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Summary — The short duration of the post-capping stage of the honey bee is considered as a good
trait to select for breeding honey bees resistant to Varroa jacobsoni. One way to operate is to apply this
selection to queens, since this character is expressed in the 3 castes. To predict the efficiency of such
a selection, we estimated: (1) the heritability of this character through daughter-queen to mother-
queen regression and intra-class correlation in a population of Apis mellifera mellifera colonies in
France; and (2) the regression between daughter-workers to mother-queens. The heritabilities obtained
with these methods were 0.31 + 0.10 and 0.22 + 0.25 respectively. The worker capped period was pos-
itively correlated with the mother-queen period (r = 0.59), suggesting that queen selection could be effi-
cient at obtaining workers with short capping durations. As the reduction of worker capping period
can induce a decrease in the Varroa mite populations, selection for short-capping-duration queens to
obtain Varroa-resistant strains is discussed.

Apis mellifera mellifera! Varroa jacobsoni/ queens post-capping stage / development / selection

INTRODUCTION may not be suitable because of the risk of
chemical contamination of the hive prod-
. . ucts, and also because of the high cost for
At.p.resent, the .use.of cher_nlcals 15 th? only beekeepers. Biological control methods
efficient way of fighting against Varroa jacob- should therefore be devised and, of these,

soni Oud, which is the most important threat  the selection of Varroa-resistant strains is

for the honey bee (Apis mellifera L) inthe  one of the best ways to control this acarine
world. However, over time, these methods parasite.
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Two different approaches have been
used to select honey bees for Varroa resis-
tance. The first consists of collecting
colonies which seem to be spontaneously
resistant, without regard to the explanation
of the phenomenon, and then of breeding
these strains together (Kulincevic et al,
1992). The second approach consists of
selecting honey bees for a particular trait
(morphological, physiological or behavioral)
which is thought to enhance their resistance
to the mites. Among these traits is the dura-
tion of the post-capping stage of brood cells.
It has been noticed (Moritz and Hanel, 1984)
that about half the Varroa females cannot
finish their reproductive cycle in A m capen-
sis colonies due to the short duration of the
post-capping stage in this subspecies. The
influence of this parameter was confirmed
through a comparative study of the develop-
ment of Varroain A m capensis and Am
carnica worker brood (Blchler and
Drescher, 1990; Moritz and Mautz, 1990).
The heritability of the post-capping period
in the worker brood was estimated from a
sample of 3 honey-bee races (A m carnica,
A m scutellata and A m capensis) to be 0.8
(Moritz, 1985), from a sample of 2 races (A
m carnica and A m mellifera) and Buckfast
strains to be 0.23 (Buichler and Drescher,
1990), and from North-American strain sam-
ples to be 0.61 (Harbo, 1992). The variabil-
ity of this character has been observed in
the worker brood of other honey-bee races
(Schousboe, 1986; Le Conte and Cornuet,
1988) and therefore may be a good candi-
date for the indirect selection for Varroa
resistance in honey bees. The duration of
the post-capping stage can be measured
in any caste, but selecting for that character
in a sterile caste (workers) presents addi-
tional difficulties which may delay the
response (Chevalet and Cornuet, 1982; Cor-
nuet, 1987). As A m mellifera queens are
produced in large amounts by beekeepers in
western Europe, it could be interesting to
select for queens which could produce short-
capping-period workers. Furthermore, for

applied and commercial purposes, it might
be much easier for beekeepers to select for
this character directly on the queens than
on workers if there is a correlated response
in both castes. A selection scheme on work-
ers or drones would require worker or drone
sample analysis or artificial insemination.

In this note, we give the genetic com-
ponents of this character in a sample of
honey-bee queens and estimate the regres-
sion between daughter-workers and their
mother-queens, within an A m mellifera
population.

