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Abstract — The development of methods aimed at activation of imagos at any point of wintering provides a
compelling potential avenue to utilize bees for pollination of greenhouse crops during autumn, winter, and early
spring. In this study, we tested methoprene, a juvenile hormone (JH) analogue as a chemical stimulant to end a
diapause of Osmia rufa L. and enable bee activation and emergence under experimental conditions. The appli-
cation of methoprene significantly reduced the emergence time of adult bees in winter months as compared to
vehicle (acetone) and negative controls. Bees treated with methoprene started to emerge 3—6 days earlier than
bees from acetone and control groups and finished emergence 2—6 days earlier too. Statistically significant differ-
ences were observed between methoprene and controls groups of male and female in all tested incubation periods.
It was also observed that the effects of methoprene were significantly more effective in female specimens during
the first 2 months of winter. Moreover, in females, methoprene improved reproductive traits such as an increase
in the size of terminal oocytes. Similarly, in males, methoprene treatment resulted in a significant increase in
a seminal vesicle size and dynamic elevation of spermatozoa number. Taken together, our results indicate that
methoprene may play an important role in the termination of diapause, bee activation, and emergence.

juvenile hormone / methoprene / Osmia rufa / overwintering / reproduction

1. INTRODUCTION

Insect pollination is fundamental for most
agricultural crops as well as for the health of
the ecosystem. In modern agriculture, the pro-
duction of fruits, vegetables, and virtually all
cereals depends upon insect pollination (Klein
et al. 2007). The area cultivated with pollinator-
dependent crops has increased exponentially
over the last several decades, suggesting that
the need for insect pollinators will also greatly
increase in the future (Aizen et al. 2009). The
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worldwide insect-pollinated crops have tradi-
tionally depended on a single species, the honey
bee (Apis mellifera). However, during the past
decade, the number of honey bee colonies has
sharply declined, due to human pressure (Gallai
et al. 2009). As a result, it has been suggested
to develop alternative pollinator species suitable
for crops in the diverse geographical locations
(Klein et al. 2007). The diversification of polli-
nation assemblages for crop is clearly important
(Rader et al. 2012). Examples of introduction
of non-Apis species for agricultural pollina-
tion include the use of bumble bees, primarily
for the pollination of greenhouse tomatoes, the
solitary bees Osmia sp. for the pollination of
orchard crops, Megachile and Nomia for alfalfa
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pollination, and social stingless bees to pollinate
coffee crops (Bosch and Kemp 2001).

The red mason bee, Osmia rufa L., is a
native European solitary bee that has recently
been adopted as an alternative pollinator of
fruit, especially apples, pears, plums, raspber-
ries, and strawberries (Giejdasz and Wilkaniec
2002). This univoltine species completes its
development from egg to the imago stage across
the spring and summer period (Wilkaniec and
Giejdasz 2003). Moreover, O. rufa, like most
species of Osmia genus, exhibits an obligatory
diapause during its life cycle. Namely, adults
emerge in September and overwinter as the
imago stage inside a cocoon through the win-
ter months (Giejdasz and Wilkaniec 2002). In
natural conditions, like the other species of this
genus, the bees enclose during the spring as the
temperature increases (Bosch and Kemp 2000).
This is one of the canonical examples of a repro-
ductive diapause that involves an arrest of repro-
ductive development with a resting state marked
with reduced metabolic activity. The process has
been well characterized in beetles, butterflies,
grasshoppers, and diverse species of flies (Tatar
and Yin 2001).

In many insects, the duration of diapause is
controlled by a multitude of factors (Denlinger,
2002; Kostal, 2006). Beyond the environmental
inducing factors such as photoperiod and temper-
ature, the phenomenon of diapause is regulated
by complex neuroendocrine processes (Denlinger
2002; Macrae 2005). The endocrine regulation
is particularly important especially in the repro-
ductive diapause where juvenile hormone (JH)
appears to play a crucial role (Simonet et al.
2004). A decrease in JH production in the cor-
pus allatum (CA) induces cessation of reproduc-
tion, specifically, the arrest of vitellogenesis and
regression of the ovaries (Gilbert et al. 2000;
Adams et al. 2002; De Loof 2008).

Exposure to higher temperature at the end of
diapause and post-diapause has been reported to
induce emergence of bees (Sgolastra et al. 2011).
Due to the fact that this process proceeds slowly,
it is difficult to synchronize flights and bloom-
ing for practical applications in agriculture.
A standardized chemical stimulant that could
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accelerate the end of diapause in a synchronized
manner would be very beneficial for any practi-
cal applications.

