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ABSTRACT

Storage of Apis mellifera L. queens over the winter, within individual colony
hanks in screened wooden cages. is biologically and economically feasable.
Approximately 500 queens were introduced into various storage systems for three
years of winter tests. Individually wintered queens in nucleus colonies were the
control and these were compared to colony “banks" with queens held in (1) screened
wooden cages (2) excluder cages (3) screened cages and transferred to mini-nuclei
until late March, (4) excluder cages constructed in the form of a cube and held in
colony banks. and (5) excluder cages held over indoor colonies. Queens held in
exchider cages (2) and stored in queenright or queenless colony banks showed poor
survival in all three years of testing, and is not viable for commercial use; survival
for any one year, or any treatment, was never greater than 25%. Extremely high
initial mortality of greater than 80 percent, in the indoor (5) and redesigned systems
(4). both with excluder cages, precluded further examination.

[n contrast, an average of 60% of queens survived that were stored in screened
wooden cages (1) and held inside queenless colony banks. We found no differences in
survival of queens that were moved between colonies and those that remained in the
same colony for six months. The success of these systems was due to the preparation
of colony banks that contained large numbers of adult workers produced from two-
queening the colony, that were well-fed. and insulated in groups of four, to preserve
heat and reduce worker clustering in the winter.

Queens from different winter storage systems were introduced to colonies, and
queen attributes were examined in order to compare the effects of different storage
regimes on queen function and behavior. Those queens that survived the winter were

virtually identical in quality and performance in all storage systems.

11



Mass queen storage 1s econonucally viable for the beekeeper. because the toral
cost of production and storage is less than the revenue from (ueen sales, especially
where 45 queens are stored n the colony bank. The largest proportion ot total costs
for wintering queens is labour. Thus. if the beekeeper does the labour himself, the
labour income as well as the returns from queen sales come back to the beekeeper.
We calculated that annual profit for a commercial beekeeper who does his own

labour for storage and hires workers {or queen production is $16.625 when 1500

queens are successfully stored over the winter, and sold for $10 each in the spring. [f

all labour costs are paid out to a hired worker, profit would be $13,215.
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1. INTRODUCTION

A reliable supply of good guality queens in early April is essential for
continuing the present management practices of Canadian commercial beekeeping.
Queens have not been imported mto Canada from the United States since 1987 due
to parasitic mites. and queens cannot be produced in Canada prior to May due to
climatic restrictions to natural matings. Several alternative methods for obtaining
queens have been investigated over the last few years. Queens can be imported from
New Zealand or Australia, or placed into storage from time of production in the
smmmer to the following spring. However, there is no system available for
overwintering queens that has been consistently successful for beekeepers other than
systems for overwintering one queen per colony. Canadian self-sufficiency in queen
production could be achieved if Canadian beekeepers produce summer mated queens,
store them over the winter, and make them available in early spring.

Winter storage of mated queens is a technmique for storing locally produced
summer queens until required in April of the following year. Mated queens are
required for re-queening colonies, package and nucleus production, and colony
division. Sale of winter-stored queens would increase (1) the availability of locally
produced queens, and increase (2) employment and (3) income. Demand for queens
usually tapers off by June due to traditional colony management; with an increased
demand for summer queens, the queen production season could be extended from
June until August. Queen producers could double their queen production from two
to four queens per year per nucleus colonies, reducing costs dramatically, since the
cost of a queen 1s determined largely by the number of mated queens that can be
obtained from each nucleus {Roberts and Stanger, 1969).

Our study on queen storage is the first that extensively tested various storage

systems over the winter period. investigated which colony parameters were important
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to successful queen storage, and tested queens after storage for any deterioration in

reproductive potential. Beekeepers need a syvstemn that can store queens for up to six
months. Such a queen storage system would mcrease self sufficiency for beckeepers,
and increase the potential sales for spring queens. In this study we report results of
three years of queen storage in various systems, and identify the "best" systems. In

addition, we calculated the economic viability of the most successtul systems.



2. COLONY STORAGE SYSTEMS FOR HONEY BEE QUEENS

2.1. Review of colony storage systems for honey bee queens.

Colony storage systems for honey bee queens consist of a bee colony that
hosts individually caged queens. Queen storage allows the queen producer to rear
mated queens and store them until required. The storage of mated queens is an
important beekeeping technique, because the availability of surplus queens does not
always coincide with demand. Excess queens are stored in queen banks for weeks to
several months in the sumumer until required by the beekeeper. However, queen
storage for 5-6 months under winter conditions has met with limited success.

Demand for mated queens is driven by beekeeping practices that require the
majority of mated queens in early April. These queens are required for dividing
colonies, requeening, and the production of packages and nucleus colonies. Locally
produced mated queens are not available by early Apnl in holarctic regions (1.e.
northern temperate) such as Canada, because weather is unsuitable for rearing
drones and for queen mating flights. A storage system to store locally produced
queens from September to March would therefore be useful for Canadian
management regimes. However, there are no queen wintering systems that have been
consistently successful for different beekeepers and localities, other than those that
overwinter one queen per colony.

The objective of this review is to examine systems that use the honey bee
colony for winter storage of mated queens. Virgin queens are not suitable for heading
a colony in early April, and therefore are not included. Queen storage in summer
conditions is a commonly used technique, and is not discussed in this review, because
1t does not address the special problems of winter storage (Reid, 1975). Storage
systems under laboratory conditions {outside of colonies), also have been excluded

tfrom this review because there is no report in the literature of such a system that will

(VS



store queens for an extended period of 3-6 months. In addition. colony storage
systems are more economical than laboratory systems because standard beekeeping
equipment 1s used and no additional buildings are required. A commercially viable
storage system for overwintering queens must be economical, easy to manage, and
suitable for long periods of storage, without the physiological deterioration of stored
queens.

The most notable feature of studies on queen storage systems within
colonies is the use of a broad range of colony parameters and management techuiqgues
(Table 1). Storage colonies have been tested with and without the colony queen,
with excluder or wire screen queen cages, and in outdoor and imdoor environments.
However, research has not systematically focused on testing any one particular colony
variable for queen survival. As a result, it is unclear what variables are importaut to
queen survival in banks, and which variables are important to successful long term
queen storage.

The most successful system of storing queens was a queenless colony that
hosted gueens for five months in wire screen cages (Levinsohn and Lensky, 1931).
This experiment was carried out in Israel over three years, with 34% survival over
the winter months. Colony maintenance included the addition of brood, bees, and
syrup, and hives were painted black to absorb solar radiation and facilitate colony
thermoregulation.

Queen survival (95%) also was successful in queen excluder cages where
queens were held in one colony (Harp, 1969). Lower survival (72% and 21%) from a
similar study indicates that this system is not reliable (Mitchell et al., 1935). Both
queen excluder and wire screen cages resulted in less than 25% survival in another
study after 6 months of storage; queen mortality was partially attributed to the
movement of the colony cluster which resulted in the starvation and/or exposure of

caged queens (Szabo, 1977b).
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Winter survival largely depends on an adequate food supply that is accessible
to the bees, and the ability of the colony to thermoregulate under winter conditions.
These factors are of particular importance when a colony 1s used for queens storage.
Thermoregulation involves the reduction of space that the bees occupy in the hive by
cluster formation. This reduction of space by cluster formation 1s of particular
importance, and potentially detrimental. to banked queens, especially if these queens
are located outside the cluster. In addition. inadequate provisions for
therinoregulation requirements would cause colony starvation during the winter.

Queen storage systemns over shorter periods, for 3-4 months. were successful
(_-56% survival) in some studies (Griffen, 1966; Harp, 1969; Walsh, 1967;) and
nnsuccessful (20% survival) in another (Dietz et al, 1933). Success was attributed to
keeping colonies indoors (Walsh, 1967), providing heat {Griffen, 1966; Walsh, 1967),
feeding colonies (Griffen, 1966), positioning queens in the cluster, and placing brood
frames adjacent to the caged queens (Harp, 1969). Failure was attributed to the
shortage of bees in storage colonies, and the inability of workers to maintain contact
with the queens after the bees clustered (Dietz et al.. 1933).

Several methods for provisioning and preparing colonies for winter storage are
reported 1n the literature. Storage colonies are often provisioned with brood ( Harp,
1967: Mitchell et al., 1985; Walsh, 1967). and brood or bees {Levinsohn and Lensky,
1951) during storage. The addition of syrup or frames with honey also is a common
feature of colony maintenance (Dietz et al., 1933; Harp, 1967; Harp. 1969; Levinsohn
and Lensky, 1981; Mitchell et al.. 1985: Walsh, 1967), although colonies were not fed
or mampulated in another study (Szabo. 1977b).

The presence of the colony queen. the cage type. and whether the colony 1s
heated. are factors that also differ between systems. The colony queen was removed
in the majority of systems, but the queen was caged with the banked queens in one

study { Mitchell et al., 1985). In another study. the two colony queens were either



caged or one was caged. and the second remained as a free running queen below the
storage unit separated by a queen excluder {Harp. 1967). The type of queen cage
used was either excluder cages {Harp. 1967 Harp. 1969; Mitchell et al.. 1985; Szabae,
1977b) and;or wire screen cages (Dietz et al.. 1933; Griffen, 1966; Levinsohn and
Lensky, 1931; Szabo. 1977b; Walsh, 1967). Colonies were kept indoors and heated
(Dietz et al.. 1983; Walsh. 1969) or kept outdoors and heated {Dietz et al., 1983;
Griffen, 1966). Thus a variety of arrangements and management techniques can
produce successful short-term storage.

Prevention of queen abandonment by workers is necessary to ensure that
queens are tended throughout the winter. Queens are dependent on the workers of a
colony for their survival. When the volume of space occupied by workers decreases
during cluster formation, there is the potential of the clnster moving away from the
queens. Worker volume is affected by the guantity of workers and 1s an important
storage parameter for successful queen storage. yet the precise quantity of bees
necessary for winter storage has not been stated explicitly (Dietz et al., 1953; Griffen,
1966; Harp, 1967; Walsh, 1967).

Ultimately, queens are dependent on the colony for their survival. Farlures i
storing queens for a long termi may depend largely on the successful wintering of the
colony itself. Successful wintering is related to colony location, size of population,
honey and pollen stores, ventilation. guard against predation. use of insulation, and
hardy stock (Johansson and Johansson. 1969). Worker mobility and access 1o stores
are determined in winter storage systems by: (1) worker population, (2) colony
thermoregulation, and (3} food availability. Other factors that may influence the
success or failure of a storage system are: (4 type of queen cage, (5) status of colony

gueen, and (6) introduction techniques.



(1} Worker Population

About 5 kg. or approzimately 39,000 individual bees (calculated from data in
Otis, 19582} are required for wintering a colony (Farrar, 1963; Furgala, 1975;
Johansson and Johansson, 1969). It follows that a colony used for queen storage
over the winter also should have a minimum of 5 kg of bees (Szabo, 1977b). These
ees are produced by one productive queen, or by two queens that produce brood
within their independent brood nests (two-queen management, see Farrar, 1953;
Farrar, 1965). Two-queen management produces a bee population that is about
twice as large as in a colony headed by one queen. The larger number of workers
cover a greater comb area, fill a larger volume of the hive, and create a larger volume
of thermoregulated environment within the winter cluster. This warm environment
permits workers to move around the hive and access pollen and honey stores to feed
themselves and the stored queens.

Colony size is particularly important in queenless colony banks because no
additional workers are produced by the colony. Worker population in colony banks
varied from 5 kg bees (Szabo, 1977b) to 3-4 kg (Dietz et al., 1983) using standard
management techniques (Farrar, 1968; Furgala, 1975). Two queen management,
started 1 July, provided additional bees with the resultant population reaching its
peak by September (Harp, 1967). Normal winter loss of workers in successful storage
systems tested ( -50% survival for 3-6 months) was offset by the addition of bees or
frames of sealed brood every 10-14 days (Harp, 1967; Levinsohn and Lensky, 1951),

or when needed (Walsh, 1967).

{2} Thermoregulation
Bees cluster together in winter to generate heat and prevent the loss of heat

from the colony cluster {Farrar, 1963; Winston, 1937). Warmth within the cluster



provides sufficient heat for worker mobility. some brood rearing. food mgestion
{Szabo, 1935). and queen survival. The cluster decreases in size as temperatures fall
to maintain a core temperature higher than the outer areas. This results in a
decrease in worker volume and an increase i queen mortality because caged ueens
are fixed in one location and are potentially left outside the cluster. Managenient
techniques are therefore necessary to prevent or reduce cluster formation. Cluster
formation and the resulting mortality of queens in colony banks can be prevented by
assisting with thermoregulation through the placement of colonies in groups,
insulating colonies, providing external heat, and/or painting the hives black.

Four colonies moved closely together into a group and instlated as one unit
reduces cluster formation and bees are able to go from wall to wall and obtain stores

(Peer, 1973). Packing four colonies together with insulation reduces the effect of low

ambient temperatures (Szabo, 1935) when compared to single colonies {Owens, 1971).

Workers do not cluster tightly in insulated colonies but remain as a larger volume
within the hive, potentially covering the area of stored ueens.

Cluster formation also was decreased by providing external heat to colomes
the form of light bulbs {Walsh, 1967), and a thermostatic heating unit {Dietz et al.,
1983). Colonies also were placed indoors with a 500 watt heated electric tnbe placed
below the floor of the building, (Griffen, 1966). Hives were painted black 1 a seni-
tropical climate to assist with colony thermoregulation (Levinsohn and Lensky,
1981). Measures to protect the colony against winter temperatures were not.
described in some studies {Harp, 1967; Harp, 1969; Mitchell et al. 1955; Szabo,

1977h).

(3) Food availability
Sufficient stores of pollen and honey are required for the entire winter storage

period of about six months. Recommended stores are 30-40 kg of honey (Furgala,

)]



1975; Johansson and Johansson, 1969; Moeller. 1575) and 3200 cm? of pollen
{Furgala, 1975). For Saskatchewan, Canada, recommended provisions are 50 kg in
three hive bodies, and five combs of pollen (Szabo, 1974c). Colony stores need to be
plentiful at the start of winter when storing queens, because it 1s difficult to feed
colonies in climates where winter ambient temperatures are below freezing,. Early
fall feeding allows for the proper organization of food reserves and avoids the extra
costs of emergency feeding (Furgala, 1977; Johansson and Johansson. 1969). In
addition, colony manipulations under winter conditions may disturb colony
homeostasis, and result in increased queen mortality.

Supplemental fall feeding fulfills two requirements: 1t provides (1) the
chemotherapeutic agents against nosema disease and foulbrood, and (2) the
recommended amount of winter stores (Furgala, 1975). The timing of fall feeding is
particularly important; it cannot be done too early as all cells will be full of summer
honey. On the other hand, feeding should be early enough in the fall season so that
bees can process and store the syrup.

Colonies mostly were fed at queen introduction in previous studies, and as
late nto the fall as possible for workers to be able to store the syrup into empty
brood and honey cells present in the center of the colony. Provisions in the center of
the hive, close to the banked queens, assist bees in obtaining provisions to feed the
queens. Sugar syrup with fumagillin was fed at the time of queen introduction
{Mitchell et al., 1985), and after introduction, when all brood had emerged from
(ueenless colonies (Harp. 1967; Szabo, 1977b), or frames with stored syrup or honey
were placed within the storage colony (Harp, 1969). Colonies kept indoors and
heated were fed syrup throughout the winter (Dietz et al., 1933; Walsh, 1967). In
Israel, syrup was fed to colonies during the winter months without providing heat.
However. colonies were black to absorb sunlight and radiant heat (Levinsohn and

Lensky. 1931). Thus. timing of feeding does not appear critical as long as colony
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stores are available to workers at all times during storage, and food stores therefore

are available to banked queens.

