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Abstract

PRIDAL, A., HOFBAUER, J.: Activation of laboratory-reared bumblebee queens (Hy-
menoptera: Apidae, Bombus spp.) (in English). Acta univ. agric. et silvic. Mendel. Brun.
(Brno), 1998, XLVI, No. 1, pp.: 79-84

In the Forage Crop Research Institute, the activation of queens of laboratory-reared
bumblebees (B. terrestris and B. lucorum) was tested using male cocoons, photoperiod
and social contact between queens.

Neither the food enriched with vitamin D, dried egg yolk or honey nor photoperiod affected
oviposition of the queens. The queens established their nests only rarely, but after the insert
(after 2 months) of male cocoons they started their oviposition. On average 20 % of the
queens did not lay an egg even after repeated insert of the cocoon, the queens ignored
the cocoon only sporadically. The placing of queens in pairs was not a sufficient stimulus
to their activation. Nonetheless, an accidental experiment in combination with these two
stimuli encouraged the immediate location of the queens on the cocoons provided. The
number of accepted cocoons was higher in queens with longer ”precocoons” period than
in queens with shorter this period. With one exception the colonies did not raise a higher
number of young queens. In a total of 68 reared colonies it was never observed that only
males appeared in the first brood. The colonies of B. lucorum come soon into switch point,
develop only weak colonies and are consequently not suitable for laboratory rearing and for
pollination purposes. Without social stimuli, the queens of B. pascuorum and B. hypnorum
established nests in the laboratory within one week, but the brood never completed its
development. They did not accept the cocoons of B. terrestris and B. lucorum. The method
of cocoon activation cocoons is also associated with larval blackening in the first brood.
Other potential physiological aspects of queen activation are discussed.

Bombus spp., laboratory rearing, activation of queens, egg-laying
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connection with the pollination of
greenhouse tomatoes the development of
laboratory rearing of bumblebees was studied.
The main aim of studies are the possibility
of closed rearing cycles and predominantly the
activation of queens. Year-round rearing was
first studied by ROSELER (1985). Utilizing
anaesthesia with CO, inhibits diapause and
induces the development of ovaries. The CO,
treatment also terminates diapause at both
newly described stages (LARRERE et al),
1993 — developed diapause and postdiapause
inactivity). Nevertheless, the queens require
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another ”stimulus” to start establishing the first
brood (GRETENKORD et al. 1996). The authors
found that the addition of bumblebee workers and
larvae was most effective. Simultaneously, they
introduced two stimuli — narcotic treatment and
a stimulus provoking the establishment of the first
brood. The addition of bumblebee workers is also
a social stimulus to colony establishment.

PTACEK (1989) compared three different
methods: queen activation without narcotic
treatment, the use of blooming dead nettle plants
and the use of honeybee workers in our conditions.
Another factor studied is photoperiod (TASEI et
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al., 1994). The queens untreated with a narcotic
were subjected to different photoperiod regimes.
Queen activation and subsequent production of
young queens was best under a photoperiod
regime of 8 h light and 16 h dark. The experiments
showed that higher temperature (TASEI, 1994)
did not have a significant effect. However, in
honeybees (Apis melifera L.) higher temperature
affected pH of titre in foragers (HUANG et al.,
1995). Another potential social stimulus is the
addition of male cocoons (DUCHATEAU et al.,

1994).
The aim of the investigation of queen
activation, especially Bombus terrestris and

Bombus lucorum, using male cocoons and special
application of CO5. The experimental conditions
also involved photoperiod and activation using
two queens.

MATERIAL AND METHODS

The queens of B. terrestris in a winter
experiment originate from the summer rearing
of the year 1996. The process of rearing is
described in the study of PRIDAL et al., 1996.
Spring experiments were conducted with the
queens caught in field shortly after leaving winter
hideouts. The spring experiments involved queens
of B. terrestris and B. lucorum.

