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-4 BSTRXC'T 

>;torage of A p t s  ri lelltf ira L. queens over the winter. xithin indi~:idtml colony 

Imrlkrj in screened wr;otlen cages. is biologically and eco~lornically feasable. 

Appronirrlat,ely 500 queens were in? roduced into v;trious storage systems for three 

years of winter tests. Individually wintered queens in nucIeus colonies were t,he 

control and these were cornpared to colony "banks" wit..h queens held in ( 1 ) screened 

w o d e ~ i  cages (2) esclrrder cages (/3 screened cages and transferred to mini-nuclei 

i~ritil late ILIarch, ( 4  j exclwler cages constructed in the form of a cube and held in 

colony Ixmks. and (.5) excluder cages held over indoor colonies. Queens held in 

excli~tfr~r cages ( 2 )  and stared in queenright or queenless colony banks showed poor 

survival in all three years of test-ing, and is not viable for conlmercial use; survival 

for any one year, or any treatment, was never greater than 2.5%. E:ct.remely high 

initial nlort,alit.y of greater than 80 percent., in the indoor (.5) ar,d redesigned systems 

(4). I)ot,li with excluder cages, precluded further esaminat.ion. 

111 cont.rast, an average of SO% of queens survived t.hat were stored in screened 

cvooclen cages ( 1 ) and held insicle queenless colony banks. We found no differences in 

strrvival of cpeens that were moved between colonies and t.hose t.hat remained in the 

same co1011y for six n1011ths. The success of these syst,enls was due to the preparat.ion 

of colorly banks that contained large nunlbers of adult. workers produced from two- 

cpezning the colony, t.hat were ix-ell-fed, and insulated in groups of four, to preserve 

heat and reduce \\-orker clustering in t.he winter. 

Queens froni tli&rent. xinter storage syst.exns were introduced t.o colonies, and 

cpiern attributes were esarnined in order to compare the offecbs of different st.orage 

reginws 011 queen f~mctiun and behavior. Those queens that survived t.he winter were 

virt rialty identical in cpali€j- and performance in all storage systems. 



Mass queen srorage is rcononlica1~- viahlt. for the lwr.keqm-, Ilt.c.,~l~st- t !w r t , t ; i l  

cost of production and srorage is less than :he revenue fro111 qirrtm sa1c.s. t~.pcc-i,tlly 

irhere -IS queens are stored in the colony bank. The 1ar:est prcipc-rsticw r l t '  t c , t i l l  c m i s  

for wintering queens is labour. Thus. if the beekeeper d w s  tlie l;ilwi~r l~irl~st>lf, r l i c l  

iabour income as well as the returns from queen sales conw tuck to t 11t. Iwt-l<t~c.l)er. 

l i e  calculated that annual profit for a commercial beekeeper wtlc-, i l i les his o\vn 

labour for sorage and hires workers for queen production is SlG.ti25 w h t ~ l  ISI)~ 

queens are successfdly stored over the winter, and sold for $ i t )  each in the  s p r i ~ ~ g .  I f  

all labour costs are paid ot~k to a hired worker, profit woulcl be $13.21 5. 
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1 .  INTRODUCTION 

A reliable silpply of good ql~zlit,y queens in early April is essential for 

~ , I I  ti~~rting the present management. pract,ices of Canadian commercial beekeeping. 

Ql~cwis h ; t w  not been imported into C'anada horn the United States since 1987 due 

fo parasitic ~nites, and queens cannot. be produced in Canada prior t.o May due to 

cli~natic restrictions to natural matings. Several aiternative methods for obtaining 

qrteens have been investigated over the last few years. Queens can be imported from 

New Zoalancl or Australia, or placed into storage from time of production in the 

salrinler to the following spring. However, there is no system available for 

crrverwinbering queens that has been consistently successful for beekeepers other than 

systems for overwintering one queen per cglony. Canadian self-sufficiency in queen 

procluct.ioll could be achieved if Canadian beekeepers produce summer mat.ed queens, 

store then1 over the winter, and make them available in early spring. 

CVint.er storage of mated queens is a t.echnique for st,oring locally produced 

surnnlrr queens until required in April of the following year. Mated yueens are 

required for re-queening colonies. package and nucleus production, and colony 

division. Sale of wint.er-stored queens would increase (1) the availability of locally 

pro~luced queens, and increase (3) employment and ( 3 )  income. Demand for queens 

nsually tapers off by June due to t.radit.iona1 colony management.; with an increased 

ctenlancl for summer queens. the queen production season could be extended from 

June until August. Queen producers could double their queen production from two 

t o  h i ~ r  queens per year per nucleus colmies, reducing costs dramat.ically, since the 

sost- of a queen is determined largelp by the number of mated queens that can be 

oiltainzd from each nucleus [Roberts and Stanger. 1969). 

Our st.ud_v on queen storage is the first that. est.ensively tested various storage 

systems over the winter period. investigated which colony parameters were important 



t.0 successful qlueen storage, and tested queens after storage for i i I 1 1  ~ l e t ~ ~ i ~ ~ i ~ t  i t > ~ i  in 

reproducti~e potential. Beekeepers need a system that ran store qucens IN 111) to six 

months. S~nch a queen storage s-stern would increase self sufficiency for I)r~t~ket~l)t.rs. 

and increase the potent.ia1 sales for spring queens. In this study we  rc1wr.t r e s~ l l t s  ot' 

three pears of queen storage in sarious systems, and idmt'ify the "l~cst." syste~lls .  111 

addition, we calculated the economic ~ iah i l i t y  of the mosb successf~~l systems. 



2. <'OLONY STORAGE SYSTEhIS FOR HONEY BEE QUEENS 

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

Chlony storage systems for honey bee queens consist of a bee colony that 

hosts i t~d iv idud ly  caged queens. Queen storage allows the queen producer to rear 

~rlatrtl qneens and sthre t.hem until required. The storage of mated queens is an 

itnportant beekeeping technique, because the availability of surplus queens does not 

dways coiricitle with demand. Excess queens are stored in queen banks for weeks to 

several rnorlths in t2he sununer until required by the beekeeper. However, queen 

storage for ij-6 r11ont.h~ under winter conditions has met with limited success. 

Demand for mated queens is driven by beekeeping practices that require the 

111ajorit.y of mated queens in early April. These queens are required for dividing 

colonies. recpeening, and the production of packages and nucleus colonies. Locally 

I~rocluced mated queens are not available by early April in holarctic regions (i.e. 

northern temperate) such as Canada, because weather is unsuitable for rearing 

drones and for queen mating flights. A storage system to store locally produced 

queens from September to March taould t.herefore be useful for Canadian 

iuanagenient regimes. However. there are no queen wintering systems that have been 

consistrent-ly successful for different. beekeepers and localities, ot.her than those :-hat 

overwinter one y ueen per colony. 

The object-ive of this review is to examine syst,enls that use the honey bee 

cofony for winter storage of mated queens. i-kgin queens are not snitable for heading 

a cotcny in early April. and therefore are cot- included. Queen storage in summer 

ctrnctitic\ns is a commonly used technique, and is not. discussed in this review, because 

it r f c ~ s  not address the special problems of trint.er storage (Reid, 197.5). Storage 

s>-sterns under laboratory conditions (outside of colonies), also have been excluded 

i ~ o m  this review because there is no report in the literature of such a system that. will 



store queens for an extended period of 3-6 months. In addit,ioli, colony stora#c 

svstems are more econonlical than laboratory systems becat~se sta~itlarcl l ~ t ~ l < c r ~ i ~ ~ ~  

equipment is used and no additional buildings are recluirecl. ?i conl~lxr~-ially viahlt. 

storage system for overwintering queens must. be econoniical, easy to manage, ;in t l  

sluit.able for long periods of storage. wit,hout the pllysiological deterioration of stored 

queens. 

The most notable feature of st.uclies on queen st.orage syst.etns witliiri 

colonies is t,he use of a broad range of colony parameters and managenlent. techniclurs 

(Table 1 j. Storage colonies have been t.est,ed ivit.11 and wit.hout the colony queen, 

with excluder or wire screen queen cages, and  in outdoor and indoor environ~nent.~. 

However, research has not systemat.ically focused on t.est.ing any one partic~tlar. colouy 

variable for queen survival. 4 s  a result,, it. is unclear what variables are inlporfatit. to 

queen survival in banks, and which variables are inlport.ant to successfd long t e r m  

queen storage. 

The most successful s ystern of storing queens was a cpee~lless colony that. 

hosted queens for five months in wire screen cages (Levinsohn and Lensky, 198 1 ). 

This experiment was carried out. in Israel over three years, wit.11 ~ 4 %  s~lrvival over 

the wint.er months. Colony maintenance included t.he addition of hrood, bees, and 

s y n ~ p ,  and hives were painted black t.o absorb solar radiation and facilitate colo~ly 

t hennoregulation. 

Queen survival (9.5% j also was successf1.11 in queen excluder cages wliere 

queens were held in one colony (Harp, 1969j- Lower survival ('i.Sr% and 21%) frram ;i 

similar study inhcates that t.his system is not reliahle (Mitchell et d., 198.5). f h t h  

queen excluder and wire screen cages resulted in less than '2.5% survival in anot,her 

study after 6 mont.hs of storage; queen mortality was ~ar t ia l ly  attrib1.1ted to the 

movement of the colony cluster which resulted in the starvation and/or expmure of 

caged queens (Szabo, 19Tbj. 



X - 
Y 
t 
3 
0 
U 

(5) 
a, 
U) 
m 
U 

'4- 
4' 
m 
a, 
I 

a, 
L 
0 
0 
TI 
(I 
U 

a 
a 
3 
L 
X 
ul 

U 
ffl 
a, 
a, 
m 

m 
Ln 



c
o

n
ti

n
u

e
d

 f
ro

m
 p

re
v

io
u

s
 p

a
g

e
 

%
 

Q
u

e
e

n
 

L
)u

e
e

n
s
a

 
~

e
e

s
~

 s
y

ru
p

d
 

1
n

d
o

o
re

 
H

e
a

t f
 

c
a

g
e

g
 

C
o

u
n

tr
y

 
S

u
rv

 i
 v

a
 1

 
(

#
 
o

f
 

(m
o

n
th

s
) 

c
o

lo
n

ie
s

) 

S
z
a

b
o

, 
1

9
7

7
 

2
3

(6
) 

1
6

( 
1

5
) 

- 
- 

- 
- 

E 
C

a
n

a
d

a
 

D
ie

tz
 
e

t
 c
.
,
 

2
0

( 
3 

1 
3

6
0

( 
1
3
 

- 
+ 

+ 
+ 

w 
U

.S
.A

. 

1
9

8
3

 

S
z
a

b
o

, 
1

9
7

7
 

2
0

(6
) 

1
6

( 
1

0
) 

- 
- 

- 
- 

W
 

C
a

n
a

d
a

 

M
i t

c
h

e
l 

1 

e
t
 g

.
,
 19

8
5

 
2
0
(
6
)
 

4
8

( 
1 

) 
+ 

+ 
E

 
C

a
n

a
d

a
 

a
. 

M
e
a
n
 

n
u

m
b

e
r 

o
f
 

q
u

e
e

n
s
 

s
to

fT
e

d
 p

e
r 

c
o

lo
n

y
 

b
. 

T
h

e
 

c
o

lo
n

y
 

q
u

e
e

n
 

k
a

s
 

le
f

t
 
in

 t
h

e
 

s
to

ra
g

e
 c

o
lo

n
y

, 
e

lt
h

e
r
 

c
a

g
e

d
 

o
r
 

fr
e

e
-r

u
n

n
in

g
 

b
e

lo
w

 
th

e
 

s
to

ra
g

e
 

u
n

it
.
 

c
.
 

"
+

 
b

e
e

s
" 

-w
o

rk
e

rs
 

o
r 

fr
a

m
e

s
 

o
f 

c
a

p
p

e
d

 
b

ro
o

d
 a

d
d

e
d

. 

d
. 

"
+

 
s

y
ru

p
" 

-s
y

ru
p

 
o

r 
fr

a
m

e
s

 
w

~
t

h
 

h
o

n
e

y
 

a
d

d
e

d
. 

e
.
 

"+
 

in
d

o
o

r"
 

-c
o

lo
n

y
 

h
a

n
k

 
w

a
s 

k
e

p
t 

in
d

o
o

rs
. 

f
.

 
"+

 
h

e
a

t"
 

-c
o

lo
n

y
 

b
a

n
k

 
w

a
s 

h
e

a
te

d
 b

y
 

a
n

 
e

x
te

rn
a

l 
h

e
a

t 
s

o
u

rc
e

. 

g
. 

W
 

-W
ir

e
 

s
c

re
e

n
 c

a
g

e
 

w
h

ic
h

 
a

ll
o

w
s

 
p

a
r

t
ia

l 
q

u
e

e
n

-w
o

rk
e

r 
c

o
n

ta
c

t.
 

E
.-

E
x

c
lu

d
e

r 
q

u
e

e
n

 
c

a
g

e
 

w
h

ic
h

 
a

1
 l
o

w
s

 
c

o
m

p
le

te
 

q
u

e
e

n
-w

o
rk

e
r 

c
o

n
ta

c
t 



Wir;t,er s ; ~ ~ r v i v a i  la-qely depends on an adequate food supply that is accessible 

t o  r . l ~ t .  t,etbs. and t h e  ahility of t h e  cr~lony to thermoregulate i.11nder winter conditions. 

'I'hese fxtors  are of particular importance when a colony is used for qiueens storage. 

TI1~rriloregrllation involves the reduction of space that' the bees occupy in the hive by 

c-lr~str-r formation. This reduction of space by cluster formation is of particular 

in~portnnce, aud potentially detrimental. to banked queens, especially if t.hese queens 

are lwatttd out,sitle the cluster. In addition. inadequate provisions for 

tl~erlnoregr~latio~i requirements would cause colony starvat,ion during the winter. 

C211een st.orage systems over shorter periods, for 3-4 mont,hs. were successf~il 

(.-.btik%, survival) in some studies (Griffen, 1966; Harp, 1369; Walsh, 1967;) and 

unsuccessfr~l (20% survival) in another (Dietz et. - al, 1383). Success was attribut.ed to 

keeping coionies indoors (Walsh, 1967), providing heat. (Griffen, 1966; Walsh, 196'i), 

Seeding cctlo~iies (Ciriffen, 1966). posit.ioning queens in the cluster, and placing brood 

frames adjacent. t.o t,he caged queens (Harp, 1969). Failure was at,t,ributed to the 

slmrtage of bees in storage colonies. and the inahi1it.y of workers t.o maintain cont.act 

with the queens after the bees clust.ered (Diet.2 et. d.. 1983). 

Several methods for provisioning and preparing colonies for winter storage are 

reported in the I i tedure .  St,orage colonies are often provisioned with brood ! Harp, 

1967: Mitchell et. 4.. 1YS.5; N'alsh. 1967). and brood or bees (Levinsohn and Lensky, 

1%1) during storage. The addition of syrup or frames with honey also is a conmlon 

f~atiire of coiony maintenance ( Diebz et - al., 19S:3; Harp. 1967; Harp, 1969; Levinsohn 

i~ntl IJensky, 1981: hlitchell et - al., 196.5: IValsh. 1967), although colonies were not fed 

or ~~ia~l ipula ted in another study (Szabo. 197'ib). 

