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Abstract — In this study, we investigated whether differences in the reproductive biology of honey bee (Apis
mellifera) queens and laying workers are reflected in their eggs. We first tested the capacity of queen- and
worker-laid male eggs to withstand dry conditions, by incubating samples at 30.0, 74.9, and 98.7% relative
humidity. We found that worker-laid eggs were more sensitive to desiccation. Secondly, we measured the
weight and quantities of vitellin, total protein, lipid, glycogen, and free carbohydrate in queen- and worker-
laid eggs. Although worker-laid eggs were found to be heavier than queen-laid eggs in two of the four
replicates, no systematic differences were found regarding nutrient content. Finally, we compared the dura-
tion of embryo development in the two egg types. Worker-laid eggs developed more slowly than queen-laid
eggs in two out of three replicates, suggesting that they may only be partly mature at the moment they are

laid. Possible causes and consequences of the observed differences are discussed.
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1. INTRODUCTION

Although the honey bee (Apis mellifera)
is characterized by reproductive division of
labour, workers of this species have kept
the ability to reproduce. Since they cannot
mate, they produce offspring parthenogeneti-
cally (Dzierzon, 1845, cited in Buttel-Reepen,
1915). In the majority of subspecies, all or
almost all worker-laid eggs are haploid (pro-
duced by arrhenotokous parthenogenesis) and
develop into males. An exception is the Cape
honey bee (A. m. capensis), whose workers are
able to lay diploid, female eggs by thelytok-
ous parthenogenesis (Onions, 1912, cited in
Anderson, 1963).

Visscher (1996) estimates that in queen-
right colonies of mixed European origin, only
approximately 7% of all male eggs originate
from laying workers. However, if the queen is
lost and cannot be replaced, mass egg-laying
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by workers often occurs and several thousand
worker-derived drones are produced before
colonies break down due to the lack of young
workers (Page and Erickson, 1988; Hemmling,
1991).

The anatomy of the reproductive organs
and the reproductive physiology of queen and
worker honey bees present striking differ-
ences. In European subspecies, the ovaries of
queens contain approximately 130 to 200 ovar-
ioles (Rhein, 1933; Snodgrass, 1956; Dade,
1962), compared to only 1 to 20 in workers
(Zander, 1916, 1951; Rhein, 1933; Wegener
et al.,, 2009), although the morphology and
ultrastructure of the individual ovarioles of
the two castes seems to be almost in-
distinguishable (Reginato and Cruz-Landim,
2003; Tanaka and Hartfelder, 2004). During
peak egg-laying periods, a queen may pro-
duce 1500 or more eggs/day (Buttel-Reepen,
1915; Snodgrass, 1956), compared to 5 to 38
for individual laying workers (Perepelova,
1928, cited in Ribbands, 1953; Visscher,
1996). The vagina is much shorter in workers,
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and the spermatheca (which in the queen
serves to store semen) is rudimentary (Zander,
1916; Snodgrass, 1956). Workers also lack the
valve fold (Zander, 1916, 1951), a structure
that in queens is thought to press ovulated eggs
against the opening of the spermathecal duct.

Tanaka and Hartfelder (2004) performed
a detailed morphological study on the early
stages of oogenesis, and they found almost
no differences between the two castes. Com-
parative data on the mature eggs are scant
and sometimes contradictory. Hatching rates
of queen-laid (QL) and worker-laid (WL) eggs
have been compared in four studies. Two of
these came to the conclusion that they are
lower in WL eggs (Velthuis et al., 2002; Pirk
etal., 2004), one found no difference (Ratnieks
and Visscher, 1989), and one found slightly
lower hatching rates in QL eggs (Beekman and
Oldroyd, 2005).

The objective of the present study was
to determine if and how anatomical and
physiological differences between queens and
workers are reflected in the properties of their
unfertilised, male eggs. Velthuis et al. (2002)
observed that compared to QL eggs, WL eggs
frequently desiccated during incubation. In a
first experiment, we therefore compared the
sensitivity of the two types of eggs to des-
iccation. Velthuis et al. (2002) also observed
that about half of the WL eggs they incubated
hatched “with a delay”, although they did not
give any details about its length. In a second
experiment, we therefore compared the dura-
tion of embryonic development of QL and WL
eggs to assess whether WL eggs may be partly
immature at the moment they are laid.

