the brood. The frames
were re-introduced in their hives and were inspected 24 hours later to count the
number of cells that had been completely uncapped and cleaned by the bees.
Colonies that removed >95% PKB within 24 h were considered super-hygienic,
those that removed 90-95% PKB in the same interval were considered hygienic,
whilst non-hygienic were colonies that removed <90% PKB within 24h
(Stanimirovic et al. 2002). Only those super-hygienic colonies that had also good
reproductive and productive features were considered breeder colonies and used
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for rearing queens during the experiment. Each queen was marked with enamel
paint and number on the thorax. The study began with 8 commercial unselected
lines of the grey carniolan bees. Ten daughter queens were propagated from the
mother queen in each line. Those 80 queens represented unselected parental (P)
queens and their colonies were tested for hygienic behavior. Eight queens (those
whose colonies showed best results), were selected as breeder mother queens
(Ps queens), and 80 daughter queens (F1 queens) were propagated from them
and tested for hygienic behavior. The best eight daughter queens were selected
(F1s queens) and used to rear 80 grand-daughters queens (F2 queens). Their
colonies were also tested for hygienic behavior and the best eight grand-
daughters queens were selected (F2s queens). Queens were mated naturally with
the high quality drones reared according to the method of Laidlaw and Page
(1997).

Heritability of hygienic behaviour (monitored through three queen
generations) was estimated by one-parent-offspring regression method (mother-
daughter regression method). The following equations were used for heritability
calculation:

_ (X)) _ (X0(Z2) _ (Zy)(2)
Xy 2Xz 2yz
n n n
byx = 507 b, = 507 b,y = )
W — - — By - —

x —mean value of hygienic behaviour of Ps queen,

y — mean value of hygienic behaviour of F1s queen,

z — mean value of hygienic behaviour of F2s queen,

n — No. of queens,

byx — heritability of hygienic behaviour in relationship F1s — Ps,
b,, — heritability of hygienic behaviour in relationship F2s — Ps,
b,y — heritability of hygienic behaviour in relationship F2s — F1s.

Statistical analysis, consisting of one-way analysis of variance (ANOVA)
followed by Tukey pairwise multiple comparisons, were performed using
GraphPade prism 4.0.

RESULTS

Descriptive characteristics of hygienic behaviour expression in colonies
with unselected queens are summarized in Table 1. Following mean values of
hygienic behaviour, colonies with P queens appeared hygienic (92.67%), colonies
with F1 queens were super-hygienic (95.31%), whilst colonies with F2 queens
were non-hygienic (88.24%). Small coefficient of variation (CV<8%) indicate high
intergroup homogeneity of the colony hygienic behaviour within each queen
generation, P, F1 and F2 (Table 1).

ANOVA showed a significant differences (F = 46.15; p<0.001) in hygienic
behaviour among all analysed colonies with unselected queens. Tukey's test
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indicated a significant diference (p<0.001) in means between groups (queen
generations), i.e. between P and F1 queens (Q = 5.22), between P and F2 queens
(Q = 8.25) and between F1-F2 queens (Q = 13.47).

Descriptive characteristics of hygienic behaviour expression in colonies
with selected queens are summarized in Table 2. Hygienic behaviour in all
colonies with selected queens was super-hygienic with the mean value of 97.00,
98.35 and 97.52% in colonies with Ps, F1s and F2s queens, respectively. Small
coefficients of variation (CV<1%) indicate high intergroup homogeneity of the
colony hygienic behaviour within each queen generation, Ps, F1s and F2s (Table

2).

The heritability values for hygienic behaviour were h?=0.63+0.02 in
relationship F1s - Ps, h?=0.45+0.01 in relationship F2s - Ps and h?=0.44+0.02 in
relationship F2s — F1s.

In addition, colonies bred for hygienic behaviour had similar populations
and brood areas and produced as much honey as the unselected colonies and
suffer no apparent additional costs in reproductive and productive performances.