'rhs presence of the colon_v queen. the cage type. and whether the colony is 

heated. are factors that also difler between systems. The colony queen was removed 

in the majarit.y of syst.ems, but the queen was caged with t.he banked queens in one 

study t hIitchc-11 et 4.. 19851. In another study. the two colony queens were either 





( 1  1 lVoskr;r f)op~Iat.ir~rt 

t \ l m ~ t  .f kg. r,r apprr~ximately 39,000 i~idividual bees (calculated from data in 

Otis, i!+iiL/j are req~tired for wintering a colony (Farrar, 1968; Furgala, 197.5; 

. J ~ t ~ a n s s c ~ ~ ~  a d  Joliansson, 1969 I.  It follcrws that. a colony used for queen storage 

6,vi.r t lie win t,er also sho111d have a mi~limum of 5 kg of bees (Szaho. 1977b). These 

Im+s are prod~~ced by one productive queen, or by two queens that produce brood 

wi! hi11 their inclepenclent brood nests (two-queen management., see Farrar, 19.53; 

Farrar, 1 C46S). Two-queen management produces a bee population that is about. 

t wicc as large as in a colony headed by one queen. The larger number of workers 

cover a great.er conil> area, fill a larger volume of t,he hive, and creat,e a larger volume 

of ~.llrrlnore~i.~lat.erl environment. within the winter cluster. This warm environment 

I ~ ~ i l ~ i t s  workers to move around the hive and access pollen and honey st.ores to feed 

t he~nselves a i d  t lie s b red  queens. 

Clolony size is part.icuiarly important. in queenless colony banks because no 

adilit io~lal workers are produced by the colony. Worker population in colony banks 

varied from .5 kg bees (Szabo, 1977b) t.o 3-4 kg (Dietz et 4.. 1963) using standard 

~namgenlent technic1ues (Farrar, 1968; Furgala, 197.5). Two queen management, 

started i n  J~l ly ,  provided additional bees with the resultant. population reaching its 

~wak  by Szpten~lwr (Harp. 1967). Normal wint,er loss of workers in successful storage 

systems tested ( ,503  survival for :3-6 months) was offset by the addition of bees or 

frames of sealed brood every 10-14 days (Harp. 196'7: Levinsohn and Lensky, 1981 ), 

or when needed (Walsh. 1967). 

\ 2 ) Tltenuoregulat inn 

Bees cluster together in winter to generate heat. and prevent the loss of heat. 

from the colony cluster ~Farrar .  1968; IVinston. 1967). IVarnlth wit.hin t.he cluster 



provides sufficient heat for n-0rl-rc.r mobility. smle brood searing. fooil ingest ic.tn 

f Szabo. 19S5). and queen slur\-ix-al. The cli~ster decreases in  size as rt'nlpzrat lire:; fall 

to mainkin a core temperature higher than the outer areas. 'I'l~is rcsults i l l  a 

decrease in worker volume and an increase in queen nlort.ality I)ec.;tusi. i;~getl qllwlls 

are fixed in one location arid are potentially left outside the cluster. 3lanagc11w11t. 

t.echniques are therefore necessary to prevent or redltce cluskr ibr\nat3ion. C'itls!.'r 

formation and the resulting mortality of queens in colony Imiks can I>e psevt.nted 11y 

assisting wit.11 t.hermoregu1ation through the placement of' colonies in gmlps,  

insulating colonies, providing external heat. and/or painting the hives I ~ l i t i l i .  

Four colonies moved closely t.oget.her into a group m c l  in~!~latrd as one t~uit. 

reduces cluster formation and bees are able to go from wall to wall and ol~t.i~in stores 

(Peer, 1978). Packing four colonies together wi t,l1 ins~dntion reclilces (. h r  tdfecl  c j t '  low 

ambient. ternperat.ures (Szabo, 1955) when compared t.o single colonies (Owens, It17 1 ). 

IVorkers do not cluster tightly in insulated colonies bui. re~tlain as n Inrgrr vol~~rlw 

within the hive, potentially covering the area of stored qlteens. 

C'lust.er formation also was decreased by providing extern;tl heat. t o  culo~l ios i l l  

t.he form of light bulbs (Walsh, 1967), and a thernmst.atic heating ~ m i t  (Die tz  (2t. iLJ., 

1983). Colonies also were placed indoors with a 500 wat t  heated elrc~.ric i ~ l l ~ i -  p1;~cwl 

below the floor of t.he building, ! Griffen. 1966 j. Hives were paint.cc1 I)la(:li ~ I I  a sc~~rli- 

tropical climate to assist with colony thermoregulat ion ( Levinsohrt ar~tl Lrrlsky, 

1981). Measures to protect the colr~ny &gainst winter ie~nperatt~rt~s were not .  

described in some studies (Harp, 196'7: Harp, 1963; hlitchell et - al. 1!455; Szatjo. 

1977h). 

(3 )  Food amilabili ty 

Sufficient stores of pollen and honey are required f ~ r  the entire winter str,ragta 

period of about six months. Recommended stores are 39-40 kg of honey f Fl~rqala, 



7 )!j75; .Jo!!it~lsr,ll and Joha~isson, 1!369; Moeller. 19'71) and 3'200 cmd of pollen 

iFtlrada. l(47.5 j. For Saskatchecvan, C'anada. reconunended provisions are 50 kg in 

11lrry hive I~odies, and five conlbs of pollen I Szabo, 1974~).  Colony stores need to be 

plentiful ;it the start. of winter when storing qiueens, because it is difficult to feed 

(-c,Joll k s  i 11 rlitlldtes where winter ambient temperatures are below freezing,. Early 

Lll feet1ilig allows for the proper organizat.ion of food reserves and avoids hhe extra 

,-(isis of eniergency feeding [ Furgala, 1977: Johansson and Johansson. 1969). In 

addition, colony ~nanipulat.i~ns under wint.er conctitions may disturb colony 

holnecxtasis, and result in increased queen mortality. 

Supplemental fall feeding fulfills two requirements: it provides (1)  the 

rhemotherape~utic agents against nosema disease and foulbroodl and (2)  the 

recornme~lcleci amount of winter shores (Furgala, 197.5). The timing of fall feeding is 

particularly important; it cannot be done too early as all cells will be full of summer 

honey. On the ot.her hand, feeding should be early enough in the fall season so that. 

lwei can process and store the syrup. 

C'olonies nlost.1~ were fed at queen introduction in previous studies, and as 

late itito the fall as possible for workers t.o be able to store t,he syrup into empt.y 

I)roocl and  houey cells present. in i.he cent-er of the colony. Provisions in the center of 

the hive. close t,o the banked queens, assist bees in obt.aining provisions to feed t.he 

cl~~rctns. S u ~ a r  syrup with fumagillin was fed at. the t.ime of queen int,roduct.ion 

( hlit cliell et - d., l9d.j). and after introcliiction, when all brood had emerged from 

q ~ t ~ n l e s s  colorlies (Harp. 1967; Szabo. 1977b), or frames with stored syrup or honey 

w r e  placed w it,hin the storage colony ( Harp, 1969). Colonies kept indoors and 

heated mere fed syrup throughout the winter (Dietz et aJ., 1983; Walsh, 1967). In 

Israel. sj-nip was fed to colonies during the winter months wit.hout providing heat. 

Howver. colonies were black t-o absorb s d i g h t  and radiant. heat. (Levinsohn and 

I ~ l s k y ,  1% 1 ). Thus, timing of feeding does not. appear critical as long as colony 



stores are available to :i-orkers at all iimes during storage, and iond s t ~ ~ ~ s  I ht*st+t>re 

are availabie to banked queens. 

(4 )  Cage t p e  

Worker-queen contact is necessary for survival of cased y tarens. 'The t._itcn t of 

this contact depends on the xire apertures of the queen cage. TWQ cage types 1l;rve 

been used to store queens in colonies; wire mesh allows some worker-queen c a r ~ t ; t c - t  

depending on mesh size, and queen escluder rnat.erial allows full access !)_a. rvr,rkt.ss t o  

caged queens. Small apertrrres, less than 2 nmm. caused greater clrwrn ~uortality than 

apertures larger than 2.5 n m ,  because snlaller ;Ppert,ures rest.ric t an te11ni.rt" c-cmt act, 

and workers d l  not feed queens through these srrialler apertures {Free mcl U i ~ t l r r ,  

19.58 j. Certain mesh sizes f 1.2, f .Tj and 2..5 nml) may not result in cltteerl ~ r i ~ r t i d i ~ v  

hut- do result in greater than 60% injured queens (Woyke, 1968). W l e n  the white 

aroliunl or foot pads of the queen were injured the pads were no  Imger n-hiti'. I t  is 

suggested that workers of the colonj- damage queens ir, a colony 1~atik. W i r e  scrtwk 

with 2.-5 mm mesh was reconmended to prevent queen injury and !nortali t a; i f:n:tb 

and Butler, 1958; Jay, 1965). Howet-er 2.5 nlrn mesh may nr,t be the optin~ai siw; 

both success (Levinsohn and Lensky, 1981) and failure ! Dietz et ;rI., 1 ' W ;  Sx;tiv,. 

1977b; Woyke, 1988) resulted from storing queens in 3-3.5 mrn mesh size cages . 

Queen excluder material allows full access Izy workers T ~ J  s?,rm:d qtletrns iiid 

aha has resulted in both success and failure. Queen s u r v i d  ~ h s  greater t h a t  !W3, 

in t ~ o  studies (Harp, 1967; Harp, 1969). 71% in anut.her Iklitcheli rt - aI. I ! t G j .  i ~ i f < l  

less than 25% survival irr two citrhers f Mirchelr ot - dl., 19%; Szahr~. I fji'i'h 1. I t  is 

diffrmlt to assess whether cage type was a ff;sctor in queen nrort~lirg; because rlilfrrrr::t t 

methods were used in nearly every expezlrnenr pubhhed.  Thus. a1tHnrmg.h a p w t l w s  

of less than 2 mm cause quem mr-td i~y.  it is no; clear xhether k q e r  scrcm 

q x h r e s  or queen excluder ma~eriaf enhance qrieen storage. 



. -  
., 1 pp,<.%,. ,* of a C,,k,q- q?if-*en. 

rf'iE;~ c.rh,n:; (jF:eea is ce~~tr i t i  tc, rhe colon:;- and: together wit,h the workers. 

5 ~ r n  a r-olwslve w&:tg unir. 1Yorkers of ;t colony form a clllster during the wint,er 

.r:iiic-it prr,i-ides ;vwanrh fc,r the cpeen m d  her brood. byhen a free-running colony 

rtzrrwn is kept x i t h i n  the storago coiony. bat below a queen excluder, the colony is 

~ W t i  to fsc q~~r:c~iright f Hhrp. 1967). Qiueenless units are storage systems without a 

frtv-nea~ning color~y <itit:Pel. In some stuciies the colony queen is caged and placed 

with t h e  t-agtri C ~ I ~ Y I T S  to %)e s w e d  through t.lie wint.er (Harp, 1967; Harp, 1969). 

Beth qtitwiright [ H a r p ,  146"; i s d  queenless storage units [Levinsohn and Lensky, 

i t r r b l ;  tV;dsii. 1967) were successftd in storing queens for periods of 3 and .5 months 

ri?;pc~ivcly.  The advanrage of a free-running colony queen in addition to  the 

Im&ecE qtrzrrls is ahat new workers conrinue to be produced by the colony queen. 

i k m t * w r ,  he presence of a cased or free-running colony queen may cause workers to 

%rc.- iqgrzssive - .  towards the  nets-1- banked queeris (Szabo, 19Xa j. Other than the 

~-~nb.inttotts prir~i~icrion of Imxd by the colony queen. i t  remains uncertain whether a 

c'Chc2lhy q11w11. in addition tcr banked queens. is a necessary requirement for colony 

irarmks rwrd for tv in te~  storqe. 

I r;! isla r c d l r i t  ion of Banked Q~aeens 

Ssrc-it.sskH cjrteerr iratmdncrion is rhe process of acceptance of a new queen by 

: ha.. w*>tP;ers of  a colony. C'okwx- qnren fessness for a period of several days and the 

fwr%iag +rf C O ~ E I ~  prmcir to and during queen introduction are two common methods 

T E * ~  f~ m p r ~ ~ - e  the acceptance of a nsv.- queen by workers of a colony (Laidlaw. 

I:bfi i. Sirdztr techrriqenes are used ro inrrsduce one queen or several queens to a 

t&\n~-. . ~ R € T O ~ F I C ~ I L ~  F E ~ O T ~  &ban one queen to a colony can be done by introducing 

q P a ~ i t s  s i r d r  anwhks!y to S! qwenless colcmp f Johansson and Johansson. 1971 b ). 



Failure to successidlj- inrroduce queeris in the late suinrner or early fall is nc>t callstd 

by the lack of pror-isions or worker populariori in a. storage colony. Iwc.ause cvlonirs 

are fed -- ad lib. and the ~vorker population is at its peak. It is k n o ~ n  t.\lat. fa.ilurr of 

workers to accept, a queen (~ )  resrllts in queen mortality due to ~~orlter-c~utwl 

aggression. Failure occurs if the newly introduced queen is different iri age ;mil / or 

physiology to the colony quee:l (Szabo. 1Y'i-lb). Xccept.ance of a new clutwl 1)): 

colony workers is higher if both queens are physiologically similar in e,qg layin# 

capabilities or are both newly mat.ed. Queen acceptance may depend 011 t.1ic ariio~lnt 

of worker-queen cont.act. at introduction which is cleterniinect hy the size of t.he wire 

mesh of the queen cages. 

Techniques used t.o decrease t.he aggressive behavior between worliers i l ~ l ( l  

caged queens in storage banks have varied between st,udies. All queens were 

accepted 24 hours after int.roduct.ion when the colony queen was caged f(jr 20 tlc~ys 

compared to 93% and 59%' survival when the colony queen was cngecl for 9 t l i~ys 

(Szabo, 1977%). Gorging the colony with honey imnlecliat~ely I~efore cll~c-wi 

introduct.ion resulted in 9.5% ssurvival (Harp, lC369 ). The honey gorging t.echniq1.1c: 

was used in t.wo ot.her studies, but. results after introcl~~ct~ion were not. rrport.eti (Harp ,  

1367; Mitchell et d., 1985; ). Spraying colonies wi th  wakr arid smearirig cjllrca c.agc3s 

with honey were used to introduce caged queens to a colony, h11t s ~ ~ r v i v d  kt .  

introdnction was not noted (Griffen. 1966). Therefore, reliability of t hesc 

introduct.ion techniques have not been demonstrated. No introduction technique-s 

were desnibed in other queen overwintering t.rials (Dietz et - a1.. 1983; I,c~irisol~r~ arid 

Lensky, 1961; Walsh: 19671. 

Summary and Conc!usion 

There is no one colony storage system that has been denlonstriitrd d= rc-l~;ihlr, 

and that has successfully hosted queens in a northern &mate for longer t h m  3 . 5  



~rlo~it-hs. Five ~~tori ths storage and 8475 survival was reported from Israel, a country 

with h 1i1ucli warmer winter climate than in northern regions. Six months storage 

arid 14.5'5; survival was reported from t,he United States but good results were report.ed 

from only one colony (Harp, 1969). There are two systems t,hat. successfully stored 

queens for 3.5 months (86% survival; Walsh. 1967) and 3 months (92% survival; 

FIarp, lt467) in New Zealand and the U.S. respect.ively. These result,s are more 

rtz1ial)le as   no re than one colony was used in these studies. However, these two 

systems are not suitable for storing queens throlugh t.he winter because winter 

conditions in holarctic regions prevail for at  least 6 months. Perhaps the milder 

climate favours queen st.orage because the wintering period is less st.ressfu1 to the 

colony. 

Factors import.ant for queen survival are thosc factors that influence worker- 

queen con tact,. Worker- queen contact and eventual survival of banked queens may 

clepend on the presence of brood and young bees, the absence of worker-queen 

aggression, and  cage t.ype. However, conditions for maximal contact by using queen 

e:cclucler 1nat.eria1 have heen both successful and unsuccessful. Wire screen cages 

perhaps give the best t,rade-off bet.ween worker-queen contact and queen protection 

from aggression. Wire screen cages provide sufficient worker-queen contact. for 

feeding, but. restrict aggressive behavior behween worker and queen. 

Factors important for successful long term st.orage in colonies in addition to 

rlnee11 survival are related t o  t.he preparation and management of the colony to  

sirrvive winter conditions. Ultimately, opt-imal colony conditions conducive to  

worker- queen contact. are required for queen survival because caged queens are 

focat.ed in a fistlci positiou within the colony and depend on queen-worker contact for 

their survival. 