Gontarski (1938) and Woyke (1994) found
that in A. m. mellifera, ripe QL eggs were
longer but narrower than WL eggs, and
Gontarski reports that the volume of WL eggs
is, on average, 45% higher than that of
QL eggs. Genger and Woyke (2006) showed
that in A. m. caucasica, QL eggs were on av-
erage both smaller and lighter than WL ones.
To explain their findings, the latter authors
hypothesised that as workers lay far fewer
eggs than queens, they are able to invest more
into each of them. Here we quantified sev-
eral important classes of nutrients in both QL

and WL eggs, with the aim of verifying this
assumption.

WL eggs are usually quickly and selectively
removed from queenright colonies by other
workers. This fact was first hypothesized by
Gontarski (1938) and has first been shown ex-
perimentally by Ratnieks and Visscher (1989).
It has recently been the subject of a lively
debate, centering around the cues by which
the workers that remove the eggs can distin-
guish between worker- and queen-laid ones
(e.g., Ratnieks, 1992, 1995; Katzav-Gozansky
et al.,, 1997, 2001, 2003; Pirk et al., 2004;
Beekman and Oldroyd, 2005), and the ulti-
mate reason(s) for the evolution of worker egg
removal (e.g., Woyciechowski and Lomnicki,
1987; Ratnieks and Visscher, 1989; Pirk et al.,
2004; Nonacs, 2006). It was not the main ob-
jective of our study to conclusively solve these
issues, but physical differences between QL
and WL eggs may potentially be of importance
in this context.

2. MATERIALS AND METHODS

All colonies used were of the subspecies A.
m. carnica and were housed in the apiary of
the Institute for Bee Research, Hohen Neuendorf
(Germany). The significance level for all statistical
tests was set at @« = 0.05. SPSS 10.0 (SPSS Inc.,
Chicago, USA) was used for data analysis.

2.1. Influence of air humidity
and forceps transfer on queen-
and worker-laid eggs

The principle of this experiment is depicted
in Figure 1. For each of three replicates, one
colony was split into equal halves of approximately
15000 workers. One received the original queen,
while the other remained queenless. Replacement
queen cells were removed from the queenless part
after 7-8 days. After four to five weeks, when mass
egg-laying by workers had started in the queenless
half, freshly-built drone combs were inserted into
both halves. In the queenright part, the queen was
confined to the drone comb by means of a cage
made of queen excluder material. After 24 h, the
queen was freed and the egg-containing combs re-
moved from both hives. Three pieces were cut out
of each comb, and the position of thirty eggs on
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Figure 1. Experimental design to test the influence of air humidity on the hatching success of queen- and

worker-laid eggs.

each piece was noted on transparent plastic films.
From the remaining parts of both combs, groups of
thirty eggs were transferred with a pair of specially-
designed forceps (Taber, 1961) onto each of three
beeswax-coated microscope slides. Egg samples on
comb pieces and on microscope slides were then
transferred to each of three Petri dishes. The Petri
dishes were placed without covers inside tightly-
closing plastic boxes, where they were installed
over saturated solutions of CaCl, or NaCl with
large amounts of residuum, or over wet filter pa-
per. The boxes were placed into an incubator at
34.4 + 0.3 °C. Relative air humidity inside the boxes
after > 1 h of incubation was 30.0 + 4.1% (CaCl,),
74.9 + 3.0% (NaCl), and 98.7 = 0.3% (wet filter
paper).

Unrelated colonies were used for the three repli-
cates. In total, 36 egg samples (1080 eggs) were
incubated. The proportions of hatching eggs from
these 36 samples were submitted to a three-factorial
analysis of variance (ANOVA) after verification that
the data met the statistical preconditions. The three
factors were egg type (QL of WL), forceps transfer
(yes or no), and air humidity (30.0, 74.9 or 98.7%).
A saturated model was used. Pairwise comparisons
of queen- and worker-laid eggs at all three levels of
relative humidity were made for the samples of un-
transferred eggs, using Student’s t-tests.