All experimental groups were reared in plastic
boxes 8.5 x 12.5 x 12.5 cm regularly lined with
clean paper. The temperature was 28°C and
humidity was ca. 60 %. Sucrose solution was
provided in vertical feeders and pollen in Petri
dishes 2 c¢cm in diameter. The pollen collected
on pollen traps by honeybees was not dried but
frozen immediately after removal from the bee-
hive entrance to at least — 20°C, as proposed by
RIBEIRO et al., 1996. The sucrose solutions were
prepared in the following weight proportions:

1. 1:2:1 (distilled water: sugarbeet sugar:
honey. Fumagilin 2 g/1, 600 mg vitamin E

2. 1:1 Fumagilin 2 g/, 200 mg vitamin E, 0.6 g
sorbic acid (the solution with Fumagilin was
administered with an interval of 14 days
(TASEI et al., 1994). The queens were fed
on pollen every other day with a two-day
interval once a week.

In winter rearing there were two narcotic
treatments for 10 min. at 3-4°C 24 hours apart
(LARRERE et al., 1993). In the active narcotic
treatment of 5 queens in group N was made in such

a manner that the queens were put into an airtight
vessel for 21 days at 4°C and subsequently kept
in pairs. The effect of photoperiod (13 h light and
11 h dark) was also tested. A list of experimental
groups is given in Table I. The queens which did
not establish the first brood until 19 December
1997 were given a male cocoon stuck with beewax
to a small square of paper and fed pollen from
Papaver somniferum L. In group 5q one cocoon
was added and was left there until one of the
queens established a brood on it. Then it was
removed with the establishing queen. The entire
process was repeated.

The spring rearing of queens was performed
without narcotic treatment. After approximately
10 days the queens were provided with a male
cocoon. A list of experimental groups is shown
in Table II. Group SP was composed of B.
pascuorum, B. hortorum, B. lapidarius and
B.hypnorum.

RESULTS

The queens without male cocoons established
nests only sporadically. Neither food enriched
with vitamin D, dried yolk and honey nor
photoperiod triggered oviposition in the queens.
Only one of the queens, which established brood
after 58 days, developed into a very strong colony
(group 2q). However, this colony raised only one
young queen. In group N only one queen formed
a nest without a male cocoon (after 21 days). The
colony developed into a medium-sized one. The
same also applies to the other 4 queens.

The queens started to establish their first
brood after the insert of male cocoons (Table
IT and III). On average 20 % of them accepted
the cocoon but did not lay eggs (only warmed
up the cocoons). Ouly rarely did the cocoon
remain unaccepted. The value followed by a
question mark in Table IIla gives the number
of queens which did not clearly demonstrate
their behaviour. In group S (activated as the
last) all the queens warmed up the cocoon for
the first three days and only then started to
abandon it. The queens in group S (Table IIIc)
and also the queens, which established brood
and later ”cancelled” it, accepted the cocoons
provided for the second and the third time more
readily than the first cocoon. In group 5q all five
queens gradually established nests on the cocoons
provided.
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I: List and characteristics of winter (a) and spring (b) experimental groups
groups narcosis starting photoperiodic |food queens
date regime n
a) winter experimental groups
R yes 17.X. 13D/11L do 23.X. |sucrose solution, rape pollen 7
KTR without 17.X. 13D/11L do 23.X. | sucrose solution, rape pollen 8
CH yes 22.X. 13D/11L do 23.X. | sucrose solution, rape pollen 8
with 15%yellow powder
T yes 12.X1. 24h dark sucrose solution, rape pollen 9
D yes 12.XI. 24h dark sucrose solution with vitamin D, 10
rape pollen
2q ves 12.XI. 24h dark sucrose solution, rape pollen 10 pairs
N active 2.XIIL 24h dark sucrose solution, rape pollen 5 pairs
2q-r 2x after 2h interval 26.XI. 24h dark sucrose solution, rape pollen 11 pairs
5q yes 17.XII. 24h dark sucrose solution, poppy pollen 5
S yes at 22C 17.XI1. 24h dark sucrose solution, poppy pollen 10
b) spring experimental groups
HM without 28.1V. 24h dark sugar solution with honey, poppy pollen 9
HC without 28.IV. 24h dark sucrose solution, poppy pollen 13
Menv without 3.IV. 24h dark sugar solution with honey, poppy pollen 7
SP without 3.1V., 28.IV. 24h dark sugar solution with honey, poppy pollen 6
env without 10.II1.-3.IV. 24h dark sucrose solution, poppy pollen 7