Colony maintenance of honlmsbasis and eventual survival are dependent on 

(1) the ax-ai1abilit.y of food t.o workers and queen(s), and (2 )  sufficient number of 



workers to thernloregulare the  colon^-. Therefore. colonies used h r  qlieen s t ~ ~ s a g t .  

must. be fed before coder winter  eath her, to allow workers to store s y r ~ ~ p .  Si~ililiirly, 

colonies nlust be prepared with a worker population that. can attend the 1 , ; ~ n k ~ t i  

qneens. Finally, colonies are more likely to survive with an external heat. sour(-c\ or 

insulation packed around the colonies to assist with the t~hennoregulatio~i of tlir 

colony and reduce cluster formation. 

It. is clear t.hat colonies are able to survive the winter wit.11 present. 

management. techniques, but reliable management t.echnic~ues have riot. been 

developed for mass queen storage over the winter in northern regions. However, 

syst.ems used both successfully and iunsuccessf~~lly point to areas that. require f11rt.hi.r 

research before a successful system of clueen storage is available. Studies report.cr1 it1 

the literature are on the whole not. comparable because different met hods are I tsed , 

and, to make comparisons even more difficult, det,ails in the mat.erials and nxthorls  

are not ent.irely clear. we recommend that parameters noted in Table 1, plus clet.;~ils 

on insulation, be included in every report. 

Further research is required in all areas of colony hanking. 01lr  research 

examined colony parameters because banked queens depend on the workers of' a 

colony for their survival. We investigated (1) the different size (if c~ lony  1)mks for 

the most successful and economical system; ( 2 )  y~leenless vs. clueenrigh t colorr y 

banks; (3)  wire screen vs. excluder type cages: ( 4  j methods of yl.teeri i n  t.roc.11 lc. t,ion ; 

and ( - 5 )  the importance of young workers. 



2.2 Overview of Research 

C - I he aim of this study was  to identify the most economical and biologically 

S I ~ ( T C S S ~ U ~  system to s t x e  queens en mass: through the winter. There is no 

c,verwinterinq systern that consistently stores rnultiple queens far six months without. 

corlsiderabie queen loss (Reid, 1975 j. Queen producers need a storage syst,em that. 

req~iirt:~ t h e  ~ninimum amount of equipment, can fit. into their present management 

sc:henle, is eco~iornically viable. and can store more than one queen over the winter. 

In this st-ucly, we tested queen survival and subsequent quality in various mass 

storage systems and examined the economic feasability of the more successful 

syst,enls. 

Wint,er storage a1lott.s queens t-hat. are produced during t.he previous summer 

to be available in early April. Locally produced, rnated queens are not available in 

Canada and other northern regions at, t.hat. time, because weather is unsuitable for 

rearing drones and queen mating flights. As a result., large numbers of mated queens 

have been imported every spring into Canada, either sold in packages or as 

individually caged queens. Queens were imported into Canada from the U.S. before 

the border was closed t-o importations in 1987 due to the hhreat. of t.rachea1 and 

rarroa niit,es. This border closure has dictated that queens be imported from New 

Zeala~lcl arid hust.ralia, or produced in C'anada during the sunxner. The annual 

impirtation of honey bee queens, however, results in a substantial revenue loss to 

Canada (\Vinst.on, 19S.3). Traditionally. queens produced during the summer are 

tlsttcl for sunuxer reclueening, because curiently these can not be stored over the 

tv int-er. Requreni ng is usually complet.ed during t.he spring because summer 

requzeniug is difiicudt and binie consuning. If Canadian beekeepers produced 

stttmncr-mated queens. stored them over the winter, and made them available in 



early spring. Canadian self-sufkienq in queen production cottid be acltieved 

( McC'utcheon. 1963). 

Laboratory storage s-stenls in which the queen is isolated fro111 the c-ohny 

situation were excluded from this study, because there is no report. i n  the 1it.eraturt: of' 

a system that will store queens for a period of .5-6 mo111-hs ( a  typical Cariaclia11 

winter) without extensive labour and specialized ecluiplnmt.. C'olo~ly storage s y s t c ~ i ~ s  

in which t.he cpeen(s) are hosted by a colony were exanlined I~ecause these syst.tms 

have advant,ages over laboratory syst,ems. For inst,ance, workers at, tencling clo not. 

require replacement., whereas manual replacement of all workers is a necessary 

routine for laboratory systems on a bi-weekly basis (Eclwarcis and Poole, L Y ' i l ) ,  

periodically (Foki. 19-57, 1956. 196%; Iihidesheli, 1963), or every 1 1/2 -2 ~~ ion t , l~ s  

(Avet-isyan and Iiotova, 1963). In addition, food for caged clueens in colony Imlks is 

obtained by the workers from within the colony, whereas the feeding i.ini t of a 

laboratory bank requires frequent. replenishment, with fresh syrlip rind pollen ( G a r y ,  

1966). Finally, laboratory syst.ems dictat.e the additional capital expense of a 

building with heat and humidity controls. 

Queen banks wit.h excluder cages were tested in all t,hree years of this st.11c1y ir i  

queenless colony banks. Wire screen cages also were test,ecl in the second and t,llirrl 

Only queenless colony banks, with both cage types, were overwintcwd in t,hc 

final year of the study. Queenright indoor colony banks were tested in the first y t w  

of the study, whereas queenless indoor colony banks were tested in the second yc.ar. 

In addition, an overwintering syst,em was tested that incorporated bot,h t.hc w l ~ ~ n y  

bank and the mini-nuclei in the latter two years of the study. 11, all three yeus, 

sumiva; in colony hanks was compared to the survival of individual yi.~eens i t 1  .5- 

frame nuclei. 

The majority of experiments were perfomled on colonies kept out,doors, 

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



a4dt.d f'xl,(:n:je o f  heated buildings is not required. as it is for colonies housed indoors. 

(',,lorly s torqe !xmE;s were tested xith hot h the rnininmm of winter packing for 

r-o;rst,al Brit,ish C_blutnlsia. and with winter packing as prescribed for colder int.erior 

i:Ii!l~ate:;. ( 'olm y survival is improved in outdoor overwintering in areas with severe 

wirlters when beekeepers insulate colonies and place them in groups of four (Szabo, 

1 9 7 4 ~ ;  Peer, 1978 ). 

Winter survival of colonies largely depends on colony condition prior to 

wintering: which incli.~des the winter preparation &h insulation (Farrar, 1968; 

Ftrrgilla, 197.5; Johansson and Johansson, 1969). Our experimental colonies were 

I>reparecl with aclequat,e food and worker populat.ion to opt.inize the wintering 

conditions of colony banks. 

Mass queen sborage in colonies was compared to colonies that, st,ored one 

cli.rren wit,h her workers, the common wintering method. The smallest wintering unit 

was chosen as the control treatment. because hive equipment is a large cost in a 

1)eekeeping operation. Nucleus colonies can be established during the summer and 

wintered (Johansson and Johansson, 1970), and may consist of various sizes of hives 

( Choderman, 194.5; Telschow, 1962; Waller, 1977), although small units limit t,he 

success of the overwintered unit. in cold climates such as in A1bert.a (Szabo, 1987). 

Five-frame nucleus colonies moved together in an eight or t.en-pack were used in this 

study, because t.hese have heen successfully overwintered in British Columbia 

( Barten, personal con~municat.io11; Tegart , personal conlrnunication 1. 

hlini-nuclei were used as one of the queen banking systems because the mini- 

nuclei reduce queen n1ort.alit.y during the last. two n1ont.h~ of storage in colony banks. 

Queens were transferred from colony banks to nini-nuclei, in which queens were able 

to lay eggs and produce brood during the last. t.wo months of storage. The moderate 

winter climzte of the st.udy area in British Columbia permits the assembling of mini- 

11ucleus colonies. 



"I, 

Colony storage systems n-ith and ~ v i t  hout the colony clueell ~ t - . , ~  test ctl i r ~  t his 

study because it is unclear whether tlie pre.wiie or absence of a c'0101iy ql~et '~i  

promotes success in queen storage. The presence of a free-running c~ lony  c;*:rtsll i l l  

the storage unit is advantageous because brood is produced on a continuous I,;i.sis 

Furthermore, young workers replace older workers, and in this way ~naintain the 

colony population. However. the presence of a colon; queen in a storage titiit niay 

interfere with the maint,enance of banked queens by t,he colony's wvrlters (Szal~o. 

19'T'ia). 

In this study, 2.5 nml mesh screen and escl~tder material were co~nparrd t.o 

identify the most successful queen holding cage, and to invest,igat.e whetsher t .hr>  

t.radit.iona1 screen mailing cages that. are con~nlercially available are as s~.lccr.ssl'~ll as 

excluder cages that require local manufacturing. The screen size determi~ies I.ht. level 

of worker-queen accessibility. Although tlie nlininium ~ ~ C O I I I I ~ ~ ~ I I C I Z C ~  111es11 size is 2..5 

mnl (Free and But,ler, 1958; Jay, 196.5), both success and failure have lxen report,etl 

using larger mesh sizes. Excluder material enables workers t,o eriter t.he qr.wen cage, 

and feed and groom these st.ored qlueens. However, excluder niaterial d so  pern1it.s 

aggressive worker-queen behavior that may result, in queen morta1it.y. Tlie 2.5 I I ~ I  

wire screen decreases worker accessibility and thereby decreases t,lic: aggrcssivc 

behavior that may lead to T e e n  mortality. 



2.3 >lat,erials and Met hods  

I l l ~ c , , ~ t  S(i0 ~riat ed honey bee queens ( ilpis mellifera L. ) per year were 

t,rcxl ucrd into varirjus s t ~ r a g e  systems in nid-September of 1387, 1968, and 1989. 

Olleens were reared from one queen nlother in 1987 and 1988 by Southern Interior 

rjpiaries, Iieremeos, B.C.. ancl from three queen  noth hers in 1939 by Babe's Honey, 

Victoria, British Colurnhia. These queens were removed from nucleus colonies and 

transported to Simon Fraser U11iversit.y either in queen cages with at.tendants (1987') 

c>r without,  attendants, and held in bulk bee boxes (1988 and 1989). Caged queens 

were temporarily s h e d  for two days in 1987 and 1989 and eight days in 1988, prior 

to int.roduct.ion into winder storage syste~ns. 

Both outdoor and indoor storage systems were tested during the course of this 

project (Table 2 ). Storage systems varied in size from mini-nucleus colonies t.o five, 

t,en, ancl twenty frame standard colonies. In all cases except the mini-nuclei, frames 

were standard Larigstroth size, (rechngle dimensions are 23 x 45 cm ); the mini- 

nuclei frames measurecl 16 x 19.7 cm. Colony preparat.ions for wint.ering included 

supplementary sugar feeding. In all cases t erramycin (.5rnl of Terramycin Animal 

Formula-2.5 per 4.5 L) and fumagiIlin (100 nlg /4.5 L )  were added to the sugar syrup 

('I! part,s sugar, 1 part, wat.er ), to prevent. American and European foulbrood, and 

noselna disease (see Production Data page 113). No evidence of American foulbrood, 

El~ropean foulbrood, nosema disease. nor Acarapis u~oodi disease was found in 

colonies ~lssc i  in this study. The number of queens hosted in one colony varied from 

sir& queens in the mini-unit.s and the five-frame control units, to rnukiple queens 

(24-48) iu t-en and twenty frame hive bodies. Mult.iple queens were held individually 

in traditional wood shipping cages (wire screen cages), or in compartments covered 

by queen excluckr material. Queens in wire screen cages were left in the same colony 

for six n1ont.h~. or else transferred inonthlp or bi-monthly to  another colony. Colony 

entrances consisted of a small upper entrance and a colony-width lower entrance, 



because small lou-er hive entrances are det ri~nent a1 to the t herllwsq~llat ion ( l  t 

overwintered colonies i Allen, 1tX-l: Szaho. 146.5 j. Qneen s~lrvii~c~sship  as 1 1 5 t d  <LS 

the indicat,or of a successful winter storage system. Survival d test illlct'lls ivas 

checked about every :nonth throughout the winter period until 1 I ; ~ r c h .  111 JI;is~.ti, i t  

sample of test queens was removed from the different storage s~-stt.ms and r\.;ll~~c?t etl 

for quality and performance (Section 3) .  

Table 2: Outdoor and indoor colony qneen systenls tested in 19b?'-l';WO 

Outdoor 

5-frame -5- frame 1 5-frame 1 .5-frame I 

Nucleus 
Colonies 

Colony Queenless Queenless Qi teenless 
bank 1 0-frame unit 20 frar? e 20 fraq e 

over a 20- ,nit.L. 3 unitd? ) .I 
frame 
ween-. ght 
colony 5' 

Mini- 
Nucleus 
colonies 

Four hive Tv;o hive lmlics 
l~oclies st ac kecl over 
s r acked a " q ~ q r t  
cond nliniiun colony 
style 7 

Indoor Queen-right Qi~eenless 
ten- •’rape t en-fra5nnc 
colony" colony' 

- - - - -. . - - - . - 

1. Single queen per unit 
2. Wire screen cages 
3. Excluder type cage 
4, Queens kept. in colony banks in wire screen cages until 

January, then transferred to single queen mini-nulei. 



2.3.1 Oi~tdoor storage systems 

Ot~tdr,c,~: :;torage systems inclllded the large (1 )  colony bank. the smaller (2) 5- 

fritrllr* I I U (  lei. a n d  t h e  ( 3 )  mini-nl~clei. 

1. Colony bank 

'Thr cr,lony yueen bank held outdoors consisted of a queenless colony with 

t,ankerl queens held in compartments placed in the center of the hive body. Two 

variations of the colony queen bank were ~ ~ s e d ,  and two variations of compartments 

were tested. Iii 1'387 the colony queen bank consisted of an eight frame unit with the 

tmnked queens  laced b e t x e n  the eight frames; this unit was located over a twenty 

frame, queenright colony (Fig. 1). This queen bank was separated from the colony 

wi tli a clou ble-screened. bee-proof board. In 1988 and 1989, the colony queen bank 

ccmsisteci of a queenless Id frame colony with banked queens inserted into the center 

of the  llpper h ~ v e  body (Fig. 4). 

Oueens were caged in either wire screen cages (Fig. 3: 1968, 1 383), or wooden 

cornpartnients attached to a frame (Fig. 4; 1967, 1988, 1990). Wire screen cages were 

a t  her t wo ( 1989-90) or three-holed wooden cages (1988-89), a-ithout candy or 

at te~lctants. The lacquered wire mesh screen (gaps of 2.5 nun) allowed workers to 

feed and at terd the caged queens. JVooden compartments were constructed from 

laths t~ form a grid of 13 compartments. The framework measured 4 x 4 s 1.6 cm, 

nnd was srt into comb drawn out from plastic foundation. Each compartment was 

eoverrcl t q -  C ~ X I ~  excluder material tbat ailowed direct contact between a queen and 

w&t.rs: the workers could mow through the excluders, but. the larger queens could 

hWt. 

c I ) -  Treat nlents. 

Treatme~rts primarily raried xvith cage type. and secondarily with feeding 

szheduk and whether young workers were i~t roduced into the overwintering storage 



unit.. Colony rreatnlents inclucted the use of two cnge types: ( a )  \vise sr1.t-t.11 and (I)) 

queen excluder . 

( a )  Wire screen cages. 

Queen cages were held back t.o hack in a wooden fraruewosk fistd wi th in  t llr 

cent,er of a frame (Fig. 3) .  The remaining area of the frame. adjacent to the cages. 

consisted of comb filled with honey. This fmne  was held in t.hc cent,er of ;L ? - s ~ t l ~ . r  

queenless colony (Fig. %a).  The wire screen cage was  used in four t rea t~nt~r~ts :  

( i )  21 caged queens held in one colony (n=4)  t,hroughou t the winter ( 1 S&)-%)). 