(4} Cage type

Worker-queen contact is necessary for survival of caged queens. The extent of
this contact depends on the wire apertures of the queen cage. Two cage types have
been used to store queens in colonies: wire mesh allows some worker-queen contact
depending on mesh size, and gueen excluder material allows full access by workers 10
caged queens. Small apertures, less than 2 mm, caused greater queen mortality than
apertures larger than 2.5 mm, because smaller apertures restrict antennae contact,
and workers will not feed queens through these smaller apertures (Free and Butler,
1958). Certain mesh sizes {1.2, 1.5 and 2.5 mm} may not result in queen mortality
but do result in greater than 60% injured queens (Woyke, 1938). When the white
arolium or foot pads of the queen were injured the pads were no longer whire. [t 15
suggested that workers of the colony damage queens in a colony bank. Wire screen
with 2.5 mm mesh was recommended to prevent queen injury and mortality { Free
and Butler, 1953; Jay, 1965). However 2.5 mm mesh may not be the optimal size;
both success (Levinsohn and Lensky, 1931) and failure { Dietz et al., 1953; Szabo,
1977b; Woyke, 1988) resulted from storing queens in 3-3.5 mun mesh size cages .

Queen excluder material allows full access by workers to stored gueens and
also has resulted in both success and failure. Oueen survival was greater than 90%
in two studies { Harp, 1967; Harp, 1969}. 71% in another {Mitchell et al. 1955, and
less than 25% survival ip two others {Miichell ef al., 1955; Szabo. 1977h). v is
difficult to assess whether cage type was a factor in queen mortality becanse different
methods were used in nearly every experiment published. Thus, although apertnres
of less than 2 mm cause queen mortality. it is not clear whether jarger screen

apertures or queen excluder material enhance gueen storage.



‘ny Presence of a Colony Ouneen,

The colony queen is central 1o the colony. and, together with the workers.
form a eohesive working unir. Workers of a colony form a cluster during the winter
which provides warmih for the gueen and her brood. When a free-running colony
queen is kept within the storage colony. but below a queen excluder, the colony is
said 1o he queenright tHarp. 1967). Queenless units are storage systems without a
free-running colony qureen. ln some studies the colony queen is caged and placed
with the caged ¢ueens 1o be seored through the winter (Harp, 1967; Harp, 1969).
Both gueenright (Harp, 1967} and queenless storage units {Levinsohn and Lensky,
195t Walsh. 1967 were successful in storing queens for periods of 3 and 5 months
respectively. The advantage of a free-running colony queen 1n addition to the
banked queens is that new workers continue to be produced by the colony queen.
However, the presence of a caged or free-running colony queen may cause workers to
b aggressive towards the newly banked queens (Szabo, 1977a). Other than the
voutinuous production of brood by the colony queen. it remains uncertain whether a

colony queen. in addition to banked queens. is a necessary requirement for colony

banks nsed for winter storage.

(6} Introduction of Banked Queens

Successful Gueen introduction is the process of acceptance of a new queen by
the workers of a colonv, Coleny gueenlessness for a period of several days and the
feeding of colonies prior to and during queen introduction are two common methods
used to mnprove the acceptance of a new queen by workers of a colony (Laidlaw,
[y Sinular technigues are used 1o introduce one gneen or several queens to a
colony. Introducing more than one gueen to a colony can be done by introducing

qrieens sinultaneousiy to a gneenless colony i Jochansson and Johansson, 1971b}.
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Failure to successfully miroduce queens in the late summer or early fall is not caused
by the lack of provisions or worker population in a storage colony, because colonies
are fed ad lib. and the worker population 1s at its peak. It 1s known that fatlure of
workers to accept a queen(s) results in queen mortality due to worker-queen
aggression. Failure occurs if the newly introduced queen 1s different in age and / or
physiology to the colony queen (Szabo, 1974b). Acceptance of a new queen by
colony workers 1s higher if both queens are physiologically similar in egg laying
capabilities or are both newly mated. Queen acceptance may depend on the anount
of worker-queen contact at introduction which is determined by the size of the wire
mesh of the queen cages.

Techniques used to decrease the aggressive behavior between workers and
caged queens in storage banks have varied between studies. All queens were
accepited 24 hours after introduction when the colony queen was caged for 20 days
compared to 93% and 59% survival when the colony queen was caged for 9 days
(Szabo, 1977b). Gorging the colony with honey immediately before queen

introduction resulted in 95%

survival (Harp, 1969). The honey gorging technique
was used in two other studies, but results after introduction were not reported (Harp,
1967; Mitchell et al., 1985; ). Spraying colonies with water and smearing gueen cages
with honey were used to introduce caged queens to a colony, but survival at
introduction was not noted (Griffen, 1966). Therefore, rehiability of these
introduction techniques have not been demonstrated. No introduction rechniques
were described in other queen overwintering trials (Dietz et al., 1953; Levinsohn and

Lensky, 1981; Walsh, 1967).

Summary and Conchuision
There is no one colony storage system that has been demonstrated as reliable,

and that has successfully hosted queens in a northern climate for longer than 3.5



months. Five months storage and 84% survival was reported from Israel, a country
with a much warmer winter climate than in northern regions. Six months storage
and 95% survival was reported from the United States but good results were reported
from only one colony (Harp, 1969). There are two systems that successfully stored
queens for 3.5 months (86% survival; Walsh, 1967) and 3 months (92% survival,
Harp, 1967) in New Zealand and the U.S. respectively. These results are more
reliable as more than one colony was used in these studies. However, these two
systems are not suitable for storing queens through the winter because winter
conditions in holarctic regions prevail for at least 6 months. Perhaps the milder
climate favours queen storage because the wintering period is less stressful to the
colony.

Factors important for queen survival are those factors that influence worker-
queen contact. Worker-queen contact and eventual survival of banked queens may
depend on the presence of brood and young bees, the absence of worker-queen
aggression, and cage type. However, conditions for maximal contact by using queen
excluder material have been both successful and unsuccessful. Wire screen cages
perhaps give the best trade-off between worker-queen contact and queen protection
from aggression. Wire screen cages provide sufficient worker-queen contact for
feeding, but restrict aggressive behavior between worker and queen.

Factors important for successful long term storage in colonies in addition to
gueen survival are related to the preparation and management of the colony to
survive winter conditions. Ultimately, optimal colony conditions conducive to
worker-queen contact are required for queen survival because caged queens are
located in a fixed position within the colony and depend on queen-worker contact for
their survival.

Ceolony maintenance of homeostasis and eventual survival are dependent on

{1) the availability of food to workers and queen(s), and (2) sufficient number of



16

workers to thermoregulate the colony. Therefore. colonies used for gueen storage
must be fed before cooler winter weather, to allow workers to store syrup. Sinularly,
colonies must be prepared with a worker population that can attend the banked
queens. Kinally. colonies are more likely to survive with an external heat source or
insulation packed around the colonies to assist with the thermoregulation of the
colony and reduce cluster formation.

It 1s clear that colonies are able to survive the winter with present
management techniques, but reliable management techniques have not been
developed for mass queen storage over the winter in northern regions. However,
systems used both successfully and unsuccessfully point to areas that require further
research before a successful system of queen storage is available. Studies reported in
the literature are on the whole not comparable because different methods are used,
and, to make comparisons even more difficult, details in the materials and methods
are not entirely clear. We recommend that parameters noted in Table 1, plus details
on insulation, be included in every report.

Further research is required in all areas of colony banking. Our research
examined colony parameters because banked queens depend on the workers of a
colony for their survival. We investigated (1) the different size of colony banks for
the most successful and economical system; (2) gueenless vs. queenright colony
banks; (3) wire screen vs. excluder type cages: (4) methods of queen introdnction;

and (5) the importance of young workers.




2.2 Overview of Research

The aim of this study was to identify the most economical and biologically
suecessful system to store queens en mass, through the winter. There is no
overwintering system that consistently stores multiple queens for six months without
considerable queen loss (Reid, 1975). Queen producers need a storage system that
requires the minimum amount of equipment, can fit into their present management
scheme, is economically viable. and can store more than one queen over the winter.
In this study, we tested queen survival and subsequent quality in various mass
storage systems and examined the economic feasability of the more successful
systems.

Winter storage allows queens that are produced during the previous summer
to be available in early April. Locally produced, mated queens are not available in
(‘anada and other northern regions at that time, because weather is unsuitable for
rearing drones and queen mating flights. As a result, large numbers of mated queens
have been imported every spring into Canada, either sold in packages or as
individually caged queens. Queens were imported into Canada from the U.S. before
the border was closed to importations in 1987 due to the threat of tracheal and
varroa mites. This border closure has dictated that queens be imported from New
Zealand and Australia. or produced in Canada during the summer. The annual
importation of honey bee queens, however, results in a substantial revenue loss to
Canada (Winston, 1983). Traditionally. queens produced during the summer are
used for summer requeening, because currently these can not be stored over the
winter. Requeening 1s usually completed during the spring because summer
requeening is difficult and time consuming. If Canadian beekeepers produced

summer-mated queens. stored them over the winter, and made them available in
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early spring. Canadian seif-sufficiency m queen production could be achieved
(McCutcheon, 1933).

Laboratory storage systems in which the queen is isolated from the colony
situation were excluded from this study, because there is no report in the hiterature of
a system that will store queens for a period of 5-6 months (a typical Canadian
winter) without extensive labour and specialized equipment. Colony storage systems
in which the queen(s) are hosted by a colony were examined because these systems
have advantages over laboratory systems. For instance, workers attending do not
require replacement, whereas manual replacement of all workers is a necessary
routine for laboratory systems on a bi-weekly basis (Edwards and Poole, 1971),
periodically (Foti, 1957, 1953, 1962; Khidesheli, 1963), or every 1 1/2 -2 months
{Avetisyan and Kotova, 1963). In addition, food for caged queens in colony banks is
obtaimed by the workers from within the colony, whereas the feeding unit of a
laboratory bank requires frequent replenishment with fresh syrup and pollen (Gary,
1966). Finally, laboratory systems dictate the additional capital expense of a
building with heat and humidity controls.

Queen banks with excluder cages were tested in all three years of this study i
queenless colony banks. Wire screen cages also were tested in the second and third
years. Only queenless colony banks, with both cage types, were overwintered in the
final year of the study. Queenright indoor colony banks were tested in the first year
of the study. whereas queenless indoor colony banks were tested in the second year.
In addition, an overwintering system was tested that incorporated both the colony
bank and the mini-nuclei in the latter two years of the study. In all three years,
survival in colony banks was compared to the survival of individual gueens in 5-
frame nuclel.

The majority of experiments were performed on colonies kept outdoors,

because standard techniques exist for the outdoor wintering of colonies, and the



added expense of heated buildings is not required. as it is for colonies housed indoors.

Conlony storage banks were tested with both the minimum of winter packing for
coastal British Columbia. and with winter packing as prescribed for colder interior
climates. Colony survival is improved in outdoor overwintering in areas with severe
winters when heekeepers insulate colonies and place them in groups of four (Szabo,
1974¢; Peer, 1973).

Winter survival of colonies largely depends on colony condition prior to
wintering, which includes the winter preparation with insulation (Farrar, 1968;
Furgala, 1975; Johansson and Johansson, 1969). Our experimental colonies were
prepared with adequate food and worker population to optimize the wintering
conditions of colony banks.

Mass queen storage in colonies was compared to colonies that stored one
queen with her workers, the common wintering method. The smallest wintering unit
was chosen as the control treatment because hive equipment is a large cost n a
beekeeping operation. Nucleus colonies can be established during the summer and
wintered (Johansson and Johansson, 1970), and may consist of various sizes of hives
(Gooderman, 1945; Telschow, 1962; Waller, 1977), although small units limit the
success of the overwintered unit in cold climates such as in Alberta (Szabo, 1987).
Five-frame nucleus colonies moved together in an eight or ten-pack were used in this
study, because these have been successfully overwintered in British Columbia
(Barten, personal communication; Tegart, personal communication).

Mini-nuclel were used as one of the queen banking systems because the mini-
nucler reduce queen mortality during the last two months of storage in colony banks.
Queens were transferred from colony banks to mini-nuclei, in which queens were able
to lay eggs and produce brood during the last two months of storage. The moderate
winter climate of the study area in British Columbia permits the assembling of mini-

nucleus colonies.



Colony storage systems with and without the colony queen we ¢ tested in this
study because it 1s unclear whether the presence or absence of a colony (ueen
promotes success 1n queen storage. The presence of a free-running colony ¢ een in
the storage unit 1s advantageous because brood is produced on a continuous basis.
Furthermore, young workers replace older workers, and in this way maintain the
colony population. However. the presence of a colony queen in a storage unit may
interfere with the maintenance of banked queens by the colony’s workers (Szabo,
1977a).

In this study, 2.5 mm mesh screen and excluder material were compared to
identify the most successful queen holding cage, and to investigate whether the
traditional screen mailing cages that are commercially available are as successful as
excluder cages that require local manufacturing. The screen size determines the level
of worker-queen accessibility. Although the minimum recommended mesh size 1s 2.5
mm (Free and Butler, 1953; Jay, 1965}, both success and failure have been reported
using larger mesh sizes. Excluder material enables workers to enter the gueen cage,
and feed and groom these stored queens. However, excluder material also peruuts
aggressive worker-queen behavior that may result in queen mortality. The 2.5 mmm
wire screen decreases worker accessibility and thereby decreases the aggressive

behavior that may lead to queen mortality.
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2.3 Materials and Methods

Abeout 500 mated honey bee gqueens ( Apis mellifera L.) per year were
introduced into various storage systems in mid-September of 1987, 1988, and 1939.
Oneens were reared from one queen mother in 1987 and 1988 by Southern Interior
Apiaries, Keremeos, B.C'., and from three queen mothers in 1989 by Babe’s Honey,
Victoria, British Columbia. These queens were removed from nucleus colonies and
transported to Simon Fraser University either in queen cages with attendants (1937)
or without attendants, and held in bulk bee boxes (1938 and 1939). Caged queens
were temporarily stored for two days in 1987 and 1989 and eight days in 1988, prior
to mtroduction into winter storage systems.