II: Egg laying of queens after insert of male cocoons (winter ezperiments)

number of
groups | queens | egg-laying cocoons only cocoons emerged cocoons
queens (%) | heated by queen untimely non-accepted
a) date of cocoons insert 19.XI1.1996 date of experiment evaluation: 6.1.1997
KTR 4 2 (50) 1 1 -
R 1 1 (100) - - -
D 1 - 1 - -
T 3 3 (100) - - -
N 2 1 (50) 1 - -
CH 1 - 1 - -
2q + 2q-r 3 1 (33) 2 - -
S 10 1 (10) 77 77
b) date of cocoons insert 10.1.1997 date of experiment evaluation: 20.1.1997
KTR 5 4 (80) - - 1
R 2 2 (100) - - -
D 3 2 (66) - 1 -
T 4 2 (50) - 2
N 2 1 (50) - 1 -
CH 5 3 (60) 1 1
2q + 2q-r 14 8 (86) 2 - -
S 10 5 (50) 4 1 -
c) date of cocoons insert 12.111.1997 date of experiment evaluation: 26.3.1997
S [ 8 ] 738 | 1 [ - ] -

In group SP (spring experiments) the species
(B.pascuorum and B. hypnorum) refused to
accept the cocoons of B. terrestris and B.
lucorum. Was confirmed that B. pascuorum and
B. hypnorum established nests in the laboratory
within 1 week of capture without any social
stimulus, but their brood only developed into the
second instar. The queens of B. hortorum and
B. lapidarius accepted honeybee (Apis mellifera)
workers but did not make nests. The results

concerning the activation of queens of B. terrestris
and B. lucorum are summarized in Table II
and III. The reason why the number of cocoons
until the first emergence of the first imago is
reported is that the first brood usually dies of
the so-called larval blackening. The queens of B.
terrestris formed 4 times as large colonies as B.
lucorum, but in all cases they came into switch
point very soon and did not raise young queens
(the only exception was one colony with 3 young
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III: Egg laying of queens after insert of male cocoons (spring experiments)

number of
groups | queens | egg-laying cocoons only |[cocoons emerged applied cocoons
queens (%) | heated by queen of 1st eggs* till 1st brood [ till 1st imago
Menv 7 6 (86) 1 17,33 + 13,65 2,00 3,00
HC 13 10 (77) 3 15,08 £ 6,14 1,30 2,50
HM 9 8 (89) 1 20,25 + 16,54 2,00 2,00
env 7 5 (71) 2 18,20 £ 17,92 1,60 2,20

queens). Only 4 colonies of B. terrestris out of 42
colonies of winter rearing and one colony out of 26
colonies of spring rearing managed to raise queens.
In winter rearing 5 young queens and in spring
rearing 73 young queens were obtained from one
colony. In all 68 reared colonies it happened only
once that the first brood was composed of males
and workers.

In two out of five cases the queen died and
a new fertilized queen was added to the colony.
In both cases the queens exhibited pheromone
dominance and the switch point by laying diploid
eggs was prevented.

DISCUSSION

The addition of male cocoons confirmed that
the queens nceded the so-called social stimulus
to laying their first eggs (GRETENKORD et al.,
1996). Without this stimulus the experimental
groups from winter rearing established nests
only rarely. The rearing of queens in pairs
(2q and 2g-r) cannot be considered a stimulus
similar to that of male cocoons. However, in
queen pairs the activation occurred without
cocoons. A combination of the above-mentioned
stimuli seems satisfactory but it is necessary
to conduct the experiment again under strict
scientific conditions.

The non-accepting of the cocoon by the queen,
which happened predominantly in spring rearing,
was most probably due to the unsatisfactory
interruption of diapause. The queens (6) were
subsequently subjected to narcotic treatment for
10 minutes at 22°C but only 3 established a
colony. For this reason the result cannot be
considered significant. In winter rearing this
phenomenon appeared more frequently in group S,
which was activated as the last. Our assumption
is that the queens need more time after diapause
termination to establish a colony. This fact
may be related to the nutrition of the queens
(WHEELER, 1996). In spring rearing the queens
established a nest as early as two days after their
capture in nature.

