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ABSTRACT

The purpose of this research was to investigate the feasibility of producing
honey bee (A4pis mellifera ligustica L.) packages and nuclei in the Lower Fraser
Valley area of southwestern British Columbia. Present management systems leave
Canadian beekeepers dependent on package bee and queen importations from the
southern United States each spring. Restrictions on the importation of bees from
the U.S. are already in place due to the discovery of the mite, Acarapis woodi, in
the U.S. in 1984. Further limitations or a ban on importations are possibie due to
this pest plus another mite, Varroa jacobsoni, and the Africanized race of honey bee,
both of which are rapidly expanding their ranges northward from South and Central
America. Thus, a local bee production industry would not only be a new and
lucrative source of income to local beekeepers, but may be essential to the

survival of Canadian beekeeping.

In a preliminary experiment, three different colony sizes (4, 10, and 20 frameé)
were wintered indoors and outdooré, in order to determine the best method of
establishing colonies in the fall for package produc_:tion the following spring.
Twenty-frame (two-super) colonies wintered outdoors were significantly better than
any of the other treatments for package production in the spring. Based on these
findings, twd—super colonies wintered outdoors were used for all subsequent

research on package and nucieus production.

Various combinations of packages and/or nuclei were removed from two-super
colonies in April to determine the biological and economic impact of package
and/or nucleus production on these colonies. All colonies used for package and/or
nucleus production yielded greater economic returns than the control colonies from

which no packages or nuclei were removed. In addition, in almost every case the .



colonies used for package and/or nucleus production did not differ significantly
from the control colonies by the end of the season in any of the biological
characteristics monitored., The results indicate that spring package and nucleus
production is feasible in the Lower Fraser Valley area of B.C. and would provide

local beekeepers with an additiona! source of income.

A comparison of the biological performance and economic returns from
colonies established in April from either 0.9 kg packages or four-frame nuclei was
made in both the Lower Fraser Valley and Peace River areas of B.C. In the Lower
Fraser Valley, nuclei were superior to packages both biologically and economically,
while in the Peace River, no biological differences were found between the two,
and packages provided higher economic returns. Either packages or nuclei would be

viable in commercial beekeeping operations, depending on individual circumstances.
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CHAPTER 1

INTRODUCTION

The purpose of this research was to investigate the feasibility of producing
honey bee (Apis mellifera ligustica L.) packages and nuclei in the Lower Fraser
Valley area of southwestern British Columbia. Present management systems leave
Canadian beekeepers\dependent on package bee and queen importations from the
southern United States each spring. A iocal bee production industry would not only
be a new and lucrative source of income for local beekeepers but may also be
essential for the survival of Canadian beekeeping. The parasitic mites, Acarapis
woodi and Varroa jacobsoni, as well as the Africanized bee bee are threatening to

cause severe restrictions or a total ban on the importation of packages and queens

from the United States into Canada.

1.1 ‘'The Problem: Two Parasitic Mites and the Africanized Bee

1.1.1 Acarapis woodi

The mite, Acarapis woodi, poses the most immediate threat to package and
gueen importations from the United States..z\jThbiﬁs‘ mite is parasitic on adult honegl ‘
bees and completes its life cycle inside the‘.prothoracic‘ trachea, feeding on
“ haemolymph. The mite causes reduced longevity of host bees and this in turn
causes the death’ of severely infested colonies in the winte‘rﬁ_‘.ﬂl Howeyer, colonies'
with low levels of infestation do not show any obvious signs of the disease,
rﬁéking early detection difficult and facilitating the undetected spread of the‘ mites
(Bailey 1958, 1961, 1985). At present there is no effective means of control of A

woodi registered for use in North America (Dedong et a/. 1982b).



Acarapis woodi originated in Europe and was first identified in England in
1921. lIts distribution inciuded most of Europe, Africa, South America, parts of Asia,
and Mexico by 1981 (Nixon 1982). Since the initial identification of A wood/ in
Mexico in 1980, the mite has been found to occur throughout almost all Mexican
states (Wilson and Nunamaker 1982, 1985), resulting in a ban on all importations of
packages and queens from Mexico into Canada. The arrival of this mite in the U.S.
after 'its establishment in Mexican border states appeared inevitable, and in {984 A.
woodi was identified from bee colonies in Texas (Delfinado-Baker 1984). Since then,
A. woodi has been discovered in 17 states (Anonymous 1985a), making eradication
of this pest from the U.S. unlikely. Canada has taken steps to prevent the
importation of A. wood/ with package bees from the U.S. by imposing restrictions
on the entry of package bees into Canada (B.C. Apicuiture Newslietter 1985). During
the 1985 shipping season packages. and queens were allowed into Canada only if
they were accompanied by a certificate which stated the bees originated from an
apiary which had been sampled by government officials and found free of the
tracheal mite. This agreement between Canada and the U.S. expired on October 15,
1985. For the 1986 season, the Canadian Honey Council (C.H.C.) has recommended to
Agriculture Canada that bees should only be imported into provinces west of
Ontario and that these bees must be certified based on the following criteria:

1. Any State wishing to. export bees to Canada‘ must have carried out a survey,
sampling not less than 10% of the hives in that state.

a) An apiary will consist of 100 hives or less. Larger apiaries will be divided

into units of 100 or less hives for sampling purposes.

b) A minimum of 5 hives per apiary will be sampled with a total minimum of

100 bees being collected.

c) Fifty bees from the sample will be randomiy chosen for examination.

If the state survey reveals a tracheal mite infestation, bees will be accepted



Frein

from that state by Canada only if that state has in place an acceptable action
plan for containment and control of the tracheal mite.

3.  Any potential shipper from states satisfying these criteria will then have to
meet the following:
a) 100% of the shipper’s apiaries will be sampled;
b) an apiary will consist of 50 hives or less with bees being taken from no
less than 10 hives in each 50 hive apiary;
¢) a sample will consist of 500 bees;
d) from the sample of 500 bees, 100 bees will be examined for tracheal mites

(B.C. Apicuiture Newsletter 1985).

A. wood/ will likely increase its range in the U.S. for the following reasons: 1)
practice of migratory beekeeping; 2) sale of packages and queens; 3) swarms and
drifting bees from neighbouring infested colonies and; 4) lack of control measures
(Delfinado-Baker 1985). Therefore, further and more severe d'isruptions of package
and queen importations into Canada can be expected, emphasizing the need fo}
immediate movement towards self-sufficiency among Canadian beekeepers. A
nation-wide survey fqr the presence of A. wood/ in Canada in [984-1985 found
Canada to be free of this pest. However, should the mite become established in
Canada it would cause decreased honey vyields, increased winter losses, and have a
negative impact on thebeekeepmg " industry {(Clark 1985). The Séékatchewén
Beekeepers Association has recently begun a research project at an isolated apiary
site in La Ronge, Saskatchewan to determine the effect of the mite, A woodi, on
the honey bee colony’s ability to produce honey and survive the winter conditions
experienced in the northern prairies. This research will help to determine how
serious a pest A woodi would be if it became established in Canada (B.C.

Apiculture Newsletter 1985).



1.1.2 Varroa jacobsoni

The second mite of concern to North American beekeepers is the external
_ parasite Varroa jacobsoni. Adult female mites live on adult worker and drone honey

bees, and feed on their haemolymph. The adult bee, however, is usually only an

Tﬁ_fgfﬁﬂe'dia:(-e host and means of trans‘port for the mite. The most serious

-~

parasitization occurs on larvae and pupae, with drones being preferred to workers.

The female mite enters the cell of a late larval honey bee instar before it is

capped. Eggs are laid inside the cell where the nymphal stages of the mite feed on

|

|

|

é the haemolymph of the larval and pupal bees. Mated female mites leave the cell
I

i

;’ with the emerging bee, remaining with the bee until they find a new brood cell to
!

H

{ enter. During the winter, when brood is unavailable to parasitize, the mites remain
} on the aduilt bees and feed on their haemolymph. This mite causes emerging bees
to have reduced weight, misshapen legs and wings, and shortened abdomens, with
the severity of these abnormalities increasing as the mite population increases

within the colony. This eventually results in a high proportion of non-viable bees\,

causing severe weakening and finally colony death. Symptoms within a bee colony

with a low level of infestation are very difficult to detect, thus allowing for

S

widespread establishment of the pest before its detection. There is no satisfactory
method of control for V. jacobsoni, and evidence from Europe and the Soviet Union
suggests that the mite does well in colder temperate climates such as would be

found in Canada (Akratanakul and Burgett 1975; Ritter 1981; DeJong et a/. 1982a).