Both outdoor and indoor storage systems were tested during the course of this
project (Table 2). Storage systems varied in size from mini-nucleus colonies to five,
ten, and twenty frame standard colonies. In all cases except the mini-nuclel, frames
were standard Langstroth size, (rectangle dimensions are 23 x 45 cm ); the mini-
nuclei frames measured 16 x 19.7 cm. Colony preparations for wintering included
supplementary sugar feeding. In all cases terramycin (5ml of Terramycin Animal
Formula-25 per 4.5 L) and fumagillin (100 mg /4.5 L) were added to the sugar syrup
(2 parts sugar, 1 part water), to prevent American and European foulbrood, and
nosema disease (see Production Data page 113). No evidence of American foulbrood,
European foulbrood, nosema disease. nor Acarapis woodi disease was found in
colonies used in this study. The number of queens hosted in one colony varied from
single queens in the mini-units and the five-frame control units, to multiple queens
{24-43) 0 ten and twenty frame hive bodies. Multiple queens were held individually
in traditional wood shipping cages (wire screen cages), or in compartments covered
by queen excluder material. Queens in wire screen cages were left in the same colony
for six months, or else transferred monthly or bi-monthly to another colony. Colony

entrances consisted of a small upper entrance and a colony-width lower entrance,
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because small lower hive entrances are detrimental to the thermoregulation of

overwintered colonies { Allen, 1964: Szabo. 193

Queen survivorship was used as

the indicator of a successful winter storage systen. Survival of test queens was

checked about every month throughout the winter period unul March. In March, a

sample of test queens was removed from the different storage systems and evaluated

for quality and performance (Section 3).

Table 2: Outdoor and indoor colony queen systems tested in 1957-19890

STORAGE
SYSTEM 1987-83 1985-59 1939-90
Outdoor
5-frame 5-frame ! 5-framel 5-frame!
Nucleus
Colonies
Colony Queenless Queenless Queenless
bank 10-frame unit 20 fran‘%e 20 fran%e
over a 20- unit2: - unit® -
frame
queen-?ght
colony
Mini- - Four hive Two hive bodies
Nucleus hodies stacked over
colonies stacked a support
condgminium colony
style
Indoor Queen-right Queenless -
ten-frane ten-frame
colony” colony*

1. Single queen per unit
2. Wire screen cages
3. Excluder type cage

4. Queens kept in colony banks in wire screen cages until
January, then transferred to single queen mini-nulei.




2.3.1 Ourdoor storage systems
Onutdoor storage systems included the large (1) colony bank. the smaller (2) 5-

frame nuclei, and the (3) mini-nuclei.

1. Colony bank

The colony queen bank held outdoors consisted of a queenless colony with
banked queens held in compartments placed in the center of the hive body. Two
variations of the colony queen bank were used, and two variations of compartments
were tested. In 1987 the colony queen bank consisted of an eight frame unit with the
banked queens placed between the eight frames; this unit was located over a twenty
frame, queenright colony {Fig. 1). This queen bank was separated from the colony
with a double-screened, bee-proof board. In 1985 and 1989, the colony queen bank
consisted of a queenless 138 frame colony with banked queens inserted into the center
of the upper hive body (Fig. 2).

Queens were caged in either wire screen cages (Fig. 3; 1938, 1989), or wooden
compartiients attached to a frame (Fig. 4; 1957, 1988, 1990). Wire screen cages were
cither iwo (1989-90) or three-holed wooden cages (1988-89), without candy or
attendants. The lacquered wire mesh screen (gaps of 2.5 mm) allowed workers to
feed and attend the caged queens. Wooden compartments were constructed from
laths to form a grid of 12 compartments. The framework measured 4 x 4 x 1.8 cm,
and was set mto comb drawn out from plastic foundation. Each compartment was
covered by queen excluder material that allowed direct contact between a queen and
workers: the workers could move through the excluders, but the larger queens could
1ot
{1). Treatments.

Treatments pnmarily vaned with cage type. and secondarily with feeding

schedule and whether young workers were introduced into the overwintering storage
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unit. Colony treatments included the use of two cage types: {a) wire screen and (b)
queen excluder .
(a) Wire screen cages.

Queen cages were held back to back in a wooden framework fixed within the
center of a frame (Fig. 3). The remaining area of the frame, adjacent to the cages.
consisted of comb filled with honey. This frame was held in the center of a 2-super
queenless colony (Fig. 2a). The wire screen cage was used n four treatments:

(1) 24 caged queens held in one colony (n=4) throughout the winter (1939-90).

(11) 48 caged queens held in one colony (n=4) throughout the winter ( [989-
90).

(11) 24 caged queens temporarily held in one colony (n=41) and transferred to
a newly dequeened colony every month (1933-89). The newly dequeened colony was
examined one week after introducing test queens for queen cells, which were removed
if found.

(iv) 24 caged queens were held in one colony (n=4) and transferred to a
newly dequeened colony every two months (1959-90). Used storage colonies were
subsequently requeened 24 hours after removal of the stored queens.

(b) Queen excluder cages

Queen excluder cages were used in five treatments. Twelve cages were located
on each side of the bank frame (except in treatment 5), and were kept in one colony
throughout the winter. In 193:-88 the queen bank frame was held in a queenless
bank (1 super), that was placed over a 2 super queenright colony (Fig. 1).
Treatments consisted of:

(1) The addition of one honey frame to the queen bank every two wecks
(n=5).

{11) The addition of one honey frame to the queen bank every month (n=3).



(iity The addition of one frame of brood and one frame of honey to the queen
bank every two weeks (n=4].
In 1955 and 1989 the queen bank frame was held in a 2 super queenless bank (Fig.
2ly). Treatments consisted of:

(i) No additional frames added to queen bank (1933-39, n=3; 1989-90, n=4).

(ii) Cube compartment (1983-89, n=4). Twenty-four queens were
individually held in wooden queen excluder compartments constructed in a cube, and
held in the center of three frames (Fig. 5). Six gqueens were held on each of four sides
of the cube. The whole unit consisted of the cube plus part of three frames that were
attached together as one unit. The cube of queens could be rotated so that all sides

of the cube were observable when checking for queen survival.

(2). Colony preparation and maintenance.

(‘olonies were prepared in a similar manner each year. The 1989 dates are
nsed to describe the timing of colony preparation. Preparation of colonies began at
the beginning of the nectar flow on 6 July. A standard ten frame colony was placed
on top of a 20-frame colony to make a two queen colony (Dietz, 1985; Farrar, 1953).
The two colonies were kept separate by one hive body sandwiched between two
gueen excluders. Each two-queen colony was provided with additional hive bodies
during the nectar flow for honey storage (placed between, and over the top of the
two colonies). The total number of hive bodies of each two-queen colony was
reduced to three immediately after the nectar flow and before test queens were
introduced to the colony bank. In 1988-839 and 1989-90, each colony bank was
further reduced to two hive bodies (lowest hive body removed) after queen
mtroduction and before insulating the colonies in mid-October 1938 and 1989. In
contrast. the two-queen colonies in 1937-88 were converted into a queenless 10-frame

bank placed over the top of a 20-frame queen-right colony. First, the queen in the
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upper super was removed {25 August) and a queen excluder was placed between the
two units to prevent the lower colony queen from laving eges in the upper hive body.
Second. the queen exclnder was replaced with a double screened bee-proof board on
21-22 September. physicaily isolating the upper queenless unit from the queen-right
colony beluw. Third. three frames of brood with adhering bees. plus bees shaken
from an additional 2 to 5 frames. were placed into the upper hive body to boost the
worker population that covered about 6-5 frames.

Colonies were given additional provisions after the honey flow mn lale sunnner
to ensure continuous brood and worker production. Pollen supplement (500 g) was
given to all colonies on 24 August and 14 September, one below the lower excluder

and one above the upper excluder. Each colony also was provided with an additional

10 L of syrup on 14 September, and on 4 and 27 October, 1939,

{3). Queen introduction

In 19587 the upper colony queen of the two-queen colony was removed in
August, 24 hours prior 1o mass queen mtroduction, and the lower colony was lcft
gueenright. In 1938-39 and 1989-90. both queens from the two-queen colonies were
removed 24 to 48 hours prior to mass queen introduction.

Immediately prior to mass queen introduction, ueeniess barnks 11957-55) and
gueenless colonies {1933-89 and 1959-90). were gorged with 1.5 kg honey {1wice), and
were heavily smoked o 1987 and 19383, but only lightly smoked in 1959.

Frames of banked queens were inseried into the center of the gueenless one
hive-body queen bank {1937-85), the queenless introduction unit {1985-59 ;. or the
upper hive body of the gueenless colony bank {1959-90). In 1983-59 gueens initially
were hosted ir an introduction unit with younger workers. First, frames of brood
were moved into the introduction unit {24 novurs prior 1o gueen mtroduction) to

attract younger workers. Second, a solid board was placed below rhe upper super



onedizately orior fo eueen introduction to confine the younger workers to the upper
sntroducrion nnit. This solid board was replaced with newspaper 24 hours after
green i odnction fo enabie workers of the mtroduction unit to unite with the
renaining workers of the colony. Bee-proof wire mesh was tacked over queen
vzelider compartents in 1959 prior to gueen introduction, and left in place for one
month as a precantionary measure against worker-queen aggression.

Fmergency ueen cells produced during the 24 hour queenless period in the

queeniess colony banks were removed from the brood frames, to prevent the

producnion of a new colony queen.

(4). thve Insulation

Twe methods of insulating colonies were used after queen introduction. In
1957, hives were wrapped individually with tar-paper, and a sheet of R12 styrofoam
msnlation (41,5 x52 cm) was placed over the inner cover, underneath the lid. In
Fons and 1959, colonies were moved onto pallets in groups of four and insulated with
pelverhviene pillows iilied with glass wool insulation {(minimum R12) . One pillow
£ S x 133 mi) was wrapped around the four hives, and two pillows (50 x 85 cm)
were placed over the top of the {our colonies on 25 October. Further, each of the
tonir colontes was placed over & hive body filled with msulation. The insulated unit
of fonr ~olonies also was covered with a sheet of plywood tied down with rubber
barnds  See section 1.6, page 1141 Top feeders were removed {17 November) and
replaced with inner covers with 6 cm top entrances. Small boards with 4 cm auger
Lules were placed over the insulation and nailed into position after alignment with

rhe top entrance of cach colony.



2. Five-frame nucleus colonies

Five-frame nucleus colonies were used as the control queen banking system
(Fig. 6). In 1937, nucleus colonies {n=17) were prepared by adding 2 kg bees to live
frames containing honey and pollen. In 1933-89 (n=20) and 1939-90 (n=20) nucleus
colonies were started during the summer, and were prepared for the fall by equalizing
brood (two frames), honey and pollen (three frames). aud workers (covering four
frames). In 1983-89, colonies were fed 3 kg of sugar syrup n pail feeders on Y
October, frames heavy with honey replaced empty frames on 25 January, and on |
March frame feeders with syrup replaced one frame (19358-39). The following year
(1989-90). nucleus colonies were prepared with four frames and a [rame lecder,
Colonies were fed on February 6 with 1.5 L of syrup and a 500 g pollen supplenient
patty during the winter. Test queens were caged in the nucleus colenies for two days
(1987.1958) and seven days (1989) before release into each colony. Ten or 20 nucleus
colonies were placed side by side and back to back to form one insulated unit
order to conserve heat. Two types of hives were used, styrofoam (T}bs/ftg) nuclet
(Tegart, personal communication) in 1987 and wooden nuclet wrapped with a pillow
of glass wool in 1983 and 1989. Additional insulation was placed over (fiberglass)
and underneath (styrofoam) each wooden nucleus.

Each nucleus colony was fed 2 L of syrup one week prior to, and twice after,
gueen introduction. For 1989. teeding dates were 3 September, and 3 and 15

October. In 1990, colonies were provided with an additional 1.5 L of syrup and 500

g pollen supplement on 6 February.



3. Mini-nucleus colonies

A mini-nuclens colony (22.9 x 22.9 x 16.83 cm deep) consisted of four frames
and a frame feeder (volume = 0.5 L); four mini-nuclel colonies fit into one hive
body. Four hive bodies were stacked on top of each other without the support
colony below in 1989, whereas two hive bodies of mini-nuclei colonies were stacked
over the top of a support colony in 1990 to assist with thermoregulation (Fig. 7). In
both 1955-39 and 1939-96 16 test queens were introduced into the mini-system
during January after being stored from September to January in the colony bank.
Each mini-nucleus was prepared in late January (1988-89) from pieces of comb filled
with honey and pollen (two frames), and honey (two frames) and 0.2 kg of bees. The
following year (1939-90), mini-frames of brood, honey and pollen were obtained by
dismantling colonies that consisted of 40 mini-frames that were set up early in the
SPTing.

Mini-nuclei colonies were left queenless and with a closed entrance for 24
hours before test queens were introduced (20 January, 1989; 1 February, 1990).
Queens were introduced by using a wire screen cage centered in the colony, and
manually released three (1939) or four (1990) days after introduction. Colonies were
stored inside a heated building (20°C) for two days to improve queen acceptance,
and to enable workers to store the syrup in comb prior to being moved outdoors.
Colonies were placed outdoors on 23 January 1989 when each queen was released
from 1ts cage.

Each stack of mini-nuclei colonies {plus the support colony in 1990) was
msulated with R15 styrofoam. An additional 0.5 L of warm sugar syrup and 0.7 kg
pollen supplement was provided to each nucleus colony on 30 January 1989. No
additional food was provided in 1990 as frames contained sufficient stores of pollen

and honey.



Figure 1. Outdoor one-super queen bank located over a two super queenright colony,
with colony entrances on opposite sides of the hive. The bauk is separated trom the
colony by a double screened board. The modified queen holding frame is located in

the center of the upper bank.
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Figure 2. Outdoor two-super queen bank, with the queen banking frame placed in
the center of the upper super. Each compartment contains one queen, and is covered
with queen excluder material allowing workers to enter compartments. Twelve

compartments are located on each side of the frame.
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Figure 3. Modified frame for holding 24 wooden cages (12 on each side) with screcn
on one side. Four cages are held back to back in each of three trays. Each cage

contains one queen with bee-proof screen allowing partial queen-worker contact.
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Figure 4. Modified frame with twelve partitions covered with excluder material, that
are inserted into the honey comb drawn out of plastic foundation. The frame holds

twelve compartments on both sides of the frame.
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Figure 5. Cube compartment with six excluder cages on each side of the cube. The
cube is held in the center of three frames. Each compartment contains one (ueen

and is covered with queen excluder.
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Figure 6. Five-Frame nucleus colony shown here with four frames and one frame

feeder. The hive lid 1s not drawn, but covers the whole unit.
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Figure 7. The muni-nuclei system consisted of supers stacked condomininm style.
Two supers were stacked over a support colony in 1989-90, whereas four supers were
stacked without a support colony in 1933-39. One super consisted of four nuclet,

each with four frames and a frame feeder.
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2.3.2 Indoor storage system

The indoor queen storage system consisted of a ten frame colony held indoors,
with free flight through an outdoor exit hole (Fig. 8). Three free-flying queenright
(1987-88), and four free-flving queenless units with young workers (1933-39), were
used for gueen storage. Each colony consisted of four frames with pollen and honey,
six with brood, and eight frames covered with adult workers. Sugar syrup was fed
to colonies ad lib. using an inverted bottle, prior to and after queen introduction.
Indoor conditions were kept at a constant temperature of 15°C, and with ambient
day-light regime.

Colonies were left queenless for one day (1933-39) prior to queen mmtroduction
(16 September). Colonies were then lightly smoked and | kg of honey was poured
over the top of the frames (1987-38, 1983-39). Honey was provided to each colony at
least twice to ensure bees were gorged with honey. Queens were introduced one at a
time, and, if worker-queen aggression was observed, honey was placed on the gueen
to reduce any further aggression.