MATERIALS AND METHODS

Two-day-old larvae were chosen at random in
20 different colonies of A m mellifera and grafted
to be reared in starter-finisher hives of strong
rearing colonies of hybrid stock ((/igustica x cau-
casica) x mellifera). During the capping of the
cells, observations were made every 4-6 h to
determine the time of capping. Once capped, the
cells were placed in an incubator at 34 + 0.5°C
and 70 + 5% relative humidity. At the period of
emergence of the queens, observations were
made every 4 h to calculate the duration of the
capping stage for each queen. Queens were then
introduced in small nuclei and mated in natural
conditions in apiaries of A m mellifera.

While those queens were laying eggs, the
same study was made from the larvae of 12 unre-
lated mother-queens. This design provides esti-
mates of heritability through the following 2
methods: daughter-to-mother regression
(Kempthorne and Tandon, 1953) and variance
component analysis (Falconer, 1981; Moritz et al,
1987). The heritability is twice the mother-daugh-
ter regression coefficient. For variance compo-
nent estimation, an analysis of variance was per-
formed according to the following statistical model:

Y,'jk= u+ M,'+ H/+ CU+ Z’/k
where Yj; = duration of the post capping stage of
the kth daughter queen of the th mother queen,
reared in the fth colony; u = population mean;
M; = effect of the th mother queen; R;= effect of
the jth rearing colony; C; = interaction effect of
mother queen i and rearing colony j; and Zy, =
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residual effect. All the variables in the model but
1 were considered as random.

The analysis of variance was performed using
the general linear model procedure of the Statis-
tical Analysis System package (SAS/STAT ver-
sion 6.03, Cary, NC, USA). The sampling vari-
ances and covariances of estimators were
computed through the maximum likelihood vari-
ance component estimation procedure of this
package. The heritability (h? = V,/V;5) was calcu-
lated from the intra-class correlation coefficient
Vu/(Vy+ Va+ Vo + V), which is approximately
equal to 2V,/Vp (neglecting dominance and
epistatic variance components). The coefficient @,
which is the average coefficient of coancestry
between 2 sister-queens, is equal to (2 + £)/8f,
f being the average effective number of drones
mated to a queen (Chevalet and Cornuet, 1982).
Taking fequal to 6 leads to a value of 1/6 for @,
and to the following relationship:

=3 VM/(VM+ VR+ Vc+ Vz)

The sampling variance of this estimate of h2 was
derived by an approximation through the Taylor’s
series (Kendall et al, 1983).

Nine queens with short capping periods and 5
with long capping periods, naturally mated, were
used to study the capping duration of their related
daughter-worker brood and to establish the cor-
relation between post-capping stage of queens
and workers. A sample of 35-60 cells contain-
ing 2-3-day-old worker larvae were taken from a
frame of each colony and placed in a strong rear-
ing colony. During the capping of the cells, obser-
vations were made every 4-6 h using transparent
plastic sheets to individually identify each of the
brood cells. Once capped, the worker brood was
placed in an incubator at 34 + 0.5°C and obser-
vations were made every 4 h to determine the
emerging time of each brood cell.

RESULTS AND DISCUSSION

The average duration of the post-capping
stage of the first set of queens (n = 117)
was 193.7 h (SD = 8.3), with a range of
20.75 h. From 12 of these queens, 107
daughter-queens were reared. Their post-
capping stage lasted an average of 182.4 h
(SD = 5.6), a value which is significantly

lower (t;47 = 6.26, P < 0.001) than in the
preceding generation. As mothers selected
as parents of the second generation had
values dispersed over the entire range of
their set (fig 1), this difference is in no way
the result of any selection. Clearly, it is due
to environmental factors. Since the variance
component attributed to the effects of rear-
ing colonies is not significantly different from
zero, these environmental factors are pro-
bably of climatic or seasonal origin, as pre-
viously discussed by Schousboe (1990).