DISCUSSION

Breeding honey bees (Apis mellifera L.) for resistance to the injurious
parasitic mite Varroa destructor Anderson and Trueman (2000) has become a
priority in apiculture almost a decade ago. A reasonable goal for a breeding
program is to select honey bees that have heritable mechanisms of defense
against the mites that allow them to tolerate infestation longer than unselected
colonies before chemical treatments are required (Spivak and Reuter, 2001a).
This is especially important in Serbia because beekeepers still use to treat their
bees with practically all chemicals available and many of them have a genotoxic
and clastogenic potential (Stanimirovic et al., 2005b, 2007). Most often, the
beekeepers in Serbia use highly effective pesticides: either the synthetic
pyrethroids: fluvalinate and flumetrine or more recently, amitraz and cymiazole
hydrochloride. However, after experience with acaricide-resistant mites, many
beekeepers are aware that prolonged use of acaricides is not a sustainable
practice and that it is much better to implement more integrated control practices.
However, the foundation of any integrated program is the availability of selected
lines of bees that demonstrate resistance mechanisms against the mites. These
lines should retain genetic variability, and should have no fitness costs, such as
reduced honey production or susceptibility to diseases, that may be associated
with the traits that confer resistance (Bailey, 1999). We chose to analyse the
heritability of one behavioral mechanism of defense, hygienic behavior, because it
is known to be not only a mechanism of defense against V. destructor, but also the
primary mode of resistance against two diseases of honey bee brood, American
foulbrood and chalkbrood (Boecking and Spivak, 1999; Spivak and Reuter,
2001a,b) and thus is of broad economic interest in apiculture. In this study,
heritability of hygienic behaviour was measured in autochthonous grey A. m.
carnica honey bees. The possibility to enhance the expression of hygienic
behaviour through selective breeding is discussed. First, the expression of the
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hygienic behaviour was measured in 240 colonies with unselected queens and 24
colonies with selected queens. The results indicated high potential of hygienic
behaviour of analysed colonies, with the highest values in F1 generation, in both
unselected queens (95.31%) and selected queens (98.35%). Thus, the heterotic
effect was observed for the hygienic behaviour in our study. Until now, there were
only a few investigations of heterosis in honey bees. In an early study of Cale and
Gowen (1956) heterotic effects in queen bees were demonstrated for oviposition
rate and honey yield. However, in investigations of Oldroyd and Goodman (1988),
heterotic effects appeared for longevity of F1 queens and for brood production,
but not for honey yield. In our study, F1 queens showed very marked heterosis for
hygienic behaviour expression. These findings are expected since egg
production and longevity of the queen are characters largely dependent on the
queen's own genotype, and honey yield and hygienic behaviour are characters
dependent on the vigor and well being of the queen’s worker progeny. Honey
yield and hygienic behaviour consequently differs from egg production in being
influenced by the genome of the drones to which the queen is mated. In addition,
polyandry (multiple mating) of queens increase genetic diversity and contributes
to heterosis even in such conditions as in our study where queens were mated
with the same pool of reared high quality drones, but they were allowed to fly and
mate with whatever drones they encountered. The heterosis effect in our study
decreased in the F2 generation in both unselected queens (88.24%) or in selected
queens (97.52%). These results are in accordance with the findings of Lee (2000)
that sexually reproducing species heterosis erodes rapidly due to segregation
and does not confer permanent fithess benefits.