Twenty-four (1937-83) and twelve (1988-89) queens were stored over the top
of each colony. Queens were held above the colony in wooden compartments with
queen excluder material at the base of all compartments. This allowed workers to
mingle with each banked queen, and within the queenright colonies in 19587-538, and
queenless colonies in 1933-89. Compartments were constricted from a wooden grid
(1 x 1 cm wood; inside measurements of each compartment of 5 x 6 x 5 cinj.
Plexiglass over the top of each compartment provided good visibility of gneens and
workers. Drawn comb with honey was placed on one inside wall of each
compartment. Queen compartments and feeding jars were supported over the colony
by a 3 mm plywood board. Areas of the plywood board were cut away for the

placement of queen compartments, feeding jars, and two areas of screen (25 x 5 cmn)



for eolony ventilation. Additional ventilation was provided by a hole covered with

bee proof screen located on one side of each compartment.

2.3.3 Introduction of excluder caged queens

Twenty-four colonies in Abbotsford, B.C. were used to compare four colony
treatiments for introducing 12 queens simultaneously into a queenless colony bank.
FEach colony was equalized for brood and bees. Each colony consisted of two supers
with a minimumn of seven frames of brood, and a minimum of seventeen frames of
bees with sufficient honey and pollen stores. All queens were reared from one queen
mother by Southern Interior Apiaries, Keremeos, B.C.. Queens were transported to
Burnaby in queen cages that were held in a mailing cage containing sufficient
workers and queen candy. Queens were left in cages and placed in queen banks until
used in the experiment. Queens were individually held in queen excluder
compartments, six compartments to each side of the frame (see Fig. 5).

Six colonies were used in each of four treatments. Two colonies in each
treatment were set up on each of three consecutive days (20, 21, and 22 June, 1933).
The four treatments were as follows:

(1) Smoke. The cr'ony was left queenless for 24 hours, and smoke was
lightly blown over the top bars of the colony at introduction.

(2) S:noke and honey. The colony bank was kept queenless for 24 hours and
about 2 kg of honey was poured over the top bars. Immediately prior to and after
honey consumption the colony was heavily smoked and the queens introduced to the
colony.

{3) Smoke, honey, and voung workers. Younger workers were 1solated in the
upper super by placing all brood in the upper super 24 hours prior to queen
mtroduction. Four hours prior to introduction, a solid board was placed under the

upper super to isolate it from the remaining part of the colony. In addition, 2 kg of



honey was poured over the top bars. and the upper unit was heavily smoked
immediately prior to queen mtroduction. Twenty-four hours after introduction, the
solid board was replaced with newspaper. to slow down the cambination of the two
supers.

(4) Smoke, honey, voung workers, and queen mandibular pheromones. This
treatment was similar to (3), except for the addition of 10 queen equivalents of a five-
component synthetic blend of queen mandibular pheromone (Slessor et al., 1953).
This blend consists of three acids: 9-keto-2 (E) - decenoic acid, and R-(-)- and S-
(+)-9-hydroxy-2 (E) - decenoic acid, and two aromatics: methyl p-hydroxybenzoate
and 4-hydroxy-3-methoxyphenylethanol. Two queen equivalents of the pheromone
blend were placed on the center of each of five glass slides. The slides were attached
to top of the frame bars of each colony. Queen survival was checked one and two

weeks after queen introduction.

2. Queen cage screen type.

Eight colonies were used to compare queen survival in queen cages with a
single screen, and queen cages with double screens, that is with screen over the
xcluder material. The colony banks had either four or seven queens and was
replicated four times. Colonies were equalized with a minimum of eight frames of
brood, and stores. One day prior to queen introduction. the colony queen was
removed and each colony was fed syrup with fumagillin. At introduction the colonies
were lightly smoked and the frame with the ¢ueens inserted into the centre of cach

colony. Queen survival was checked weekly over four weeks.

2.3.4. Statistical analyses
The "Lifetest' statistical test was used to determnine if there were differences

in the rate of queen mortality between storage svstems. The Wilcoxon test indicated

16
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carly differences and the Log Rank test indicated differences later in the experiment
(SAS Institute Inc., 1954}, The CATMOD PROCEDURE (SAS Institute Inc., 1954)
was used to analyze for differences in locational mortality of banked queens. between

rows and between columns.



Figure 3. Indoor colony bank {queenright in 1937 and queenless in 1983) with free
flight through an outdoor exit hole. Twenty-four (1987-33) and twelve (1933-39)
queerns were stored over the top of each colony separated from the queenright hive
below, with excluder screen. Each compartiment contained a piece of drawn comb
and was covered by a piece of plexiglass. Sugar syrup was fed to colonies ad lib.
using an inverted bottle. Ventilation was provided above the colony and into each

compartment via screened areas.
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2.4 RESULTS

2.4.1. Outdoor Storage Svstems

There were several trends in queen survival that were apparent in all of the
three study years. Single queens in the 3-frame nucler (control) consistently showed
low mortality; this treatment was significantly better ("Lifetest” P .. .05) than any
other treatment except for the muni treatment (P >.05) in 1939-90. Second,
significantly fewer queens survived (P <.05) in all excluder-based treatments than in
any other treatments. Third. a greater number of queens survived at the inner and
upper areas of the queen holding frame held in colony banks. Finally, queen survival
was consistently between 50% and 65% in all screen-based treatments after six
months of winter storage. In this study we found no differences in the variance of
queen survival between years.

In 1957-88, queen survival was significantly different {P -~ .05) between
mdividual queens held in 5-frame nuclei. and queens held in excluder cages that were
hosted in queenless banks located above a queenright colony (Fig. 9). Colony banks
with excluder cages that were treated with brood and honey had similar queen
survival (P >.05); neither the feeding schedule nor the addition ol brood affected
queen survival. The excluder cage treatment in colony banks did not result in
acceptable levels of queen survival; only 6.5% of queens survived after six months of
storage.

In 1983-89. survival also was significantly different (P -~ .05} between 5-frame
nuclei and all colony bank treatments with excluder and screen cages (Fig. 10).
However, the survival of queens held in screen cages and in the mini-system were
identical (P >-.05). Similar to 1957-38, excluder cages in colony banks were not
successful in storing queens through the winter. In addition, survival in excluder

cages was lower after one week in the cube formation than in the frame formation:



queen survival was 10% in the cube (1983-59), and 357 (1985-39) and 967 (1939-90)
in the frame after nne week of storage. However, survival in the frame formation for
both years after six months storage was only 20%.

A distinct positional pattern of living queens v.as found in queen holding
frames after sizx months of storage. The distance between the outer queen cages and
the edge of the holding frame mfluenced whether queens survived winter storage.
When cages were at least 15.5 ¢m from the frame edge in insulated colonies there was
no difference in queen mortality (P >.05; 1939, Table 3). Greater queen mortality
occurred when queens were 13 cm and 10.2 cm from the edge of the frame (P <.05;
1985, 1989). Minimum insulation around colony banks in 1987 also increased
mortality of queens located in the outer excluder cages (7.5 cm from frame edge; P
~.05; 1987). On the other hand, there was no difference (P >.05) in mortality
between queens in excluder cages of insulated colonies. There was a slight tendency
for more queens to die at the lower rows of the minimum insulated colony (1987) and
where 43 queens were stored in the one colony (1939). However, the difference was
not significant (P =.05).

In 1989-90, queen survival in the mini-system was not statistically different
from: the 5-frame nuclel; it was the only treatment in the three-year study period,
that had similar queen survival to the 5-frame nucleus control (Fig. 11). The mini-
system also was sinular (P >.05) to the 24-screen cage system even though the 24-
cage system was statistically different from the 5-frame nuclei (P <.05). The 5-frame
uucler also were significantly different (P --.05) from the remaining treatments: 48-
screen-cage, 24 screen cage-switch, and excluder cage. Survival in the 24 and 13-
screen-cage was similar (60% and 61%. P < .05). In addition, there were no
significant differences between screen cage treatments with 24 queens, 24 queens
switched to new colonies every two months, and 18 queens per colony (P >.05).

Therefore, there was no advantage in moving queens bi-monthly to newly dequeened



colonies. and there was no detrimental etfect on queen survival if either 24 or 43
queens were housed in one colony. Finally, excluder cages did not store queens
successtully through the winter; survival was less than 25%. similar to the low

survival in the previous two vears.

2.4.2. Indoor Storage Systems
In both queenright (1937-58) and queenless (1933-89) indoor colonies, more
than 95% of the queens died after one month of storage. The majority of queens died
within the first week of introduction for both vears. Queen survival was 33% after
three days in three queenright colonies (1937-33), and 19% after six days in four

queenless colonies (1938-59).

2.4.3 Introduction of excluder caged queeus

Although there was no significant difference (P :-.05; Table 4) betweeun
treatments introducing 12 caged queens simultaneously to a queenless bank, there
was a significant difference between days (P <.05). Marginal significance (P --.096);
Student Newman-Keuls test) suggests that, with more colony replicates, a significant
difference would have emerged between treatments. The treatment with excessive
smoke, honey, and younger workers had the greatest number of surviving gueens;
this technique resulted in 30.6% queen survival. Queen survival varied between
treatments: (1) light smoke {50%), (2) excess smoke and honey {33%), and (4] excess

smoke, honey, young workers, and queen mandibular pheromone (50% ).



Fig. 9. Survivorship curves (1987-83) of queens held over the winter in (1) 5-frame
nuclel, and (2) excluder cages placed in gqueenless units, which were treated with (1)
honey every two weeks, (ii) honey every month, and (iii) brood and honey every two

weeks. Different letters indicate significant differences (P <.05, "Lifetest").
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Frg. 10, Survivorship curses (1955-39) of queens held over the winter in (1) 5-frame
preler, (2 excluder cages {cube and frame formation). (3} screen cages that were
moved 1o new colony banks every month. and (4) mini nuclei. Different letters

medicate significant differences (P - 05, "Lifetest" ).

Ut

Ut



% SURVIVAL

5-Frame nuclei

100 By~ =B — — — 8 — =~ — — — —O- — — - = 1)
P Mini nuclei
| R ° |
75 o '
Screen cages b\
50 |- .
Exciuder cages in frame
L T
d T T

25 |- \._W"FP e

Excluder cages
X in Cube

i 1 i | I» L i

0 S —
9/20 10/20 1119 12/19 1/18 N7 3/18

Date

6



[NE) 1

Figure 11. Survivorship curves {1959-90) of queens held over the winter in (1) 5-
frame nuclei.(2) excluder cages (frame formation}, (3) screen cages with (1) 24 queen,
(i1) 24 queens-switch, that were moved to new colony banks every two months, and
{1111 45 queens. and in (4) mini nuclel. Different letters indicate significant differences

(P - 05, "Lifetest”)
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Table 3: A comparison of locational mortality 1n queen cage holding frames 1n
colony banks with minimunt and maximum insulation. Mortality berween the center
and ontside columns (COL). and between rows of caged queens are statistically
significantly different (values {ollowed by *) or not at the .05 level.

INSULATIONIDISTANCE?Z  SYSTEM N3 YEAR  COL ROW
{cin}
MAX 15.3 24-Screen? 5 19397 RY: 07
MAX 13 24-Screen 1 19887 02* 10.
MAX 10.2 13-Screen 1 19895 05* .09
MIN T4 24-Excluder® 14 19870 0005*% 27
MAX 7.5 24-Excluder 5 19880 50 89
MAX 75 21-Excluder 4 19395 67 36.

Type of msulation.

7. Distance bhetween edge of frame and gueen cage.
3. The nmumnber of colony queen banks.

4. Queen cages covered with bee-proof screen.

5. 24 or 43 caged queens per volony.

6. Queen compartments, cages covered wirth queen excluder.

Values followed by * were significantly different (CATMOD Procedure, SAS)



ti)

Table 4: The number of queens alive 14 davs after introducing queens i excluder
cages to four groups of six colonies in June, 1933, Colonies were prepared and
treated with (1) smoke. (2) smoke and honey. (3) smoke, honev and young workers,
and (4) smoke, honey. voung workers and phercmone.

TREATAMENTS NUMBER OF LIVE QUEENS TOTAL %

PER COLONY (out of 12) ALIVE  ALIVE

DAY OF EXPERIMENT

1 2 3
1. 6 1 T

1 10 3 36 S50%.¢
2 0 1 3

2 il T 21 33
3 10 2 12

10 12 12 58 SO
1 1 12 16

0 4 4 26 S0
TOTAL ALIVE 30 56 55 151
PERCENT ALIVE 31.3%a 58.3%ab

70.5%b

Values followed by different letrers were significantly different (Studenr Newman-

Keuls test: P <0.05)



2.5 Discussion

Multiple storage of queens in screen cages 1s a viable overwintering merhod for
a period of about six months in queenless colonies. Queen siorage with 24 queens per
coleny bank was snccessful for two successive winters, with average survival of 59%
(1985-89 and 1959-90). Colony banks with up to 48 queens also survived six months
of winter storage in queenless colony banks, with average survival of 61% (19589-90).
Survival in individual colonies was variable. between 30% and 33%. Successful
storage (34-100% survival) with screen cages has been reporied previously (Griffin.
1966 Levinsohn and Lensky. 1951: Walsh. 1967), although two studies reported a
much lower and less suecessful gqreen survival (20%; Dietz et al. 1983; Szabo,

LO77l )

In contrast, qneens held in excluder cages and stored in queenright or
aneenless colony banks repeatedly failed to survive testing over three winters. Mean
survival for any wne -ear. or any treatment, was never greater than 25%. Similar
results were reported in two studies where survival for 6 months was less than 20%
{Mitchell et al, 1955; Szabo, 1977h). However, excluder cages were successful for six

bxd it 1524
iy 270

mouths in two studies {957 queen survival {n=1); Harp. 1969; 72% queen survival

(n=1)% Mitchell et zl.. 1935}, and successful for 3 months in another study (92%
queen survival in=7); Harp. 1967). “Ve conclude that queen survival in storage
colonies with excluder cages is too variable for commercial use.

The specialized system of excluder cages in a "cube" formation resulted in
high mortality (907 in the first month. This mortality may have resulted from the
workers failing to keep the whole cube with the queens warm. because the center of
the cube was closed and not accessible to the workers. Also. the configuration of the

vube 1 the center of the colony divided the colony in half. decreasing etfective

thermoregulation.



Individual queens were stored successfully in mini-nuclei from January to
March. after four months of storage in colony banks with screen cages. The suceess
of transferring queens depends on environmental conditions because handhng queens
under inclement weather conditions could harm the queen. Thus the transfer of
queens would be suitable only in mild climates such as coastal British Columbia, or
more southerly climates. Nevertheless, the low mortality of mini-nuclei compared
tavorably with mortality in the larger 5-frame nuclei. This makes the mini-nnclel a
biologically viable alternative to the 5-frame nuclei. However, our economic analyses
indicated that the mini-system are not economically viable because of the specialized
equipment required and the time needed to set up the system in January (Section -1,
Table 9).

Fundamental managemeut technignes for wintering and storing queens
included imsulating colony banks, and placing colonies in +-packs. Insulation allows
colonies to thermoregulate without the werkers clustering together, and workers are
spread from one side of the hive to the other. This mobility wirhin the hive enables
workers to move honev to where 1t 1s required. Thus, colones that are well insulated
and provisioned prior to winter do not require additional honey during queen storage
{screen cage treatments in 1935-59 and 1959-90).