(ii) 48 caged queens held in one colony (11=4) t~hroughout. the w i n k r  ( 1!1S9- 

90). 

(iii) 24 caged yueens t.emporarily held in one colony (11x4) ancl t.rallsferretl t.o 

a newly dequeened colony every nlont,h (1956-89). The newly clecl~~erucd cxjlor~y wa:; 

examined one week after introducing test. queens for queen cells, which wert. rem,vecl 

if found. 

( iv)  24 caged queens were held in one colony ( n = 4 )  and t.ransferrc:cl t,c, a, 

newly decjueened colony every two ~nonths  ( 1 S M - S O ) .  llsed storage colonies w t w  

subsequently requeened 24 hours after removal of the stored queens. 

(b) Queen excluder cages 

Queen excluder cages were used in five treatments. Twelve cages were locat,ccl 

on each side of the bank frame (except in t r e a h e n t  .5), and were kept in one: colnriy 

throughout t.he winter. In 158r-88 the queen bank frame was fleltl in a yi~eenl(~ss 

bank ( 1 super), that was placed over a 2 super queenright colony ( Fig. 1 ). 

Treatments consisted of: 

( i )  The addition of one honey frame to the queen bank every t,w(j weeks 

(n=5). 

(ii) The addition of one honey frame to the queen bank every month ( n  =-5 1. 



! i i ~  ,I The adciit,ion of one frame of brood and one frame of honey to the queen 

1j;t11 k clvcry t WQ weeks i n =4 j. 

I n  I ! W  and 1969 t.he queen bank frame was held in a 2 super queenless bank (Fig. 

zi,).  'Treattnents consisted of: 

( i )  No additional frames added to queen bank (1388-89, n=8; 1989-90, 11x4). 

( i i )  C:ul)e compartment. (1988-89, n=4). Twenty-four queens were 

individua~ly held in  wooder, queen excluder compartments constructed in a cube, and 

held in the center of three frames (Fig. .5 j. Six queens were held on each of four sides 

of' t.tie c ~ l l ~ e .  The whole ~.mit. consisted of the cube plus part of three frames that. were 

attacl~ecl together as one unit.. The cube of queens could be rotated so that all sides 

o f  t.he c~.llx were ol~servable when checking for queen survival. 

(2). Colony preparation and maintenance. 

('olonies were prepared in a similar manner each year. The 1989 dates are 

llsed t.o rlescribe the tinling of colony preparation. Preparat.ion of colonies began at  

the 1)eginning of the nectar flow on 6 July. A st.andard ten frame colony was placed 

on t.op of a 20-frame colony to make a two queen colony (Dietz, 198.5; Farrar, 19.53). 

The t,wo colonies were kept separate by one hive body sandwiched between two 

q1.1een esclliders. Each t.wo-queen colony was provided with additional hive bodies 

cluring the nectar flow for honey storage (placed beheen ,  and over the top of the 

two colonies). The total nunlber of hive bodies of each two-queen colony was 

rttctt~ced to three immediately after the nectar flow and before test queens were 

int rodrtced to t,he colony bank. In 1988-89 and 1989-90, each colony bank was 

t'r~rt.her reduced t.o two hive bodies (lowest hive body removed) after queen 

int roduct inn and before insulating t.he colonies in mid-October 1988 and 1989. In 

ctmsrast. the two-clueen colonies in 1987-Sii were converted into a queenless 10-frame 

hank placed over the top of a 20-Game queen-right colony. First, the queen in the 



'-1pper snuer v:as rer;ro~.-ed (25 Augnst i and a queen esclutier was l>lit<.ecl Iw rrt.!w thr, 

two mits  to prel-ent r he lox-er co lon~  cpwn  fro111 laying esSs in t l!e ~ i p l ) r 3 r  hii-ts l ~ ~ l y .  

Secc;ild. the clueen excluder nas  replaced xirh a double screerttd bee-proof Iwsrt l  cjn 

21-22 September. physicailp; isolating the upper cpeenless unit fro111 the quet~r:-sight 

colony be!~-~x:. Third. three frames or brood with adhering bees. p111s tmls ~ h i ~ k e ~ i  

from an addit.ionai 2 to 5 frar~es. were pfacecf into the upper hivr l i t d y  t~ 1)oost t h  

worker population that covered about. 6-S frames. 

Colonies were given additional provisions after the honey flow in la1.i. srlnlrnel- 

to ensure conhuous  brood and worker production. Pollen supple~nrnt (.'lfIc?r g)  was 

given to all colonies on 24 A~igust. 2nd 14 Septenher, orie I-tzhav the lower c:cclder 

and one above the upper exciuder. Each colony also was provided wil !I .tn acidit icmal 

10 L of syrup on 14 September. and on 1 and 27 October, l:?Lih9. 



i f ). f I l t . t b  Insulation 

Twtr ~rlethvds of insirlating colonies were used after queen introduction. In 

!*rx7. I t i ~ c x b  were wrapped individually with tar-paper, and a sheet of R12 st yrofoam 

r s s s r t  L t  ltirt t -! i i x.52 CIEX f xa.i over the inner cover, underneath the lid. In 

j r b x ~  ant! i~thit, rolvnics v:err mot-ed onto pallets in groups of four and insulated with 

p i ~ t . ~  hp-lenr p i l ~ , " i ' b  ii1it.d v;ii h glass z-od insulation (minimum R12) . One pillow 

[ ' # I  5t 111 :I: I .>I! 1111 was wrmped around the four hixres, and two pillows (50 x 6.5 ~ 1 x 1 )  

w c w b  piaced over t h e  top of t h e  four colonies on 25 October. Further, each of the 

t c k r ~ r  c ~ r l b r l i t = s  ivas  placed over h irive body filleci bcith msulation. The insulated unlt 

r r l  e f r t l r  - sblo~rtes ;eh, R - ~ S  ci3-.-csr~l ~571th a sheei of plywood tied down with rubber 

Eb'~r:tEs 5 t ~  set-t ton 4.t;. pase f ! 4 : Top feciers vt-ere removed i 17 Xosember ) and 

rrplintt.ti ~ t r h  i r r w r  io \ -sn w e h  6 cnr rop tnrrances. Small hoards v:,r;ith 4 cm auger 

i . ~ ~ ~ ~ ~ ~  EI'PTP phieti oi-er rhe ~ E I S F I P ~ I ~ , ; ~  and nailed into position after alignment with 

r Ew t c * p  cS::t rarrct' $4 each cclsn-.  



2.  Fire-frame nucleus coli>nies 

Five-frame nucleus colonies were used as t 1lr cant rt>l qlleen I?anki~is sys t tr.111 

(Fig. 6).  In 1987. nucleus mlonies (11=!7) Lvere prepared by idclii~g :! lig Iwes to iive 

frames containing honey and pollen. In 1958-69 (11=2l)) and ibjS$)-W ( n - = X )  ~~rlc.lr\ls 

colonies were started during the sunmler, and were prepared for the fall by equidizirig 

brood (two frames), honey and pollen (three frames), and workers (covering fi>ur 

frames). In 1988-89, colonies were fed 3 kg of sugar syrup in pail feeders on !I 

October, G-a~nes heavy with honey replaced en1pt.y frames on 25 January, and oil 1 

March frame feeders with syrup replaced one frame (1968-S!:t). The following year 

(1989-90). nucleus colonies were prepared with four frames and a. franle Lxder. 

Colonies were fed on February 6 wit,h 1.5 L of syrup and i: 500 g pollen siipplc~~icwt. 

patty d ~ ~ r i n g  the winter. Test queens were caged in [.he nucleus colcriies Lijr two cli~ys 

(1987.1933) and seven days ( 1939) before release i~i t~o each colony. Ten or  20 ~luclt>rts 

colonies were placed side by side and back tc~ hack to for111 one ins111st.ed rtrlji,  in 

'5 
order to conserve heat. Two types of hives were i~sed, st,yrofmm ('il!x/ft") r~t~clei 

(Tegart., personal conmunication) in 1987 and wooden nuclei wrapped wikh it pillow 

of glass wool in 1988 and 1989. Addit.iona1 insulat.ion was placed tiver [fiberglass) 

azd underneath ( styrofoarn) each wooden nucleus. 

Each nl~cleus colony was fed 2 L of syrilp one week prior t,o, and twice aftc>r, 

qrreea introduction. For 1989, feeding dates were 6 September, and 3 and I8 

October. In 1990. colonies %ere provided with an additional 1.5 L of syrup arid 500 

g pollen supplement on 6 February. 



3. Mini-ni.icleus colonies 

A mini-nircieus colony (22.9 x 22.9 i: 16.8 cm deep) consisred of four frames 

and s frame feeder (voli.mle = (1.5 L);  four mini-nuclei colonies fit int,o one hive 

body. Four hive bodies v.lere stacked on top of each other wit.hout the support 

c<jlony 1,elow in 1989? w!lereas two hive bodies of n-~ini-nuclei colonies were stacked 

over t h e  top of a. supi~ort coio~iy in 1990 to assist with thermoregulation (Fig. 7). In 

Imt. h 192jh-6I) and 1989-'3C 16 t.est queens were int.roduced into the mini-system 

rlr~ring .January after being stored from September to January in the colony bank. 

Each mini-nuc.leus was prepared in late January (1988-89) from pieces of c.omb filled 

wi th  honey and pollen (t.w.0 frames), and honey (two frames) and 0.2 kg of bees. The 

following year (1989-90), mini-frames of brood, honey and pollen were obtained by 

dis~nant.Iing colonies that consisted of 40 mini-frames that were set up early in the 

spring. 

hlini-nuclei coIonies were left. queenless and with a closed entrance for 24 

hours before test. clueens were int.roduced (20 January, 1989; 1 February, 1990). 

Qtieerls were int,roduced by using a wire screen cage centered in the colony, and 

nlanually released three (1989) or four (1990) days after int.roduction. Colonies were 

stored inside a heated building (20•‹C) for two days to improve queen acceptance, 

arid to enable workers t.o store the syri.lp in co~nb  prior t.o being moved outdoors. 

C'olonies were placed outdoors on 23 January 1989 when each queen was released 

from its cage. 

Each stack of mini-nuclei colonies (plus the support colony in 1990) was 

i~rsuktted with R15 st-rof'oam. An additional 0.5 L of warm sugar syrup and 0.7 kg 

pollen supplement was provided t,o each nucleus colony on 312 January 1989. No 

additional food was provided in 1990 as frames coniained sufficient stores of pollen 

m c 1  honey. 



Figure 1. Oiltdoor one-super queen bank located over a t w o  super cluecnright c-olony, 

with colony entrances on opposite sides of the hive. The bank is separated from thc 

colony by a double screened hoard. The rnorlified queen holding franie is locatccl i 11 

the center of the upper bank. 
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Figure 2. Outdoor t.wo-super queen bank, wi th  the queen banking frame placecl i11 

the c-enter of the upper super. Each compartment. cont.ains one queen, and is cmvcm=tl 

wit.h queen excluder mat-erial allowing workers t,o ent,er compart.n~ent.s. Twelve 

compartments are located on each side of t,he frame. 
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Figure 3. Modified frame for holding 2-1 wooden cages ( 12 on each side) cvi t 11 screcm 

on one side. Four cages are held hack to back in each of three trays. Each chgc 

contains one queen xi th  bee-proof screen allowing partial queen-worker cuntztct. 



FRAME FOR HOLDING 24 QUEEN CAGES 

4queencages 
back to back 

/ pertray 

tray for 8 queen cages 

vertical wood to 

metal stave to hold trays 

woodenqueencage 

bee proof 
wire screen 



Figure 4. Modified frame with twelve partitions covered wit11 excluder ~ n n t e r i a l ,  that. 

are inserted int.0 the honey corn11 drawn out. of plastic fouridation. The frame holds 

twelve compartnlents on b0t.h sides of the frame. 
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Figure .5. Cube compartment with six excluder cages on each side of the cube. 'I'lie 

cube is held in the center of three frames. Each crjnq~artmerlt cont aim one queen 

and is covered with queen excluder. 
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Figure 6. Five-Frame nr~rIeus colony shown here with h t i r  frmtcs and cmc fra~nt.  

feeder. The hive lid is nor drawn, hilt covers the wlmle unit .  



5 - FRAME NUCLEUS COLONY 

/- 
frames 

L front entrance 



Figure 7.  The nini-nuclei system consisted of supers stxkecl co~idoniini~lrn siyle. 

Two supers were stacked over a support colony in 1989-90, whereas fbur sttlwrs tve!c3 

stacked without a support colony in 1966-69. One super consisted of bilr ~ ~ l l c l c - i ,  

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

The indoor queen s:orage s~-st.em consisted c)E a ten frame i o l ~ ~ : ~ ~  held inilonrs, 

with hee flight through an outdoor exit hole (Fig. S ) .  Three free- flying cluw~lrigli t. 

(1967-88): and four free-flying queenless units with young workers (19SS-S9), were 

used for queen storzge. Each colony consisted of four frames cvit.h pollen and tlonry, 

six with brood, and eight frames covered wit,h adult workers. Sugar syrup was t;d 

t,o colonies -- ad lib. using an invert,ed bott.le, prior t,o and aft.er queen int rocluctii,~l. 

Indoor conditions were kept. at  a constant t.ernperat.ure of 1 .50Ci. and wit. h anll~ieo t, 

day-light. regime. 

Colonies were left clueenless for one day (19SS-S9) prior t.o queen int,rocluct.ion 

(16 September). Colonies were t.hen 1ight.l~ srnokecl and 1 kg of honey was  poured 

over the top of t.he frames (1987-88, 1988-Nj. Hor:ey was provictrcl to each colol~y ;I.[. 

least twice to ensure bees were gorged wit.11 honey. Queens were int,rorl~lcr<l out. at, n 

t.irne, and, if worker-queen aggression was observed, honey wits placed 011 t.hr3 clilecn 

to  reduce any further aggression. 

Twenty-four !1987-88) and twelve (1988-85) queens were st,i)red over t.he tol) 

of each colony. Queens were held above the colony in woocten co~npart.rrlet~ts wit.11 

queen excluder mat.eria1 at the base of all compartments. This allowed wr,rkess t.o 

mingle with each banked queen, and within the queenright colonies i n  lYrj'i-)rS, imtl 

queenless colonies in 1988-89. Con~pariments were constrl lct ecl from ;t w(ic,<I(.n grid 

(1 x 1 cm wood; inside ~neasurements of each compartnlent of ri x fi x 5 c111j. 

Plexiglass over the top of each conlpartment. provided good visibility of  c j ~ ~ c t ~ i s  ttr i d  

workers. Drawn comb with honey was placed on one inside w d l  (If cat-11 

compart.ment. Queen compartments and feeding jars were supporter1 over t h r  rr,lony 

by a 3 rnm plywood board. Areas of the plywood board were c~.it, away for t hr 

placement of queen compartments, feeding jars, and two areas of screexi (25 x 5 SII I )  



fix ~-fJlO~ly :;e~~tiIation. Additional ventilation was provided by a hole covered with 

b e  proof scrcen tc~cated 011 one side of each compartment. 

2.3.3 Introdluction of excl~uder caged queens 

TwentY-fol~r colonies in A bl~otsford, B.C. were used to compare four colony 

treat.liients for introducing 12 queens simultaneously into a queenless colony bank. 

Each c-olony was equalized for brood and bees. Each colony consisted of two supers 

wi th  a minimum of seven frames of hrood? and a minimum of sevenken frames of 

/lees with si~fficient. honey and pollen stores. All queens were reared from one queen 

~not,her by Sout,hern Interior Apiaries, Iieren~eos~ B.C.. Queens were transported t.o 

H~.~rnal)y in  queen cages that were held in a mailing cage cont.aining sufficient. 

workers srnd queen candy. Queens were left in cages and placed in queen banks until 

used in {,he experiment.. Queens were individually held in queen excluder 

corrlpartment.~, six colnpartments t.o each side of the frame (see Fig. 5 ) .  