In line with the above, we evaluated the JH
analogue methoprene in the current study as a
factor that stimulates the end of diapause, bee
activation, and emergence. We demonstrate that
when applied during diapause, methoprene sig-
nificantly accelerated the emergence of females
during the first 2 months of winter. Moreover,
in females, methoprene improved reproductive
traits such as an increase in the size of terminal
oocytes. Similarly, in males, methoprene treat-
ment resulted in a significant increase in a semi-
nal vesicle size and dynamic elevation of sper-
matozoa number. Furthermore, as reported by us
earlier, it mobilizes fat body proteins and other
reserve substances (Wasielewski et al. 2011).

This work provides evidence that the develop-
ment of a method aimed at adult bee activation at
any point of wintering can potentially allow their
effective utilization for pollination of greenhouse
crops from autumn to early spring. Carefully
controlled acceleration of adults’ emergence can
also reduce the costs associated with incubation
of bees in an artificial environment.

2. MATERIAL AND METHODS
2.1. Biological material

Experiments were conducted during the win-
tering period of Osmia rufa. The experimental
material consisted of bees reared in artificial
nests made of reed stalks following the method
of Wojtowski and Wilkaniec (1978) and origi-
nated from nests kept in natural conditions in
Przybroda orchards, Swadzim experimental sta-
tion, and the botanical garden near the Depart-
ment of Zoology (Poznan, Poland). The O. rufa
overwinters as an imago inside its cocoon. The
entire period of diapause spans a period from
November to end of January and includes ini-
tiation, maintenance, and termination phases.
During these months, the ambient environmen-
tal temperatures and humidity were monitored
(an average temperature, November 2.78 °C,
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humidity 90%; December 1.66 °C, humidity
90%; January —2.77 °C, humidity 86%). From
the 16th of October, the settled nests were kept
in a cooled incubator (Panasonic MIR-254-PE)
at4 °C +0.5 and humidity 50%. The experiments
started at the beginning of December and were
completed in March before the natural emer-
gence period. Once a month, bees were taken
out of cooler, nest tubes were dismantled, and
cocoons were removed from nest cells. Cocoons
were sexed according to their size and position
within the nest. Three groups (treated, vehicle
control, negative control) of bee cocoons were
selected for each activation term. The experi-
mental cocooned bees (1100 males and 1170
females) were treated topically on the cocoon
surface once a day, for 5 consecutive days with a
200 pg of methoprene dissolved in 5 pl acetone
(Sigma, Poland) (Robinson et al. 1992; O’Donnel
and Jeanne 1993; Malka et al. 2009). The vehicle
control was treated with 5 ul of acetone alone,
and the negative control was not treated. During
application time, the cocoons of all groups were
kept separately on plates with specially prepared
holes and placed in an environmental chamber
(model MLR-350H Sanyo) at a temperature
20 °C+0.5 °C and relative humidity 60% + 1%.
After the application, the temperature in the
chamber was turned up to 24 °C+0.5 °C, and
under these conditions, the bees were kept until
emergence (Figure 1).

The number of emerged O. rufa adults
was scored each day until all live bees had
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emerged from the cocoons (the mortality in
males was 15.1%, and in females, it was 11%).
The sex of emerged adults was determined
according to morphological traits. The bees
were settled into acrylic glass cuboid cages
(25 cmx25 cm x40 cm) and treated as one
experimental group. One cage comprised of 50
bees of both sexes (25 females and 25 males).
The emerged adult bees were kept in the labora-
tory at 20 °C+1 °C and 12:12 h photoperiod.
They were fed ad libitum with a sucrose solu-
tion (1:1 v/v) served in a Petri dish (5 cm diam-
eter) with floating circle of perforated comb
foundation to prevent from drowning. The cages
were inspected every 2 days, and the number
of dead bees were scored. The sucrose solution
was replaced every time the dead insects were
removed. This procedure was repeated until the
last dead bee was scored.