Varroa jacobsoni was originally a parasite of Apis cerana, the Asian bee. |t was
not until the early 1960°s that it was first described as a parasite of Apis
mellifera. The spread of V. jacobsoni throughout most of the world has been quite
rapid, aided by migratory beekeeping, the shipment of bees and queens, swarm

movement, as well as the difficulty in detecting initial low-level infestations of the



mite (Dedong et al. 1982b). By 1981 the world distribution of V. jacobsoni included
Asia, eastern Europe, Africa, and South America (Griffith and Bowman 1981; Nixon
1982). Varroa jacobsoni has now spread throughout most of South America
originating from bees imported from Japan to Paraguay in 1971 (Griffith and
Bowman 1981). Its dispersal has been rapid due to the long-distance swarm
movement of Africanized bees which can carry the mites with them. The mite will
probably be carried into Central and North America on the Africanized bee as the
Africanized bee spreads northward from South America. However, the most
immediate danger of introduction of V. jacobsoni into North America is by
transportation of the mite in feral swarms of Africanized bees on ships travelling
to North American ports from South America. A recent incident emphasizes this
danger. In 1984, a starved swarm of Africanized bees infested with V. jacobsoni
was found in Chicago on a freighter from Brazil. The ship had come through the St.
Lawrence seaway, passing by beekeeping areas in Ontario, Quebec, and the U.S. An
extensive survey of bees along the route of the ship found no ir.1dication of V.
Jjacobsoni (Clark 1985). However, should V. jacobsoni be discovered in the U.S.,
severe restrictions and possibly a total ban on the importation of bees from the
U.S. into Canada would be imposed‘, teaving Canadian beekeepers reliant on alternate

sources of bees.
1.1.3 Africanized honey bee

The third approaching problem involves the Africanized honey bee. in 1956,
approximately 26 swarms of African honey bees (Apis mellifera scutellata L.)
escaped from experimental colonies near Rio Clara, Brazil and hybridized with the
local European bees to produce "Africanized" bees. Since then the Africanized bee
has spread throughout South America and parts of Central America, and there

appear to be no physical, climatological or known biological barriers to impede its .



northward movement into parts of North America. At-p'resent the Africanized bee
has migrated as far north as Honduras and El Salvador and is expected to reach the
state of Chiapas in Mexico by late 1985 or early 1986 (Taylor 1985). At present
rates of spread of 300-500 km per year, the Africanized bee will reach Texas by
{990 and is anticipated to colonize most of the southern states (Taylor and Spivak
1984). However, not only is thevnatural northward spread of Africanized bees a
threat, but Africanized bees could be carried on ships travelling from South America
to the United States. There have been six interceptions of Africanized bees ‘on
ships’ cargo at U.S. ports since 1979, according to the U.S. Department of
Agriculture’s Animal and Plant Health Inspection Service (A.P.H.L.S.) (Anonymous
1985b). It has been speculated that the recent discovery of a feral colony of
Africanized bees in the Lost Hills area of California on June 14, 1985 originated on
an oil tanker from Venezuela (Cobey and Lawrence [(985a, 1985b). An extensive
survey of a 462-square mile quarantine area by the California State Department of
Agriculture has to date detected a total of seven Africanized colonies (Anonymous.
1985c). This isolated incident does not pose any real threat to beekeepers in the
U.S. since no mites appear to have been carried into the U.S. with the Africanized
bees and all evidence indicates that extensive hybridization has already occurred
between the imported Africanized bees and the domestic European bees in the area.
This genetic dilution will eventually lead to the élimination of Africanized traits

(Cobey and Lawrence 1985a, 1985b).

Such isolated introductions of Africanized bees involve only temporary
disruptions of local beekeeping. It is the northward spread of the Africanized bee
which poses the most serious threat. It is predicted that the establishment of
Africanized bees in the U.S. will have an economic impact of from $26 million to

$58 million in annual losses (U.S. dollars). These losses would be due to decreases



in package and queen sales and pollination services, a decline in honey and
peeswax production, a disruption of migratory beekeeping, and an increase in
operating expenses (McDowell 1984). This study did not include the effects on
public health, pollination (except almonds), beekeeping supply and equipment firms,
beekeeping in other countries that depend on the southern U.S. for queens and
packages, labor problems working with the Africanized honey bee, or bee disease
problems associated with large feral populations. Therefore, annual losses could be

even greater than estimated.

The Africanized bee will not naturaily migrate as far north as Canada and will
not become established in Canada due to climatic restrictions (Taylor and Spivak
1984). However, it couild be brought into Canada with package and queen
importations and cause disruptions in beekeeping with attendant economic losses.
The establishment of Africanized bees in the southern U.S., which is the major
package and queen production -area, would cause severe hardship to Canadian
beekeepers because their major source of spring bees would be ilost. However, if
Canadian beekeepers work towards self-sufficiency in the next few vyears, the
establishment of Africanized bees in the US. would not have the same

consequences.

1.2 A Solution: Self-Sufficiency

Two management systems are employed by Canadian beekeepers. The first
management system involves destroying colonies each year after honey removal
and establishing hives the following spring with imported packages for honey
production the same season. The alternate management system involves wintering

colonies and importing packages and queens in the spring to. make up for winter



josses. Both systems leave Canadian beekeepers heavily dependent on foreign
sources to supply spring packages and queens. In 1984, 323,000 packages worth
$7.4 million were imported into Canada (Statistics Canada 1984a). Ninety-nine
percent of all imports come from the U.S., with New Zealand supplying the

remainder (Clark 1985).

Canadian agriculture can not afford to jeopardize an industry whose honey and
wax crop is valued at $50-60 million and which pollinates $1.2 billion worth of
crops annually (Winston and Scott 1984). This industry is in jeopardy due to to its
dependence on the United States for packages and queens, since importations from
the U.S. could be severely restricted or banned within the next few years. A move
towards a self-sufficient Canadian industry is essential and requires the following
adaptations: k
1. an increase in the number of hives wintered;

2. production of queens for use with spring-produced packages and nuclei as
well as for summer requeening; and

3. production of spring packages and nuclei.

1.2.7 Wintering

There are two methods of wintering, indoors and outdoors. QOutdoor wintering
usually involves wrapping colonies in groups of four with some type of insulating
material, such as roofing paper or black polyethylene and fiberglass. Each colony is
given an upper entrance and colonies are kept in sunny locations protected from
wind and dampness (Winston 1983b). Colonies wintered indoors are placed inside a
well-insulated building in which environmental conditions are controlied. McCutcheon
(1984b) recommended a dark chamber with a temperature of 2°-8°C, relative

humidity of 50-75%, and a recirculated air flow of 0.10 liters per second per kg of



pees. There are numerous variations in the techniques employed for both indoor
and outdoor wintering depending on. the specific environmental conditions of an

area.

Over the past ten years there has been a dramatic increase in the number of
~ colonies wintered in Canada; 31% in 1973 V(Winston 1983b) compared to 65% in 1983
(C.AP.A. 1984). New Brunswick, Ontario and Quebec led all provinces in percentage
of colonies wintered at 80%, 95% and 98% respectively for 1983, while the remaining
provinces wintered from 33% to 66% of all colonies in 1983 (C.A.P.A. 1984). In
British Columbia 66% of all colonies were wintered in 1982 and 1983 and 80% in

1984, indicating a trend towards increased wintering (C.A.P.A. [984).

The increase in the number of colonies wintered can be attributed to two
factors: changed economic conditions and new technology which has improved both
indoor and outdoor wintering success rates. Shipping costs for packages have
almost doubled over the past ten years (Winston 1983b), resulting in the per-colony
return for management systems using wintering techniques exceeding those for
package-based operations. A study done in 1982 which compared the costs and
returns of wintering bees versus the purchase of package bees for a 2,000 hive
beekeeping operation in the Peace River region of Alberta found the wintering
operation provided a return over cash of $29.62 pér hive versus $16.48 per hive for
packages (MacDonald and Monner 1982). Beekeepers in the Peace River area of both
B.C. and Alberta have traditionally been oriented towards package management but
are beginning to experiment with wintering colonies, both indoors in the Peace River
and outdoors in southern B.C. The second option involves transporting hives in the
fall from the Peace River area to areas in southern B.C. where the climate is
conducive to outdoor wintering and spring build-up (such as Vancouver lIsland, and

the Fraser, Okanagan and Kootenay Valleys). These hives are transported back to



the Peace River area in the spring (April-May) for honey production. This technique
could also be combined with package production. Beekeepers in southern B.C. could
remove and sell any excess bees from these colonies in return for maintaining the
hives through the winter. Both parties would benefit from this arrangement.
Transporting hives from northern beekeeping areas to southern B.C. for wintering is
a relatively new idea but will undoubtedly gain acceptance and popularity in the

coming yvears (S. Mitchell, personal communication).

New technology is the second factor which has led to an increase in the
number of hives wintered. Rather than become more complicated, the systems have
become simpler and success rates have improved. Experimentation with new
technology and techniques by both researchers and beekeepers has resuited in
profitable and suitable methods of wintering hives both indoors and outdoors.
Better insulating materials have improved outdoor winter success, and equipment for
env.ironmental control of indoor wintering facilities has improved indoor wintering
success (Winston 1983b). However, losses of 10% can be expected with both indoof
and outdoor wintering (MacDonald and Monner 1982; McCutcheon 1984b). At present
winter losses are recovered by importing packages from the US but recent
research has investigated the possibility of making up losses from within the bee
operation itself, utilizing queens reared in Canada (Gruszka 1983; Taylor and Clifford

1983; MacDonald 1984).

Wintering has become a viable alternative to package bees and has been
gaining acceptance among Canadian beekeepers over the past ten years. However,
although the number of colonies wintered has been increasing, this has not led to a
decrease in the number of packages imported, which has remained constant over
the past ten years (Fig. 1) (Statistics Canada 1984b). The increase in wintering has

instead resulted in an increase in the total number of colonies (Winston 1983b). In

10



Figure 1: The total number of colonies and imported packages in Canada from
1958 to 1985b. Data are from Statistics Canada and the Research Reports of the
Canadian Association of Professional Apiculturists. (Revised from Winston 1983b).
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order to attain self-sufficiency, wintering must continue to increase and cause a

corresponding decrease in the number imported packages required each spring.