Six colonies were used in each of four treatments. Two colonies in each 

treatnlerit were set up  on each of three consecut.ive days (20, 21, and 22 June, 1988). 

The f a ~ r  t,reat,nient.s were as follows: 

( 1 )  Smoke. The c(- ' m y  was left clueenless for 24 hours, and smoke was 

lightly blown over the top bars of the colon?; at. int.roduction. 

( 2 )  Smoke arid honey- The colony bank was kept, clueenless for 24 hours and 

n t m i t  2 kg of honey was poured over the top bars. Immediately prior ta  and after 

honey consunq>tion the colony was heavily smokecl and t,he queens introduced to t,he 

ic401ly. 

13) Smoke, honey, and -oung workers. Younger workers were isolat.ed in the 

itpi"' super by placing all brood in the upper super 24 hours prior t.o queen 

irltruduztion. Four hours prior to introduction. a solid board was placed under the 

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



honey was poured over the top bars. and the upper unit was heavily smolwl 

inmiediately prior to queen introduction. Twenty-four hours after iritrocl~rc-tiot~. t.llt\ 

solid board was replaced wit,h nen-spaper, to slow clown the cnti~l~inat iori of t.llt1 t.wc> 

supers. 

( 4 )  Smoke, honey, young workers, and queen mandibular l~l~eroi~iorltx. 'l'llir; 

treat,~nent was sinilar to ( 3 ) ,  except, for t.he addit,ion of 10 queen rcluiv;tleiits of a. five- 

component sy11t.het.i~ blend of queen mandibular p!:eronlorle (Slessor et. 4.. l!);.;S). 

This blend consists of three acids: 9-keto-2 ( E )  - decerioic acid, arid R-(-)- a.11~1 S- 

( f)-9-hydroxy-2 ( E ) - decenoic acid, and t.wo ar~rnat~ics: met+h;l pllyclro:cyl>c.~iz~~i~t.t~ 

and 4-hydroxy-3-1~~etho~~-phe1~ylet.hanol. Two queen ecluiva1eut.s of the phrro~~wrre 

blend were placed on the center of each of five glass slides. The slides were att.acllecl 

to top of t.he frame bars of each colony. Queen survival was cllecked orle ant1 t,wo 

weeks after queen int.roduction. 

2. Queen cage screen type. 

Eight colonies were used t,o conipare queen survival in cjlreen (cages wit 11 a 

single screen, and queen cages with doiuble screens, tha t  is with scr.ct.11 over the 

excluder material. The colony banks had eit.her four or seven qlucwls arrd was 

replicat.ed four times. Colonies were equalized with a rniniriiu~rl of' right franws of 

brood, and stores. One day prior to queen int rod1.1ction. t h e  coloriy clrlrtw was 

removed and each colony was fed syrup with fi.lmagillir1. At int,ro(l~~r-t irm t l i t :  (,oIorii~.:s 

were lightly smoked and the frame with the qiueens inserted int 0 the r i * ~ ~  t rea of' f.a.11 

colony. Queen survival was checked weekly over ~ ( J W  weeks. 

12.3.4. Statistical analyses 

The "Lifetest" statistical test, was used to determine i f  t,hc:rt. were diff(:rer~r:c*s 

in the rate of queen mortality between storage -:;stems. The \Vilcrjxor~ t.eut. i n  dicat c:d 



i - ~ r l y  tlifferrnr-es ~ n c l  tlie Lr'g Rank test indicated differences later in rhe experiment 

(SAS Insti tr~te I~ ic . ,  1IJ64). The CATMOD PKOCEDLTRE (SXS 1nstitut.e h c . ,  1984) 

was rlsed t h  arialyze fw differences in locational mortalit,y of banked queens. betxeen 

r ( j W s  it11d I~et ween colu~rins. 



Figure 8. Indoor colony bank (queenriglit in 1987 and cl~~eerilcss in  l !W)  wit 11 trc-e 

flight through an outdoor exit- hole. Twenty-four {lY87-68) and t wrlve ( l 9dS-M)  

queem were stored over the top of each colony separated from the  queenright h ive  

below, with excluder screen. Each compartn~ent. contairied a piece of drawn C O I I I I ,  

and was covered by a piece of plexiglass. Sugar syrllp was k d  to colonic~s ;id l i l ) .  

using an  inverted bot t-le. Ventilation was provided above the c-olony an#-l irl to ew-11 

compart.ment via screened areas. 
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2.4 RESULTS 

2.4.1. Outc1oor Storage Systenis 

There were several trends in queen st~rvival t,lmt were appa.rc~lt ir l  d l  c.>f t lie 

three study years. Single queens in the .?-frame nuclei (cont,rol) consistrnt!y s 1 1 0 ~ c ' i l  

low mortalit,y; t,his t,reatment was significantly bett,er ("Lifetest." P .. .O5) t.liatl iLny 

other treatme~it, except for the nllni treat.ment. ( P -..O5 ) in 1989-90. Secor~ tl, 

significantly fewer queens survived ( P < .O.5) in all exclucler-based t re,zt,~iirn t.s t ha11 i r ~  

any ot,her treatrnent.~. Third. a great.er nun~ber of clueells survived at thc inner , w c l  

upper areas of the queen holdiny frame held in colony banks. Finally, queen s11rviv;~l 

was consistenbly between 50% and 6.5% in all screen-based hreat.nients aft,er six 

~nonths  of winter storage. In t.his study we fomci no differences i r ~  t hc. v;~rianc.r of 

queen survival bet.ween years. 

In 1967-88, queen survival was significantly different ( P ,/ .05) Ixt,wren 

individual queens held in .!%frame nuclei. and cjileens held in exclt~tler cages t h ~ t .  w c w  

hosted in queenless banks located above a q!leenriglit, colo~iy (Fig. !)). (hloriy I ) ; F I ~ ~ { s  

with excluder cages that were t.reat.ed with brood and honey had ..:in~il;~r c[lLt:crl 

s~ rv iva l  (P  :,.0.5): ileit,her the feeding schedule nor the adclitkm c , t  I~roc~rl df.c.t.c-d 

queen survival. The excluder cage t.reatment in colony hanks did iiot rt>s~llt i l l  

acceptable levels of queen survival; only 6..5':% of queens sl.irviveJ after six I I I ~ J I I ~ ~ S  of 

storage. 

In 1988-89, sarvival also was significantly different ( P --. .O.i ) I x t  wrpIl 5-fr;l11ic. 

nuclei and all colony bank treatments with excluder a r~d  screen cagcs (Fig. l o j .  

However, the survival of queens held in screen cages and in the mini-systrm w c ~ c  

identical ( P  >-;..(I5 j. Similar to 13Ei'i-&3, excluder cages in co101:y banks wore r l o t  

successful in st.onng queens through the winter. In addition, survival in  exclticiftr 

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



cj~,icc-11 ~ t ~ r v i ~ a l   as lor;:, ~ I I  t.he cube ( 19;78-;79j, and 3.5'5, ( l388-dY) and 96% (1389-90) 

in the franie after one week . ~ f  storage. However, survival in the frame formation for 

I ~ c j t f l  years h f k r  six nmlths str~rage was only 20'Z. 

A tlisti~ict. posit.iona1 pattern of living queens v. as found in queen holding 

frarlies after six nlonths of storage. The distance between the outer queen cages and 

t he edge of the holding frame influenced whet her y ueens survived winter storage. 

Whrn cages were at, least 1.5.5 cnl from the frame edge in insulated colonies there was 

no cljfference in queen nlort,alit,y ( P  ;.(~.j; 1989, Table 3) .  Greater queen mortality 

cscc~.irred when queens were 13 cin and 10.2 cm from t.he edge of t.he frame ( P  <.0.5; 

1968. 1 ~ S I J  j. h.Iinirnum insulation around colony banks in 1387 also increased 

lirort,ality of ciueens located in the outer excluder cages (7.F; C I ~  from frame edge; P 

. .05; 19d'ij. 011 the other hand, there uras no difference (I? >.0.5) in mortality 

between queens in excluder cages of insulat,ed colonies. There was a slight tendency 

for rilore queens t,o die at; the lower rows of t.he minimum insulated colony (1987) and 

where 4s clueens were stored in the one colony (1989). However, the difference was 

not sigriifican t ( P -.-.0.5). 

In 19SY-90, queen surviva: in the mini-syst.em was not. st,atistically different 

f r m l  the  :-frame nuclei; it was the only treatment ic  the three-year stady period, 

that had sinlilar queen survival to the 5-frame nucleus control (Fig. 11). The nini- 

sysirnl also was sinliiar ( P  :>.O.5) t.o the Wscreen cage system even though t,he 24- 

cage system was statistically different. from the 5-frame cuclei ( P  < .0-5). The 5-frame 

nric1r.i also were significa~:tly different ( P -:- .0.5 ! from the remaining treatments: 48- 

sirt.c-u-case. 24 screen cage-switch, and excluder cage. Surrkal  in the 24 and 48- 

scrr~n-cage was similar j60% and 61's. P ;r -0.5). In addit-ion, there were no 

significant differences betwxn screen cage rreat.ment.s 1rit.h 24 queens, 24 queens 

switched to 11ew calonies every two months. and 48 queens per colony ( P  >.05). 

-Therefore. there was no advantage in nmi-ing queens hi-monthly to newly dequeened 



colonies. and there was no cietr-irnenta.1 effect 911 queen srlrvival if either 2-1 o r  .IS 

queens were housed in one colony. Finally, esc1:lcler cages did not store cillreils 

successfully through the winter; survival was less t,llan 2.5'3, siinilar to the low 

survival in the previous two years. 

2.4.2. Indoor St.orage Systems 

In both queenright (1957-88) and queenless (1988-SY) indoor colonies, Inore 

than 9.5% of t,he queens died aft.er one mont.11 of storage. The majority of qwttns tliccl 

within the first week of introduct.ion for both years. Queen survival was 3:1':5 ;tft,t%r 

three days in t,hree queenright colonies (1987-~8) .  and 19'%i after six days in four 

queenless colonies ( 1988-89 ). 

2.4.3 Introduction of escluder caged queens 

Although there was no significant difference ( P .-,.O.5; Table 4 )  I~et~wee~l 

treatments int~rodiicing 12 caged queens simultaneo~~sly to a quee~~less lmnk, tjllrrc 

was a significant. difference bet-ween clays ( P  ~:-.0.5). Marginal significance ( P ,.OWi); 

Student. Newman-Keuls test.) suggests that,  with more colony replicates, a significant 

difference would have emerged bet ween treat.men ts. The t, reat.~nen t. wit 11 excPss i v t ~  

smoke, honey, and younger workers had t.he greakst numl>er ( j E  surviving queens; 

this technique resulted in 80.6% queen survival. Queen survival varied 1,et.wcw 

 rea at-ments: (1) light. smoke i5O%j, ( 2 )  excess smoke and honey (X1%), and  ( , I )  t.:ict.ss 

smoke, honey, young workers, and queen mandibular pheromone I.%'%, 1. 



Fig. 9. Survivorship curves (1'387-38) of queens held over the wint.er in (1) -5-frame 

:i\~(-lei, slid ( 2 )  excluder cages placed in clueenless units, which were treated with ( i )  

honey every t w o  weeks, ( i i )  honey every month, and  (iii)  brood and honey every two 

tvzel<s. Different. letters indicak significant differences ( P  < .O5, "Lifet.estl'). 
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Figrlrc I 1 .  S~irvivorship curves ( 1969-91)) of queens held over the wint.er in ( 1 ! 5- 

f r a ~ i w  r;~~t.Iei.(',?) rxcll~der c q e s  (frame formation), ( 3 )  screen cages with ( i )  21 queen, 

( i l l  24 c~ut 'er is-svi t .c l~,  that were nloved to new colony banks every two months, and 

( i i  I I .  I I ( 4 ) i i  l e i .  Different. let,t,ers indicate significant differences 

c P - -0.5. "Lifetest" ) 
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('(j11 tpdri:ir,n of iacar~anai rmrtality in queen cage holding frames in 
::: ;.:it h I I ~ ~ I ~ ~ I ~ I I I I  and rnaxirnam insillation. llortalit y I~erween the center 
c u l ~ ~ ~ r ~ n s  iC'OL). and hetwee11 rows of caged qiueens are statistically 
diffrrent i ~ ; t l uos  followed b y  * ) or not at r,he .O.j level. 



DAY OF ESPER1,2IENrI' 

PERC'EYT ALIVE - .><.?. - :: 1 .:3';7a ..jb.., . r4c11) / U.blXh 

L-dues followed by different le t te rs  were  sign~fic;tntlv d l f f t - ~ ~ ~ l t  (St  r ~ r l v ~ i t  ?irv:r~t; t r l -  

I<errls test: P ~*0.05)  



2.5 Discussion 

L I t i J t  il>It. :it orage of cj~li-rns iii screen cages is a viable oi~ertl-iatering met hod for 

;i pr;riocl of ;ll)r,,lt. six 1m,11!1is in queenless colonies. queen sl(irage with 24 queens per 

ic,l,-tny I m l k  w a s  s11~ce~sft.11 for two s?rccessive win~ers, with avexige survival of 59% 

( I!jhb-S!-j i i r ~ r i  I !~a!+!jOf. Cir,lonY hanks wi th  t.113 to 48 queens also s::rvived six nlonths 

of win1t.r. storagr- in clucenless  colon^; Ijanks, with average survival of 61% (1969-90). 

Strrvjv;tl irltlividual colonies was variable. between 30';i;i and ~ 3 % .  Succe&~l 

str,r;igc ( 34- 1 (JOY, s~sllrvival~ il:it tl screen cages has been repor: ed previousl:; (Griffin. 

I!)Gf;; J,evi11s~.,1111 it1lc1 Le~lsky. 1951: IlTalsh. 196'i), although t.u70 studies reported a 

1 1 1 r l c - h  lrrwrr ilr~ci 1 t . w  st~rces..;ftil cllleen survival (20%; Dietz et 4. 1983; Szaho, 

l ! G ' J + ) .  

in (.011t rss t ,  cl1let.m held i11 c:iclucler cages and stored in queenright or 

qi~tvnliw colt>~i;; Imrl ks I zpeatt.dlq- failed to survive t.es ting over three winters. Mean 

siirv~val for a n j  m e  -,ear. 1 - r  any treatment. was ner.er greater than 2.5%. Similar 

rtvtrlis w t w  reported i l l  t w ~  studies where survival for 6 n1ont.E~ n-as less t,han '10% 

i . \ l i t  c - h t - 1 1  rt 4, l ih5;  Szabo, 1 Y 'TI11 ). However, exchder cages were successful for si:i 

tnunths ill t:vo stucfies !9.5',? queen survival jn=l ); Harp. 1969; i%'Z queen survival 

( 11:. I t: llitchell et 4.. 19d.5 1. and successful for 3 mont.hs in another study (92% 

ctt~cen su r~ iva l  i n=I i :  Harp. 1967). 'A-e conclude that queen s u r v i d  in storage 

c ~ h n i e s  wit ti rsclilcter cages is too variable for commercial use. 

The spec-ialized system of excluder cages in a "cube" formation resuhed in 

high rnurtalit y i OI)';.) in the  first nlonr!i. This rncxtality may have resulted Gem the 

wsx-kerr; hiling to keep  r!le \\-hole cube with the queens warm. because the center of 

t h e  cube was (-loseti and net accessible to tile R-orkers. Also. the configuration of the 

I-niw 1n the it,rltrr ef the eoiony divided the colon!- in half. decreasing effective 

t taermtwg~da: ion. 





c~,l,,riy X h 5  i t ~ i  adrlitjor~;-tl factc~r t h a t  ccmrril-,utecl 10 queen mortality in uninsulated 

lidr,ks. I\ si~lqlr co1011y r l u s ~  er 1:; a h 1 1  t half the ;.oltl~ne of a cliuster from a two-queen 

v ~ , J ~ . ~ r ~ y .  'l ' t it '  c.I~~st.er size oht;-tinetl from a single colony was s i d l .  and resulted in 

isc,lat.ir~,q sl-trrlt. o f  the queens oiltside the cluster. The larger worker population in 

I :M-w aiirl 1!~a!+!N. plus the use of colony insulation, ensured queens would not. be 

isrrlat.ecl fro111 worker Ixes. The larger worker populations was produced by two- 

c t ~ ~ ~ c n i n g  colotiicss at, the start. of the honey flow in early July. Thus, colony 

i,ts~ilatioli ar~rl high worker l q ~ u l a t . i o ~ l  reduce the chance of cluster formation and 

;Lppear to improve queen survival. both in colony I~anks and 5-frame nuclei. 