In contrast, workers in partially insulated colony banks did chister, and

depleted honey stores from frames in the center of the colony clnster (1957-35).

Clustered workers are restricted tn obtaining food from within the area of the cluster,

which includes the frames adjacent to the caged gqueens. Thus, the replacerent of
empty frames with honey-filled frames would Le essential for the managerment of
unmsulated colony banks. OQueen survival was similar when frames were replaced
every two weeks and every month [1957-55].

Cluster size is determined by ambient temperatures and by the worker

population of a <olony. In 19587-38, the worker population obtained frorm a single



colony was an additional factor that contributed to gueen mortality in uninsulated
banks. A single colony cluster 15 abont half the volume of a cluster from a two-gueen
colony. The chister size obtained from a single colony was small. and resulted in
isolating some of the queens outside rhe cluster. The larger worker population in
1955-89 and 19549-90, plus the use of colony insulation, ensured queens would not be
isolated from worker bees. The larger worker populations was produced by two-
quecning colonies at the start of the honey flow in early July. Thus. colony
msnlation and high worker population reduce the chance of cluster formation and
appear to improve queen survival. both in colony banks and 5-frame nucler.

Mortality of queens ar the outer edges of the queen holding frame was greater
than mortality of more central queens when the distance of the outer cage to the hive
wall was 13 cm or less, and in particular when the colony bank was not well
insulated (1957). Queens close to the hive wall or to the edge of the frame are more
susceptible to being abandoned by the workers of the colony than queens near the
centre of the frame, especially in uninsulated hives when the cluster contracts in size.
When storing large numbers (43) of queens in a colony, a greater number of queens
are closer to the edge of the frame than in a colony with 24 queens. An external
source of heat applied to the colony might decrease the movement of workers away
from the banked queens. Queen location on the frame contributes towards the
isolation and eventual starvation of queens in colonies that cluster.

The same technique for introducing multiple queens under fall conditions
resulted in higher queen mortality (65% in 1988-89 excluder cage treatment, see Fig
10} than under summer conditions {20% in introduction of excluder caged queens;
Table 4. treatment 3). Under summer and winter conditions. the age structure and
the brood-adult ratio differ depending on seasonal factors such as the timing and

nunther of brood cycles. and worker longevity. { Winston, 1987). Perhaps the age



structure of the colony and. or the brood-worker ratio mfluences worker behavior
towards newly introduced ¢ueens.

Mortality at mntroduction of caged queens was more severe in excluder cages
with full worker-queen contact than i screen cages with partial worker-queen contact
{1939-90). When wire screen was fixed over excluder cages at introduction, mortality
initially was low (4%). However. when the wire screen was removed one month later,
mortality increased to 32%. High mortality m excluder cages at introduction and
during storage indicates that full worker-queen contact with excluder cages is
detrimental to queen survival.

The interplay of queen attractiveness and worker aggression at the colony and
at the individual level is likely to result mn different levels of queen care, and influence
the variation in queen survival between colonies. and within freatments. Workers
respond to levels of queen attractiveness by either aggressive or queen care behavior.
It 1s not known whether different levels of attractiveness determine worker aggression
or worker care towards the queen. There is significant variation of mandibular
pheromone produced by queens of similar age and development (Slessor ot al., 1990,
and some queens are more attractive than others 1o the workers of a colony (Szabo,
1974a). Thus. certain queens in a queen bank might be less attractive to workers
than others, and perhaps experience higher mortality. There also 15 & genetic
component in the response of workers to queen mandibular pheromone at the colony
level (Pankiw. personal communication}). and workers in some colonies may be more
attracted to particular queens. Whether certain strains of honey bees conld be bred
for queen-care and not queen-aggression requires mvestigation.

Queen storage in queenless colony banks was successful without the addimon
of brood {younger workers). or the transfer of queens to colonies with younger
workers. These resulis were not anticipated, since young workers with active glands

generally tend queens { Winston, 1937). The age-range of sumnmer workers known 1o
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tend gueens (from three siudies 1s 1-30 days. with a mean age of just less than 20
days { Winston, 1957, Perhaps active glands are retained by workers when queen
contact is maintained ( Avetisvan and Vasiliadi, 1967). The queens’ pheromoneis)
may act as an stimulant that ensures that worker gland(s) remain active. In our
stidy. many workers were more than six months old (130 days) towards the end of
winter storage in several successful ireatments: these colonies nevertheless tended
qneens successfully (607 survival) until the end of the storage season.

Indoor queen storage with excluder cages in queenless and queenright colony
banks was not successtul. Considering the importance of cluster formation and
temperature to queen abandonment. the indoor system should be the best. The
reason for failure is probably due to the excluder cages. Lack of time did not allow
us to test screen cages mn the indoor colony banks.

Queenright storage colonies kept indoors or outdoors were not successful in
storing queens, unlike a sinular study in which queenright colonles were kept
ontdoors with 92% queen survival for three months (Harp. 1967). The advantage of
gqueenright storage colonies 1s that brood s continnally produced. providing a
continuous supply of adult workers. C'onverselv. the presence of a colony queen 1n the
queen bank may confound the problem of queen storage by attracting workers from
the stored queens held above the colony to the colony queen.

Our economic analyses {Section 1) mndicate that mass queen storage in colony
banks 1s econonmucally viable. because the toral cost is less than the total revenue
when gueens are sold for $10 each. The level of queen survival. the number of
gueens per colony bank . and whether the beekeeper hires outside labour all influence
the expected profits. The "best"” system economically was 48 queens caged n
wooden screened cages. earning the beekeeper $13.215 for every 100 colonies used as

storage banks (Table 103 If the beekeeper does the labour himself. an additional



23% of the total cost. the beekeepers income is increased to $16.625. These are
convincing tigures that colony banks are economically as well as biologically viable.
Our study has demonstrated that queenless colony banks can be used to store
mated queens for six months over the winter when the colony bank is supplied with
sufficient workers, food. and nsulation. The presence of a laying queen to provide
additional workers, and/or the addition of brood, was not necessary for successful
queen banking. Our economic analyses idicate that, at 60% queen survival, with 8
screen cages per colony. gueen storage 1s both economically viable and biologically

feasible.

t



3. QUEEN QUALITY AFTER WINTER STORAGE

3.1 Introduction

An important part of our study on queen storage was the assessment of queen
quality after storage, to determine any treatment etfects. Queen attributes have been
examined previously to determine whether a simple, measurable queen characteristic
would be indicative of queen quality. but the evidence is weak that any one
characteristic defines a "good" queen (Avetisyan, Rakhmatov and Ziedov; Boch and
Jamieson, 1960; Nelson and Gary, 1933; Eckert, 1934,1937;). We examined queen
quality by measuring both queen attributes and colony performance. The ability to
cull poor-quality queeus has important economic benefits for the commercial
beekeeping industry. Time. labour. and equipment costs would all be saved if
inferior queens were identified prior to installation into honey-producing colonies.

The reproductive capacity of honey bee queens is an important component of
queen quality, because thie colony depends on the queen’s reproductive capacity to
grow to an economical size tor honey production. Ideally, the reproductive capacity
of banked queens should not be different from queens overwintered individually in
colonies. However, there 1s no simple method of determining reproductive capacity
and overall queen quality. Colony performance in terms of population (Burgett et
al.. 1985) and honey production are the most commonly-used methods of assessiug
gueens, but these are both indirect and time-consuming methods. Usually, colony
size mieasurements are only used as a research tool. Other parameters such as
internal and external queen measurements also have been used in research as
mdicators of queen quality. although the evidence is weak that these measurements
are correlated with colony performance. Both colony size measurements and queen
measurements have been used to assess queen quality in some studies (Scott-Dupree

et al.. 1933; Van Faron. 19361,

(o))
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Colony performance has been assessed by noting queen survival during the
trial {Szabo. 1977b1. or her egg-laving pattern (Foti, 1953; Jordan. 1959; Levinsohn
and Lensky, 1931; Nelson and Roberts, 1967; Shehata, 1932). More detailed
assessments have included brood measurements alone (Poole et al.. 1973). brood. wax
and honey (Avetisyan and Vasiliadi. 1967). colony weight (Szabo, 1975), honey
weight (Avetisyan and Vasiliadi. 1966), and sealed brood, pollen, honey and colony
weight (Mitchell et al.. 19585). In some queen storage studies, queens were not rested
for colony performance, presumably because it is expensive and time-consuming to do
so (Edward and Poole, 1971; Dietz et al., 1933; Harp, 1967, 1969; Walsh, 1967).

There is conilicting evidence concerning whether internal and external queen
characteristics are directly related to colony performance such as brood and honey
production. Correlations were weak between queen weight and brood (Boch and
Jamieson, 1960; Makarov, 1969; Nelson and Gary, 1983) and honey { Nelson and
Gary, 1983) production. Further. the number of ovanoles was weakly correlated with
brood production in one case { Avestysian. 1961} and no relationship in another
{Eckert, 1937). The number of ovarioles are strongly correlated in gneen weight
(Avetisyan et al., 1967; Wen-Cheng and Chong-Yuan, 1955; Wayke, 1957 and queen
pupae weight {Hoopingarner and Farrar, 1959), as would be expected becanse the
ovarles make up a large proportion of the body mass. However, the munber of
ovarioles were weakly correlated with queen weight {Avestisyan, 1961 Weaver,
1957}, Other measuremenrts such as wing, ribia. and head size were not correlated
with the number of ovarioles { Eckert, 1934}, but the number of bristles per wing area
and the number of ovarioles were highly correlated { Woyke. 1957, Overall, there
does not appear to be one good indicator ior queen quality. Honey produciion 1s
strongly correlated to brood produciion iSzabe, 19524}, bur this facr does not hink
colony performance to gueen characteristics such as ovariole nuinier or gueen weight.

In this study, we compared colony zrinbutes mcluding areas of brood. adult worker
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ocariole rareher and ovary weignt between storage treatiments. and rested

coreeiations between these variables and cojony performance.



3.2 Alaterials and Methods

]

S1x 1o eight queens were randomly selected from colony storage systems and
tested for colony performance and gueen atrribnzes after about six months of storane
{1989, 19901 High moriality dunng rhe 19587-35 storage tnal preempted further
queen analyvses.

Queen performance was gauged by comparing the growth of 1est colonies.
Each queen was introduced 1nio a 3-frame nuclens m early Apnl with the same
amount of stores {1wo frames of honev. one frame of pollen) and bees (11 222 {rames
covered by bees) in each nucleus. Total arcas of brood. pollen. honey and adult
worker bees were measured in earlv June and Augnst. Areas of newly dravwen comb

and weight of exrracted honev also were measnred i Angust.

Queen attribittes were exanuned for eight gueens front each rreatment m 1954

W

nd agam in 1990, and included: i1 gueen weight, (2) ovarole nnmber. and 13) dry
ovary weight. Queens were weighed alive  Mertler H20T balances. nmumediately alter
winter storage in late March. in an open rithe 5 < 30 mmy wirh & 1 vap openine @

the smaller end. and a cap ar rhe larger end of the tube. Both ovarnes wens disseored

from dead gieens and stored in 707 alcohol until examined. The nomber of

varioles mn both ovaries was examimed with a dissecting microscope 120X ), alier

)

ofrening the tissue for four davs in 107 shveero] nader refriverated conditions. and
[ - -t ]

counted afrer cutting borh ends of each ovary off. and puiling the ovary apart into

smeller bundles of ovaneles { 10-15 ovarioles: with rwo msect pins {ELHelady er &l

3

- . : - R S Ta Ny 1 - e
1950, Ovaries were dried at 12YC for rhree davs. and then weighed.
Queen attributes and gueen colonv-perforiance were compared betwees

treatments using the analyses of vanance technigue {GLM procedure 1n 5AS;. and

correlations were made between the variables (CORRELATION procedure 1n 5AS).

N



3.3 Results

330 Oneen attributes
There were some statistical differences for gueen artributes between
Treatinents, bt these were not consistent over the 1wo vears (1933-39 or 1959-90)

g 1250 In D904 queen weight was different P .05 between the 3-frame

o}
i \\

naclens aud the 24-standard-swirch rrearments, and not different + P to the
mini-nneler and the 2l-cxcluder treatimens . In contrast. there was no difference for
apteeny wetght (P05, in the following vear (1959-90) for all trearments {5 frame
nncler, switeh. 21 and 45 standard, 24-excluder. and mini-nuclei). Similarly.
ifferences accurred betweon treatments for ovary weight but again were not
consistent between vears. In 195994 shere was no difference between rrearments for
ovary weight (P -.05), whereas ovary weigh! was greater (P .03} in queens stored in
nuni-rmuclet than i any other treatment m 1959-90. In contrast. the number of

ovarioles were neof different (P - 05 berween trearments for both 1933-39 and 1959-

),

3.3.2 Colony perforimance

There was no difference t P -85 in colony performance by queens stored in
codony banks and queens overwintered in 5-frame control colonies over two vears of
testing C 1539 and 1939-901. Measurements were taken in June 1939 (Fig. 13).
Aungust 1959 Fig. 14), June 1990 i Fig 15}, and Augnst 1990 (Fig. 16). The weight
of honey m the dx-standard was low compaced 1o the other treatments in August
Log (Frg. [8). whereas the honey area for the 43-standard sysiem was similar to the
other treatments. Less honey was stored in the honey super {which was extracted
and weighedt. and more horey was stored in the brood chamber, which was

nweasured by area, in that treatment.




3.3.3 Correlarions

here were no significant correlations « P 05) between gieen weight
measured in April. and colony perfonuance tmeasured i Augustl, as indicated by
areas of brood. bees. honev. pulien and comb. and honey weight (1989 and 19903,
However. inconsisient relarionships were found between ¢ n atrributes. In 1asy,
ovary weight was correlared with queen weight (r = 051, P - 01 and ovariole
number it =039, P 01+« bur gueen weight was not correlated with ovariole nnmber

P 055 In contrast. there were no significant correlations found in 1990 berween

gueen weight. ovariole number and ovary weight (P - 05,

3.3.4 Queen survivel m colony performance rests.

On average. 117 of winter-stored queens placed in spring calonies died or
became drone lavers durning the spring and summer performance trials. One out of
eight queens died by I May 1n each of the 1959 treatments (5-frame nueler, 24
standard, 24-switch. 24-excihuder. and mini-nuclei). Fewer queens died 1 1990 than
i 1989, No gueens died from rhe 24-swirch. 3-frame nuclei. and 2 leechuder systems,
and two out of eight gueens died from both mini and 2d-standard svstem. Two o

of six 4z-standard queens became drone lavers by mid-June.



Figrre 120\ comparison berween rreatiments of gueen weight. ovary weight. and

ovariole number after winter storage { [955-39 and 1959-901. Queens were either

wintered singly m 115 S-frame nuclei iNUCH and (2) muni-nucler i MINI). or in groups.

Colony banks held etther of 131 24 or {145 gueens i screened cages. Queens (21)
were alse 157 switched 24-SW 10 a new colony banks {monrhly in 1939 and bi-
meonthlv m 19901 Queens 1247 were also caged 1 (6) excluder cages 1 24-EX 1.