2.2. Duration of embryonic
development of queen-
and worker-laid eggs

Three colonies of approximately 30000 work-
ers each and with unrelated, mated queens were

used. Three hundred grams of bees (ca. 3000 in-
dividuals) were taken from the brood nest of each
colony and placed inside small hive boxes for mat-
ing nuclei (F. Wienold, Germany), also containing
one comb of honey, one empty comb, one comb
of young worker brood and one comb of pollen.
They were kept in a dark and cool room overnight
and installed in the apiary the next morning. The
combs containing young worker larvae were re-
moved after 2-3 days, so that the colonies lost any
chance of rearing replacement queens. Mass worker
egg-laying started after 9—14 days. After this time,
eggs from the queenless and queenright colonies
were obtained as in experiment 1, except that egg-
laying was stopped after 12 h instead of 24 h. Sam-
ples of 153-242 eggs were transferred from each
comb onto wax-coated plastic supports using for-
ceps. They were incubated at 34.5 + 0.3 °C and
high humidity (approximately 98% RH). The num-
ber of larvae that had hatched was determined ev-
ery 12 h. The progression of hatching of the egg
types was compared by life table analysis followed
by Gehan’s generalized Wilcoxon test.

2.3. Weight and nutrient content
of queen- and worker-laid eggs

Samples of eggs from four pairs of queenright
and queenless colonies were obtained as in experi-
ment 2 (but from other colonies). Egg-laying in the
queenless parts started after 10 to 14 days. From
each pair of colonies, thirty eggs of each type were
placed individually into 200 uL of buffer solution
(0.05 mol/L TRIS, 0.16 mol/L NaCl, pH 8.5) and
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immediately frozen at —20 °C. They were trans-
ported on dry ice to the University of Bayreuth,
where they were homogenized using a mortar-pestle
(Xenox MHX E; Proxxon, Niersbach, Germany)
and an aliquot (2 pL) from each sample was taken
for the estimation of vitellin by an enzyme-linked
immunosorbant assay (Wegener et al., 2009). Then,
100 uL of a saturated Na,SOy-solution was added
to the remaining homogenate and the whole mix-
ture evaporated to dryness in a vacuum centrifuge
(SpeedVac alpha RVC; Christ, Osterode, Germany).
The subsequent separation into substance classes
(lipid, protein, free carbohydrates, glycogen) and
the colorimetric estimation of the components was
carried out as described in Lorenz (2003) with the
modifications described in Lorenz (2007).

Additionally, groups of 30 eggs from each
colony were weighed to the nearest ug on
a microbalance (Model MS5P, Sartorius, Hanau,
Germany). Hatching success of the queen- and
worker-laid eggs was measured by incubating sam-
ples of 38 to 82 eggs on pieces of their original
combs at 34.5 £ 0.3 °C, 49.1 + 5.6% RH.

Data on egg weight as well as on contents of
all the nutrients measured showed heterogeneity of
variances, so that they could not be analysed by
ANOVA. Therefore, the effect of egg type (QL or
WL) on nutrient contents was tested separately for
each nutrient class and pair of colonies. Depend-
ing on the outcome of Levene’s test for homogene-
ity of variances, either the exact or the asymptotic
t-test was used for these comparisons. To deter-
mine whether the colony of origin had an influence
on egg weight or composition, Kruskal-Wallis tests
were applied to data of QL and WL eggs.

2.4. Limitations to the validity
of the methodology

1. The duration of queenlessness or of worker
egglaying may potentially influence the proper-
ties of WL eggs (Beekman and Oldroyd, 2005;
Wegener and Bienefeld, 2009). All WL eggs
used in our experiments were sampled shortly
after the onset of mass worker laying, and so
our results are representative only of the eggs
laid during this phase.

2. In experiments 2 and 3, the size of queen-
less and queenright colonies was not equal.
While, to our knowledge, there is no evidence
to suggest that colony size affects the proper-
ties of honey bee eggs, we cannot rule out this
possibility.