7.2.2 Queen production

To become self-sufficient, Canadian beekeepers must be able to supply
queens: 1) for spring-produced packages and nuclei, 2) to replace queens lost from
wintered colonies 3) for summer requeening of wintered hives. Queens for
spring-produced packages and nuclei must either be produced in the spring or
produced in the summer and wintered for use the following spring. Producing
qgueens in the spring is very difficult due to the unsuitabilfty of Canada’s climate
for gueen rearing. Research by the B.C. Ministry of Agriculture and Food at Vernon
has succeeded in producing both artificially inseminated and open-mated queens by
mid-April (J. Gates, personal communication). However, these methods would be
difficult to employ on a large scale. Therefore, producing queens in the summer,
when the ciimate is conducive 'to such activities, and wintering these queens for.
use the following spring is desirable. There have been a number of different
techniques tried for wintering large numbers of queens, including using nuclei
consisting of from one to ten frames wintered indoors or outdoors and group
winterihg (Harp wintering system). Queens wintered outdoors in one or two-frame
nuclei had a low rate of survival and the small nﬁclei were difficult to establish
and manage (McCutcheon 1984a; Mitchell et a/. 1985). Two-frame nuclei wintered
indoors (Mitchell ét al. 1985), three-frame nuclei wintered outdoors in groups of
three per super on top of a two-super colony (McCutcheon 1984a), and four, five
and ten-frame nuclei wintered outdoors on top of two-super colonies (MacDonald
1984) have given acceptable results., However, these methods are only practical for
wintering a few hundred queens and are not feasible for wintering the thousands

needed to become self-sufficient. The alternate method, wintering queens in groups
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(Harp method), could be employed economically on a large scale providing winter
mortality was "low (<5%), as reported by Harp (1969). This method involves
wintering queens in small compartments (3.75 x 3.75 cm and 2.25 cm deep) on
pieces of comb. Queen exciuders are placed over each compartment allowing hive
bees to enter while preventing queens from escaping. All subsequent attempts to
employ this method have resulted in unacceptably high mortality rates, 77-98%
(Szabo 19877) and 28-79% (Mitchell et a/. 1985). In addition, Mitchell et al. (I9‘85)
found poor acceptance and a high rate of supercedure for "Harp" queens monitored

throughout the summer.

Queens reared under favorable climatic conditions during the summer could
also be used to requeen wintered colonies and replace winter losses. Colonies
which are wintered should be requeened every two years. This could be done after
the summer honey flow, with queens reared in Canada during the summer.
Requeening in the summer would involve a change in management practices, the
common practice being to ‘requeen wintered colonies in the spring with queeng
imported from the U.S. The use of queens reared in Canada to replace winter
losses would also require modifications of traditional management techniques.
Traditionally, winter losses are recovered by importing packages in the spring.
instead, nuclei could be established in June and July from stronger colonies and
requeened with Canadian-produced queens. The nuclei would build up to wintering
strength by September. These "extra" colonies would replace any colonies lost
during the subsequent winter (Taylor and Clifford 1983; WMacDonald 1984),
Replacement colonies produced by this method would compete favorably on a cost

basis with the alternative of buying package bees from the U.S.: $23 versus $26

profit respectively (Taylor and Clifford 1983).

13



A combination of spring and summer queen rearing, queen storage during
winter, and summer requeening could significantly reduce Canadian dependence on
imported queens from the U.S. Also, New Zealand could supply Canada with a
[imited number of queens. In 1968, importations of queens from New Zealand into
Canada began on a restricted permit basis, with the cooperation of the New Zealand
Department of Agriculture and the Canadian Department of AgricUIture (Pankiw
1974). Increasing numbers of queens are imported from New Zealand yearly; 10,000

gueens were imported in 1985 (Kemp 1985).

in conjunction with research on raising and utilizing queens produced in
Canada, breeding projects aimed at producing queens which are suited to Canadian
conditions have been implemented. The major efforts for gueen selection have
taken place at the Agriculture Canada research Station in Beaverlodge, Alberta and
at the B.C. Minist;y of Agriculture and Food fécilities in Vernon and Powell River,
B.C. Stock from both of these projects is now available to beekeepers. In B.C.,
3,600 queens were produced and 600 were sold to beekeepers in 1983 (McCutcheon\
1984a) and in 1984 5,300 queens were produced of which 1,700 were sold (C.A.P.A.
1984). in Alberta, 4,000 queens were produced and distributed to beekeepers in 1934
(C.A.P.A. 1984). The "Alberta Bee" stock is now being maintained at the Agriculture
Canada Research Station in Beaveriodge, Alberta and p\roduced for commercial use
at Fairview College in Alberta. These projects have been instrumental in initiating
fledgling gueen rearing industries in both provinces, and all indications suggest that
queen rearing willi continue to grow. Other provinces across 'Canada are also
experimenting with producing queens and altering traditional management techniques
to accomodate these qgueens. These projects illustrate the interest in queen rearing

in Canada and will result in increased self-sufficiency for the beekeeping industry,
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1.2.3 Package and MNucleus Production

Canadian beekeepers import approximately 350,000 packages annually. In 1984,
323,000 packages valued at $7.4 million were imported (Statistics Canada 1984a).
Each package consisted of 0.9 kg, 1.35 kg, or 1.8 kg of worker bees and a queen.
The 0.9 kg size comprised approximately 69% of the imports with larger package
sizes and queens comprising smaller portions of the import market (Clark 1985).
- These packages and queens are imported from the beginning of April through
mid-May, with over 75% of all imborts entering Canada through B.C. The provinces
west of Ontario rely more heavily on package importations than do the provinces

east of and inciuding Ontario, reflecting a difference in management systems.

Nuclei could provide an alternative to packages for establishing colonies in the
spring. A nucleus consists of from three to five frames of brood, honey and pollen
as well as the attached bees and a queen. Regulations for the prevention of
disease .transmission prohibit the moverﬁent of beekeeping equipment between .
Canada and the U.S. Therefore, nuclei cannot be imported into Canada but are a
management alternative worth investigating as long as production and distribution is

within Canada.

To supply the needs of Canadian beekeepers, packages and/or nuclei must be
produced in April and early May. However, the climate in most of Canada is not as
conducive to early package and nucleus production as it is in the southern United
States where rapid development of colonies during February, March and April is
facilitated by favorable climatic conditions and the availability of forage (polien and
nectar). British Columbia, specifically Vancouver Island and the Lower Fraser,
Okanagan and Kootenay Valleys, is the only region in Canada with climatic

conditions suitabie for spring package and nucleus production. Colonies can be
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easily wintered and bee forage is available during spring in these regions of
southern B.C. Not only are the climatic conditions in southern B.C. suitable for
spring bee production, but the package-based management systems of western
Canadian honey producers provides a close potential market for packages and nuclei
produced in B.C. In 1984, 90% of packages imported went to the four western
provinces. Clearly, over $6 million of the Canadian package bee market lies close
to B.C. (Statistics Canada 1984b). Furthermore, preliminary research done in the late
1960°’s found that it is possible to produce packages from colonies wintered in the

Lower Fraser Valley of B.C. (Pankiw and Corner 1970).

In 1982, a three year research project was begun at Simon Fraser University
to investigate the feasibility of and management techniques for developing a
package and nucleus producfion industry in B.C., of which this thesis forms a part.
In conjunction with this research, the B.C. Ministry of Agriculture and Food
conducted a pilot project in package bee production in B.C. to determine: how and
where to secure supplies for package production; how to produce, shake, package;
and market packages of bees; and the cost of production of package bees. This
informatiqn has been compiled by the B.C. Ministry of Agriculture and Food in;
"Guidelines for Package Bee Production in B.C." (Anonymous 1985d). This research
has already had an impact on the beekeeping industry in B.C. In 1982, virtually no
packages or nucliei were produced for sale in B.C.; in 1983 approximately 120
packages and 600 nuclei were produced and sold in B.C.; and in 1984, 983 packages
and 1,183 nuclei were produced and sold in B.C. (McCutcheon 1984a). Bee
production in B.C. by all indications will continue to increase, and could eventually
supply a significant number of packages and nuclei to Canadian beekeepers. A
concentrated effort by all Canadian beekeepers to adopt wintering management

practices in conjunction with the production of packages, nuclei and queens in
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,Canada could produce a largely seif-sufficient Canadian beekeeping industry.

1.3 Objectives

The objectives of this research were to:

1. investigate methods of establishing colbnies in the fall for bee production the
following spring;

-2, investigate the biological and economic impact of package and/or nucleus
production on colonies; and

3. evaluate the biological and economic performance of packages and nuclei in

the Lower Fraser Valley and Peace River regions of B.C.
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CHAPTER 2
A COMPARISON OF FALL COLONY MANAGEMENT METHODS FOR PACKAGE PRODUCTION

THE FOLLOWING SPRING

2.1 Introduction

Package producers in the southern U.S. have traditionally operated all colonies
in two, 10-frame standard 9.5 inch deep Langstroth supers wintered outdoors
(Roberts and Stanger 1969). Preliminary research in British Columbia used colonies
in two and three standard supers wintered outdoors for package production (Pankiw
and Corner 1970). Alternate colony sizes and wintering techniques have not been
investigated for package production under B.C. conditions. Climatic conditions in the
Lower Fraser Valley are very different from the package producing areas of the
southern United States. Therefore, alternate colony sizes and wintering technigues
may be better-suited to package production in B.C. ‘Iﬁdoor wintering may result in .
biologically superior colonies for package production in April, and two or three

small colonies may provide greater economic returns than one large colony.

in this preliminary experiment, three different colony sizes (4, 10 and 20
frames) were wintered, indoors and outdoors, to determine the best method of

establishing colonies in the fall for package production the following spring.