SIortalit,y of' queens at the miter edges of t.he queen holding frame was great,er 

than 11icista1;ty of more central queens when the distance of the outer cage to the hive 

C V A ~  was I 3  ~ 1 1 1  or less. and in particular when t.he colony bank was not. well 

irislilatecl ( I !:hi). Queens close to the hive wall or to the edge of the frame are more 

slrsiept.iLle to Iwing abandoned by the workers ~f t.he colony bhan queens near the 

c m l t r e  ~f the frame, especially in uninsulated hives when t,he cluster contracts in size. 

L V l i m  sivri~ig large numbers (-15) of queens in a colony, a great,er nl.inlber of queens 

; L ~ C >  I - IOSC'~ t o  the erlgc- of the frame than in a colony with 24 queens. An est.erna1 

source o f  heat applied to the colony might decrease t.he movement. of workers away 

f r c m ~  t he Im&ed queens. Queen location on the frame contributes towards the 

isoiarioii niid tventual starvat-ion of queens in colonies t,hat cluster. 

The same t.echnique for i~ltroducing midtiple queens under fall conditio~ls 

rt>sttitetl i n  hi~lier  cpwn mortality itj.5'3 in 19%-89 excluder cage treatment. see Fig 

i t ) )  than u11Jr.r summer conditions (2O% in introduction of excluder caged queens; 

I'ntltc -I.  t rratrnent 3 f. tYnder summer and winter conditions. the age structure and 

[ h e  hmuii-adult- ratio differ depending on seasonal factors such as the timing and 

nt~rulwr of hrwd i ~ c l e .  and r~orker  longe~ity. ilVinst,on. 1967). Perhaps the age 



structure of the co!onr- anci or the hrnod-m-erker ratio influent-es \\;l.)~.lit.r i ~~h , i \ - i r~ r  

towards nen-13- introduced q!leens. 

hlortalit y at in  t rociuct ion of caaed clueens \.riis illore severe in ( ' s ~ I I I ~ I c Y  c.;i,qv?; 

with full ~vorker-queen contact than in screctn cages ~vit.11 partial cvorker-q~~ctw ~ . o n t i l ~ . t  

! 1Y69-YO). ii'hen wire screen ~i-as  fisecl over excluder cages at i~~troi l~~c-r  ion, t l l c t r t  < t l i t Y  

initially was low (4%). However. cvhen the mire screen was rrnlovecl 1311t. I I I O ~ I  I 11 Iat c a r . ,  

mortality increased to :32%1. High rllortality in excluder cages ;it, irltrotluit ion itntl 

during storage indicates that full worker-queen coritact wi th  mi-lucler t-;igr3s is 

detri~nental to clueen survival. 

The interplay of queen attractive~iess and n-..,rker aggrrssion i ~ r .  t 11t' ~.cd(iri.v i t11t1  

at :he individual level is likely to resdt in ctiffererit, levels of qllren t-art', i t ~ ~ ~ l  irlI1iirllc.t~ 

the variation in queen snrvis-a1 bet ween colonies. and  within 1 reat I I ~ ~ ' I ~ I  S .  1Vc rrkt'rs 

respond to levels of queen attractiveness by eit her aggressi vc or qilet3n c-;irt3 I wh ;Lvic,r. 

It is cot known whether different levels of attrai.riveness clet,er~~lint- wcirker i~ggrc.ssic-,r~ 

or worker care t.ocvards the queen. There is significant v;triat.ion vf' ~ l l i i l l ( I i l ) ~ ~ l i t ~ .  

pheromone produced by queens of similar age and clevelop~~ien t ( Slvssor t.t - ;'I., I I ) !  ro ),  

and some queens are more attractive than others to the workers o f  s coIi,~ly iSzi~l)o, 

1971a). Thus. certain queens in a queen lxmk 11xi~ht tje less attrac-tivt: t o  workcm 

than others, and perhaps experience higher mortality. There also is ;L gvr~trtic- 

component in the response of c~orkers to qlxen 1nandi1)ular p l l r t r r ,~no~~~ ;tt tlrc.  cr.,lo~~y 

!ere1 (Pankiw, personal conmlunication j. and i~orkers in some r-r~loliic-'~ lmy ~ J Y  1111,rr 

attracted to particular queens. it-hether certain strains of honey ! i w s  c-c~~ld I)e 1,rt.d 

for queen-care and not queen-aggression rey uires i n  vest-igation. 

Queen storage in queenless colony hanks wxs ~uccessfrll y : i ~ l w ~ ~ t  tllr itdclitio~l 

of b rmd (younger workers). or  rhe transfer c ~ f  queens to crolrmies w i t  b ;:r,tirizf*r 

workers. These results were not anticipated, since ;;wing workers with ar.tiw glbtlris 

ge~erdlg- tend queens (Winston. I957j. The age-range of sumnler workers %~iw:li !r) 



t r - f l r l  r l t l r -cAri : i  (i'ro111 ihrrr s~i~clicrsj 15 1-50 days. ciqvith a mean age of ji~st less than 30 

f f i ~ / : +  I \ . t ' i ~ i~ t (>~ l ,  i % i  j. YerIiirp~ act ire glands are rerainecl by workers v:hen queen 

c.s,rlt ac-t is rimjrlt.ained (Xsretisyan and L-asiliadi, 1967 !. The queens' pheromsrnei s J 

~ r ~ y  act ;+5: a n  stir.rl~lla~it that ensures thar worker gland(s) remain active. In our 

st ~i<lli. rllitily worker:i were more than six n~onrhs old (160 days j towards the end of 

winter :,r r,r;tqe in srv~ral  s1.icrcssf1.11 r reat men ts: these coloxlies nevertheless tended 

clllt.c.rrs srlc-ci~ssf~~lly (WJ'% s~~rvisralj until the end of tile srorage season. 

Indoor clt leer1 storage wit 11 excluder cages in queenless and queenright colony 

Imiks was riot suc-cessfd. <'orisicIering t!le importance of cluster fomlation and 

terilpvr-atllre to  yiieen abmdon~nent. the indoor system should be the best. The 

reason for S;~i l~~re is pmbaI,ly due to the e:duder cages. Lack of time did not allow 

11s to test screen cages In r he inctocjr colony Ivinks. 

Quee~lrigllt storage colonies kept indoors or out,doors were not successhl in 

storing queeris. tinlike a sinular st~rciy in whkh clueenright. colonies x-ere kept. 

i)lltdr:~~r~ bvith t42(.?$ queen srwrivai for three montlis (Harp. 1967). The advantage of 

qrwrr~ri~ht storage colonies is that hroocl is co~~tin~ially produced. providing a 

c - w t  in114:m supply of adult wrkers. C'onversely, the presence of a colony queen in the 

qtieerl  bank may confo~.:nd the problem of queen storage by attract.ing xorkers from 

the stc~rzd queers held above tbe colony to the coiony queen. 

Otu ecvnonnic analj-sei [Section 4 )  indicate that mass queen storage in colony 

h n k s  is rionionucdiy viable. becaase [he total cost is l e s  than the total revenue 

&ert qrrt-ms are soid [or 810 each- The ferel of queen survii-al. the number of 

c p w n s  per i i r f ~ ~ i y  bank . and whether rhr I3wkeeper hires ourside labour all influonce 

r !re cspect zd protiis. The "'best'' system economically was 45 queens caged in 

mx~lt'n SCTWIIH~ cages. eanling t he  beekeeper $13.215 for every 100 colonies used as 

siorngc- ba&s (Table f0k- If the &ekeper d m  the Iahour himelf. an additional 



.) ,,, -3 t : 7  .,,. of the total cost. the beekeepers income is increased t ~ 7  S. 16.625. T h t w  arc 

convincing figures that colony l-tanks are eco~loiniially as well as l!ir>lt 1gic.a lly \ - i c t  l>lr.. 

Our stud!- has demonst rated that c~ueenless colony lmnlts c m  Iw ~isctl t o  st o ~ i .  

mated queens for six months over the winter \I-her1 the colony 11allk is st~pplirtl wit ll 

suficient workers. food. and insulation. The presence of :L laying clriren t o  pm\.itlr 

additional workers, and/or the addit ion of brood, was not liecessnry h r  S I  ~ i t - ~ s ~ l ' l ~ l  

queen banking. Our ecoilonic analyses irlclicate that,, at 60:; cltletall survival, wi t  11 -IS 

screen cages per colony. yileen storage is bot,h econonlically viahie ant1 l~iillop,ic.illly 

feasible. 



3.1 Introduction 

11;) irnprsrtant part of 01-11- st.udy on queen storage was the assessment of queen 

cltiality after storage, to determine any treatment effects. Queen att,ribut,es have been 

rzarllir~eti previo~~sly tc, determine whether a simple, measurable queen charact.eristic 

wo~t lc i  1)e iridicat,ive of cjcleen quality, but. the evidence is weak that any one 

rtliirac-teristic defines a "goocl" queen (Avetisyan: Rakhmatov and Ziedov: Boch and 

.J;ililieson, I 960; Nelson and Gary, 1983; Eckert., l934,l 937;). JVe examined queen 

clim1ity hy ~neasuring both queen att.ributes and colony performance. The ability to 

c1.111 poor-cluali t y queens 11a.s import ant ecorlonlic  benefit,^ for the commercial 

lwAeel)ing intl~ustry. Tinle, labour. and equipment costs would all be saved if 

inferior cl[.Lreris were identified prior t,o i~lst.alIat~ion into honey-producing colonies. 

The reproduct.ive capacity of honey bee queens is an i1nport.ant component of 

cl~~eeri i!ltality, I~eca~ise t h e  colony depends on the queen's reprociuctive capacity to 

grcm i~ an economical size for honey production. Ideally. the reproductive capacity 

i l f  iiankecl clueem should not be different. from queens overwintered individually in 

don ies .  However. there is no simple merhod of det.ermining reproductive capacity 

and uverall clueen qua1it.p. C'olonj- performance in wrms of population (Burgett et 

&I. .  - i:65) and honey production are the xxost. conunonly-used met.hods of assessiug 

t!~:rctns, but these are both indirect. and time-consuming met.hods. Vsually, colony 

size ttieas~trenien t s  are only used as a research tool. Other paramet.ers such as 

izitrrilal arid external qriesn measurements also have been used in research as 

indicators of queen quality. although the evidence is weak that these measurements 

are cnrrelated with colony performance. Both colony size measurements and queen 

rr~rtasure~nen ts  have been used to assess queen cjualjt,y in some st.udies Scott-Dupree 

r.t - a!.. I 9 S :  \-ail Eaton. 1956!. 



Colon- performance has been assessed b- noting queen sur~i:-,tl c l ~ l r i i l ~  the 

trial ( Szabo. 19 770 l. or her egg-laying par tern Foti, 1958; Jordan, Ltl.59: i , ev i l~ s t . , l l ~ l  

and Lensky, 1981: Kelson and Roberts, l:967: Shehata, I!%'_'). M o r e  ilc1t;~ilt.d 

assessments have iricluded brood ~neasuremzn t s alone ( Poole ri - al., I ). l ) ~ w , d ,   its 

and honey (Xvetisyan and t'asiliadi. 1967). colony weight. (Szabo, 197.5). f1011ty 

weight: (Xvetisvan and 1-asiliadi, 19661, and sealed brood, pollen. i1011ey iwct c.r>L>~ly 

weight (Mitchell et - al.. 1565). In some queen storage st.udies. queens i ~ r e  not ~ .es t t~ l  

for colony performance, presumably because it. is expensive and tirnt~-c-cjrlsi~ti~ir~,i: t o  110 

so (Edward and Poole. 1971: Dietz et: d.. 1953: Harp, 1967. 1969; W&h, 1:,67f. 

There is conflicting evidence concer~iing whether internal and c'xti'rrr;ti c l i l e m  

characteristics are directly related to colony performance sticli as brood an t l  llcinry 

production. Correia~ions bvere xeak hetxeen queen weight and b n d  (BoCli m r i  

Janlieson, 1960; Makarou. 1969; Xelson and Gary, l!W) ancl imwy I Nelson ar~d 

Gary, 1983) production. Further. the nt~mber of ovarioles wa5 ~reirkly c-~~rrt. lrttt .( l  wit.11 

brood production in one case [Avestj-sian, 1961 j and 1tc3 re!ations'r;ij> ; I )  a n o t l l c r  

(Eckert, 1937). The number of ovarioles are strongly correlarrri if-, qilrr-.rl weight. 

(Xvetispan et - al., 196'7; 1-en-Cheng and Chong-Y uan, 198.5: Woyke. l!%Y j ;11;(1 r j t l c*r : I i  

pupae weight (Hoopingarner and Farrar, 1959 j, as wodcl iw r;qxrtr.rl 1 N Y . ~ L I  IS<* I 1 1 , .  

ovaries make up a large proportion of the body mass. Hvv;er;cr, the nlrr:itlvr (tf 

ovarides were n-eddy correfaeed v:ir h queen ~ e i g b  t ( Xvest isyan, 1 I% I : C5'ravt-r. 

1957). 3ther nleasuremerars such as xinet tibia, a d  head size were slot ccsr~elbtwl 

witrh the number of ovarides { Eckert, 1934i. hi.it the number r ~ f  t~ri:itlrrs p c r  wiilg arf-it 

and the laumber of ovarkha were highly cc-fsrrelirted ! \Ycsyke. i!h'i' 1. 0 t . t - r  ; i l l ,  r iwre 

does not. appear to be m e  g d  indic3sr 5rx q ~ i e n  y u d i ~ y .  Hmq prwhw~.ifm is 

strongly correlated to b ~ m d  production f Szabri. IYi2ikj. t*.:t i his fact drxs r t d  l i d  

cdoriy pedmmaace TO queen ei7aracreristHcs such irs cjvarioie ns.imkcw r ~ r  q;xw might. 

In this study, we compare& cobr~ny a t r ~ i b u t s  mcl:iding are* ~f brood. adult xt,rkcr 





-. 
>I:< to eiqhr cpieens xere ra::c!t:tnily seizcrrci fro111 ~ . o l ~ - r r l ~  s t ~ . ~ r ; i ~ t .  svst t - r i lx  . t r l t !  

tesred for colon>- perf~xnlarlce a!?ci cpew artr i l~~ires ,iiter al,twt s;:i rill 11s ,i > I  ~r , t<t .  

.- - -  
{ 19i5'3. 1990 i .  High tmr~zJ i t ; :  d w k ~ .  T I ~  i :b i ->b h~orii~ge t ~ ~ i d  p r ~ w ~ l p ~ q v l  f11r1 1 1 t ~  

queen analyses. 

. - Queen performance :%:as gauged !)I- il_l~:ipai-ing t l l ~ *  srcs~t ril 1 q ~ 1  r.1 , i t  t ~ l i t * ~ .  