Figure 1 presents the values of daughter-
queens plotted against their mother’s value.
The linear regression coefficient, calculated
from each daughter-queen to mother-queen,
is equal to 0.156 + 0.047, which leads to a
heritability estimate of 0.31 + 0.10. How-
ever, the daughter-queen to mother-queen
regression is not significantly different from
zero. Table | provides the results of the anal-
ysis of variance on daughter-queen values.
The estimation of the heritability by the vari-
ance components leads to 0.22 + 0.25. In
our experiment, there appears to be no sig-
nificant effect of the rearing colonies but a
significant interaction (rearing colony x line).
We have shown that capping is a behav-
ioral response of nurse bees induced by
pheromones produced by the larvae (Le
Conte et al, 1990b). Among other possible
explanations, such an interaction could be
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Fig 1. Daughter-queen on mother-queen regres-
sion for the duration of the post-capping stage of

the queen in our A m mellifera population. Y =
0.2X + 146.1.
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Table I. Estimation of the variance components for the duration of the post-capping stage of the

daughter-queens in our A m mellifera population.

Source of variance Degree of Observed mean Theoretical mean Variance
freedom of squares of squares component
Rearing colony 5 27.52 Vz+1.89Ve+11.90Vg Vp=0.48
Mother 11 34.86 Vz+ 216V +7.08V), Vy=1.56
Rearing colony x mother 24 24.98 Vz+244V, Vc=4.18
Error 65 14.76 Vs V,=14.76

the consequence of differential production of
pheromone by larvae (line) combined with
differential response by workers (rearing
colony).

The average duration of the post cap-
ping stage of the worker brood (n = 535)
was 297.3 h (SD = 11.6), with a range of
86 h. The average worker capped period
was positively correlated with the mother-
qgueen capped period (r = 0.59); the slope
was significantly different from zero (P <
0.02) (fig 2).

An important result is that the population
will respond positively to selection of queens
for a shorter duration of the post-capping
stage. A similar result has been found by
Buchler and Drescher (1990) on worker
brood (k2 = 0.23). Moritz (1985) estimated a
much higher heritability (0.83) than ours;

time (D)

310

WORKER MEANS

BEEES

time (D)

170 175 180 185 190 185
MOTHER QUEEN

Fig 2. Mean daughter-worker on mother-queen
regression for the duration of the post-capping
stage in our A m meliifera population. Y =0.47X
+212.17.

this difference can be easily explained by
the samples taken in both experiments:
worker-to-worker regression with colonies
of various races in his case, worker-to-queen
regression with colonies of a single local
population in ours.

Bichler and Drescher (1990) estimated
that a 1 h reduction in the worker post-cap-
ping period could induce a 8.7% reduction
on the Varroa mite population. In our experi-
ment, the 20 h range of the capping period
of the queen corresponds to a 10 h period
range in the worker brood. From the results
of Blchler and Drescher (1990), this would
mean, theoretically, that the short-capping-
period colonies (queen period = 173) could
have a 87% reduction on the Varroa popu-
lation compared with colonies with longer
worker post-capping stage period (queen
period = 193).

While the low daughter-queen to mother-
queen regression does not seem to be
encouraging for selection of that trait, there
is an important worker-to-queen regression.
Moritz (1985) has shown that maternal
effects significantly affect the character.
Moritz and Jordan (1992) have evidenced
the higher effectiveness in selecting the
character via drones because of a large
genetic variance and the hemizygosity of
the male sex. It could be interesting to select
for queens producing short-capping-period
workers, but a more useful method could
be to use selected queens inseminated by



Post-capping stage duration in A m mellifera brood 517

short-capped-period drones. This approach
could be a rapid and useful technique to
obtain strains with a short post-capping
stage to fight against the Varroa mite. More
investigations are needed to estimate the
practical benefit of such a selection. The
absence of a negatively correlated response
to economic traits such as the honey yield
must also be checked.