2.2 Materials and Methods

This study was conducted from September 1982 to August 983 in the Lower

Fraser Valley area of southwestern British Columbia, using four apiary sites in
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Langleyi (Fig. 2 Sjtes A, B, C, D) and an indoor wintering facility‘ in Clearbrook (Fig.
2 Site E). In September, a total of 30 colonies were divided into five management
treatments (six colonies per treatment), with one-~half of the colonies of each
treatment at each of two apiary sites (Fig. 2 Sites A and B). All colonies were
headed by Italian (4pis mellifera /igustiéa L.) queens from BC Ministry of
Agriculture and Food stock. During September and early October all colonies were
- fed sugar syrup with oxytetracycline hydrochloride and fumagillin antibiotics to
provide sufficient winter stores as well as to prevent disease. The five
management treatments were:
1. 20 frame x outdoors (two packages removed)
Colonies were wintered outdoors in two supers (20 frames) of standard
Langstroth equipment at apiary sites A and B (Fig. 2). The dimensions of each
standard Langstroth super were 487 mm x 420 mm x 241 mm deep. From 18
February to 31 March, 1350 g of brewers yeast-based pollen supplement and
4.5 liters of sugar syrup with antibiotics (oxytetracycline hydrochioride and
fumagillin) were fed to stimulate brood rearing. One 0.9 kg package was
removed on each of two dates, 14 April and 28 April.
2. 10 frame x outdoors (one package removed)
Colonies were wintered in one super (10 frames) of standard Langstroth
equipment. On 3 November the colonies were transported to apiary site C
(Fig. 2) and placed on top of two-super colonies (not otherwise associated
with this experiment). The colonies remained at this location until 12 March
when they were moved back to apiary site B (Fig. 2) where they remained for
the duration of the experiment. Between 18 February and 31 March, 1360 g of
brewers yeast-based pollen supplement and 4.5 liters of sugar syrup with

antibiotics (oxytetracycline hydrochloride and fumagillin) were fed to stimulate

18



Figure 2: Apiary site locations, Lower Fraser Valley, British Columbia. Sites A, B,
C. D, F and G are in Langley, site E is in Clearbrook.
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brood rearing. One 0.9 kg package was removed on 14 April. An additional
250 g of brewers yeast-based pollen supplement and 4.5 liters of sugar syrup
- were fed on 17 May to prevent starvation during a dearth in floral nectar.

10 frame x indoors (one package removed)

Colonies were wintered in one super (10 frames) of standard Langstroth
equipment. On 3 November, the colonies were transported to an indoor
wintering facility at apiary site E (Fig. 2). The wintering chamber was
compiletely dark with a temperature of 4°-6°C, 70% R.H. and a recirculation
airflow of at least 2 liters per second per kg of bees. The colonies were
moved from the indoor wintering facility to apiary site A (Fig. 2) on 12
March. Sugar syrup and pollen supplement feedings and package removal were
the same as described for treatment two.

4 frame x outdoors (one package removed)

Standard L.aangstroth supers were divided down the middie and a four-frame
colony established in each half with entrances on opposite ends of the super
(front and back). On 3 November, the colonies were transported to apiary site
C (Fig. 2) and placed on top of two-super colonies (not otherwise associated
with this experiment). The colonies remained at this site until 17 March at
which time they were moved to apiary site D (Fig. 2) and each four~-frame
colony was established in a single super of standard Langstroth equipment
(drawn comb). Between 18 February and 31 March, 600 g of brewers
yeast-based pollen supplement and 2.2 liters of sugar syrup with antibiotics
(oxytetracycline hydrochioride and fumagillin) were fed to stimulate brood
rearing. One 0.9 kg package was removed on 14 April.

4 frame x indoors (one package removed)

Standard Langstroth supers were divided down the middle and a four-frame

colony established in each half with entrances on opposite ends of the super
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(front and back). On 3 November, the colonies were transported to the indoor
wintering facility at apiary site E (Fig. 2). Conditions in the wintering chamber
were as described for treatment three. On 17 March the colonies were moved
from the indoor wintering facility to apiary site D (Fig. 2), and each
four-frame colony was established in a single super of standard Langstroth
equipment (drawn comb). Sugar syrup and pollen supplement feedings and
package removal were the same as described for treatment four.

During the wintering period the following conditions applied to all treatments:

insulating material was not used, the bottom entrance was reduced, and the inner

cover was raised slightly to allow for ventilation.

To shake packages, frames containing workers were shaken into a funnel
which rested on a screened package cage, which in turn rested on a scale used to
determine when the proper weight of workers had been removed from each coiony.
A queen was added when 0.9 kg of workers were in the package. All colonies
were managed for honey production after package removal, using standard
techniques. A second brood super (standard Langstroth equipment) was added to
colonies in treatments two and three on 31 May, and one or two honey supers
(standard Langstroth equipment) were added to all colonies as required for honey
storage. All colonies were fed oxytetracycline hydrochioride mixed in icing sugar

from 31 March to 19 July for brood disease prevention.

Four‘colony characteristics were measured approximately every 14 days from
early April to August: sealed brood, honey and pollen areas, and colony weight.
Colony characteristics were also measured in October to ensure that no significant
differences existed between colonies in treatments two and three or four and five
before wintering. Five dates were chosen to describe the colony characteristics:

prior to package removal (8 April); after package removal (11 May); mid-season (10
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June and 6 July); and at the end of the seaéon (3 August). Sealed brood, honey
and pollen areas were measured using a plexiglass grid to estimaté the area on
each frame. AIll colonies were weighed with a tripod scale. Colony weight was
determined by subtracting the weight of empty equipment from the tripod scale
reading. Extracted honey was determined by weighing frames before and after
extraction. All colonies were left with the equ’ivalent of six full frames of honey

after honey removal in August.

For economic analyses honey was valued at $1.39 per kg for bulk sales
(McCutcheon 1983). Package profit was taken as $6.47 from B.C. Ministry of
Agriculture and Food preliminary economic analysis of package production

(Anonymous 1983). Both figures represent average B.C. prices in 1983,

Student’s t-test was used to test for significant differences between

experimental treatments (P <0.05).

2.3 Results

None of the biological characteristics differed significantly between treatments
four (four-frame nuclei wintered outdoors) and five (four—frame nuclei wintered
indoors) in October or early April (P>0.05 in all céses). Colonies in treatments four
and five did not have large enough worker populations to have one 0.9 kg package

removed on 14 April and were not monitored further.

None of the b'iological characteristics differed significantly between treatments
two (one-super colonies wintered outdoors) and three (one-super colonies wintered
indoors) in October or early April (P>0.05 in all cases). One colony in treatment

two became queenless during the winter and one colony was not strong enough to
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have one 0.9 kg package removed on 14 April, and these two colonies were
eliminated from the experiment. None of the biological characteristics or extracted
honey differed significantly between treatments two and three on any of the
measurement dates from April through August (P>0.05 in all cases). Therefore,
treatments two and three were grouped together (treatment two plus three) for

comparison with treatment one.

All biological characteristics .differed significantly on all measurement dates
between treatments one (two-super colonies, two packages removed) and two plus
three (one-super colonies, one package removed) (P <0.05), except for sealed brood
which did not differ significantly on 11 May (P=0.37), 10 June (P=0.29) or & July
(P=0.24) (Fig. 3). Extracted honey also differed significantly between the one and
two~super treatments; 2.2 kg versus 13.8 kg respectively (P=0.0025) (Fig. 3)
Economically, the two-super treatment vyielded higher profits than the one-~super

treatments (Table 1).

2.4 Discussion

The results indicate that indoor wintering is not justified in the Lower Fraser
Valley area and that four-frame nuclei are not suitable for package production.
Packages could be produced from both one and two-super colonies, but two-~super
colonies (two packages removed) were superior to one-super colonies (one package

removed) as measured by both biological and economic criteria.

Four~frame nuclei (treatments four and five) were unsuitable for package
production. Although the nuclei were fed pollen supplement and sugar syrup early
in the spring to stimulate brood rearing and colony growth, the nuclei were not

able to withstand the removal of 0.9 kg of worker bees by 14 April. This indicates
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Figure 3: Biological (sealed brood, honey and pollen areas, and colony weight)
and economic (extracted honey) characteristics on five measurement dates for
one-super (one package removed) and two-super colonies (two packages
removed). Standard errors are represented by bars above each histogram.
(*=P <0.05, **=P<0.01, ***=P<0.005)
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Table I: Incomes from package bee production systems.

Treatment

Package
Income ($)

Honey
Income (%)

Total
Income ($)

one super
(one package
removed)

two super
(two packages
removed)

6.37

12.74

3.06

19.18

9.43

31.92

I
£



a lower limit to the colony size which can be used for package production.
However, nuciei produced the previous summer and wintered could provide an
alternative to packages for establishing colonies in the spring. Nuclei could be
established during August from the surplus of bees and brood available in most
colonies at this time of year and headed by queens reared during the summer by
Canadian beekeepe‘rs. These "extra" nuclei could be used in the spring in place of
packages for establishing colonies, decreasing the dependence on spring produced
packages and nuclei. However, research is needed to compare the biological
performance and economic returns of wintered nuclei to spring produced packages

and nuclei before this system can gain acceptance on a commercial basis.

Treatments two (one-super colonies wintered outdoors) and three (one-super
colonies wintered indoors) did not differ significantly in any of the biological
characteristics on any of the measurement dates or in extracted honey, indicating
equivalent biological performance of one-super colonies (one package removed)
wintered indoors and outdoors. The findings for treatments four (four-frame nuclef
wintered outdoors) and five (four-frame nuclei wintered indoors) are consistent with
those for treatments two and three: none of the biological characteristics differed
significantly on 8 April. Thus, the results from both four and ten-frame colonies
indicate there is no difference in the biological performance of colonies wintered
indoors and outdoors. However, the economic returns from both systems aré
different. Indoor wintering is more expensive due to the cost involved in building
and maintaining an indoor wintering facility. In regions of Canada which experience
severe winter conditions the expense of indoor wintering may be justified, but it is

not recommended in the Lower Fraser Valley area.

Two-super colonies (treatment one) were superior to one=-super colonies

(treatment two pilus three) for package production both biologically and
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economically. Nearly all biological characteristics on all measurement dates were
significantly lower for one-super colonies (treatment two plus three) than for
two-super colonies (treatment one) (P<0.05) (Fig. 3). The only exception was sealed
brood, which did not differ significantly between the two treatments on three dates
in May, June, or July. The reason for the lack of difference in sealed brood likely
was due to different energy allocation in colionies of the two sizes. The smaliler,
one-super colonies alloted proportionately more energy and resources to brood
rearing than did the two-super colonies, resulting in equivalent sealed brood areas
between the two treatments. However, as a result of this intensive brood rearing
the one-super colonies had proportionately fewer resources available for honey and
polien collection, as was reflected in significantly lower honey and pollen areas,
colony weight, and extracted honey. This concept is supported by Farrar (1968) who
demonstrated that smaller colonies have a higher relative brood production than
larger colonies but lower relative honey vyields. A full strength colony with 60,000
bees will normally produce 50 percent more honey than' the total produced from.
four small colonies each with 15000 bees. In this experiment, the smaller,
one-super colonies (treatment two plus three) each produced only 2.2 kg of
extracted honey whereas the larger two-super colonies (treatment one) each

produced 13,8 kg of extracted honey,

Two-super colonies (treatment one) also provided higher incomes than
one-super colonies (treatment two plus three). Two-super colonies provided an
income of $31.92 (Table 1) compared to $9.43 for one-super colonies (Table ). The
higher income from the two—'super colonies was due to the targer honey crop and

the second package produced.