Heritability (h?) is the proportion of the observed variance (among a group of
bee colonies in this case) for which differences in heredity are responsible.
Heritability estimates vary between 0 and 1. If a characteristic has an h? close to 1,
then the characteristic can be changed rapidly by selective breeding. If h? = 0,
selective breeding will fail. For a particular inherited trait, a high h? value (>0.6)
indicates a greater influence of genetic factors while a lower value (<0.3) indicates
a stronger influence of environmental factors. As a general rule, selective
breeding can proceed if h? is >0.25. Heritability may be estimated by comparing
parent and offspring traits. Parent-offspring designs compare phenotypic
variance between parents and offspring. Parent-offspring regression is one of the
most commonly used methods. A specific phenotypic trait is measured for both
the parent and the offspring at the same age and compared using regression. The
slope of regression between offspring and parents will tell you about resemblance
between relatives (narrow sense heritability, h). A one parent-offspring is a
comparison between either the mother or father and the offspring and gives an
estimate of half of the narrow sense heritability. In our study, only mothers's value
is used (mother-daughter regression method). Using the same method, Boecking
and Drescher (1992) found the heritability value h?=0.18+0.27 for the removal of
brood experimentally infested with one living mite per cell and h?=0.36+0.30 for
the removal of dead brood (killed using the pin-killed brood assay). However,
Harbo and Harris (1999) calculated the heritability of hygienic behaviour to be
h?=0.65+0.61. This value and the values we obtained in current study
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(h*=0.63+0.02; 0.45+0.01 and 0.44+0.02 in relationship F1s — Ps, F2s — Ps and
F2s - F1s, respectively) indicate that hygienic behaviour is heritable in
autochthonous grey A. m. carnica honey bees from Sumadija. Thus, breeding
those honey bees for hygienic behaviour is reasonable. The results also show that
the expression of hygienic behaviour through selective breeding could be
enhanced in analysed bees and the best results could be achieved in F1
generation. It is important to emphasize that the F1 colonies bred for hygienic
behaviour in our stydy had similar populations and brood areas, produced as
much honey as the unselected colonies, suffered no apparent fitness costs, and
performed as well, if not better, than commercial lines not bred for hygienic
behaviour which is in accordance with previous findings of Spivak and Reuter
(1998, 2001a) and the findings of Pejovic (2008). Breeding grey A. m. carnica
queens for hygienic behaviour is beneficial for commercial beekeeping in Serbia,
since hygienic behaviour is associated with the resistance to Varroa destructor, as
well as to American foulbrood and chalkbrood. Consequently, colonies bred for
hygienic behaviour require less or no acaricide treatment, beekeeping operating
costs are lower and risk of contaminating honey and other hive products is
decreased (Spivak and Reuter, 2001a). Nevertheless, recent investigations of
Ibrahim et al. (2007) that should not be disregarded have shown that selecting
colonies for hygienic behaviour does in fact reduce mite levels compared to
unselected colonies, but the regression of mites on adult bees and in worker
brood as a function of hygienic behavior indicated that expressing hygienic
behavior is not sufficient for mite resistance. Thus, grooming behaviour, as
another natural mechanisms of resistance against V. destructor, should be
investigated in autochthonous grey A. m. carnica honey bees from Sumadija, as
well as the possibility to enhance the expression of that behaviour through
selective breeding.
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HERITABILNOST HIGIJENSKOG PONASANJA SIVE MEDONOSNE PCELE
(Apis mellifera carnica)

STANIMIROVIC Z, STEVANOVIC JEVROSIMA, MIRILOVIC M i STOJIC V

SADRZAJ

Odgajanje matica sive medonosne pcele A. m. carnica sa ispoljenim higi-
jenskim ponasanjem od velikog je znacaja za komercijalno p&elarenje u Srbiji, ob-
zirom da je higijensko ponasanje povezano sa otpornos$¢u prema krpelju Varroa
destructor, kao i prema izaziva¢ima bolesti ameri¢ke trulezi pcelinjeg legla i
kre¢nog legla. U ovom radu, ispitivana je heritabilnost higijenskog ponasanja kod
autohtone sive medonosne pcele A. m. carnica iz Sumadije da bi se utvrdilo da li
ispoljenost higijenskog ponasanja kod tih péela moze da se poveca putem selek-
tivnog gajenja. Heritabilnost higijenskog ponasanja pracena je kroz tri generacije
matica i procenjivana metodom regresije jedan roditelj-potomak (metoda regre-
sije majka-¢erka). Vrednosti koeficijenta heritabilnosti higijenskog ponasanja bile
su h?=0,63=0,02 izmedu éerki matica (F1s) i majki matica (Ps), h?=0,45+0,01
izmedu unuka matica (F2s) i Ps, i h2=0.44+0.02 izmedu F2s i F1s. Ovi rezultati
pokazuju da ispoljenost higijenskog ponasanja kod analiziranih pCela moze biti
povecana, kao i da se najbolji rezultati mogu posti¢i u F1 generaciji. Pri tome je
znacajno istaci da kod drustava F1 generacije odgajenih na higijensko ponasanje
u naSem radu nije bilo nikakvih negativnih posledica u pogledu reproduktivnih i
produktivnih sposobnosti.