3. RESULTS

3.1. Influence of air humidity
and forceps transfer on queen-
and worker-laid eggs (Fig. 2)

Relative humidity had a significant influ-
ence on the hatching success of all eggs
(ANOVA F-test for factor “humidity”; df = 2;
F =33.96; P < 0.001). Eggs transferred with
forceps showed lower hatching success than
untransferred eggs (factor “forceps”; df = 1,
F =52.05, P < 0.001). Egg type (QL or WL)
also had a significant effect on the survival of
the eggs to the larval stage (df = 1; F = 20.48;
P < 0.001). The influence of relative humid-
ity was greater in the case of worker-laid than
of queen-laid eggs (interaction between factors
“humidity” and “egg type”; df = 2; F = 4.49;
P = 0.02). For against, the interaction be-
tween factors “egg type” and “forceps trans-
fer” was not significant (df = 1; F = 3.71;
P = 0.07). Untransferred QL eggs had higher
hatching rates than untransferred WL eggs at
30.0% relative humidity (df =4; ¢t =4.5; P =
0.011). Hatching rates did not differ at 74.9
and 98.7% RH (1 = 0.9; P = 0.433 and r = 1.7,
P = 0.64, respectively).

3.2. Duration of embryonic
development of queen-
and worker-laid eggs (Fig. 3)

Worker-laid eggs hatched later than eggs
laid by queens in two of the three tri-
als (df = 1; Wilcoxon Gehan statistic 33.2
and 39.4; P <0.001 in both cases), but not
in the third (df = 1; Wilcoxon Gehan statis-
tic 0.32; P = 0.576).

3.3. Weight and nutrient content
of queen- and worker-laid eggs
(Fig. 4)

No effect of egg type (QL or WL) existed
on the amounts of free carbohydrates and to-
tal protein in eggs of any of the four pairs of
queenless and queenright colonies (P > 0.05).
Glycogen content was higher in the WL sam-
ple of one pair of colonies (exact t-test; n =
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Figure 2. Hatching success of queen- and worker-
laid eggs at different levels of relative humid-
ity. Thirty eggs were incubated per colony. Means
+ standard deviations are given (n = 3 pairs of
colonies). Effects of egg type (queen- or worker-
laid), relative humidity and forceps transfer were all
significant (ANOVA, P < 0.001 in all three cases).
The interaction between egg type and relative hu-
midity was also significant (P = 0.02), while other
interactions were not (P > 0.07).

59;t = =2.95; P = 0.005), but in the QL
sample of one other pair (exact t-test; n = 59;

= 3.94; P < 0.001). Lipid contents were
higher in queen-laid eggs in two cases (asymp-
totic t-tests; n = 58 and 59; t = 4.85 and 5.69;
P < 0.001 in both cases), but did not differ
in the others (P > 0.18). Queen-laid eggs con-
tained more vitellin in one pair of colonies (ex-
act t-test; n = 58; ¢ = 9.85; P < 0.001), while
no difference existed in the others (P > 0.09).
In two replicates, the weight of worker-laid
eggs was significantly higher (asymptotic t-
test; n = 60 and 50; 7 = —11.86 and —4.80; P <

0.001 in both cases). Weight differences were
not significant in the other two (P > 0.15).

The effect of the colony of origin of the
eggs on nutrient contents was not signifi-
cant in the case of glycogen in WL samples
(Kruskal-Wallis-test; n = 118; y*> = 0.63;
P = 0.88). For all other combinations of nutri-
ents and egg types, colony effects were highly
significant (separate Kruskal-Wallis-tests for
each combination of nutrient class and egg
type; n = 114-118; Xz = 17.32 to 55.92;
P <0.001 in all cases).

On the pieces of egg comb incubated at
50% RH, hatching success of queen-laid eggs
was greater in three out of the four repli-
cates (n = 93-102; y* = 6.6-272; P =
0.001-0.012), but did not differ between the
egg types in the last (n = 137; }> = 02;
P =0.709).

4. DISCUSSION

4.1. Sensitivity of worker-laid eggs
towards desiccation and mechanical
stress

Our results show that the answer to the
question of whether the hatching rates of QL
and WL eggs differ may depend on air humid-
ity. Two out of four earlier studies addressing
this question contain at least indirect informa-
tion about air humidity during incubation.