In late summer, a two-super colony could either be wintered as is or divided

into two single-super colonies for the price of a gueen ($8.00). The income from
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two single-super colonies would be ($9.43 x 2) - $8.00 = $10.86, still far less
than the income of $31.92 obtained. from a two-super colony. Therefore, it is

recommended that two~super colonies not be divided into two single-super

colonies in late summer.

In conclusion, two-super colonies (tWo packages ‘removed)' wintered outdoors
were superior both biologically and economically to either one-super {(one package
removed) or four-frame nuclei, wintered indoors or outdoors, for package
production. Based on these findings, all subsequent research used two-super
colonies wintered outdoors for package and/or nucleus production. This is

consistent with the colony size used by package producers in the southern U.S.
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CHAPTER 3

THE BIOLOGICAL AND ECONOMIC IMPACT OF PACKAGE AND/OR NUCLEUS PRODUCTION

3.1 introduction

Canadian beekeepers rely heavily on the importation of packages from the
United States each spring to establish colonies. In order to become self-sufficient,
packages or an alternative, nuclei, must be produced in Canada. To produce
packages, a portion of the worker popuiation is removed from the colony, whereas
nucieus production involves removal of combs containing brood, honey and polien
in addition to a portion of the worker population. The comparative biological and
economic impact of package versus nuclei removal has not been investigated.
Nucieus removal may Ilower the biological performance of a colony, yet be

economically feasible due to the higher sale price.

For this research, various combinations of packages and nuclei were removed
from two~super colonies in April and the colonies were monitored through the
season to determine the biological and economic impact of package and/or nucieus

production,

3.2 Materials and Methods

This study was conducted from September 1983 to August 1984 in the Lower
Fraser Valley area of southwestern British Columbia, using three apiary sites located
in Langley (Figure 2 Sites A, B, F). A total of 56 colonies, each in two supers of
standard Langstroth equipment, were divided evenly among the three apiary sites

and requeened in September with italian (4pis mellifera ligustica L.) queens reared
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from B.C. Ministry of Agriculture and Food stock. The dimensions of all standard
Langstroth supers used were 437 mm x 420 mm x 241 mm deep. During September
and "early October all colonies were fed sugar syrup with oxytetracycline
hydrochloride and fumagillin antibiotics to provide sufficient winter stores as well
as for disease prevention. Frames of brood, honey and polien were transferred
between colonies so that by mid-October all colonies were of approximately equal
size. Between 13 February and 16 April all colonies were fed a total of 1550 g of
brewers yeast-based pollen supplement to stimulate brood rearing as well as 13.5
liters of sugar syrup containing oxytetracycline hydrochloride and fumagiliin
antibiotics. Frames of brood, honey and pollen were again transferred between
colonies in early April (before package and nucleus removal) to equalize colonies.
Between 21 May and 8 June, when floral nectar was not available, 8.0 liters of
sugar syrup was fed to all colonies to prevent starvation. Oxytetracycline
hydrochloride mixed in icing sugar was fed from 5 April to 30 June for brood
disease prevention. All colonies were managed for honey production throughout the .
season using standard technigues. One or two standard Langstroth supers were

added to colonies as required for honey storage.

The 56 colonies were randomly divided among seven treatments with eight
colonies per treatment being divided as evenly as possible among the three sites.

The seven treatments were;

1. Control; no packages or nucilei removed.

2, 2~Packages; two packages removed on 16 April.

3. 3-Packages; two packages removed on 16 April and one package removed on
1 May.

4, 2-Nuclei; two nuclei removed on 16 April.

B, 3-Nuclei; two nuclei removed on 16 April and one nucleus removed on 1 May.

31



6. 1-Package/1-Nucleus; one package and one nucieus removed on 16 April.
7. 2-Packages/1-Nucleus; one package and one nucleus removed on 16 April, and

one package removed on 1 May.

Packages were shaken as described in Chapter Two, all packages containing 0.9
kg of workers. The nuclei were established by placing three frames of brood
(mainly sealed brood), one frame of honey and pollen, and the equivalent of four
full frames of workers into a cardboard nucleus box to which a queen was added.
Twenty of the packages and twenty of the nuclei were used in experiments

described in Chapter Four of this thesis; the remainder were not used further,

Colony characteristics were monitored at approximately 21-day intervals from
April until the honey was harvested in August. Five dates were chosen to describe
the colony characteristics: before packages and/or nuc‘lei were removed (8 April);
after the first set of packages and/or nuclei were removed (25 April); after the
second set of packages and/or nuclei were removed (18 May); mid-season (1 July);
and at the end of the season (11 August). The colony characteristics monitored
were sealed brood, honey, and polien areas, colony weight, and frames of bees.
Sealed brood, honey and pollen areas were measured using a piexiglass grid to
estimate -the area on each frame. All colonies were weighed with a tripod scale.
Colony weight was determined by subtracting the Weight of empty equipment from
the tripod scale reading. The number of frames of adult workers was estimated by
looking through the supers from above and below to determine how many frames
were covered by workers. Extracted honey was determined by Weighing supers
before and after frames of honey were extracted. All colonies were left with the

equivalent of six full frames of honey after honey removal in August.
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Cost breakdowns used in determining income per colony were as follows:
1. Honey Income:
Mean honey vyield x price/kg = honey income
Honey was valued at $1.12 per kg for bulk sales, the average B.C. price in
1984. Production costs have not been included in the calculation of honey
income.
2. Package Income:
$29.70/package -~ (production costs of $22.45) = $7.25
3. Nucleus Income:
$35.00/4~frame nucleus - (production costs of $20.10) = $14.90
It was assumed that the purchaser of the nucleus would provide the nucleus
box as well as four replacement frames to the producer.
All figures used for economic analyses were obtained from the British Columbia
Ministry of Agriculture and-Food annual report (McCutcheon 1984c) and preliminary

economic analysis of package production (Anonymous 1983).

Data were analyzed using ANOVA, followed by Duncan’s multiple range test to

compare means when F values were significant (P<0.05).

3.3 Results

None of the biological characteristics differed significantly on the first and
last measurement dates, 8 April (before package and/or nucleus removal) and 11
August (end of the season) (Fig. 4) (P>0.05), except for frames of bees, where
treatment five (three nuclei removed) was significantly lower than all other
treatments except treatment three (three packages removed) on 11 August (P=0.03)

(Fig. 4). Biological characteristics differed significantly between various treatments
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on the three other measurement dates (Fig. 4) (P<0.05). Generally, the treatments
from which nuclei were removed (treatments four through seven) were significantly
lower than the control and package treatments (treatments one, two and three), with
treatments four (two nuclei removed) and particularly five (three nuclei removed)
being the lowest of all. Extracted honey. was not significantly different between
any of the treatments (P=0.09) (Table lI). However, treatment five (three nuclei
removed) produced only 10.4 kg extracted honey compared to 24.1 to 28.2 kg for

the remaining treatments.

All treatments from which packages and/or nuclei were removed provided
greater economic returns ($45.97-$60.98) than the contro! colonies used solely for
honey production ($28.90) (Table Iil). The four treatments which involved nuclei
production  (treatments four through seven) provided the highest profits
($53.40-$60.98), followed by the two and three-package treatments ($45.97 and

$48.74 respectively) (Table 1),

3.4 Discussion

These results demonstrate that spring package and nucleus production in the
Lower Fraser Valley area of British Columbia is both biologically feasibie and yields

a higher income than honey production alone.

On 25 April (11 days after the first package and/or nucleus removal) and 18
May (20 days after the second package and/or nucleus removal) various significant
differences in biological characteristics were recorded between the treatments (Fig.
4). Generally, the treatments from ‘which nuciei were removed (treatments four
through seven) were significantly lower than the control and package-only

treatments (treatments one, two and three) the two and three nucleus production
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Figure 4: Biological (sealed brood, honey and pollen areas, frames of bees and
colony weight) and economic (extracted honey) characteristics on five
measerement dates for the seven treatments. Numbers above each treatment
indicate significant differences between that treatment and the treatment indicated
by the number (P<0.05); no number above the histogram for a measurement date
indicate that there were no significant differences between treatments (P>0.05).

.