A short post-capping-stage is not the only
trait that can be selected for in this approach
to breed honey bees resistant to Varroa.
Cleaning behavior against Varroa (Peng et
al, 1987) or thermic regulation of the brood
(Le Conte ef al, 1990a) are other charac-
ters on which similar work could be per-
formed. Recently, Ruttner and Hanel (1992)
demonstrated an active defense of Camio-
lian strain honey bees against Varroa mites
related to the grooming behavior among the
workers triggering the killing of the mites by
worker mandibles. One or more of these
characters could be selected with economic
traits to take a important place in an ‘inte-
grated mite management’ of honey bees.
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Résumé — Héritabilité de la durée de la
phase d'operculation du couvain de reine
chez Apis mellifera mellifera. Chez
I'abeille, la période de développement pen-
dant laguelle la cellule reste operculée est
considérée comme un critere intéressant
dans la sélection de souches résistantes a
Varroa. Une méthode pratique consisterait
a appliquer cette sélection aux reines
d’'abeilles, aprés avoir défini la corrélation

entre les 3 castes pour ce caractére. Afin
de prédire I'efficacité d’une telle sélection
chez les reines, nous avons estimé I'héri-
tabilité de ce caractére a travers une régres-
sion mére—fille et a travers la corrélation
intra-classe d’'une population d’A m melli-
fera francaise. Des larves d'ouvrieres A m
mellifera de 2 j, provenant de 20 colonies
différentes, ont été greffées pour étre éle-
vées dans des «starter-finisher» par des
colonies hybrides. La date d’operculation
des cellules a été définie a travers des
observations faites toutes les 4 a2 6 h. Les
cellules royales operculées ont été placées
en étuve a 34 + 0,5°C et a 70 + 5% d’humi-
dité relative. La date d’émergence des
jeunes reines a été estimée avec des obser-
vations faites toutes les 4 h, et a permis le
calcul de la durée de la période d’opercu-
lation de chaque reine. Les reines ont été
introduites chacune dans un nucleus et ont
été fécondées naturellement. La méme
étude a été réalisée a I'aide des jeunes
larves de 12 de ces reines, et les résultats
ont permis d’estimer I’héritabilité de ce
caractere. Les valeurs de I'héritabilité, obte-
nues & partir de la régression fille—-mére et
de la corrélation intra-classe, ont été res-
pectivement 0,31 + 0,10 et 0,22 + 0,25. Ces
valeurs sont plus faibles que celles trou-
vées chez I'ouvriére par Moritz (1985) (0,80)
qui a utilisé un échantillon génétiquement
plus large ; elles sont en accord avec celles
de Bichler et Drescher (1990) (0,23). La
régression ouvriéres—reine a ensuite été
estimée pour ce critere. Des larves
d’ouvrieres provenant de 14 reines dont la
durée d’operculation était connue ont été
placées dans une méme colonie éleveuse.
Le moment de I'operculation des cellules,
repérées a I'aide d’une feuille de plastique
transparent, a été estimé grace a des obser-
vations faites toutes les 4-6 heures. Le cou-
vain operculé a ensuite été placé dans un
incubateur pour déterminer 'émergence des
ouvriéres. La durée d’operculation des
ouvriéres a été correlée positivement avec
la durée d’operculation des reines meres (r
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=0,59, P < 0,02). La réduction de la durée
d'operculation des ouvriéres entraine une
baisse des populations de Varroa dans les
colonies d’abeilles (Blichler et Drescher,
1990). La sélection des reines sur ce cri-
tére peut aboutir a I'obtention d’ouvriéres a
durée d’'operculation plus courte et donc a
des colonies plus résistantes a Varroa. La
sélection de reines sur ce critére peut étre
une méthode intéressante en particulier en
la conjuguant a celle des males (Moritz et
Jourdan, 1992) et permet d’'envisager une
réponse positive a la sélection de ce carac-
tére dans notre population d’abeilles, ceci
dans la mesure ou la réponse n’est pas cor-
relé négativement pour un caractére éco-
nomique comme la production de miel.