Different letters indhicate signifivani differences (P - .05,
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Fignre 13, A\ comparison of colony parameters between gueens rhat were
overwintered in {ive trearments. Areas of brood ((?1112), adult worker bees. pollen,
and honey were measured with a plastic grid in June. 1939. Queens were either
wintered singlv in {11 5-frame nuclet (NUC and (2) mini-nucler (MINT). or in groups
held in colony banks. Colony banks held gneens either in screen cages or excluder
cages. 2 queens were caged in screened cages and (3) switched (24-SW i to new
colony banks (monthly i 1959) or {4 left in the same colonv bank {24-5T 1 {5} 24
greens were also caged in excluder cages (24-EX). Differen: ietrers indicate

stgnificant differences (P 03,
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Figure 14, A comparison of colony parameters between queens that were
overwintered in five treatments. A plastic grid was used to measure the areas (61112)
of brood, adult worker bees. pollen, honey. and comb. and honey was weighed on 9
Angust, 1939, Queens were either wintered singly in (1) 5-frame nucler (NUC) and
{21 muni-nuclet (MINT), or in groups held in colony banks. Colony banks held (3) 24
gueens it screened cages (24-ST) or (41 switched (24-SW) to new colony banks
tmonthiy). 24 quec.  .ere also {5) caged n excluder cages (24-EX). Different

letters inchicate significant differences (P <.05).
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Fignre 15. A comparnison of colony parameters between gueens that were
overwintered in five treatmenis. A plastic grid was used to measure the area (cm~)
of brood, bees. pollen. and honey on 5 June, 1990. Colony banks held queens either
in screen cages or excluder cages. Queens were caged in screened cages and (3)
switched {21-5W 1 o new colony banks ibunonthly in 19901 or (1) left in the same
colony bank (24-standard - 245T: and 4>-standard- 35T Queens were also caged
i t5) excluder cages 124-EX. Different letters indicate significant differences {P

A5
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COLONY PERFORMANCE, June 1990
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Figure 16. A comparison of colony parameters between queens that were
overwintered in five treatments. A plastic grid was used to measure areas of brood
(em®}, adult worker bees, pollen, honey. and comb on 7/8 August. 1990. Excess
honey was weighed on the same date. Queens were either wintered singly in (1) 5-
frame nuclet (NUC) and (2} muni-nuclet i MINI). or in groups held in colony banks.
Colony banks held queens in screened cages and (3) switched (24-SW) to new colony
banks {bimonthly m i990) or (4) left in the same colony bank (24-standard (24ST)
and i3} 45-standard (13ST). Queens were also caged in (6) excluder rages (24-

excinder (24E£X). Different lerters indicate significant differences (P <.05).
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3.4 Discussion

There were no significant differences between the control and most
treatments. except for the mmi-system, in queen weight, ovary weight and ovariole
number after 6 months of storage 1 rwo years of testing. This 1s an unportant
result, because it indicates that the potential fecundity of queens was not affected by
long-term storage. The lack of ovary degeneration 1 stored queens was particularly
noteworthy.

Ovary weight was significantly greater in queens from the mini-system in
1990. but there were no differences between the mini-system and other treatments n
1939. There were no differendces between treatments in both years for nuimnber of
ovarioles. We expected that heavier ovaries would have larger number of ovarioles.
On the contrary, mini queens had the lowest number of ovarioles (ouly in 1959-90) of
any treatments. Perhaps, egg-laving queens from the mini-nucler had fewer ovarioles
that contained larger, more developed eggs that were ready for laying. We expected
that laying queens from the 53-frame nuclei also would have heavier ovaries than
banked queens. This was not the case. as the ovary weight of the 5-frame nuclei was
not different from the banked queens.

It also was an important result that there were no differences between the
performance of queens that were stored in either mass storage colonies or singly i 5-
frame nucleus colonies. Similarly, there were no differences in brood (Pool et al,

1973) and colony development. or wax and honey production, { Avetisyan and

Vasiliadi, 1967), in other queen storage studies in which stored queens were tested for

differences in colony performance. This confirms the hypothesis rhat long-teri
winter storage does not decrease a queen’s reproductive potential, at least for the

following spring and summer season. Therefore. queens that survive for 6 months

-
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storage bauks are porentiaily equal in reproductive capacity 1o those queens
overvintered singly m oa colony.

Significantly less brood was produced by queens from excluder cages in one
study, in which siz queens from one storage colony were tested for performance
(Mitchell e al. 1955). We found no differences in performance between queens from
exchider cages 1in colony banks and the control over two years. Our results were
obiained by testing fourteen queens randomly selected from ten colony banks over
two years. Our larger sample suggests that storage of queens in excluder cages does
rot necessarily effect their performance.

We found no correlations between queen weight and colony variables when
these were measured in April and August respectively (1939 and 1990). Other
studies have shown weak correlations between queen weight and colony brood
production when queen and colony measurements were taken in the same time period
(Boch and Janieson, 1960; Nelson and Gary, 1983). This indicates that the weight
of a gneen may be an indicator of colony performance at the time of measurement,
but is not necessarily associated with colony performance at a later date.

We found queen weight weakly correlated with ovary weight in 1989, and no
correlation was found between these variables in 1990. Results in other studies vary
from: weak correlations (Avetisyan, 1961; Weaver, 1957) to strong correlations
{Avetisyan et al., 1967; Wen-Cheng, 1935; Woyke. 1987). It is unclear why the
relationships between these variables differed between studies.

In this study. supersedure occurred in 8% (1989) and 11% (1990) of queens
from all treatiments (including the controls) during the spring and summer
performance trials. similar to 3% supersedure reported for non-stored queens (Poole
et al, 1973). In other studies, the supersedure rate was greater than 10% in the
control or non-banked queens (20% in Mitchell et al., 1935; 33% in Szabo, 1977b).

Supersedure rates also were high for queens stored in excluder cages (42%, Szabo,
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1977b: 3375, Mitchell er al.. 19551 and screen cages (627, Szabo, 19770) n colony
banks. Queens stored under laboratory conditions superseded at 6375 (Poole ot ol
1973} and 50% (Szabo, 1473b1. and 2977 became drone layvers in another stidy

{ Nelson and Roberts. 19671, It is significant that the supersedure rate of queens from
our control and our banked queens was less than 12 percent, which is signihicantly
less than the supersedure rate of stored queens and most of the non-banked queens in
other reported studies. The consistently low level of supersedure of both :tored and
non-stored queens in our study suggests that properly stored queens perform as well
as colony queens. and that both queen types were of good quality nusing our
methodology .

Our results demonstrate that queens can be stored for six months without any
detrimental effect from the storage procedure when proper storage techniqgues are
used. Canadian queen producers could produce queens during the summer. store
them over the winter, and sell these queens early the following spring. Thus.
Canadian producers could compete successfully with the more costly queens currently
imported from Australia and New Zealand each spring. In addition, if qneens from
certain regions of Canada remain free of parasitic nutes, in particular Varroa
jacobsont and Acarapis wond:, then the demand from U.S. beekeepers conld increase,
because the two mites have recently become endemic m the United States. The
additional threat of Africanized bees moving into the gqueen rearing arcas of the
southern States can only increase the demand for queens from Canada, Australia and
New Zealand. The results presented here. indicating good performance from

overwintered banked queens, suggest that Canadian gueen producers can now

compete for the lucrative Canadian and export markets for spring gieens.



1. ECONONIC ASSESSMENT OF STORAGE SYSTEMS

4.1 Introduction

This economic analvsis was prepared to evaluate the cost of overwintering
mated gueens in a colony bank. compared 1o the cost of overwintering one queen in a
S-frame nuclens colony. The methods of mass queen storage we have developed are
biologically viable. but they also must be economically practical for the beekeeper.
We evalnated the cost of storing queens in colony banks with (1) 24 (24Q) and (2) 43
(-15Q) queens, and in the {3) mini-nucleus system. We only included the cost for
syrup. pollen supplement, and queen cages as the material costs for queen production
and winter storage. All other beekeeping supplies were assumed to be available
within the beekeeping operation

The time period covered in this study was from July in one year to April of
the following vear, and included the production of queens. preparation of colony
banks, colony preparation for wintering, removal of banked queens, and the
mtroduction of colony queens into the queenless colony banks in the spring. The
cost of queen prodiction and storage was obtained by estimating the hours of labour

and materials required.

4.2 Methods
The total cost of storing queens was calculated by adding the cost of
producing queens to the cost of winter storage. Methods and materials used in our
queen storage study {1937-90) were used to estimate the hours required for each
manipulation or procedure. Assumptions {Section 4.5) were made in relation to
beekeeping techniques and costs that are usually part of the beekeeping operation.

For examiple, we assumed that all beekeeping activities were carried out at the home
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vard. and that travelling rime and mileage was minimal and therefore not included
the costs. In these analyvses we used 20 colony banks that had either 24 or 18 caged
queens per colony bank. We used this nuniber of colony banks because we assuimed
thar the minimum number of queens required by a queen producer was about 20
(50% survival from 430 queens). Calculations for the cost of pollen supplement and
sugar syrup are included in Section 4.6 on Production Data.

The cost of producing queens for storage in the fall was calculated by
estimating the number of hours required to produce queens in the sunumer prior to
winter storage (Table 5 and 6). Besides labour and feeding costs, the cost of two-
hole queen-cages (1939 prices) were included in the cost estimate for ¢ueen
production. We assumed that mating nucler would require two teedings front June to
mid-September. Labour was charged out at $10 per hour. We estimated that 700
(1400) mating nuclei were required to produce sutficient gqueens to fill 20 colonies
with either 24 (430) or 45 (960) queens per colony. The number of mating nuclet
(700) 1s greater than the number of mated queens required in the fall (150), because
mating success is never 100%. We estimated mating success to be 75%. Similarly, a
greater number of queen cells are needed for 700 mating nuclei becanse cell
acceptance is about 75%. We estimate that 960 (1920) queen cells are required for
grafting. This would results in 720 {1440} cells for placement into 700 (1400) mating
nuclel. The number of queens available for storage 1s 525 (1050 for a storage systein
that would hold 430 (960) queens. Queen prodiuction data were obtamned from Phil
LaFlamme who produced the test queens for Simon Fraser University in 1957-535 and
1938-59.

The total labour costs in hours for banking q=ens were calenlated by
subtracting the number of hours required to winter a colony with one gueen, from
the number of hours required to winter 24 queens in the 24Q storage system (Table

7). The estimate of labour for preparing and managing colony banks over the winter



was divided into colony management. queen mtroduction. colony feeding. and colony
msulation. Colontes are managed with two-gueens until banking begins. 1o provide
sufficient workers for winter storage over 6 months. Insulated wrap was not mcluded
in the cost of wintering colony banks. although the wrap could be classed as extra
equipment for wintering colony banks in areas such as coastal B.C.. Nevertheless.
imsulated wrap is necessary for colony banking to reduce cluster formation and
prevent queen isolation from the workers of the colony during the winter.

Total labour and material costs for producing and storing queens (Table &)
were calculated by adding fall production (Table 5) to labour (Table 6) and material
costs by nsing 20 colony banks with either 24 or 45 queens per colony.

The total cost of labour and material for setting up and managing sixteen
mini-nuclei from late January to late March {(Table 9) was calculated by estimating
labour required for preparing nuclel. transferring queens from colony banks to the
nuclei, and feeding colonies. Syrup and pollen supplement were the only material
costs included in the cost of using mini-nuclel.

("ost estunates for queen storage were calculated from labour and material
costs needed for preparing and managing twenty colony banks (Table 10). Colony
banks had either 24 or 43 queens per bank. From these cost estimates further

projections were made for larger production and storage trials.

4.3 Results
The cost to produce 450 queens (24 queens in each of 20 colonies) was $1.95
per queen {Table 6). The cost was slightly less for one queen when 960 queens were
produced ($51.39 per queen). This small difference in costs between the two scales of
production occurs because labour hours are the same per queen except in the

preparation of cell starters. finishers and breeders which was the same for both



production levels. Labour constituted abont 2075 of rhe production cost for both
fevels of production.

The number of hours ¢ 717} required 1o prepare and manage 20 colony banks
was about twelve rimes the number of hours required for overwintering one queen in
rwentyt 3-frame nucleus colony (6.5 hours). Thus. the number of extra hours necded
for storing queens in colony banks was 63.2 hours over the entire winter period
(Table 7.

Labour hours constitute a significant portion of the total costs required for
producing and storing quieens, 43% and 35% of the total labour and material costs for
the two levels of production and storage (calculated from data in Tables 5 and 7).
The total cost per queen for tall production and wintering is $6.09 and $3.47 for 418Q
and 21Q per colony bank respectively. assuming 50% survival { Table 8).

The total cost of labour and material for setting np and managing sixteen
mini-nucler from late January o late March 1s $107.64 (Table 9). The cost for each
queen is $6.72. A large proportion of this cost (85%) is for labour; the remainder is

the cost for syrup and pollen supplement.

4.4 Discussion

Mass queen storage is economically viable for the beekeeper hecanse the total
cost of production and storage is less than the total revenue based on a sale price of
$10 per queen. If the beekeeper uses his own labour and does not hire outside
labour. an additional 40% of the production costs or labour income goes to the
beekeeper. Profits can be increased further when a greater number of gneens are
stored in a colony bank, and if larger numbers of queens survive storage.

We esrimated an average profit value for a beekeeper using our "best" systemn;
that 1s, one that we have demonstrated is biologically feasible and produces

consistent results. We used the 45Q system as "best"” since that systemn yielded the
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Lest sursival, bur we alsa calculated profits from the 240 system for comparison. A\

snrvival value of 6657 was used in the calculations, since that was the average
snrvival in all screen cage treatments in our study. We examined profits by
extrapolating from 20 ro 100 colony banks ( Table 3), bur it was unrealistic to expect
the Leekeeper to do the labour required for the production of 4500 queens. The
munber of mating nuclel one beekeeper can manage 15 about 1000 nucler without
additional labour. Thus. in both calculations, labour cost for queen production are
included 1n the total costs; in other words. profits are income above the cost of queen
production. This is an miportant aspect of the analyses, because the most significant
proportion of gueen production and wintering cost is labour, which in most
commercial beekeeping operations would stay within the beekeepers operation. The
remalning cost is largely food.

We calculated profits for queen storage by examining a commercial beekeeping
aperation that banked 1300 queens in 100 colony banks, that (1) hires labour for
production and storage phases and {2) hires labour only for production of queens and
has the beekeeper perform colony bank management. We assumed that queens are
sold for $10 each in April. When the beekeeper hires help for all the work. queen
production and storage, the profits were $13.215 (Table 10). When the beekeeper
hires labour for queen production only, but does the labour for colony bank
preparation and management. profit is increased to $16.625 (labour for preparing and
managing colony banks 1s 23% of total cost). These calculations indicate that queen
storage 1s economncally viable.

Both the level of queen survival and the number of queens per colony bank
alter the expected profit { Table 10). When larger number of queens survive storage,
the increase in profits are substantial (Fig. 17). These data indicate that. at a level
of 50% survival. with labour costs included. returns are minimal ($835) when only 24

queens are placed into a colony bank. On the other hand. the profits for queens
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survival are 324100 Tn the 18Q) svsten a
increase m profit resuits 7om an merease i gueen survival 1o o077 and
even greater profits of 313015 can be expecied if survival is 707 o greater i the
130 system. These potential returns wouid increase if even greater numibers of
gueens are banked. However. the 70 level of survival was not reached i our
storage siudy. The highest survival rate in any one svsteny was 63770 in this stndy
19285-89. Clearly. even minor improvements in survival would dramatically improve
the economic returns from surviving queens.