Ratnieks and Visscher (1989) incubated
eggs inside Petri dishes containing water-
saturated pieces of cotton, so air humidity was
probably close to 100%. They found similar
hatching rates for both egg types. This re-
sult is consistent with our own observations
at 98.7% RH. Hatching rates of both egg
types were higher in our study, which may
be due to the fact that Ratnieks and Visscher
used forceps-transferred eggs. Velthuis et al.
(2002) held the eggs at 50% RH in an incu-
bator. Under these conditions, hatching suc-
cess of WL eggs was lower than of QL ones.
In the control treatment of our experiment
on nutrient content, higher hatching rates for
QL eggs were found in three pairs of colonies
out of four (RH = 49.1%). Therefore, it seems
likely that some of the differences between the
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Figure 3. Duration of development of queen- and worker-laid eggs. ¥*100% = total number of eggs that
hatched successfully. N = 160, 114 and 204 in the three trials. The time course of hatching differed between
queen- and worker-laid eggs in trials 1 and 3 (Gehan’s generalized Wilcoxon test, P < 0.001 in both cases),

but not in trial 2 (P = 0.576).

findings of earlier studies concerning hatch-
ing rates of QL and WL eggs can be ex-
plained by different levels of air humidity dur-
ing incubation.

An important question is whether hatch-
ing rates differ at the level of air humidity
the eggs would experience under natural con-
ditions. In the space between two combs at
the center of the brood nest, air humidity can
vary between 30 and over 70%, with values
around 40% being most frequently observed
(Wohlgemuth, 1957; Biidel, 1948, 1960). Our
data (experiment 1 and hatching controls of
experiment 2) as well as those of Velthuis et al.
(2002) and Ratnieks and Visscher (1989) indi-
cate that the hatching rates of WL and QL eggs
may differ at up to at least 50% RH, but not
at or above 75% RH. In order to approxi-
mate natural conditions during egg incubation,
Pirk et al. (2004) inserted egg combs into bee-
tight wire-mesh pockets that they placed in-
side the brood nest of strong colonies. They
measured hatching rates of only 22.8% in
the WL samples, against 81.0% in the QL
ones. However, it is not quite clear whether

humidity between two combs at the centre
of the brood nest really equals that of the
air directly surrounding male eggs under nat-
ural conditions. Worker bees sometimes de-
posit small drops of water on the walls of cells
containing eggs or larvae (Lindauer, 1954).
Also, drone cells are not usually situated at
the centre of the brood nest, but at its periph-
ery (Buttel-Reepen, 1915; Winston, 1987, and
literature cited therein), where relative humid-
ity is generally slightly higher (Wohlgemuth,
1957; Biidel, 1960). Mackasmiel and Fell
(2000) incubated WL eggs using a methodol-
ogy similar to that of Pirk et al. (2004), and
they found higher hatching rates (60%). There-
fore, it may be too early to conclude with cer-
tainty on whether or not hatching rates of QL
and WL eggs differ under hive conditions.

4.2. Maturity of worker-laid eggs

Studies on the oocytes of different phyla
have shown that embryonic development
may be prolonged if activation occurs pre-
maturely (Echinodermata: Schuetz, 1975;
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Mammalia: Leoni et al., 2006; Rizos et al.,
2008). In the honey bee, Reinhardt (1960)
has shown that oocyte maturation is more ad-
vanced in female than in male QL eggs at the
time of egg-laying, and that embryo develop-
ment takes longer in the former. The latter
fact was also observed by Harbo and Bolten
(1981). For A. cerana, Kapil (1962) has shown
that because of anatomical differences, laying
workers may have less control over ovulation
than queens, which may lead to eggs being laid
at an earlier stage.

In two out of three replicates of our exper-
iment on the duration of embryonic develop-
ment, worker-laid eggs were indeed found to
hatch significantly later than QL eggs. This
confirms the circumstantial observations of
Velthuis et al. (2002), and supports the hypoth-
esis of WL eggs being less mature at the mo-
ment of oviposition. Our finding that WL eggs
are more sensitive to desiccation than QL eggs
may also point in this direction, since the pro-
tection of insect eggs from dehydration de-
pends on the properties of the shell, whose se-
cretion by follicle cells forms one of the last
steps of oogenesis (Trougakos and Margaritis,
2002).