35a



DX ‘AINOH a3LOVHIX3 X "LHOIFM . $338 40 S3INVHd

0
10

2
1
0
160
4
<120
0
-130
2

77'

i LIRS

23]
2
w
Oh m . 10~ ERERERTS
2 -4 75 """.”"""’ \\V\
N. - ~ong @
-\
0nn ~N 0 %\
B __8o
o | J—— -
od<d<iiw< < Qs
CXX A XX (7%
FOOQOQOQO
Zii23aa %
AN RN <3
g%ezzay SRS IS
sBggEEE ] SR %,
CRSISE I NS 3 ?%

AR LA T Tl T Tl Al Ll L RN RN
[C LT[ NTITTITTNIRR_TIE CRNSE S S I NS S SN S S S S S SN S S\ N\

0001 X WO'OS ‘a00H8 a31v3s 000 | XINO'DS ‘ATNOH 0001 X WO'OS 'NIT10d

35b



T 86°09 8G°1¢ ¢°8¢ 06 %1 06 v1 N1/d¢

Kz [A/AR 2 YAR S 6°LC 06 %1 s¢ L N1/d1

€ GE° 99 S9°11 %°01 . 0L %Y - NE

[4 ¢8°66S ¢0°0¢ 8°9¢ 08°6¢ - N¢

S 7L°8Y 66°9¢ 1°%¢ - GL°1¢C d¢

9 L6°GY Ly 1¢ 1°8¢ - 06 %1 d¢

L 06°8¢ 06°8¢ 8°G¢C - - Toa3uog
(%) (%) (31) (%) (%)

guryuey awooul awoodul Aauopg awooul Ellilelnigy Juluwleai]
dTwouo?2y 1e30] Aauop pa3o®1IXy snaTony 938eyoed

*swa3s£s uorionpoid snafonu io/pue 93eyoed woi sawodul I I[qE]L

36



colonies (treatments four and five) being the lowest of all. This trend can be
attributed to the fact that these colonies had brood, honey, pollen and a larger
portion of the worker population removed compared to the package-only
treatments. By 1 July (two months after nucleus removal), all treatments were
equivalent except for the treatment five (three nuclei removed) which was still
significantly lower than almost all other treatments for all biological characteristics
except sealed brood (Fig. 4). This indicates that colonies given the three-nuclei
treatment were alloting a high proportion of their available resources to brood
rearing, leaving a small proportion of the population available for foraging. This
resulted in significantly lower honey and pollen areas and lower extracted honey
yields than any other treatment (Fig. 4). This explanation is supported by Farrar
(1968), who reported that smaller colonies put a higher proportion of available
resources into brood rearing as compared to larger colonies, leaving a smaller

foraging force which in turn produces lower honey vyields.

By 11 August, the colonies from which packages and/or nuclei were removea
(treatments two through seven) did not differ significantly from the control colonies
(treatment one) in almost all of the biological characteristics. This is a remarkable
result considering the amount of brood and workers removed in April. Changes in
age-specific division of labor following package shaking or nucleus removal hay
be one mechanism responsible for this "rebound effect" (Winston et a/. 1985).
Winston and Fergusson (1985) found that workers emerging in colonies after two or
three packages were shaken in April began foraging at earlier ages and had shorter
life spans than in control colonies, suggesting that shifts in temporal caste
structure can compensate for worker loss. This concept is based on observations
from numerous studies (reviewed by Winston and Fergusson 1985) showing that

under nonstressed conditions honey bee workers are lethargic and spend much of
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their time standing in the hive. Colonies, therefore, have a reserve force that can
respond to both natural (swarming, predation, disease or sudden weather changes)
and managemeht (package ahd nucieus removal) population loss by accelerating their
division of labor schedule so that tasks such as foraging are initiated at earlier
stages. More research is needed on age-specific division of labor in stressed

colonies to fully understand this "rebound effect".

Treatment five (three nuclei removed) did not rebound as quickly as the other
treatments, perhaps due‘ to the severity of the removal of bees and brood.
Treatment four (two nuclei removed) produced as much honey as the control,
whereas treatment five (three nuclei removed) had Ilower honey production,
indicating an upper limit to the number of ngclei which can be removed without

causing reduction in colony performance.

Colonies from which packages and/or nuclei were removed provided higher
incomes than control colonies,.and colonies from which nuclei. were removed
showed the highest incomes (Table 1) Treafments involving nuclei (except
three-nucliei, treatment five) were able to produce as much honey as the control or
package-only treatments (treatments one, two and three) (Fig. 4), so that the higher
income from nuclei sales resulted in greater total incomes. Treatment five (three
nuclei removed) did not produce as much honey as the other treatments but was
still ranked among the top four treatments for total income due to the high nucleus
income. Thus, packages and nuclei represent an additional source of income for
commercial beekeepers in the Lower Fraser Valley. Also, hobby beekeepers not
interested in investing in the equipment needed to produce packages and nuclei

could sell their excess bees to a commercial producer.
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Additional research at Simon Fraser University has investigated the timing of
package removal, removal of four packages, and incorporation of two-gueen
management with package production. The results from the timing of package
production study indicate that package production can begin by 7 April, a week
earlier than the first package and/or nucleus production in this study (Winston and
Mitchell in preparation). Removal v of four packages has also proven to be
biologically and economically sound (Winston et a/. 1985). Package production using
a two-gueen management system, did not appear to be economical (Winston énd
Mitchell in preparation). Further research is needed to determine the limits of spring
package and nucleus production. The effects of removing more than three packages
and/or nuclei over a period from 1 April to 15 May should be investigated. It may
be economically feasible to deplete a colqny to the point where no surplus honey
is produced. In this instance honey income would be replaced by package and
nucleus incomes, and possibly provide a greater income than package and nucieus

production in combination with honey production.

Total incomes could be expected to be higher than those presented in Table 1l
due to the following reasons, Hon_ey income presented in Table 1l is based on bulk
honey sales. In the Lower Fraser Valley 95% of honey is sold directly to the
consumer and only 5% is sold in bulk to a  packer (McCutcheon, personal
communication). This type of sale increases the honey income dramatically, since
income from direct sales is approximately double that of bulk sales. However, labor
and equipment costs have not been taken into consideration when determining
honey income in Table I, which would lower this figure. In addition, the colonies
used for package and nucleus production were not moved for pollination or to
fireweed both of which could have resulted in higher incomes being realized. A

recent study in the Okanagan Valley of B.C. combined package and nucleus
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production with pollination and found this management practice provided higher
profits than colonies managed for pollination or honey production only (Scott and
Winston 1985). The economic analysis done by the B.C. Ministry of Agriculture and
Food was based on producing 32 packages from 16 colonies. The nuclues income
was determined by using the guideilines outlined in this economic analysis. Both
package and nucleus production costs would decrease when produced on a larger

scale, thus increasing total incomes.

In order to present the most conservative estimate of package and nucleus
income, all production costs were included in the package and nucieus calculations.
Honey income does not include production costs, and the net profits presented are

also conservative since they are based on bulk rather than direct honey sales.

The results indicate that package and nucleus production is both biologically
feasible and provides greater economic returns than honey production alone in the
Lower Fraser Valiey. Beekeepers in B.C. are beginning to produce .packages and
nuclei and all indications are that this industry will continue to grow. In 1984, 983
packages and 1,183 nuclei were produced and sold in B.C. (McCutcheon 1984a).
Winston et a/. (1985) estimated that at present colony densities B.C. has the
potential to produce 75,520 spring packages each year, and increased colony density
and a higher level of commercial beekeeping coﬁld elevate this figure. Continued
and increased package and nucleus production coupled with increased wintering and
gueen production‘could result in a high degree of Canadian self-sufficiency within

the next few vyears.
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CHAPTER 4

PERFORMANCE OF PACKAGES AND NUCLEI

4.1 Introduction

Colonies may be established in the spring from either a package 6r a nucleus.
A package consists of 0.9-1.8 kg of bees (7,500-17,000 bees) plus a queen. The
bees are transported in a wooden box covered on each side with wire screen to
provide ventilation. A metal can containing sugar syrup hung: inside the box allows
the bees to feed during transit. A nucleus usually consists of three to five frames
of bees, brood, honey and pollen plus a queen, and is commonly transported in a
cardboard box with a screened lid to allow for ventilation. Before the First World
War, nuclei were widely used in the U.S. and Canada for establishing colonies. Fear
of the transmission of disease reduced the demand and the package bee business
develo‘ped,' SO ;(hat packages purchased from shippers in the southern states
replaced the nuclei used earlier (Johansson and Johansson 1970). Recently, a
renewed interest in nuclei has been shown by beekeepers (Winston 1983a). However,
if nuclei are to be accepted commercially, research on the comparative biological
performance and economic returns to the purchaser from use of packages and

nuclei must be available.

Nuclei are more expensive to purchase than packages; $35.00 for a four-frame
nucleus versus $29.70 for a 0.9 kg package (McCutcheon 1984c). In addition, nuclei
must be inspected to ensure they are disease free, and standards for nuclei are not
as precise as for packages. The bee population and brood, honey or pollen areas
may vary greatly among producers of nuclei. However, nuclei have one principal

advantage over packages. A nucleus contains drawn comb, stored honey and pollen,
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and most importantly brood, all of which should enhance early population growth,
This may be a’ critical factor in regions with short growing seasons, as in most of

Canada.

The objective of this research was to compare the biological performance and
economic returns from 0.9 kg packages and four-frame nuclei established in April

in both the Lower Fraser Valley and Peace River areas of B.C.

4.2 Materials and Methods

A. Lower Fraser Valley

This study was conducted from April to August 1984 at a éingle apiary site in
Langley (Figure 3 G), which is located in the Lower Fraser Valley area of
southwestern British Columbia. A total of 20 colonies were established on 17 April,
each in a single super (drawn comb) of standard Langstroth equipment (497 mm x
420 mm x 241 mm deep). Ten colonies were established from 0.9 kg packages ané:l
10 colonies from four-frame nuclei (produced as described in Chapter Three). All
colonies were headed by lItalian (Apis mellifera /igustica L.) queens imported from

Florida.

Colonies were managed throughout the season for honey production using
standard techniques. A second brood super and either one or two honey supers
were added as required (standard Langstroth equipment). Sixteen and a half liters of
sugar syrup was fed to all colonies between 17 April and 26 May to facilitate the
growth of the colonies. As well, oxytetracycline hydrochloride mixed in icing sugar

was fed to all colonies from 22 April to 12 July for brood disease prevention.
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Five colony characteristics (sealed brood, honey and polien areas, colony
weight, and frames of bees) were measured approximately every 21 days from 10
May to 1 August using the same methods as described in Chapter Three. Extracted
honey was determined in August by weighing supers before and after frames of
honey were extracted. All colonies were left with a minimum of six full frames of
honey after the honey removal in August. For economic analyses, honey was valued
at $1.12 per kg, the average sale price of bulk honey in B.C. in 1984 (McCutcheon
1984c). The purchase price of 0.8 kg packages and four—frame nuclei were valued at

$29.70 and $35.00 respectively (McCutcheon 1984c).