Viable beekeeping operations are usunally broad-based. and income usually
comes from other sources than solely from the sale of spring gqueens.  Additional
income would result from horev production nsing the 100 colonies prepared for
colony banks.

Colony banks would be useful for both small and large beekeeping operations.
The smaller operator with 100-200 honey producing colonies conld prodnce gneens
for re-queening these colonies. and save the cost of buving spring qreens. The use of
colony banks in operations larger than what we have indicated would also be
possible; rhere would be higher labour costs. bur also greater profits.

The mini-nucler system costs a further $6.72 1o bank each queen. mereasing
the total cost of producing and wintering gneens 1o S15.19 per queen (5547 + $6.72).
Thus. mini-nuclel are not an economical method for storing gneens. However, the
cost of serting up and managing mini-nuclel is largely labonr (5377, which 15 a
greater proportion of labour costs rhan the labour required for colony banks (4290
If the beekeeper performs his own labour. returns can be increased by labonr cosrs,
Therefore. the mini-nuclei could be more economical if the beekeeper performs his
own labour. In our cost analyses we did nor incliide the cost of the rpini-nicler and

have assumed that these are available in rhe beekeepers operation. However, the

mini-nuclei could be classed as special equipment and may not be found 1 the



berkerper s operation., infess these nuclet Cd-way nuclel are used as mating nucler in
e soring and sainner. The main advantace of the min lel is that ralite §
the spring and surumer. The main advantage of the mini-nnelel is tha® morrality for

-

the period from late Jaunary 1o Jare March. is lower (677 than if the queens are kept

e colony banks (1677, 0 Overall. the urihity of the mini-nucler is limited for economic
reasens. Further, the nune-nncler can only be used in locations with moderate winter
hinate snch as coastal British Columbia or warmer climates south of Canada.

These results demonstrate thar mass queen storage with 43 queens per colony
bank. a biologically viable system. 1s the most economical system for the beekeeper.
This system nses beekeeping equipmenr that is already used in beekeeping
operations, and therefore requires no additional equipment. The economic viability
of queen storage and the significant returns that are possible from queen storage
would allow the beekeeper o expand his business, and specialize in producing and
supplying gueens. in addition to being involved in a variety of beekeeping activities
sichas honey, pollen. and bee prodnction. and pollination. The availability of
competitively priced gueens from C'anadian producers throughout the spring and
simmer conld boost demand rhroughont this peried, providing a more stable income
tor the queen producer. Canadian queen producers can now compete for the
ncrative Canadian and export inarkets for spring queens. Future research into

volony banks will undoubtedly improve queen survival and further increase returns

tor the beekeeper.



Figure 17: A comparison of profits when all labour costs for queen production and
storage are included in the toral costs. and when labonr for gqueen production only s
included in the total costs of queen production and storage. These data are for 100
colony banks with 24 or 45 queens per bank. when survival is 5070 60" or 70" after

winter storage.
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DETAILS

1. Feeding svrup te 704 nucle
to 1100 nucle:

2. Dipping cups fapprox 301
per hour L960 cups
19260 cups

3. Preparing > cell starrers. 16 celi
finishers. and 3 breeders

1. Collecring grafring frames.
grafting. placing cups n cell
starters. Girafring 450 day-
{700)- for 2 days

{1400 j-for + davs

]

5. Moving cells from starrers to
finishers. (700
{1108

6. Curting cells from bars. culling,
and placing cells in carrier

{700}

£ 1300)

7. Cells to nucler {700}
{1400y

Toral (hoursi

HOURS

Number of Nuclet

T 1o
3

£
3

(NS
-l f—)
3.2

£
5

1.0
IRt

)_(;
3.0

£.0
1549 325
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stock THE G060 mating nucler in nind-June.
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Tabie 67 Produenion costs for preparing nucler and producing suificient queens to

COSTS

Number of Nuclei

DETAILS T00 1400
Labour from Table 5
[~.9 and 32.5 hours 4 at 510 hour $1589 $328
MATERIALS
i. Feeding 0.5 L of syrup to
mialing mclel twice @ 5,901
700 X 2 X 050 X $.99 = 53630 $630
SLHo0 X 2 X 051 X 5.90 = S1260 §1260
2. Cost of 2-hole cages mn 1959
1004 cages for $170 +
shipping 534= U.5.$204= Can% 240
unit price=0.24c. for 130 $115.20

for 966 $230.40
TOTAL FALL PRODUCTION COSTS $934.20 $1313.40
Cost per gueen {for 130) $1.95
{for 960} $1.39




Table 7. Labour costs for preparing and managing (1) twenty colony banks with 21

or 15 queens { 24Q or 43Q . prepared from two-queen colonies*. and (2} twenty -
frame nucleus colonies with one queen {1Q). Labour cost are noted i hours.

TIMING OF COLONY MANAGEMENT LABOUR (Hours)

24Q/48 1Q

COLONY PREPARATION

July. carly

1. Preparation and moving l-super colonies L -
2. Unloading

3. Prep. of bottom colony l

- add excluder and newspaper over
brood chamber, and below honey super.

July, 2nd and third week.
1. Check for queen in upper colony I -

2. Super with honey supers {twice) 2 2
August, early
1. Remove honey supers
2. Reduce to 4 supers 2 2
Angust, 24 (3 weeks prior to Q intro)
1. Prep. of 84 pollen patties l
2. Feeding pollen patties {2 per colony) L -
3. Modify frames for holding gueen cages 10
{one time cost only)

Sept, 14 A
1. Feeding one pollen patty /colony 1 -
2. Preparation of sugar syrup

10 L/ colony 1.5 1.5
3. Feeding sugar syrup ! l
Sept. 21
1. De-queen and assess colony size

at 20 min./ colony {20 mins X 23 coloniesl,} 9.2 -
Sub total 32.7 6.5

1. We assume that 23 two-queen colonies are required to obtain 20 colony banks
with adequate worker population 1n the fall.

contini:=d on next page




Continued from previous page.

9>

TIMING OF COLONY MANAGEMENT

LABOUR {Hours)

210Q/430Q

1Q

Sub-total from previous page

QUEEN INTRODUCTION

Sept, 22

I. Transfer gneens from mating -nuclei
to queen cages. For 4530 queens
at 20 -nucler per hour.

2. Transfer queen cages into queen barks

Sept, 27

. Check for queen cells on marked brood
frames (12 nun. per colony).

COLONY FEEDING AND INSULATION

October, 4 and 27

. Prepare sugar syrup
Two feedings of 10 Litres/ colony
Feeding sugar syrup

October, 25
I. Preparation of insulated wrappinlg
2. Wrapping 20 colonies in 4-packs

1

March, 31
. Removal of queens from storage colonies
at 15 mins / colony assuming 50%
survival i1 a 24 queen colony bank=
2. Requeening of storage colonies
at 10 nuns / colony

TOTAL HOURS

IS}
WV}

b
[SVREEEN

el e N

-

6.5

N
I

. Insulated wrapping was prepared as outhned in the Agriculture Canada

publication {19584). Four colonies are wrapped back to back in a four pack. The

wrapping lasts for about five vears.

2. Queens trom colony banks are used by the beekeeper for requeening, making
packages or nucleus colonies. Therefore this does not include labour for adding

attendants to queen cages.
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Table 5: Total labour and marerial costs for fall production and queen winter
storage using rwenty colony banks with 24 and 48 queens per bank.

DETAILS OF COSTS DOLLARS

24Q 15Q

FALL PRODUCTION COSTS from Table 5.

1. Fall production and feeding
costs for 130 queens= $934.20
costs for 960 queens= $1S18.10

WINTER STORAGE COSTS

1. Labour costs for 20 colony banks
minus total hours for overwintering 20
colonies with 1Q (Table 5}.
74.7hrs - 6.5hrs = 65.2 X $10= $652 $652
2. Pollen patties
24 August:
Two pollen patties per colony
4 $.65/patty
5.65 X 2 X 23 colonies= 535.05 §:35.05
14 September:
One pollen patty per colony
& $.63/patty X 25 colonies= $149.04 $149.04

3. Sugar syrup.
14 September: no cost
1, 27 October:
Two feedings of 10 Litres/ colony
for 20 colonies @ $.90/Litre

1

2X 10X 20 X5.90= $360).00 $360.00
Cost of wintering 430 w_iyth

240 queens surviving= $1099.12
Cost of wintering 960 with

450 queens surviving~ $1099.12

TOTAL WINTERING AND FALL

PRODUCTION COST $2033.32 $2917.52
COST / SURVIVING QUEEN 58.47 56.05

1. Cost of sugar syrup for 14 September 15 not included in rhe winter costs becanse
both treatments are fed sugar syrup at this rime.
2. We assume 50% survival of 4807960 queens.



100

Table 9 Total cost of labour and material for setting up and management of 16

taint-nucker from lare-Jannary to lare-March.

DETAILS

HOURS COSTS

LABOUR

29 Jannary

1. Preparation of niuclei by aismanthng
consolidated -nncle

2. Insulating colonies

3. Preparation of insulation for stacked
nuclei (one rime cost j

30 January

I. Pulling queens from storage colonies
at 5 mins per colony. and introduction
of queens mto nuni-nucs

7 February
I. Manual release of queens @2 mins/queen
“)

. Queen check 1 week later

TOTAL HOURS

w2

1.5

o

9 5hrs

TOTAL COSTS

1. Labour:
4.5 hours X $10 per hour
Syrup .5 Litre/colony
for 16 colonies @ $.90/ Litre
=5 X 16 X .90
3. Pollen supplement @ half
a patty per colony, for 16
colonies ‘G $.68/patty
=5 X 16 X $.65

[

TOTAL COSTS FOR 16 MINI-NUCLEI

MINLNUCLEI WINTERING COsT / QUEEN

= $5.44

= $107.64
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4.5 Assumptions
i1y Colony banks

I. Time estimates used in preparing cost of labour data were based on the
actions of experienced beekeepers. Estimates would be low for inexperienced
beekeepers.

2. Only the cost of materials and supplies of winter queen storage, over and
above the cost of overwintering a colony. weve included in this study. Other costs
such as repairs, maintenance, taxes, insurance, and travelling costs, as well as
allowances for depreciation and interest, were not included. These costs are already
mechided by the operation whether or not queens are stored over the winter.

3. Colony banks were prepared by two-queening colonies at the beginning of
the honey flow to produce populons colonies by September as described 1n Section
2301

4. All the necessary equipment and expertise is available because the
beekeeper 1s already 1n the queen production business.

5. Honey production and the management of colonies is the same for both
one-queen and two-queen cclonies.

6. Colony banks are used only for honey production after removal of banked
gueens. These colonies are not used for pollination, queen rearing, or package
production.

7. All equipment is standard beekeeping equipment and no extra equipment
is required for overwintering queens. [t is assumed that overwintered colonies are
wrapped with msulation for winter, and therefore there is no extra cost for wrapping
colony banks. Colony banks were insulated as described in Section 2.3.1.1.

5. All queen rearing activities take place at the home location.

9. Production costs for summer queens include only labour costs and feeding

102
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12y Ahini-nucler

1. Mini -nuclei are prepared from dismantled. consolidated unclens colonies.

1<

(Consolidated nucleus colonies are prepared as described 1n Section 2.3.1.3.
3.

Sixteen queens are obrained trom a 24-queen storage bank in January,

assuming a mortality of 207%.
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1.6 Production Data

. Pollen supplement mixiure is approximately 10% pollen by weight. A typical

bateh for 75 - 500gm parties consists of:

O
0.4

».6 kg sngar #$32.00/40kg = $ 6.

5.6 kg water

12.7 kg brewers yeast @ 51.10/kg = $13.97
3.2 kg pollen @ $3.51/kg = $ 25.20
Wax paper @ $3.00/30m = $ 2.25
TOTAL = $ 51.30

Therefore the cost of materials, patty is $0.684

2. Sugar syrup consists of a two-part sugar to one-part water, by volume.
Terramvean and Fumagillin B for the control of bee diseases are added at a rate of
one teaspoon for each 4 L of syrup. Recommendations for Terramycin are based on
Terramycm Anmimal Formula-25 which 1s a water soluble powder containing 25 g

active ingredient in 400 g carrier. The recommended dosage for Fumagillin is 100 mg

JE5 Loof svrup. The following materials are used for each 45 L of syrup:

40 kg sugar = $32

L0 tsp terramycin @ $.36/tsp = $ 3.60
[0 1sp Fumagillin B € $.50/tsp = $ 5.00
TOTAL = $40.60

Therefore cost of materials per L is $0.90
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3. Winrer Insularion Wrap. Complete details are available in the Alberta
Agriculture publication Agdex 616-21. 1954, For a discussion on this method see
("anadian Beekeeping. Vol 7. No.3. Maternials required for wrapping tour colonies
placed back to back are as follows:
Black polyethylene sheet. 6 nul.. 442m (1.1.57) long by 1.33m (67) wide
Pink fibreglass insulation. 3.5 batts, R12, 4.27m X 53cm (147 X 23",
Plywood used as a common lid, lem X 1.23m X 1.83m (323" X 4" X 6').

Plywood with holes ro correspond to the upper entrance of the colonies,

T.60m X 12.7cm X Tem (373" N 3" X 53%)
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3. RECONINENDED STORAGE METHOD AND CONCLUSIONS
FOR THE BEEKEEPER

5.1 Description

The colony bank for mated gueens consists of a queenless colony with banked
queens held in cages placed in the center of the upper hive body. The hive consists
of 4 minimum of 15 frames or two supers. Queens are caged in wooden cages
sereened with bee-proof screen on one side, that allows adult workers to feed and
attend the caged queens. Queen cages were held back to back in a wooden
framework fixed within the center frame. We successfully stored up to 45 queens in a
colony bank. The frame of caged queens remains in the same colony bank
throughout the storage period.

Three major areas of colony management were identified as critical to the
success of queen snurvival through rhe winter:
[. Large adnlt worker population.

2. Adequate honey stores.

-

Prevention of winter cluster formation.

A large worker population is essential for queen storage over the winter, due
tor the lack of a colony queen to replenish the worker population. In addition. a large
worker population is essential to ensure that workers do not cluster and withdraw
from some of the stored queens. We produced colonies with surplus workers by
creating a two-gueen colony from a one super and a two super colony in July. at the
start of the honey tlow. Supering was done as required and by September, the
uumber of supers were again three. The colony queens were removed at introduction
ot the banked queens. Colonies were placed in a 4-pack configuration and insulated
on all sides including the bottom of the colony. to prevent colony workers from

formung a winter cluster and withdrawing from the banked queens.



The minimum requirement for a bank is a 3-Langstroth deep-super colony
with adequate reserves of pollen and honev that are properly organized within the
brood nest, plus a large worker population {mimimum of 20 frames of workers).
Twenty-four hours prior to wstalling the banked queens both colony queens. are

removed and the bank remains as a queenless unit (no free-running colony gueen).

5.2 Peparation of Colony Banks.

This method describes the preparation of colonies as queen banks, and 1s
suitable to our management system on the coast of British Columbia. For cost
effectiveness, the preparation of colonies must be adapted to the individuals’
management system.

(1) Colony preparation

1. Prepare a pallet platforn. for colonies in groups of four. Place each colony
on an empty super filled with insulation (on top of the pallet).