Furthermore, fact is also

this suggested

by a high success rate of accepting cocoons
subsequently provided.

A great problem of this and other methods of
nest establishing is the so-called larval blackening
(PRIDAL et al., 1997). After disinfection when a
new cocoon was provided the queens established a
nest again. However, a recurrence occurred. Very
rapid establishment of the nest by the queens of
B. hypnorum and B. pascuorum is satisfactory. It
is not clear, however, how to ensure the complete
development of the brood. We assume that the the
so-called larval blackening is not involved.

We have not found that the addition of
male cocoons promoted the occurrence of males
in the first brood or premature switch point
(DUCHATEAU et al., 1994). However, only a
few colonies raised young queens. Queen with
cocoons-inserted must be in quite well condition
for success of colony establish (DUCHATEAU,
1991).

SUMMARY

Neither the food enriched with vitamin D,
dried egg yolk or honey nor photoperiod affected
the oviposition of the queens. The queens
established their nests only rarely, but after the
insert after 2 months of the male cocoons they
started their oviposition. On average 20 % of the
queens did not lay an egg even after the repeated
insert of the cocoon, the queens ignored the
cocoon only sporadically. The placing of queens
in pairs was not a sufficient stimulus to their
activation. The number of accepted cocoons was
higher in early-reared groups than in late-reared
groups. With one exception the colonies did not
raise a higher number of young queens. In a total
of 68 reared colonies it never happened that only
males appeared in the first brood. The colonies of
B. lucorum come soon into switch point, develop
into only weak colonies and are not therefore
suitable for laboratory rearing and for pollination
purposes. Without social stimuli, the queens of
B. pascuorum and B. hypnorum established nests
in the laboratory within one week, but the
brood never completed its development. They did
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not accept the cocoons of B. terrestris and B.
lucorum. The method of activation using cocoons

is also associated with larval blackening in the first
brood.
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SOUHRN

Aktivace matek ¢meldkd v laboratornich podminkach (Hymenoptera:
Apidae, Bombus spp.)

Obohaceni potravy vitaminem D, suSenym Zloutkem ¢i medem, ale ani svételny rezim
neovlivnil ovipozici matek. Matky zakladdaly hnizda pouze ojedinéle, avSak po pozdéjsim
poskytnuti samcich kokont (2 mésice po zaldtku aktivace) zadaly tytéZ matky ihned s
ovipozici. V prameéru 20 % matek nepolozilo vaji¢ko ani po opakovaném podani kokonu, ale
jen ojedinéle matky o kokon nejevi zdjem. Umisténi matek ve dvojicich nebylo dostate¢nym
stimulem pro jejich aktivaci. Nicméné, ndhodny pokus s kombinaci téchto dvou stimulll
vyvolal okamzité kladeni matek na poskytnuté kokony. Pocet pfijatych kokont byl vyssi
ve skupinéch s dfivéjsim datem startu chovu nez ve skupinich, kde datum startu bylo
pozdéjsi. Az na jednu vyjimku kolonie neodchovaly vétsi mnozstvi mladych matek. Nikdy
se v8ak v 68 celkem odchovanych koloniich neobjevili v prvnim plodu pouze samci. Kolonie
B.lucorum brzo prichazi do zvratu, dospivaji jen do slabych kolonii a zd4 se tedy, Ze nejsou
vhodné pro laboratorni chovy a k (c¢eliim opylovani. Matky B. pascuorum a B.hypnorum
zalozily hnizda v laboratofi do jednoho tydne bez socialnich stimuld, ale plod nikdy
nedokoncil vyvoj a kokony druhu B. terrestris a B. lucorum neptijmuly. Pfi této metodé
aktivace pomoci kokont se rovnéz vyskytuje tzv. ¢ernani larev prvniho plodu.

Bombus spp., laboratorni chov, aktivace matek, kladeni vajicek
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