An alternative explanation for the longer
duration of development of WL eggs may lie
in the fact that they also often bigger and/or
heavier than QL eggs (see discussion below).
Egg size and development time are positively
correlated in many groups of organisms, es-
pecially in aquatic insects (inter-specific com-
parisons; Gillooly and Dodson, 2000; Gillooly
et al., 2002).

4.3. Weight and nutrient content
of queen- and worker-laid eggs

To our knowledge, this study is the first
to present quantitative data on nutrients con-
tained in honey bee eggs. The main storage
protein is vitellin, and energy reserves are
present mainly in the form of lipids. Regard-
ing some classes of nutrients (especially free
carbohydrates and total protein), colony ef-
fects seemed to be greater than the effect of
the caste of the egg-laying bees. This suggests

the existence of strong genetic and/or environ-
mental influences on egg composition.

During her lifetime (typically 2 to 5 years),
a queen may produce several hundreds of
thousands of eggs (Snodgrass, 1956). This
level of fertility is possible because she is con-
stantly supplied with highly nutritious glan-
dular secretions (“royal jelly”) by attendant
workers, and because her fat body and repro-
ductive organs are proportioned for high rates
of egg production (Engels, 1972; Winston,
1987). To our knowledge, no published data
on total egg production by laying workers are
available, but it can be expected to be far
lower. Although laying workers are often fed
jelly as well (Schifer et al., 2006), their fat
body and ovary are always much smaller than
those of queens. Maximum daily egg num-
bers are about 100 times higher in queens than
in laying workers (Perepelova, 1928, cited
in Ribbands, 1953; Snodgrass, 1956). Genger
and Woyke (20006) argued that as workers lay
smaller numbers of eggs, they may be able to
invest more into each of them. However, al-
though WL eggs were heavier than QL eggs
in two replicates out of four, WL eggs rarely
contained greater amounts of nutrients than
QL eggs. This suggest that other reasons than
differences in maternal investment are respon-
sible for bigger size or weight sometimes mea-
sured in WL eggs.

In general, egg weights appeared to be
more variable in the WL samples than in
the QL ones. This is not surprising, given
that many individuals contributed to the
WL samples, but each QL sample originated
from a single female. Interestingly, however,
data on egg nutrients showed no such system-
atic difference of variances.

4.4. Implications of the rearing
of WL eggs for colony productivity

Two reasons have been offered for the evo-
Iution of selective removal of WL eggs by
other workers, which are not mutually exclu-
sive. The first is that workers are on aver-
age more closely related to male eggs laid by
the queen (their mother) then by other work-
ers (most of which are their half sisters) (e.g.
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Woyciechowski and Lomnicki, 1987; Ratnieks
and Visscher, 1989). The second is that rearing
eggs from workers instead of male QL eggs
may potentially represent a cost to colony pro-
ductivity, thereby reducing the inclusive fit-
ness of most colony members (Pirk et al.,
2003, 2004; Nonacs, 2006). If it could be
shown that mortality in WL eggs is higher than
in QL eggs under natural conditions, then this
would lend support to the second hypothesis.
However, for the reasons discussed above, we
are unable to conclude on this point with cer-
tainty. Hypothesis two would also be strength-
ened if WL eggs contained significantly fewer
nutrients than QL eggs, raising the possibility
of a reduced fitness of worker-derived larvae
and adults. Our results show that eggs laid by
workers occasionally contain lower amounts
of certain classes of nutrients than eggs pro-
duced by the workers” mother, but these dif-
ferences are not systematically found in all
colonies, and inter-colony variation as well
as variation within the samples of individual
colonies is high. The differences do not seem
to compromise the viability of WL eggs, since
under conditions of high humidity, hatching
success of WL and QL eggs was found to be
similar.