Student’s t-test was used to test for sighificant differences between

experimental treatments (P<0.05).

B. Peace River

On 17 April, 1984 ten 0.9 kg packages and ten four-frame nuclei (produced aé
described in Chapter Three) were transported by truck to a 1500Zcolony commercial
beekeeping operation in the Peace River region of British Columbia, and maintained
throughout the season by the cooperating beekeeper (D. Hansen). The packages and
nucliei were established in a single super (drawn comb) of standard Langstroth
equipment and managed throughout the season for honey production using standard

techniques. All colonies were headed by ltalian queens imported from Florida.

Colonies were weighed twice during the season; 5 June and 3 July. Extracted
honey was determined in August by weighing supers before and after frames of
honey were extracted. The same figures listed in part A were used for economic

analyses.
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Student’s t-test was used to test for significant differences between

experimental treatments (P <0.05).

4,3 Results
A. Lower Fraser Valley

By 1 August the biological characteristics did not differ significantly between
packages and nuclei (P>0.05) except for colony Weight where the nuclei weighed
significantly more than the packages (P=0.019) (Fig. 5). Significant differences in
biological characteristics occurred on various earlier measurement dates, with nuclei
always recording higher measurements than packages. The nuclei produced
significantly more honey than did the packages (P=0.025) (Fig. 5). Both nuclei and

packages recorded deficits of $12.94 and $18.28 respectively (Table II1).

B. Peace River

Colony weight on both measurement dates and extracted honey did not differ
significantly between packages and nuclei (P>0.05) (Fig. 6 and 7). Packages

provided higher incomes than nuclei, $57.77 and $52.36 respectively (Table V).

4.4 Discussion

By 1 August the packages and nuclei in the Lower Fraser Valley differed
significantly in only colony weight and extracted honey (Fig. 5). The packages
produced significantly less extracted honey than the nuclei, due to a smaller
foraging force during the nectar flow. In the Langley area the major nectar flow is

in July (McCutcheon 1982). On 20 June (approximately one week before the
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Figure 5: Biological (sealed brood, honey and pollen areas, frames of bees and
colony weight) and economic (extracted honey) characteristics on five
measurement dates for colonies established from 0.9 kg packages and four-frame
nuclei in. the Lower Fraser Valley. Standard errror is represented by bars above
each histogram. (*=P<0.05, **=P<0.01, ***=P <0.005).
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Table III: Incomes from colonies established from 0.9 kg packages

and four-frame nuclei in the Fraser Valley.

Purchase Extracted Honey Total
Treatment Price Honey Income . Income

($) (kg) ($) ($)
Package 29.70 10.2 11.42 ~18.28
Nucleus 35.00 19.7 22.06 -12.94
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Figure 6: Colony weight on two measurement dates for colonies established from
0.9 kg packages and four-frame nuclei in the Peace River. (P>0.05 on both
dates).
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Figure 7: Extracted honey for colonies established from 0.9 kg packages and
four-frame nuclei in the Peace River. (P>0.05).
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Table IV: Incomes from colonies established from 0.9 kg packages
and four-frame nuclei in the Peace River.

Purchase Extracted Honey Total
Treatment Price Honey Income Income

($) (kg) ($) ($)
Package 29.70 78.1 87.47 57.77
Nucleus 35.00 78.0 87.36 52.36
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beginning of the nectar flow) a‘nd 12 July (during the nectar flow) the packages had
a significantly smaller worker\‘population than the nuclei, but both treatments were
maintaining equivalent brood areas (Fig. 5). This meant that the packages had a
greater proportion of their worker population involved in brood rearing, resulting in
a small foraging force. Previous research has reported the tendency of small
colonies to allocate a high proportion of available resources to brood rearing,
resulting in low honey production (Farrar 1968). Intense brood rearing will
eventually result in an increase in the colony population and foraging force.
However, the timing of the maximum foraging force must correspond to the nectar
flow dates. The worker population in colonies started from packages peaked after
the nectar flow (1 August) (Fig. 5), resulting in a significantly lower honey vyield

than the nuclei.

On 31 May and 20 June the honey area did not differ significantly between
the packages and nuclei even though the nuclei had a larger population. This was
because a nectar dearth period occurs during late May and June in the Langley areé
{McCutcheon 1982). Even though the nuclei had a larger foraging force available at
this time, there was a tack of nectar to collect. However, pollen was available and
the effect of this larger foraging force in the nuclei is shown by significantly
greater poilen areas on 31 May and 20 June as compared to the packages. In
addition, when the nectar ﬂow began in July the nuclei recorded a significantly

greater honey area than the packages on 12 July.

The packages and nuciei in the Peace River were not monitored as closely as
those in the Lower Fraser Valley. The colonies in the Peace River had only colony
weight measured (on two dates) and extracted honey determined at the end of the
season. Packages and nuclei in the Peace River produced equivalent amounts of

extracted honey (Fig. 7), whereas in the Lower Fraser Valley, nuclei produced
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significantiy lmore extracted honey than packages (Fig. 5). This difference was
probably due to the later honey fldw in the Peace River, which begins in mid-July,
two weeks later than in the Lower Fraser Valley. This allows packages to “catch
up" to nuclei before the honey flow, therefore, producing equivalent amounts of
extracted honey. In the Lower Fraser Valley, the honey flow began before the
packages were biqlogically equivalent to the nuclei, therefore, they did not producé
as much extracted honey. The suitability of packages and nuclei for honey
production would appear to be at least partially dependent on the timing of the
honey filow in an area. The one biological characteristic monitored for the Peace
River, colony weight, was not significantly different between packages and nuclei,
whereas in the Lower Fraser Valiey study, colony weight was significantly different
on all measurement dates. Had 1983 been a severe spring rather than mild in the
Peace River the nuclei may have performed better than the packages due to their
initial advantage of b?ood and a slightly larger worker population (D. Hansen,
personnal communication). équivalent monitoring of nuclei and packages in both
studies, would have allowed for a more detailed comparison between the

performance of nuclei and packages between the two areas.

Economically, the results from the Lower Fraser Valley and the Peace River
also differed. In the Lower Fraser Valley, neither nuclei or packages provided an
income (Table ill), whereas both packages and nuclei provided incomes. in the Peace
River (Tabie IV). In the Lower Fraser Valley, nuclei and packages produced deficits
of $12.94 and $18.28 respectively. A minimum of 26.5 and 31.3 kg of extracted
honey respectively would have had to be produced before nuclei or packages
provided an income. In seasons with both a good nectar flow and good weather,
both nuclei and packages may possibly provide an income in the Lower Fraser

Valley. Under such conditions nuclei would likely provide the greater income,
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because they have been shown to have a larger foraging force available at the time
of the nectar flow in the Lower Fraser Valley, resuiting in higher honey yields. In
addition, the coclonies were not moved to pollination or fireweed, both of which are
common managment practices in the Lower Fraser Valley. Incorporating both of
these practices into a management scheme might produce higher incomes.
Furthermore, if honey was sold directly to the customer instead of in bulk, the
nuclei would have provided an income of $11.39. However, the packages would still
h‘ave recorded a defecit (-$5.68). in the Lower Fraser Valley approximately 95% of
honey is sold directly to the consumer (McCutcheon, personal communication). In
the Peace River, both packages and nuclei yielded incomes, but packages provided a

higher income ($57.77) than nuclei ($52.36) due to their lower purchase price (Table

V).

The beekeeping operation in the Peace River to which the packages and nuclei
were sent  has traditionally been based on spri"ng package management. The
cooperating beekeeper found the nuclei more labor~intensive from the standpoint of
transportation and installation (D. Hansen, personal communication). However, this
may have been because his operation was set up to accomodate packages, not
nuclei. In the Lower Fraser Valley study no difference was noted in ease of
transportation of packages and nuclei, and the nuclei were considered to be slightly

easier to install than the packages.

Numerous researchers have made biological and economic comparisons
between packages of different sizes established on different dates (reviewed in
Nelson and Jay 1972). However, comparisons between packages and nuclei have
been lacking. To my knowledge, this experiment represents the only comparison
made between packages and nuclei. If Canadian beekeepers are to become

self-sufficient, both packages and nuclei will have to be incorporated into
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beekeeping operations. This preliminary research indicates that nuclei are superior to
packages both' biologically and economically in the Lower Fraser Vailey, and
packages provide greater economic returns than nuciei in the Peace River. However,
research for more than one season and in various beekeeping areas of the province

is needed to establish the suitability of packages versus nuclei for honey

production,
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SUMMARY

Present management syétems leave Canadian beekeepers dependent on package
bee and queen importations from the southern United States each spring.
Restrictions on the importation of bees from the U.S. are already in place due to
the discovery of the mite, Acarapis woodi, in the U.S. in 1984. Further limitations or
a ban on importations are possible due to this pest plus another mite, Varroa
jacobsoni, and the Africanized bee, both of which are rapidly expanding their ranges
northward from South and Central America. Due to these threats a move towards a
self-sufficient Canadian industry is essential and requires the folfowing adaptations:
1) increased wintering; 2) production of queens for spring and summer use and; 3)
the production of packages and nuclei in the spring. The research presented in this
thesis addressed the third.adaptation necessary for self-sufficiency, spring package

and nucleus production,

The objectives and conclusions of this research were:

1. Objective: To investigate methods of establishing colonies in the fail for bee
production the following spring.
Conciusion: Two-super colonies wintered outdoors are significantiy better than
smaller colonies wintered indoors or outdoors- for spring package production in
the Lower Fraser Valley.