Each queen x-as i1ltroclr;crd intit a 5-t'rairtv !l;rclr~is iri mrl! .-\pril isit 11 I!,,, s ; , , ~  

ttmorlnr o f  stores i rv-13 fri'rhir?es irrm=j-. (-,I!ib i r a ~ n e  of' lmllr~l ) ar11.i Iwes (, I I 2 - 2  < r ' t t ~ ~ t ~  

i-rm=reci 11;) bees l in each nucleus. ?' l i t  al r;rc3iis 1)rortci. p-~i lc~i .  \I '  t11t-y ; , r i d  c t O 1 ~ l  t 

7 .  

xorxer bees rlvere measarrd i l i  earl:: J r r r i r  i i r ~ t l  ; \ I I ~ , T I s ~ .  Ar~:ts o f  I I ~ - 1 ; ;  {ir;t~-:l: t .6 I I I I ~ )  

and ::-eiqht of exrracr ed hone;; ;liso ;.;ere i z i t - i , s ~ ~ r - c . l  l i l l  .I r ~ u , ~ ~ s t .  

Q w e n  ~ r t r i b u t e s  tT;ere examined fd-tr eiu,hr C ~ I I ~ C ' I I S  fror~l r ' n r . 1 1  I rrbitt ~ l w ~ l t  111 I t j h ! j  

. . 
3 r d  agam i : ~  l l ~ W .  and inckzde& : 1 q l l w n  *.s:c%iyht . ( 2 1 ( .~~;t~ric t i t -  ti~~yi,c-r- i t ~ i < l  I! 1 1 1  ry  

d-j x - e i ~ h t .  Q~ueeas ?:ere -~-e!~hecj ~\ i - :e ,  A l e 1  t 1~-r H 3 ' F  \ > a I a ! < - ~ ~ j ~  i~tig~~t-tl~;i~t.l!; ' t i t  t . 1  GTb- - -- - 

.... storage in iare AIhrch. i:r ail opes ;::I* ! h :*: 30 I ~ I I I ~  j ;*;itkt i t  1 I ! ~ I ! >  l q ) r - ~ t i ~ : , y  ' i t  

the  s r d l e r  ?:id. and  ;r C~LP at T E X  h t y e r  rnti ~ , f  rire I ~il,.:. Ul,tli * , ~ i l r  lt.5 ~ ~ : c ~ t -  ~ i i : i . i t ' t  t1 . (1  

from dead ctxerns and stoi-ed iii TO': aTrohc~1 l i r l r i l  ~ : - : i i 11 i i1 l f4 .  3-hv I I T I I $ ~ ! N T  d 

o~,-;tndes in hoi h ovarifs -xi35 t':=:hithZE~d  it 11 it ri iswr irlg ~rlrirrcsst-r y c -  r yt!; 1. a!:  1.1  

. . 

sccrhcreirrg  he tissue br foru &:;s L x ~  ifl''? q!::ct-si,I ~ l i ~ d r : ~  rt:fiiqt';hir-d 1 r t t ~ r I i t ; ( , r ! - , .  c ~ l i f i  

' 3 -  
€o~€ELF& 2tf~er ~ t l € ~ i ~ l g  b 0 ~ h  C?Z& F & C ~  +>T:&r;; ~ j f f .  a!ld plIii!Zg ! ! i t -  O': i~l ' : ;  &!>i:rT i l $ i O  

snl~itBer Rr~rrcELes 63: o ~ a f i ~ f e ~  i 1% 1.5 ~ ; l~ : i t r i~h P -:;itIi t :';o ix1st.r-t pins i El-iir-l;tl:; t.1 - A]..  

. 
PS&Q i. O V ~ + S  were drier4 at 4?'Cq for r h t e  d h : ; ~ ,  anr! r'tle~t i~r~ig~irrf. 

qneepl a 6  butes and (;p.~een C F S ~ O I Z ~ . - - ~ & ~ X ~ ! ~ E  cc :.=err t . 6 ~  npirrec!  Let xrv- ir  

2 .  treameats using P he maIyses of :,-ahlare tw;.anzqme i CXhI prr~rdure in 5215 i .  ;rr;rf 

c~nek&ms rere ra;llde k ~ x - e e n  ebe -:wiabEes f C0RRELXTIOS pv-Iredtirti in SL? 5 j .  



3.:? Resu l t s  

3.3.2 ! 'cdoriy krzrhrmarrcr 

T k t -  ~ a 5  RO ctiffrtrerlce t P -.4b i in cv!on_i- perforrnafice 5:: queem stored in 

e . t r f u ~ k > -  t>,rrrks anti cpwns ort-96rt-k:erecP in 5-frame control colonies over f v:o rears of 

t t% i  :rw, ! k%b-39 arid IW+$+O i. IIezsx~ements \rere rdken in June 1969 i Fig. 13 ), 

;Irtq:rs~ I9b9 Fig- I 4  l ,  Jiirle Zrtm r Fig-i.? ,. and Aa;gi.~st 1990 (Fig. 16). The n-eight 

r k f  h t ~ ~ q -  in rHrz 4s-starrctard xas i o i ~  c(;imp;i,~d to the other treatmenis in August 

~wer [ k'tg. I6 k ar-I:rreas tire h-rrq- area far r he &standard s_vs;ern xas sindar to the 

t l r  her FW.ZtJ nrenrs. Less honey tl-as fsseorec! in the h m e y  snper ~&ickt %vas ex3racted 

t r t ~ t j  tw~ghed~. and more Kor,q- >\-as srctred in the brood &amber, d i c h  sras 

rrrc.imsrnrtd b; area. in r hat B w k D ~ t l t X E t .  





F*ig::rt- 12. :\ c.r , l l t p ; t r i w r a  be! ;WPII r r ea r~~wnrs  of (pieen weight. 05-ary w i g h t .  and  

crv;trir , i t .  ; ~ ~ i ~ t ~ i > c - r  itfig-r 'i'linter srctriqe i 1 '~m-$9 hnd 19M-?ft  l. Queens were either 

w i ~ s ~ e r d  s~r~g ly  hi i j '.-f~ame n 1 ~ 1 e i  i XI--C'j id (2 1 n~ini-nw!ei i 11 1x1 1. or in grcmps. 

'd<,rlv I . w ~ f r s  hckf pit her ec t f  t 3 '1 2-1 fir i 1 4 b queens in screened cages. Queens (2-1) 

:sr.rt, a 1 ~ a - h  t 5 j :;tvitc.Iretf i .lj-$\t- i t i t  ;l nezy rottiny banks ! ~norarhly in i9d9 anci bi- 

i n 1 .  Q~irt-rms t?-! i :yere a1563 caged in t f j  j e:-:cii&er cages i24-EX t .  

hi fvr raf  ! e f t  tbrs inilkiztc. sigiti&t-hni differences i P . .I)-? 1. 



OVARY 

NUC 24-SW 24-ST 48-ST 24-EX MlNl 

OVARY 

NUC 24-SW 24-ST 48-ST 24-EX MlNl 

NUG 24-SW 24-ST 4&ST 24-EX MlNl 

TREATMENTS 





COLONY PERFORMANCE, June 1989 

BROOD 

" 
NUC 24-ST 24-SW 24-EX MICI 

POLLEN 

WORKER BEES 

NUC 24-ST 24-SW 24-EX MINI 

HONEY 



b'igr~re I -!. PI c~r l~par i sor i  i j f  colon; pararrreters bet ween queens that  were 

-> ovt-r-n~irttc~rtd in five t reatrnents. .-I plastic grid was used to measure the areas (cm-) 

Irf t,rocicl, i t ~ l l l f t  wtirker bees. pollen, honey, a n d  comb. and  honey was ~wighed on 9 

i ? i ~ g ~ ~ s t ,  I ! W .  Qrleens were either wintered singly in ( 1  j .5-frame nuclei (NTC)  and 

( 2 ,  111ini-tit.iclei (AIINI j, or  in groups held in coiony banks. C'oIon_v bariks held ( 3 )  24 

r i t t ~ ~ 1 ~ s  ill scwrneci cages (24-ST or ($4 1 switched (24-SW) to new colony banks 

! 1 w n 1  hi: 1. 24 cjurt. .ere also ( - 5 )  caged in excluder cages (?+EX). Different 

kttzrs inctic-ate significant differences (P  -. -13.5 1. 



BROOD 

COLONY PERFORMANCE, August 1989 
WORKER BEES 

POLLEN 

NUC 24-ST 24-SW 24-EX MINI 

HONEY 

HONEY 
--- 

I 





COLONY PERFORMANCE, June 1990 

BROOD WORKER BEES 

POLLEN HONEY 

h 

A 10 0 
0 0 12 

0 
8 2- 

a 

6 
C\I 
* 8 

B 
0 4 

E 
Y 

0 
V 4 

a 2  (b 

2 Q, L 

0 Q 0 
24ST &ST 24-SW 24-EX MIM NUC 24-ST 48-ST 24-SW 24-EX tAINI 



f;igr~nl 16. X C O t ~ l p h r l S t r I l  of colon; parameters bet ween queens that n-ere 

r , ~ r - ~  w i s ~ t ~ r e d  in five treatments. X plastic grid was used to measure areas of brood 

-P 
( t  111- t ,  acttdt worker bees. polfen. honey. and corn11 on 7 / 8  August, 1990. Excess 

frc,rtey was waghed on the same date. €$ens were either wintered singly in (1) .5- 

tr.irw rttlc tri [ N l i c ' )  and mi~rnl-nuclei iSLI?;I). or in groups held in colony banks. 

( ' r A w g .  l i ~ a k s  held queens in screened cages and ( 3 )  switched ('21-SW) to nex colony 

h o k s  t I M I - ~ N X I ~  hly in i99O) or 14 I left in the same colony bank (?-&standard (24ST ) 

ctrtti i 5 )  -h-stantiard (-%ST)- Queens :\-ere also cased in ( 6 )  excluder rages (24- 

5-..:t i d r  i 24 ZS ). Different lr: ters indicate significant differences ( P .05). 



COLONY PERFORMANCE, August 1990 
BROOD WORKER BEES 

NUC 24-ST 48-ST 24-SW 24-EX MINI - NUC 2 4 : ~ ~  4 8 : ~ ~  24-sw 24-'EX 

POLLEN HONEY 

MINI 

, a 

COMB HONEY 



3.4 Discussio~~ 

There were 1x0 significanr d~fferonces Iwrween the cont sol ;i11c1 n i ~ ~ t  

treatments. except for t!le mini-syxern. in queen ~ v r i ~ h t . ,  ovary \vr isht  zlticl  c)\.it~icilt '  

nlumber after 6 months of storage in t xo  years of testing. This is a 1 1  ilnlwrtcmt 

result., because i t  indicates that the potential fecl.tnciit,y of clueens was I I O ~  < t f f c ~ < . t r ~ t l  iiy 

long-term storage. The lack of ovary degeneration in stored cluer-ns Lvas part.i\-~~l;~rly 

noteworthy. 

Ovary weight was significantly greater in queens tiom the ~nini-systrn~ i l l  

1990. but there were no differences between the mini-systerri and other t ~ t : i ~ t ~ ~ l c ' ~ l t ~  i l l  

1989. There were no clifferendces between t.reat.~nents in I,ot,h years for 111.11nl)er o f  

ovarioles. We expected that heavier ovaries would have larger riulnl)er of ovarioles. 

On the contrary, mini queens had the lowest. number of ovarioles ((11i1y i n  1!-+89-!JO) ( I S  

any treatments. Perhaps, egg-laying queens from the mini-nuclei had b2wc.r ov;trii)l(.s 

that contained larger, more developed eggs that were ready for laying. We c~xprctcd 

that. laying queens from the 5-Game nuclei also wo~lltl have hravier ov;tries t .I i ; t i~ 

banked queens. This was not t.he case. as the ovary weight of the r / - f r a ~ ~ ~ c  n11c.lt:i wiis 

not. different. from the banked queens. 

It also was an important: result. that there were no cliffkrcrlrrc-.~ \x:t.ws;tw~ Lhc: 

perfomlance of queens that. were stored in either mass storage rc~101lic.s or :jingly i n  5- 

frzme n~~c leus  colonies. Similarly, there were no differences in hrood ( PimI ~t 4, 

19'73) and colony development. or wax and honey production, ( Av(=tis,yitrl a n d  

Vasiliadi. i967),  in other queen storage studies in which stored qllt.cns WPW t,e:;tr.cl for 

differences in colony performance. This co~ifirnls: t,he hypotl~esis that.  lorla-krrr~ 

winter storage does not decrease a ql-~een's reproductive poknt i d .  at least for t hr 

following spring and summer season. Therefore. queens that survive for 6 tr~ori ths i11 



- ,~c~r;~qt- i,;r:t!::i *rr- ;w:i-!it~aii:; qua i  in  r ep r r~d~c~ i~ . - e  capacit:; to those queens 

, , ~ ; v ~ : , : i ~ ~ ! ~ ~ r ~ - * ~ j  s i ~ : ~ ] y  A c ~ ] q z ; , - .  

Sigr~ifiia~ltly Irs..; IirrJod  as pmduceci by queens from e:.:cluder cages in one 

st. ~ltiy, in wl~ic i i  six queens frr~rtl fine storage colony were tested for performance 

( 1.1; t rfteil rt - :tl. I ~ 8 . 5  j. We fw~ncf no differences in perfornlance bet ween qlueens from 

r.zc-i~~dcr rages in colony banks and the control over two years. Our results were 

ob t~ i~ ie t l  by testing folurteen cpeens randomly selected from ten colony banks over 

two years. Oilr larger sample suggests that storage of queens in excluder cages does 

~ . o t  ~iecrssarily effect their performance. 

We folmrl no correlations between queen weight, and colony variables when 

these were ~neasm-ed in April and August. respectively (1989 and 1990). Other 

S ~ , I I C ~  ies have sllown weak correlations beheen  queen weight and colony brood 

prodl.~ction when queen and colony measurements were taken in the same time period 

(Brjc11 and Jamieson, 1960; Nelson and Gary, 1983). This indicates that the weight 

01' a clueen may be a n  indicator of colony performance at the time of measurernent, 

I)rlt is ]lot. necessarily associated u7it.h colony performance at  a lat-er date. 

found queen weight. weakly correlated with ovary weight, in 1989, and no 

iorrelariori was found between these variables in 1990. Results in other studies vary 

froni weak correlations f Xvetisyan, 1961; Weaver, 19.57) t.o strong correlations 

t A~r t i syan  et - al., 1967; 1i:en-Cheng, 198.3; Woyke, 1987). It is unclear why t,he 

relat ii>nships 1)er ween these variables differed bet ween st,udies. 

In this study, supersedure occurred in 5%) (1989) and 11% (1990) of queens 

frmn all treat nlen ts (including the controls) during the spring and sulmner 

pert;>rm~nce t r i ~ l s .  similar t.o 8% supersedure report.ed for non-st-ored queens (Poole 

et d. 197:3!. In other studies. the supersedure rate was greater t,han 10% in the 

ii.1ltr01 or non-banked queens (20% in I\-litchell et - al., 195.5; 33% in Szabo, 197%). 

Srlpersedure rates also ii-ere high for queens st-ored in excluder cages (42'70, Szabo, 



. , - - -  - ., t:-. I!>Gb: SF::, Mi~cheIi er g.. i:A.>-,i m d  s c r~ez  cases ~ b -  ,.. Szabc~.  i~I7711) , - IAw,  

banks. Queens stored aixrder laijnrarory co~ltiitio~is siiperst-cieti nr ~d'-:, j 1 ' 1 ~ 0 i ~ -  r ' t  - , i f . .  

-- h 9 Z !  and 50%- ! Szal~o, 1'4' Ai. aild Y Y :  I>rcanlz drone layers in , t i ~ ~  11t-r 51 1111y 

i Xelson and Roberrs. 1967 i. IT is significanr that the s~~perserlure rate. o f  q ~ ~ t w l s  l'i.t,il~ 

our control and our banked queens .=;as less than 12 percent. i c l ~ i i h  is sigriific-~t111~ 

less than the supersedi~re rate of stored queens and niost of the 11o11-imnlrtd clllr.t.rls i l l  

other reported studies. The consistently low level nf supersecl~~re (of Imt h : td>rr*ci ; ~ r l ( l  

non-stored queens in our study suggests that stored ijuerils ptdorrll as K ~ I I  

as colony queens. and rhar both queen types were of good quality ~rsirlg cillr 

methodology . 