4.5. Dehydration — a possible cue for egg
removal?

To date, most studies trying to identify
the cues by which workers distinguish be-
tween QL and WL eggs have concentrated on
chemicals present (or not) on the egg surface
(Ratnieks, 1992, 1995; Martin et al., 2002,
2004, 2005; Katzav-Gozansky et al., 1997,
2001, 2002). Alternatively, it has bees sug-
gested that more WL eggs were removed by
other worker bees because a greater propor-
tion of them were dead (Velthuis et al., 2002;
Pirk et al., 2004). This view was refuted by
Beekman and Oldroyd (2005), who showed
that eggs killed by CO;-exposure were not re-
moved faster than untreated (mostly viable)
eggs.

In the present study, we show that
WL eggs are more sensitive to dehydration
than QL eggs. This leads to the question of

whether this difference can be perceived by
workers and may play a role in triggering re-
moval of WL eggs. Even if dehydration of WL
eggs should not lead to an increase of mortal-
ity under hive conditions, it could still be de-
tectable by worker bees. We would like to em-
phasize, however, that our data were obtained
with WL eggs produced under queenless con-
ditions. As oogenesis in queenright and queen-
less laying workers may be slightly different
(Ratnieks, 1995), our results are not necessar-
ily representative of the type of eggs most rele-
vant to the discussion about egg removal. Nev-
ertheless, the influence of dehydration on egg
removal may be an interesting topic for future
research.
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Les ceufs donnant des males sont-ils différents se-
lon qu’ils sont pondus par une reine ou une ou-
vriere pondeuse chez I’Abeille (Apis mellifera) ?

Apis mellifera | taux d’éclosion / ouvriere
pondeuse / nutriments

Zusammenfassung — Unterschiede zwischen
Drohneneiern gelegt von Koniginnen und
Arbeiterinnen der Honigbiene (Apis mellife-
ra). Koniginnen und legende Arbeiterinnen der
Honigbiene (Apis mellifera) unterscheiden sich in
der Anatomie ihrer Geschlechtsorgane sowie in der
Anzahl an Eiern, die sie produzieren konnen. Hier
haben wir untersucht, ob sich die von beiden pro-
duzierten médnnlichen Eier ebenfalls unterscheiden.
Zunéchst verglichen wir die Schlupfraten von
Koniginnen-gelegten (Kg) und Arbeiterinnen-
gelegten (Ag) Eiern aus drei Paaren von weiselrich-
tigen und weisellos Volkern bei unterschiedlichen
Niveaus der relativen Luftfeuchte (Abb. 1, 2).
Beide Eitypen zeigten sich empfindlich gegeniiber
Trockenheit, bei den Ag Fiern war dieser Effekt
ausgeprigter als bei den Kg Eiern. Bei hoher
Luftfeuchte unterschieden sich die Schlupfquoten
der zwei Eitypen nicht voneinander.

In einem zweiten Experiment verglichen wir die
Entwicklungsdauer von Ag und Kg Fiern. In zwei
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von drei Wiederholungen setzte der Eischlupf
im Mittel bei den Kg Eiern frither ein (Abb. 3).
Moglicherweise sind Ag Eier im Augenblick
der Ablage in einem weniger fortgeschrittenen
Entwicklungsstadium.

Es ist bekannt, dass Ag Eier hdufig groler und/oder
schwerer sind als Kg Eier. Dies wurde damit
erklirt, dass Arbeiterinnen eine geringere Anzahl
an Eiern legen und daher mehr in jedes davon
investieren konnten. Um das zu priifen, haben wir
die Mengen an Vitellin, Gesamtprotein, Glykogen,
freiem Kohlenhydrat und Lipiden in Eiern aus vier
Paaren von weiselrichtigen/weisellosen Volkern
gemessen (Abb. 4). Ag Eier enthielten selten mehr
Nihrstoffe als Kg Eier, so dass die Hypothese
widerlegt werden konnte.

Aus weiselrichtigen Volkern werden Ag Eier
bekanntermallen selektiv entfernt. Die hohere
Empfindlichkeit gegeniiber Dehydrierung konnte
den beteiligten Arbeiterinnen dabei potentiell als
Erkennungsmerkmal fiir Ag Eier dienen.

Apis mellifera | Ei | Schlupfrate / Nahrstoff /
legende Arbeiterin
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