2.2. Body mass, fat body, and ovarian
index

To evaluate the effect of methoprene during
overwintering, nest pipes were dismantled, and
cocoons were sexed. To estimate the mass deple-
tion of the bees during the activation, the male
and female cocoons were weighed twice, at the
beginning of incubation time and on a day of first
adult emergence. The mass of bees that emerged
before the second mass measurement was omit-
ted from analyses. Empty cocoons were not

adults \pre-wintering\ diapuse ]applicationHincubation

in nature in nature | temp. 4°C / 20°C temp. 24°C
— \g—
| | | | | | | | | | L | >
1 I I I T T I I I I I I -
APR| | MAY JUN| [JuL| |AUG [SEP| |OCT| |NOV| |[DEC| [JAN| |FEB| [MAR|

Figure 1. Developmental stages and adult life of Osmia rufa L. with the time of methoprene application and incuba-

tion.
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weighed, because the adult bees tore a substan-
tial part of the cocoons using their mandibles.
Therefore, it was not possible to determine the
initial adult bee mass as the difference between
the mass of cocoon with adult and mass of empty
cocoon.

Initially after cutting the abdominal tergite,
the fat body structure was visually evaluated
under stereoscopic microscope according to the
developmental index (a scale from 1 to 5 with 5
being the best developed structure) proposed by
Maurizio (1954).

To estimate the effect of methoprene on
oocyte growth in O. rufa females, oocyte sizes
were measured. Decapitated females were sub-
merged in physiological saline (130 mM NacCl,
1.3 mM KCl, 0.9 mM CaCl,e2 H,0, 1.9 mM
MgCl,e6 H,0O, 2 mM NaHCO,), and the ova-
ries were dissected under a Stereo Lumar V.12
(Carl Zeiss, Germany) stereoscopic microscope.
The length and width of terminal oocytes were
determined using the AxioVision software (Carl
Zeiss, Germany). The size of terminal oocytes
was measured for each ovariole in the ovary,
and ovarian index was calculated as the value
derived from multiplying the length and width
of terminal oocyte for each ovariole, following
which they were divided by the total number of
ovarioles. To determine the number of oocytes
in ovarioles, only oocytes with a width of at least
0.1 mm were considered.

2.3. Seminal vesicle and spermathecae
analysis

Spermathecae and vesicles were dissected
under stereomicroscope. Every single sper-
matheca and seminal vesicle were placed in a
drop of 0.9% NaCl solution on a watch glass.
Seminal vesicles were measured with size cal-
culated as the value derived from multiply-
ing the length and width. Reproductive organs
were analyzed before mating (seminal vesicle in
males) and 10 days after mating (spermathecae
in females). To perform sperm count, the tis-
sues were gently torn with microforceps (World
Precision Instruments, USA), and their contents
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were thoroughly mixed with the saline solution
to a volume of 50 ul and subsequently diluted
with distilled water to 200 pl of final solution.
Distilled water kills sperm cells facilitating their
counting. A drop of the solution was placed on
the Fuchs-Rosenthal hemocytometer and exam-
ined with the use of a phase contrast microscope
(Nikon; 20X 10 magnitude). Sperm count from
5 large squares of the hemocytometer (2 pl solu-
tion) was converted to a total sperm number in
the spermatheca or seminal vesicle (Woyke and
Jasinski 1973).

2.4. Statistical analysis

All statistical analyses and graphs were
generated with Statistica software package
(Statsoft, v. 12). A two-way ANOVA was con-
ducted with post hoc Tukey test to separate out
means within and between treatment groups.
The Kruskal-Wallis test was used for multiple
comparison of emergence times in the groups
(control, acetone, methoprene). The analysis
was conducted at the significance level a«=0.05,
separately for males and females. In the figures,
parameters are presented as means =+ standard
deviation (SD).

3. RESULTS
3.1. Time and rate of bee emergence

Bees after methoprene treatment emerged
faster than control groups (acetone and
untreated) in winter months (December, January,
February, March) (Figure 2a, b). The most signif-
icant differences between the methoprene groups
and control groups were observed in Decem-
ber. Median emergence times of the females
in December were 33 days after treatment with
methoprene, 38 days for females treated with
acetone, and 36 days for untreated females (K-W
test, H=13.552; df, 2, 113; p<0.01) and 27, 33,
and 34 days for males, respectively (K-W test,
H=30.745; df, 2, 107; p<0.001). In January and
February, similarly to December, the bees treated
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Figure 2. Effect of methoprene treatment on the time and rate of emergence of O. rufa males (a) and females (b)
activated in different terms in wintering period (December to March).