2. The first colony manipulation involves making a two queen colony prior to
the summer honey flow. In early July, combine a standard 20 frame colony with a
10 frame colony. Keep the two colonies separate with a honey super sandwiclied
between two queen excluders.

3. Add extra supers to colonies as required during the honey flow.

4. Ensure that adequate stores are present in the colony by allowing workers

to take honey stores from the extra supers into the brood chambers.

5. Place two pollen patties {one below and one above the excluder) in cach of

the two queen colony during August to stimulate brood production.
6. Rediuce the number of supers of each two-queen colony to three by mid-

September.

oy
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T Feed sorap wnh Famagillin and Terramycin by using a top feeder in
Septemser. 1o ensure that emipty brood cells are filled with syrup. and thar honey
framnes are well flled wirh syrp.

(24 Colony preparation 24 hours before gueen introduction.
(el to Jate Seprember

I. Remove the two colony queens.

2. Check for adequate amounts of brood m both colonies (20 frames with
birood ).

3. Choose colonies for banks that contain a minimum of 20 frames with
brood, heney and pollen. and rhe remaining frames (five) with honey.

1. Create space for the queen bank frame by removing two frames in the
npper third super. Remove frames with the least pollen and honey stores.

5. Use thimb racks to identify brood trames for queen cell removal after one
week.

(3) Queen introduction

I. Place queens in queen cages {2.5 mm mesh) without attendants.

2. Place up to 43 cages in a banking frame.

3. Lightly smeke colony at the upper and lower entrances. We recommend
that honey or svrup spray not be used on the queen cages because 1t can encourage
robbing.

1. Insert bank frame slowly between the colony frames.

5. One week after introducing banked queens, cut all queen cells from brood
franies.

1) Colony Maintenance
. Reduce the number of supers ro two by early October.

2. Feed calonies with syrup plus Fumagillin using a top feeder in early and

late Octaber. In most areas of Canada 1t 1s too cool by October to feed syrup.



Therefore colonies must be fed as much as possible just before and after gneen bank
wntroduction in Sepiember.

3. Remove rop feeders. and replace with mner cover with an entrance

1. Insulate fmunimmm Ri2) and wrap the four colonies as a unit including the
top of the colonies.

5. Cover the insulared unit with a sheer of plywood to prorect the msulation,
and tie down with large rubber bands {inner rubes). See the Alberra Agncnlture
publication {Agdex 616-21} " A polvethvlene insulated wrap for overwintering honey
bee colonies out of doors 1n Alberta’. This publication can be obtamed fron the

Media Branch. Alberta Agriculrure. 7000 -113 Street, Edmonton T6H 5716,

5.3 Conclusions
1. Queen banking is both biclogically and economically feasable. The level of queen
survival determines the expected profits.
2. The performance of banked gueens 15 not altered by the banking process.
3. Queen storage would be useful to both the small and large beekeeping operations,
to bank queens until required for up 1o 6 months.
4. Canadian gueen producers could produce gueens during the smunmer, store them
over the winter, and sell these queens early rhe following spring. Thus, Canadian
producers could compete successfully with the more costly gqueens eurrently nnported
from Australia and New Zealand each spring. [n addition, if gqueens from certain
regions of Canada remain free of parasitic mites. in particular Varroa jacohson and
Acarapis woodi, then the demand from U.S. beekeepers conld increase, bhecanse the

two mites recently have become endemic in the United States.

a9
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6. GLOSSARY OF APICULTURE TERMIS

American foulbrood - A bLrood disease of bees caused by the bacteria Bacillus

[ﬂf’l'l}".
Aplarist - Beekeeper.

Apiary - The location and sum toral of colonies. hives and other equipment
assembled on one site for beekeeping operations.

Apiculture - The science and art of raising honey bees for economic benefits or
personal enjoyment.

Attendants - Adult worker bees that attend the queen.

A pis mellifera - The common honey bee found throughout the western world
though originally from the near-easr. Humans have carried Apis mellifera
from Enrope to all continents.

Balling a queen - An attack on a queen by a number of worker bees intent on
killing her by pulling at her legs and wings. stinging and suffocation. In this
process the bees form a right ball of bees around the queen.

Bank - A laboratory or colony tvpe storage system for honey bee gueens.

Bee - See Apis mellifera

Beehive - Domicile for colony of honev bees.

Beekeeper. commercial - A beekeeper managing 200 or more hives, as a main or
sole source of livelthood. He or she generally sells his or her crop in bulk.

Bee space - The natural space found between combs built by bees. This space is big
ensiigh to permit free passage of bees. It measures Smm (5/16"). Spaces
larger than bee space will be filled by bees with burr and some comb or full
honey comb. Spaces less than a bee space will be sealed by bees with
propohis. Langstroth apphed this observation to North American hive
SGUIPIeNE CONsIrucilon.

Breeder - A colony selected for voung larvae production.
Brood - hnmature or developing stages of bees: includes eggs. larvae and pupae.

Brood chamber - The part of a hive where the brood 1s reared and food is stored.
May nchide one or more hive bodies and the combs within.

Brood comb - Wax comb from the brood chamber of a hive that contains brood.

Brood food - Secretion of highiv putritious foed. used 1o feed young larvae and
gueens, produced in the hypopharvngeal glands in the heads of adult bees.




Brood nest - Area of hive where bees are densely clustered and brood is reared.

Battery boxes - Partially screened cardboard boxes that hold queens in queen
cages. These queens are fed by free running workers that tfeed tfrony candy
located in the bottom of the box.

Candy - See queen cage candy.

Capped brood - Brood whose cells have been sealed by the bees with a porous
cover to 1solate the immature bees within, during their non-teeding prepupal
and pupa periods.

Capped honey - Honey stored in sealed cells.

Casres - The three forms of bees; workers, drones and a queen comprising the adult
population of a honey bee colony.

Cell - Single unit of space in comb in which honey is stored or a bee can be raised,;
there are about 4 worker cells per square cm of comb.

Cell starter - A queenless colony used n the initial stage of queen cell produiction.
Cell finishers - A queenright colony used te finish cells begun in cell starter colony.
Chilled brood - Immature bees that have died trom being too cold.

Cluster - The form or arrangement of bees within a hive when ambient temperature
drops below 14°C.

Colony - An aggregate of several thousand worker bees. drones and a gqueen bee
living together in a hive or in any other dwelling as one social unit.

Colony storage system - A colony that hosts individually caged queens.

Comb - A back-to-back arrangement of two series of hexagonal wax cells which
hold eggs. brood, pollen or honey.

Comb foundation - Manufactured sheets of beeswax with the foundation pattern of

worker cells embossed into the wax.

Cups - Wax cups that hold the young larvae after grafting. Cups when fully
developed become queen cells.

Deep super - A super used to hold standard. full-depth frames: the usnal depth s
241 mm or 244 mm {Canada).

Dividing colonies - A beekeeping technique of splitting one colony to produce two
or more colonies.

Drawn combs - Combs having the cells built out by honey bees from a sheet of
bees wax or plastic foundation.

Drifting - The tendency of bees to transfer to colonies other than their own because
of a lack of visual cues to orient them to their "home' hive.

LHl



Drone - Male bee.

Drone layers - Queens that only produce unfertilized eggs or drones.

Emerging brood - Young adult worker bees that emerge from their cells.
Emergency queen cells - Queen cells that are produced when colony is queenless.
Entrance blocks - Pieces of wood used in regulating the size of hive entrances.

European foulbrood - A brood disease of bees caused by the bacteria
Streptococcus pluton.

Excluder - See queen excluder.

Excluder queen cage - A cage made from wooden strips fixed into the honey
comb, and covered with excluder material.

Feeder / top feeder - A wooden container that holds syrup for feeding a colony of
bees. Tt fits on top of a super. Also called a Miller feeder.

Fertile cueen - A queen which has been inseminated artificially or naturally with
drone spermatozoa and is capable of laying fertilized eggs.

Field bees - Worker bees which are usually 21 or more days old and work in the
field to collect nectar, pollen, water and propolis.

Foundation - See comb foundation.

Frame - Four pieces of wood designed to hold honey comb. It consists of one top
bar. one bottom bar and two end bars.

Frame feeder - A wooden or plastic trough which is hung in a hive in place of a
frame and contains a solution of syrup to feed bees.

Free running queen - A queen that is not confined to a cage and has the freedom
to move in the hive.

Free-flying - A colony with an exit to the outside.

Fumagillin - The common name for Funudil-B, the antibiotic for controlling
nosema disease.

Grafting - A technique for transferring larvae from brood comb to wax cups to
produce queens.

Grafting frames - Modified frames that hold two or three bars with queen cups, or
queen cells.

Hive - A constructed home for bees.

Hive body - A wooden box which encloses the frames.



Honey bee - The comumon name for Apis mellifera. Order Hymenoptera, Fanuly
Apidae.

Honey flow - See nectar flow.

Hormone - Substance produce 1n small quantity i on part of body (usually in
gland of internal secretion) and transported to other parts, where it exerts its
action.

Hymenoptera - An order of insects to which all bees belong. as well as ants, wasps
and sawflies.

Inner cover - A lightweight cover used under a standard telescoping cover on a bee
hive.

Introduction unit.- Part of a colony that 1s prepared to accept queens that will
increase the likelihood of queen acceptance.

Introduction Techniques - Techniques to improve the probability of success in
introducing a queen (s) into a colony.

Laboratory queen banks - A system of storing queens without a colony. Queens
are either kept in isolation or held with some adult workers.

Langstroth frame - A frame measuring 45 cm long by 23 cm deep, exclusive of the
lugs or shoulders that support the frame.

Langstroth hive - Hive with movable frames. Dimensions such that the beespace 1s
allowed between surfaces.

Larva - The second stage in the complete development of an insect, such as the
honey bee, having complete metamorphosis or four stages - egg, larva, pupa,
adult.

Mandibles - The jaws of an insect. In the honey hee and most insects the mandibles
move in a horizontal plane.

Manipulation of colonies - Using hive equipment to the best advantage iy aiding
colony development.

Mating nuclei - Nuclet specifically used for mating virgin queens.

Mailing cage - A wooden cage with bee-proof screen for holding a queen (and her
attendants).

Mini-nucleus - A small Langstroth colony consisting of four frames (16 x 19.7 cinj
and a feeder.

Movable frame - A frame or comb consirmcted on the principle of the "bee space’.
When placed in a hive it remains unattached to its surrounding by pieces of
burr comb or heavy deposiis of propolis, and is therefore, easily removed for
inspection.
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Nectar flow - The production of nectar by various plant species sufficient that bees
gather and store the nectar and convert it to honey.

Nosema disease - Disease of adult bees caused by the protozoan. spore-forming.
mid-gnut parasite Nosema apis Zander.

Nucleus/nuclei - A small colony of bees often used in queen rearing or mating.
Nurse bees - Young worker bees that feed larvae.
Overwintering Queens - A method of storing queens other than singly in a colony.

Package bees - Two or three pounds of bees which are shaken from combs of
beehives into wire mesh cages. A caged, mated queen is placed in each
package. Packages are used to establish honey bee colonies.

Pheromone - A chemical secretion released externally by one animal which
stimulates a response in a second animal of the same species.

Pollen - The male sex cells of plants gathered by worker bees from the anthers of
flowers. Pollen provides protein. minerals. fats and vitamins which are
consumed by the young nurse bees, that in turn produce brood food or "royal
jelly".

Pollen substitute - A food material which is used to substitute wholly for pollen to
supply the needed protein, vitamins and fats to a bee’s diet. It includes
water, sugar and other materials such as brewer’s yeast.

Pollen supplement - A mixture of pollen and other protein sources along with
sugar and water, fed to colonies to supplement their protein needs.

i
i
i
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Propolis - Resins and gums gathered from trees and used by bees in sealing cracks,
repairing cracks, and covering objectionable material within the hive.

Pupa - Third stage in the development of an insect having complete metamorphosis.
In this stage the organs of the larva are replace by those which will be used as
an adult.

Queen - Sexually developed female bee. larger and longer than a worker bee.

ST i it

Queen banks - Colonies in which caged queens are placed for storage until use.

Queen banking frame - A modified frame that holds queen cages or consists of
compartments inserted into the wax foundation.

Queen cage - A small cage in which a queen and five or six worker bees may be
confined tor shipping and /" or introduction into a colony.

Queen cage candy - Candy made by kneading powdered sugar with invert sugar
syrup until 1t forms a stiff dough used in queen cages.

Queen cell - A cell that contains an immature virgin queen.




Queen excluder - A screen device made of wire. zinc, or plastic. which has openings
of about 5 mm that pernut workers to pass through the screen, but exclude
queens and drones. It is used to confine the queen to a specific part of the
hive or compartment, cage.

Queen introduction - See Introduction Techniques

Queenless - Without a queen.

Queen mandibular pheromone - A blend of compounds froni the ¢ueen
mandibular gland that elicits retinue behavior. altracts swarms, and

suppresses (ueen rearing.

Queen mother colony - A colony chosen to provide larvae for grafting into queen
cells.

Queen producer - A beekeeper who specializes in producing queens.
Queenright - With a queen.

Queen storage - A method of storing queens in colony queen banks or laboratory

banks.
Requeening - Adding a queen to a gueenless colony.

Robbing bees - Bees which enter colonies other than their own 11 order to remove
honey and carry it to their own hive.

Royal jelly - A highly nutritious glandular secretion produced by young adult
worker bees; it 1s used to feed the queen and young brood.

Screen cages - A queen cage that consists entirely of bee-proof wire screening.
Sealed brood - Brood in late larval and pupal stages with cells sealed.
Shaking - The process of placing bees from parent colonies into packages.

Smoke - A method of calming adult worker bees into a less aggressive bhehavior prior
to colony manipulation such as queen introduction.

Storage systems - See Colony Storage Systems.
Stores - Provisions of honey and pollen that are found in honey comb of a hive.
Supers - A hive box or hive bodies with or without frames.

Supercedure - Replacement of the existing gueen by a young queen produced by
the bees within the colony from their own larvae or eggs.

Swarm - The aggregate of worker bees, drones and a queen that leaves the mother
colony to establish a new colony. Swarming results in the division and
dispersal of honey bee colonies.




Syrup - A sugar solntion that is fed 1o colonies and provides a carbohydrate source
for the colony.
Terramycin - A trade name of oxytetracycline, a drug commonly used to prevent

uropean and American foulbrood.

R

Thermoregulation of a colony - The regulation of heat by adult worker bees by
clustering together in winter. Heat i1s generated and loss of heat from the

cluster is prevented by clustering.
Thorax - The middle region of the bee’s body that carries the wings and legs.

Two queen management - A method of managing a colony of bees to increase the
number of adult workers to about twice that of a single queen colony.

Unsealed brood - Brood in egg and larval stages only.

Virgin queen - Unmated queen.

Winter packing - Enclosing the hive with materials that decreases heat loss from
cold temperatures and windy conditions, e.g. tar paper, insulated wrap.

Wire screen cages - see Queen cage.

Wooden queen cage - Wooden cage covered on one side with bee proof screen.

Worker bee - A female bee whose organs of reproduction are only partially
developed and that is responsible for carrying on all the routine work of the

colony.

Worker comb - Honeycomb with about 4 cells / em?
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