Apis mellifera mellifera | Varroa jacob-
soni | durée d'operculation / sélection /
résistance

Zusammenfassung — Heritabilitdt der
Dauer der Verdeckelungsphase der Koni-
ginnenbrut bei Apis mellifera mellifera
L. Bei der Honigbiene wird die Dauer der
Larvalentwicklung in verdeckelten Brutzellen
als ein wichtiges Kriterium fir die Selektion
von Varroa-resistenten Linien betrachtet.
Eine praktizierbare Selektionsmethode
kénnte mdglicherweise bei den Kéniginnen
ansetzen. Zur Bestimmung der Wirksam-
keit einer solchen Kéniginnenselektion
haben wir eine Schatzung der Heritabilitat
dieser Eigenschaft mit der Regression Mut-
ter-Tochter (Kdniginnen- und Arbeiterin-
nentéchter) und der Intra-Klassen-Korrela-
tion einer Population der franzésischen A
mellifera mellifera durchgefihnt. Zweitagige
Arbeiterinnenlarven aus 20 verschiedenen
Vélkern wurden umgelarvt und in Hybrid-
Pflegevolkern aufgezogen. Der Ver-
deckelungszeitpunkt der Zellen wurde durch
Beobachtungen im Abstand von 4—6 Stun-
den bestimmt. Die verdeckelten Weiselzel-
len wurden in einen Brutschrank bei 34 +
0,5°C und 70 + 5% Luftfeuchtigkeit gehalten.

Der Zeitpunkt des Schlupfes wurde durch
Kontrollen im Abstand von 4 Stunden
bestimmt. So konnte die Dauer der Ver-
deckelungsphase flr jede Konigin berechnet
werden. Jede Konigin wurde in ein Begat-
tungskastchen eingeweiselt und nattrlich
gepaart. Die gleiche Studie wurde an jun-
gen Larven von 12 dieser Koniginnen durch-
gefuihrt. Die Werte der Heritabilitat fir die
Verdeckelungsphase, die mit der Regres-
sion Tochter-Mutter und mit der Intra-Klas-
sen-Korrelation berechnet wurden, betra-
gen 0,31 £ 0,10 und 0,22 + 0,25. Diese
Werte sind kleiner als der Wert 0,80 von
Moritz (1985), der somit einen gréBeren
Effekt bei seinen genetischen Proben ermit-
telte. Die Werte stimmen gut mit denen von
Buchler und Drescher (1990) mit 0,23 Uber-
ein. Die Regression Arbeiterin-Konigin sind
danach ebenfalls fur dieses Kriterium
bestimmt worden. Arbeiterinnenlarven von
14 Kéniginnen, deren Verdeckelungsphase
bekannt waren, wurden alle zur Aufzucht in
ein einziges Volk gehdngt. Der Zeitpunkt
der Verdeckelung der Zellen wurde mit Hilfe
einer Klarsichtfolie vermerkt. Alle 4 Stun-
den wurden die Zellen kontrolliert. Die ver-
deckelte Brutwabe wurde in einen Brut-
schrank gestellt, um den Schlupftermin der
Arbeiterinnen zu bestimmen. Die Ver-
deckelungsphase der Arbeiterinnen korre-
liert positiv mit der der Kéniginnenmatter
(r=0,59, P < 0,02). Die Verkirzung der
Verdeckelungsphase der Arbeiterinnen
bewirkt eine Verminderung der Varroapo-
pulation in den Bienenvdlkern (Bichler und
Drescher, 1990). Die Selektion der Kéni-
ginnen nach diesem Kriterium kann daher
zu Arbeiterinnen mit verkirzter Ver-
deckelungsphase und damit zu Vélkern mit
gréBerer Varroa-Resistenz fihren. Die
Selektion auf Grund der Kéniginneneigen-
schaften ist moglicherweise eine besonders
interessante Methode, wenn sie mit denen
von Drohnen kombiniert werden (Moritz und
Jordan, 1992). Sie deutet auf die Méglichkeit
hin, einen positiven Effekt der Selektion auf
eine verkirzte Verdecklungsphase in unse-
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rer Bienenpopulation zu erhalten, voraus-
gesetzt, daB diese Eigenschaft oder andere
Reaktionen nicht negativ mit Skonomischen
Eigenschaften wie der Honigproduktion kor-
relieren.

Apis mellifera mellifera | Varroa jacob-
soni | Verdecklungsphase / Selektion /
Varroa-Resistanz
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