with methoprene emerged faster than those
treated with acetone and untreated (January, K-W
test; female, H=63.284; df, 2, 298; p <0.001;
male, H=51.295; df, 2, 246; p <0.001; Feb-
ruary, K-W test; female, H=43.512; df, 2,
249; p<0.001; male, H=12.029; df, 2, 184;
p <0.002) (Figures 2 and 3). In the last of winter
month, March, we also noted statistically signifi-
cant difference in the emergence time of adult
bees among groups from various treatments.
Most of the females in methoprene experimental

group (K-W, H=43.893; df, 2, 250; p<0.001) as
well as males (K-W test, H=19.274; df, 2, 249;
p<0.001) emerged earlier compared to control.
In general, the first bees from methoprene treated
females and males emerged 1-3 days earlier than
acetone and control. We also observed that the
effect of methoprene is more pronounced in the
first 2 months of winter (Figure 2a, b). Moreover,
in females, the effect of methoprene persisted
longer (compared to the control), probably due to
the female biology of solitary bees (Figure 2b).
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Figure 3. Effect of methoprene (200 ug) treatment on the size of terminal oocytes isolated from O. rufa females.
Mean values +SD were based on measurement of oocytes from a total 196 females for each treatment. Significant
differences (*p <0.05) from the control (untreated and acetone treated) females are indicated by asterisk (post hoc

Tukey test).

3.2. Reproductive traits of females

Methoprene treatment resulted in a signifi-
cant increase in the size of terminal oocytes
(Figure 3). Differences were observed between
methoprene and controls groups of females in
particular incubation periods (December to
March). The impact and significance of meth-
oprene on terminal oocyte size increase were
dictated by the month in which the experimen-
tal groups were treated. During winter months,
a dynamic growth of ovaries was observed. In
particular, after methoprene application, oocytes
increased in size in a statistically significant
manner. All ovary index calculations indicated
significant differences between methoprene
applicated females and controls in all winter
months (ANOVA F, 144=7.906 p <0.001).
Methoprene application was the most effec-
tive in December (oocyte size, methoprene (M)
0.64 +0.44 mm; acetone (A) 0.38 +0.20 mm;
control (C) 0.35+0.24 mm).

During first 2 months of wintering time
(December to January), the oocytes from meth-
oprene treated females increased in number
(December, 7.33 +£0.57; January, 8.06 +2.08)
compared to control groups (December,
6.83+2.06 (A), 6.5+1.15 (C); January,
6.78+1.0 (A), 7.56+2.51 (C) (treatment,
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F) 50=0.866 p>0.05). In the next 2 months,
February to March, differences in number of
oocytes between all groups were not found to be
statistically significant in the tested population of
females (month, F; 50=1.118; p>0.05).

In successive months, gradual changes in
the number of spermatozoa in spermathecae
were noticed as indicated by two-way ANOVA
(F3.108=16.391; p<0.001). We observed
progressive increase in spermatozoa num-
ber (December=23x 103, January =28 x 103,
March =36 x 10°) with statistically signifi-
cant differences between experimental groups
(Fy,108=34.146; p<0.001; post hoc Tukey test).

3.3. Seminal vesicle size and sperm
number

The experiments demonstrated that the
methoprene increased the seminal vesicle
size during months of wintering (ANOVA
F5107=10.143 p <0.001) (Figure 4). Tukey
post hoc tests indicated a statistically signifi-
cant differences between methoprene injected
males and controls in the first two winter
months (December to January) (ANOVA
F107=17.577; p<0.001) (Figure 4). In the next
months (February to March), measurements
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Figure 4. Effect of methoprene (200 pg) treatment on the size of seminal vesicle from O. rufa males. Mean val-
ues+SD were based on measurement of SV from a total 107 males for each treatment. Significant differences

(*p <0.05) from the control (untreated and acetone treated)

did not reveal any apparent differences in
size (Tukey post hoc test; p > 0.05). Similarly
to females, methoprene application was the
most effective in December (seminal vesicle
size, M 0.53+0.09 mm; A 0.33+0.10 mm, C
0.41+0.08 mm).

During wintering time (December to
March), a dynamic elevation of spermato-
zoa number in seminal vesicle was observed
between experimental groups and controls
(ANOVA F), 103=97,890; p <0.001). The data
indicate that the number of spermatozoa raised
during all tested months, from 2.07 x 103 in
December till 2.95x 10° in March (ANOVA
F3103=16.391; p<0.001).

Table I. Mass of female cocoons (mg) weighted at the
adult emergence (**).

males are indicated by asterisk (post hoc Tukey test).