2. Objective: To investigate the biological and economic impact of packages
and/or nucleus production on colonies.
Conclusion: Spring package and/or nucleus production is biologically possible
and provides greater economic returns per hive than honey production alone in
the Lower Fraser Valley.

3. Objective: To evaluate the biological and economic performance of packages
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and nuciei in the Lower Fraser Valley and Peace River regions.

Conclusion: In the Lower Fraser Valley, nuclei were superior to packages both
biologically and economically. In the Peace River packages and nuclei were
biologically equivalent and packages provided greater economic returns than

nuclei.

Over the past few vyears Canadian beekeepers have begun to work towards
self-sufficiency. There has been an increase in the number of Hives wintered,
management practices which decrease the dependence on spring packages and nuclei
have been investigated, and beekeepers in British Columbia and Alberta have
initiated both queen rearing and spring package and nucleus production. It is hoped
that the results presented in this thesis will provide guidelines for beekeepers
interested in producing or using spring packages and nuclei in the Lower Fraser

Valley area of B.C.

One of the rﬁost interesting resuits of this research, which should be
investigated further, is the "rebound effect". The colonies from which packages
and/or nuclei were removed did not differ significantly from the control colonies in
almost all of the biological characteristics by August. This is a remarkable result
considering the amount of brood and workers removed in April. Numerous studies
have shown that under nonstressed conditions honey bee workers are lethargic and
spend much of their time standing in the hive (reviewed in Winston and Fergusson
1985). Colonies, therefore, have a reserve force that can respond to both natural
(swarming, predation, disease or sudden weather changes) and management (package
and nucleus removal) population loss. Two possible mechanisms used by colonies
to "rebound” from population loss are: accelerating their division of labor schedule
so that tasks such as foraging are initiated at earlier stages (Winston and

Fergusson 1985); and alloting a high proportion of available resources to brood .
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rearing. More research is needed on division of labor in stressed colonies to fully

understand this "rebound effect”,

This research was preliminary and helped to highlight areas where future
research should be focused. Further research is needed on: the biological and
economic impact of removing more than three packages and/or nuclei from
two~super colonies; more detailed economics of package and nucleus production;

and package and nucleus comparisons for more than one season and in different

areas of B.C.

56



REFERENCES CITED
Akratanakul, P. and M. Burgett. 1975. Varroa jacobsoni: A prospective pest of
honeybees in many parts of the world. Bee World 56:119-121,

Anonymous. 1983. Package bee production. British Columbia Ministry of Agriculture
and Food. 9pp.

Anonymous. 1985a. Mites found in 17th sfate. Speedy Bee, September 1985,

Anonymous. 1985b, California searching for more African Bees, Speedy Bee, August’
1985.

Anonymous. 1985c. 7th Africanized colony found in California. Speedy Bee, October
1985,

Anonymous. 1985d. Guidelines for package bee production in B.C.. B.C. Ministry of
Agriculture and Food, Bee Notes No.1302,

Bailey, L. 1958. The epidemiology of the infestation of the honeybee Apis mellifera
L. by the mite Acarapis woodi and the mortality of infested bees.
Parasitology 48:493-505.

Bailey, L. 1961. The natural incidence of Acarapis woodi (Rennie) and the winter
mortality of honey bee colonies. Bee World 42:96-100.

Bailey, L. 1985. Acarapis. woodi: A modern appraisal. Bee Weorld 66:99-104.

B.C. Apiculture Newsletter. 1985. British Columbia Ministry of Agriculture and Food.
16pp.

C.A.P.A., 1984, Canadian Association of Professional Apiculturists, Proceedings of
Annual Meeting. Victoria, B.C. November 19-20,1984.

Clark, K. 1985. Mites (Acari) associated with the honey bee, Apis mellifera L.
(Hymenoptera: Apidae), with emphasis on British Columbia. Master of Pest
Management Professional Paper, Simon Fraser University, Burnaby, B.C. 82pp.

Cobey, S. and T. Lawrence. 1985a. African bee search continues in California; 5
postive finds. Speedy Bee, September 1985,

Cobey, S. and T. Lawrence. 1985bb. Status of the Africanized bee find in California.
Am. Bee J. 125:607-611.

Dedong, D., P.H. DeJong and L.S. Gonclaves. 1982a. Weight loss and other damage
to dveloping worker honeybees from infestation with Varroa jacobsoni. J.
Apic. Res. 21:165-167.

DeJong, D., R.A. Morse and G.C. Eickwort. 1982b. Mite pests of the honey bees.
Ann, Rev., Entomol. 27:229-252,

57



Delfinado-Baker, M. 1984. Acarapis woodi in the United States. Am. Bee J.
124:805-806.

Delfinado-Baker, M. 1985. An acarologist’s view: The spread of the tracheal mite of
honey bees in the United States. Am. Bee J. 125:689-690.

Farrar, C.L. 1968. Productive management of honey-bee colonies. Am. Bee J.
108:Nos.3-10,

Griffith, D.A. and C.E. Bowman. 1981. World distribution of the mite Varroa
jacobsoni, a parasite of honeybees. Bee World 62:154-163.

Gruszka, J. 1983. Dividing wintered colonies. Canadian Beekeeping 10:176~177.

Harp, E.R. 1969. A method of holding large numbers of honey-bee gueens in laying
condition. Am. Bee J. 109:340-341.

Johansson, T.S.K. and M.P. Johansson. 1970. Establishing and using nuclei. Bee
World 51:23-35.

Kemp, R. 1985. New Zealand bees...disease free alternative? Skeptic 4(6):9.

MacDonald, D. 1984. Utilizing the "Alberta Bee" and other Alberta-raised queens.
Skeptic 3:7.

MacDonald D. and G. Monner. 1982. An economic comparison of wintering and
package bees in the Peace River Region. Alberta Agriculture, Edmonton.
17pp.

McCutcheon, D.M. 1982. Charting nectar flows and their use in bee management,
British Columbia Ministry of Agriculture and Food, Bee Notes.

McCutcheon, D.M. 1983. Annual report 1983 apiculture Vprogram. British Columbia
Ministry of Agriculture and Food. Cloverdale, B.C.

McCutcheon, D.M. 1984a. Developing a queen and package bee production industry
in B.C.. Can. Beekeeping. 11:81. ‘

McCutcheon, D.M. 1984b. Indoor wintering of hives, Bee World 65:19-37.

McCutcheon, D.M. 1984c. Annual report 1984 apiculture program. British Columbia
Ministry of Agriculture and Food. Clearbrook, B.C,

McDowell, R. 1984. The Africanized honey bee in the U.S.: what will happen to the
beekeeping industry? United States Department of Agriculture, Agricultural
Economic Report Number 518. 33pp.

Mitchell, S.R., D. Bates, M.L. Winston and D.M. McCutcheon., 1985. Comparison of

individually and group-overwintered honey bee queens. J. Ent, Soc. B.C. (in
press). : '

58



Nelson, D.L. and S.C. Jay. 1972. Population growth and honey vyield studies of
package bee colonies in Manitoba. 11. Colonies initiated with four package
sizes on one date. Manitoba Entomologist 6:17-22,

Nixon, M. 1982. Preliminary worid maps of honeybee diseases and parasites. Bee
World 63:23-42.

Pankiw, P. 1974. A comparison of queens from New Zealand and California for
production of honey and package bees in Canada. Bee World 55:141-145,

Pankiw, P. and J. Corner. 1970. Production of package bees . in southern Bri;cish
Columbia, Canada. J. Apic. Res. 9:29-32.

Ritter, W. 1981. Varroa disease of the honeybee Apis mel/l/ifera. Bee World
62:141-153,

Roberts, W.C. and W. Stanger. 1969. Survey of the package bee and gueen industry.
Am. Bee J. 109:8-11.

Scott, C.D. and M.L. Winston. 1985. Honeybee colony characteristics and profitability
of pollination management systems. J. Apic. Res. . 24:43-48.

Statistics Canada. 1984a. Report to Canadian Honey Council in proceeding, C.H.C.
Annual meeting.

Statistics Canada. 1984b. Records of commodity imports,

Szabo, T.l. 1977. Overwintering of honeybee queens. 2. Maintenance of caged
gueens in queeniess colonies. J. Apic. Res. 16:41-46,

Taylor, O.R. 1985. African bees will not reach Mexico until late 1985 or early 1986.
Open letter. Am. Bee J. 125:158.

Taylor, O.R. and M. Spivak. 1984. Climatic limits of tropical African honeybees in
the Americas. Bee World 65:38-47.

Taylor, T. and S. Clifford. 1983. The feasibility of utilizing Saskatchewan reared
honeybee queens in commercial honey production. Can. Beekeeping
10:178-179.

Wilson, W.T. and R.A. Nunamaker. 1982. The infestation of honey bees in Mexico
with Acarapis woodi. Am. Bee J. 122:503-505.

Wilson, W.T. and R.A. Nunamaker. 1985. Further distribution of Acarapis woodi in
Mexico. Am. Bee J. 125:107-111.

Winston, M.L. 1983a. Research Review. British Columbia Honey Producers
Association Newsletter, 4th Quarter, p.7.

Winston, M.L. 1983b. Trends in Canadiah beekeeping. Am. Bee J. 123:837-840.

59



Winston, M.L. and C.D. Scott. 1984, The value of bee poliination to Canadian
apiculture. Can. Beekeeping 11:134.

Winston, M.L. and L.A. Fergusson. 1985, The effect of worker loss on temporal

caste structure in colonies of the honey bee (Apis mellifera L.). Can. J.
Zool. 63:777-780.

\Winston, M.L. and S.R. Mitchell. (in preparation). The timing of package honey bee
(Hymenoptera: Apidae) production and use of two-queen management in
southwestern British Columbia, Canada.

Winston, M.L., S.R. Mitchell and E.N. Punnett. 1985. Feasibility of package honey

bee (Hymenoptera: Apidae) production in southwestern British Columbia,
Canada. Econ. Ent. (in press).

60