3.4. Body mass and fat body index

At the beginning of experimental period
(December), the body mass of females was
148.2+4.70 mg and 85.6 +6.66 mg for males.
In all tested groups, methoprene treated and con-
trols after second measurement (January), body
mass decreases insignificantly: 10% (M), 10%
(A), and 7% (C) for females and 8% (M), 9% (A),
and 9% (C) for males. In successive months (Jan-
uary to March), gradual changes in body mass
both sexes were noticed (males F; g9g=17.85,
p<0.001; females F;g406=13.71, p<0.001)
(Tables I and II). Moreover, interaction between
treatment and month was detected (males

beginning of incubation time (*) and in a day of first

Treatment Methoprene Acetone Control

Time * sk * sk k sk

10 Dec/03 Jan 148.2 132.3 143.4 127.7 149.2 131.7
13/24 Jan 135.7 121.3 145.0 132.5 138.9 127.6
10/24 Feb 143.2 133.9 152.2 143.1 150.8 142.8
03/14 Mar 144.8 132.7 131.8 121.7 117.2 107.8
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Table II. Mass of male cocoons (mg) weighted at the beginning of incubation time (*) and in a day of first

adult emergence (**).

Treatment Methoprene Acetone Control

Time * ok * ok * ok
10 Dec/03 Jan 85.6 78.3 85.5 78.0 84.8 77.4
13/24 Jan 84.5 76.6 79.3 72.7 86.6 81.1
10/24 Feb 76.4 72.3 74.5 70.8 70.0 66.4
03/14 Mar 83.5 80.8 87.8 83.1 76.9 74.9

Fgg90=2.21, p<0.05; females Fggys=5.27,
p<0.001).

The body mass is strongly correlated with
content of fat body. During the winter months,
the fat body development stage remained at
the same level (months, males F; j;; =4.144,
p>0.05; females F5,03=2.616, p>0.05) in
methoprene treated and controls and ranged
between 3 and 3.2 for both females and males
(treatment, males F,p;=1.373, p>0.05;
females F), ;o3 =0.854, p>0.05) (Table IID).

4. DISCUSSION

In this study, it was found that the application
of juvenile hormone analogue reduced the emer-
gence time of adult O. rufa bees during winter
months. Experimentally treated bees emerged
faster than control (median emergence time:

females, 33 days (38 days for acetone treatment;
36 days in control); males, 27 days (33 days in
acetone treatment; 34 days in control)). Metho-
prene treatment induced positive changes in traits
related to reproduction (increase in terminal
oocytes and seminal vesicle size and in sperm
amount). We also observed that in females, the
effect of methoprene is more prominent in the
first 2 months of winter and persists longer.
Insect diapause is a dynamic process and
consists of several successive phases (Kostal
2006). In O. rufa, the precise staging of differ-
ent phases of diapause has not been defined. O.
rufa overwinters as an imago inside its cocoon
in November, and diapause terminates towards
the end of January, after a rise in environmental
temperature. The entire period of diapause spans
a period from November to the end of January
and includes initiation, maintenance, and termi-
nation phases. This process varies between other

Table III. Changes in the fat body developmental index observed in Osmia rufa males and females during
4 months of wintering period (according to Maurizio scale). Mean values were based on measurement from
107 males and 108 females. Index was calculated as a mean of all observation.

Methoprene Acetone Control

Male Female Male Female Male Female
Dec 2.8 29 2.7 2.7 2.6 3.1
Jan 32 35 3.0 33 2.9 32
Feb 3.1 33 31 33 29 2.6
Mar 34 3.1 3.1 31 32 29
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species belonging to a genus Osmia sp. Both
O. rufa (Linnaeus) and O. cornuta (Latreille)
(Hymenoptera: Megachilidae) overwinter in
cocoons as diapausing adults. However, there
are differences in the termination of their dia-
pause (Kruni¢ and Stanisavljevi¢ 2006). Under
natural conditions. O. rufa appears in spring
about 2 weeks later than O. cornuta. On the other
hand, in O. lignaria, diapause commences a few
days after eclosion, and after a short period of
maintenance, diapause termination occurs within
approximately 100 days after adult emergence
(Sgolastra et al. 2010). In O. rufa, even though
the actual period of diapause is completed,
during the next 2 months, the adults remain in
the cocoons. This time corresponds to a post-
diapause quiescence, during which low meta-
bolic rates are maintained exogenously, while
temperatures are still too low for morphogenesis
(or emergence) and is shorter than in O. lignaria
(Sgolastra et al. 2010).

According to ecophysiological phases of
diapause defined by Kostal (2006), a model of
diapause was adopted for O. lignaria phenology
by Sgolastra et al. (2010) wherein the intensity
entering into diapause increases during the first
30 days of pre-wintering time and is maintained
for the subsequent period of up to 30 days. Dur-
ing this period, it is impossible to activate adults
with using higher temperature. It is possible to
do so during the next step of diapause (from 60
till 100 days of overwintering) when the intensity
of diapause decreases gently. Our results indicate
that the JH analogue, methoprene, may play an
important role in the termination of diapause.
It is well illustrated by the acetone control and
untreated females. In these females, exposure to
control conditions during 5 days of experiments
did not result in significant differences in adult
emergence. In experimental groups, methoprene
administration in December induced emergence
after 40 days of application, and all males and
92.9% of females emerged. At the same time,
controls demonstrated just over 70% and 50%
emergence of males and females, respectively. In
consecutive months (e.g., February > 120 days of
overwintering; March > 150 days of overwinter-
ing) in both sexes, the application of methoprene
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accelerated an emergence but in more effective
way in females. Furthermore, also in females,
methoprene treatment resulted in a significant
increase in the size of terminal oocytes between
experimental and controls groups of female
in all incubation terms (December to March).
Similarly, topical application of methoprene
to diapausing insects such as flies, beetles, or
moths has also been reported to induce repro-
ductive development even in unfavorable con-
ditions (Kim and Krafsur 1995; Zdarek et al.
2000; Yamamura et al. 2008). Moreover, the
JH analogue, methoprene, was used to assess
its influence on seminal vesicle size and sperm
count. In the treated group of O. rufa males, we
noted significant changes in the size of seminal
vesicle and spermatozoa number compared with
non-treated or acetone-treated males. Many ear-
lier studies show that JH stimulates maturation
of reproductive organs in males and females of
diverse insects (Wigglesworth 1936; Loher 1961;
Blaine and Dixon 1973; Herman 1975; Piulachs
et al. 1992; Bloch et al. 2000; Heming 2003;
Shpigler et al. 2020). In contrast, some reports
demonstrated contradictory effects of metho-
prene on physiological maturation in honeybee
males (Harano 2013). The most information
about the spermatogenesis in bees comes from
honeybee drones. We postulate that it is unlikely
that JH functions as an inhibitor of sexual matu-
ration in drones because the JH production and
its hemolympbh titer increase with maturation of
reproductive organs (Giray and Robinson 1996;
Harano et al. 2008). In honeybee males, sper-
matozoa produced in the testes during the pupal
period are transferred to seminal vesicle in the
early adult period (Lago et al. 2020). But to this
time, there has been no experimental evidence
to affirm a potential role of juvenile hormone in
spermatogenesis in genus other than Apis. It is
worth noting that the metoprene may not affect
the sperm count (spermatogenesis). However, in
our opinion, it may contribute to the differentia-
tion and the conversion of spermatids into sperm
(spermiogenesis).

In insects that diapause as adults, nutrient
reserves accumulated in fat body prior to dia-
pause are critical for restoring post-diapause
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functions, including the rebuilding of tissues
atrophied as part of the diapause program and
for providing energy for post-diapause activities,
such as dispersal and reproduction (Hahn and
Denlinger 2007; 2011; Treanore and Amsalem
2020). Therefore, increased body weight loss
and fat body depletion may compromise post-
diapause performance. Early developing indi-
viduals suffer greater weight loss and fat body
depletion and usually have short post-winter lifes-
pan and poor overall vitality (Bosch et al. 2010).
Our observations indicate that the body mass was
slightly reduced, but the reduction was not sta-
tistically significant. In all tested groups, metho-
prene treated and controls medians of body mass
were similar for both females and males. The
body mass is strongly correlated with the con-
tent of fat body. During experiments, the fat body
development stage remains at the same level. Of
particular importance is the lack of reduction in
weight for the groups treated with methoprene. It
is important that the positive gonadotropic effect
of methoprene doesn’t decrease at the same time
the body condition and vitality. Furthermore, the
overall healthy condition of the bees is further
indicated by the presence of sperm in female
spermathecae. We observed progressive increase
in spermatozoa number in particular months of
wintering.

We believe that the development of hormonal
methods for the control of diapause (reduce or
eliminate diapause) may be successfully used
in the future to obtain adult pollinator insects
beyond the period of their natural life cycle.
Control of diapause will open the possibility for
additional generations of pollinators and enable
the use of alternative bee species as managed
pollinators in greenhouses and field plots outside
their natural flight period. Finally, our results
may also be used to devise new methods to con-
trol diapause in Osmia rufa, which will enable
the activation of adult bees at various times dur-
ing their lifecycle.
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