Our results demonstrate that queens C*II 11e stored for six niorttlls wit.hor~i any 

detrimental effect from the storage procedure when proper storage trt-Il~iicli~es are 

used. Canadian queen producers could produce queens during ttw s u n ~ ~ ~ t t ' r .  storc 

them 01-er t.he winter, and sell these queens early the following spring. Th~ts .  

Canadian producers could compete s~~ccessh~lly wit.11 the more cosily qilrws c - l ~ r r ~ r l  t ly 

imported •’ram Australia and Xeric Zealand each spri~ig. In adclit ion, if  clllr.i:Ils fro~rl 

certain regions of Canada remain free of parasitic mit,es, i n  particular C b r - ~ w r r .  

jacobsoni and Acarapis u-ondi, t.hen the demand from T.J.S. beekeelwrs ( - ( ~ 1 1 1 t 1  ir~cmwc*, 

because the two nlltes have recentl? becmle enclemic in  the 1,:nitecl Stat t:s. 'l'ht. 

adchional threat of Africanized bees moving into the  qlueerl rearing ; ~ r m s  of I I I P  

southern States can only increase the de~nand for queens from C'warla, A I I ~ I  ritlih ~ L I I ( I  

Yew Zealand. The resalts presented here. indicating good perfornlancc frr,r~~ 

overwintered banked queens, suggest that Canadian queen protiucc-rs can I I O W  

compete for the lucrative C'madian and e:<port markets for spring cji~e-rls. 



4.1 Introduction 

7'11is ecrjncirrtir ;trral:;sis x a s  prepared to evaluate the cost of overwint.ering 

n~atc.ci qt~ec~ls i n  a cc,li)nj; i~ank. cc~rnpared to the cost, of overwintering one queen in a 

-5-Fr.atlle rl11c1~1s c r h n y .  The methocls of mass queen storage we have developed are 

I,iol(igir;t!ly vial~le. hat they also m u s ~  be economically practical for the beekeeper. 

LVt- cwal~~ated t h e  cost of  storing queens in colony banks with (1)  24 (24Q j and ( 2 )  48 

t-!*Q) queens. arid i n  t h e  (13) mini-nucleus system. We only included the cost for 

syr!lp. pollen s~lpplernenr . and queen caqes as the material costs for queen production 

m c f  x i n  t er storage. All or her beekeeping supplies were assumed to be available 

:vit-Ii~n the  Iwekeeping operation 

The time period covered in this study was from July in one year to April of 

tltr toll ow in^ year, arid included t.he production of queens. preparat,ion of colony 

Imlks, c-olony preparation for wintering, removal of banked queens, and t-he 

i~ltroduction of colony queens i ~ t o  the queenless colony banks in the spring. The 

it,st o f  queen production and storage was obt.ained by est.imating t.he hours of labour 

ant1 ~naterials reclulred. 

4.2 1Iethods 

The total cost of storing queens \\-as calculated by adding ihe cost of 

p r d u i i n g  cli~rens T Q  the c a t  of winter storage. lLIsthods and materials used in our 

cpleen srorage stnciy (1937-913) were used to estimate the hours required for each 

m a n i p ~ l a t i o ~ ~  rlr procedure. .\ssunlptions (Section 4.5) were made in relation to 

bWkwping techniques and costs that are usually part of the beekeeping operation. 

For esample. n-r assur:led that all beekeeping activities xere carried out at the home 



yard. and :hat trawlling rime a~:d nllleage rras rlliilinlnl d u d  t h t . r t ~ t ' ~ w  ilor i ~ l ~ . l , ~ t l t ~ ( l  111 

rhe costs. In these anal>-ses we used 20 iolony lxmlis that had ht-r 2-1 ( ~ r .  11'; <.,12ryl 

queens per colony bank. \I-e used this nuuilxr of iolo~\p I)anks \ w L ~ L L \ ~ s ~ ~  K C  ; i ~ ~ \ l ~ \ ~ r ' t l  

that the 11-ininlum number of queens required \I\; a queen prorl~~c-~.r was ; 1 1 ~ , 1 1 t  2-1 I) 

(rj0%< survival from 4S0 queens). C'alculations for the cost of po11e11 ~ t l p ~ ) l i ' ~ ~ ~ ~ ~ ~ t  ;~n( l  

sugar syrup are included in Section -1.6 on Production Data. 

The cost of producing cprens for storage in the fall was calculr;.tcil I)!: 

estimating the number of hours required t.o produce queens in tlie sunlrner 1)ricr tc.1 

rc-inter storage (Table 5 and 6 ) .  Besides labour and feeding costs. the cost. of two- 

hole queen-cages (1969 prices) were included in the cost el;t,iniate for cllteell 

production. PVe assimned that mating nuclei would reqnire t , ~ o  feedings I'r-0111 . J I I I I ~ ~  1.0 

mid-September. Labour was charged out at $10 per hour. LVe estiniaf.cv1 t.1l;t.t 700 

(1400) mating nuclei were req~uirecl to  produce sitfficient queens to f i l l  ','(I colcjnics 

wit-h eirher 24 (480) or 425 (960) qlueens per colony. The nurrllm of i~lat.in,g ~ l t ~ c . l c i  

(TOO! is greater than the number of inated cl~leens required in t,he fall f - l c 9 J  ), lwc;t~~st: 

mating success is never l0O'Z. FVe estimat.ed 11;ating s i ~ ~ c e s s  t,o he 75%. Sirr~il;trly, it 

great.er number of queen cells are needed for 700 mating nuc.lei I,ec;t~ts~ c-rll 

acceptance is about. i5%,, iIie estimate that !j60 ( 1920 1 cllleen cells are r t ~ c i ~ i i r c ~ i l  for 

- - 
grafting. This would results in '720 f 1440) cells for placenient inti, 700 ( I -loci) ~wttirrg 

nuclei. The number of queens available for storage is 525 ( IlJ&Oj for a :itc,r:i.g<. syslct~l~ 

rhat wx~ld  hold 480 ( 9611) queens. Qiueen proct~lct ion data were o l ) t  ai11(4 ~ ~ O I I I  l ' l l i l  

LaFlanme who produced the test queens for Sinion Fraser T7niver:;ii y in I 'ib'7-bh ; L I I ( I  

1988-89. 

The total labour costs in hours for ba1iki11g q 9 . - w s  were ralc~~laircl 1)y 

subtrading the number of hours required to v:iriter a wlony with (jne cj~lt.rri, frc~rl l  

the nllmber of hours required to  winter 24 queens in the 24Q :itrJrage sys*crri {'I'aLlt* 

- ,  

r ). The estimate of lahoiur for preparing and n1;inaging c a h y  banks over t l i e  w~rltc.r 



.,. , . - ,  
*+~t:< r!j.::cif:<f ;I!!(, ( r,ic,fi~; I : : ~ ~ ! ~ ~ E ~ : - I ? P I I L  queen jil trdi;~tio~l.  colon- feeding. and C O I ~ J I I ~  

j l ) : i t i l ; L t  ; o : l .  C'r , l c , l i i ~ l i  itre ~ ~ i i ~ ~ i h ~ d  x i :h  t v:o-queeris nn t il banking begins. T O  provide 

:;t~ffirlr-nt xcirker:i for ;?.inter :jt(jrage over 6 11101fths. Illslridted \-:rap  as nor inciuded 

i r r  t l l f .  cost c , f  xirlteririg c ~ l o n y  banks. alt huugh the wrap could be classed as extra 

t-rl~iipnlrnt for wintering colony hanks in areas such as coastal B.C.. Xevertheless, 

i r ~ s l ~ l a t ~ d  !r:rap is necessary for colony banking to reduce cluster formation and 

prevent q11w11 isolaiio~i from the  workers of the colony during the winter. 

Total labour and material costs for producing and storing queens (Table 5 )  

were calc~~latecl Ily adding fall production (Table 5)  t.o labour (Table 6 )  and material 

c-osis 1,y ~ising 20 colony banks with either 24 or 45 queens per colony. 

The total cost of 1alm11r and 111aterial for setting up and managing sixteen 

rnini-ni~clei from late Jannary to late XIarch (Table 9 )  was calculated by est-inlating 

I i i l , ~ ~  ~r rtyliired for preparing nuclei. transferring queens from colony banks to t.he 

nric-lei. and feeding colonies. Syrup and pollen supplement were t,he only mat.eria1 

mst.s iricluclt.tl in the cost of usi~ig mini-nuclei. 

C'ost est ilnates for queen siorage were calculated from labour and material 

cosrs ~leecletl for preparing and managing twenty colony banks (Table 10).  Colony 

I~nrtks liad either '34 or 46 queens per bank. F r o ~ n  these cost estimates further 

project ions were inade for larger production and st.orage trials. 

4.3 Results 

The cost to produce 450 queens (24 cllleens in each of 20 colonies) m s  81.9.5 

per queen (Table 6). The cost was slightly less for one queen when 960 queens were 

p ~ t d r i ~ e d  [ E 1 .$9 per queen ). This small difference in costs between the two scales uf 

protli~stion occurs because labour hours are the same per queen except in the 

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



prociucrit_sn le\-els. Laiwlrr ixi:rir?.:teci hh01if ?11%'; c>f  T ilr' I > ~ t ~ c i , i i t  i t  , i i  C . I , ~ I  t;,r I , ,  11 11 

: e d s  of prociuct icbn. 

- 
The number of hours r , -1.7 i rrijliirrcl t o  prepare nritl ~ n i t n n ~ e  31 (.c)lc,~~y I ~ ; , I I I ~ Y  

:..-as abou: rwelve rimes the nunher of hoilrs required for o v e s i v i ~ t t i  o i i c .  ~ I I ~ W I  i l l  

T tv:entyr -5-frame nucleus cofcm>- (6.5 hours ). Lhus. the n ~ ~ t i i l w  t ~ f  extra 1it~1r.s nttvtt~cl 

for storing queens in colony hanks was 68.2 hours over. the rwt ire u.intt.r- ~ ) t * r . L l ~ l  

!Table 7 j. 

Lahour hours constitute a significant. portion of the  total costs retl~lil.r4 t )r 

producing and storing qt.leens. -13'X and :35'% of the total l a b o ~ ~ r  and ~!la.Irrial twits Stlr 

. , 
the tu-o levels of production and storage (calculated fro111 data in .ra.hlrs 5 ancl 7 ) .  

The total cost per queen for fall proclr~ctiori and winterins is %t;.O!t anti li;;i..lT k,r. -isQ 

and 2-16! per colony bank respecti\-ely. assunling XI'% ssurvivrtl 1 T;ll)lr 3 1. 

The total cost. of labour and material for setting 111) and 111;~nagirig sistt..en 

nuni-nuclei from late January to late %larch is $107.64 (Table !-j). 7'11tx c-ost. I.11r t ' i~c .11  

queen is 36.72. -1 large proportion of this cost (;jh'%jj is for 1abo11r; tlie r .c~lmiri( l t . r  is 

the cost for syrup and pollen supplement. 

4.4 Discussion 

Mass queen st,orage is economically viable for t h e  1)eekreper I ~ ~ . ; F I I : ; ~ ~  t lie t o t i t i  

cost of production and storage is less than the total revenlie 1)nsr:d on :r S ~ L I P  priw o f  

$10 per queen. If the beekeeper uses his own labour and does not  hire c~litsiclt: 

labour. an additional W Z ,  of the production costs or lahrilir income goes 1 0  t , \ l c >  

beekeeper. Profits can be increased further xhen a greater n~irnbor r,f yilc*erls 

stored in a colony bank. and if larger numbers of qlueerls s i ~ r v i w  s to rqe .  

We estimated an average profit value for a beekeeper using mlr "lwst" : ; y : i t f ~ ~ ~ :  

that is, one that we have demonstrated is bir~logically feasible and produces 

consistent results. We used the 46Q sysrem as "best" since that system yielded the 



I , r c d ~ ~ i t  i~on. This is an important aspect, of the analyses, because the most significant 

I ~ o L ~ ~ , r t i ~ , n  of q ~ ~ e e n  proc111ction and wintering cost. is labour, which in most 

1-i:~m~tiercial beekeeping uperat.ions wodd stay within the beekeepers operat,ion. The 

relt~i~i~ling cost. is largely food. 

\l;c calrulat.ed profits for queen storage by examining a conimercial beekeeping 

i tperitt ion t h;tt barl kecl -id00 queens in 100 colony banks, that ( 1 ) hires labour for 

I ) ~ O ~ I I ~ I O I I  and storage phases and I 2 )  hires labour only for production of queens and 

tias t tlc Iw~keel~er perfc~rm colony: bank nranagenlenb. We assumed t,hat, queens are 

scilci fur 310 each in April. \Vhen the beekeeper hires help for all the work, queen 

prcrd~~ct ion and storage, the profit,s were $13.21.5 (Table 10). i17hen t,he beekeeper 

Iiirc*s lalrol~r for queen prcsduction only, biut does the labour for colony bank 

preparation a n d  nlanagenient. profit is increased t,o $16,625 (labour for preparing and 

r i lana~i~ig colony barks is 23% of rota1 cost I. These calculations indicate t,hat. queen 

stora.qe is econonlically viable. 

Both ti12 level of ql~een surs.i\*al and the number of queens per colony bank 

alter the expected   rot it (Table 10). bYhen larger number of queens survive storage, 

t iic Inirehse in profits are substantial (Fig. 17). These data indicate that, at a level 

of 5OC! survival. with lahour costs included. returns are rninimal (883.5) when only 2.2 

quc-.ens are placed into a colony bank. On the other hand. the profits for queens 











DETAIL.'; 



COSTS 

Sumber  of Xuclei 



Jidy. carly 
1. Preparation and mol-ing 1-si~per colonies 
2. L:nl~dding 
3. Prep. of bottom colony 

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

Julv, 2nd and third week. 
I. check for queen in upper colony 
2. Sluper with honey supers (twice) 

A u p s t  , early 
1. Remove honey supers 
2. Reduce to 4 supers 

August, 2-1 ( 3  weeks prior to Q introl 
1. Prep. of 8-1 pollen patties 
2. Feeding pollen patties i 2 per colony) 
3. IIodify frames for holding ylleen cages 

(one time cost only) 

Sept, 1-1 
1. Feeding one pollen patty /colony 
2. Preparation of sugar sg-rup 

10 L/ colony 
3. Feeding sugar syrnp 

Sept. 21 
1. De-queen and assess colony size 

a t  20 rnin./ colony (20 nlins X 28 colonies1) 3.2 

I. W e  assume that 26 two-queen colonies are reqiiired to o l~ta in  '20 colorty 1,drlb.s 

with adequate worker population in the fall. 
- - - -- - - - - 

continrred on next page 



'(,:I I i r 1 1 1 u 1  froxi previoii:< p ~ g e .  
. . - . . - .- .. . -. . . ~- -- 

'T'Il,I1NG Of; ( 'OLOSk- ?;IXNXC;EL,lENT LXBOI-R i Hours) 

S?[)f, 22 
1 . Transfer ylleens from mating -ni.lclei 

t , ~  c1l.lc.m cages. For 480 queens 
at, 20 -nuclei per hour. 

2. Transfer q1.1ee11 cages in to queen backs 

Sept, 27 
1. (!heck for cllleen cells on rnarked brood 

fritines ( 12 rnin. per colony). 

( 'OLONY FEEDING AND I5SLTLXTION 

Oc.tol,er, -I and 27 
1 .  Prepare sugar syrup 

Two froclings of 10 Litresl colony 
Feectirlg sugar syrup 

Ocrolxr, 25 
I .  Prelmration of i~lsulated wrappin@ 1 
2. \-Vrapping 20 colonies in 4-packs P 

S1;trch. Bl 
1. Reinoval of queens from storage colonies 

at 1.5 mins 1 colony assumizg .50% 
3 survim,l i11 a 24 queen colony bank- .i 

2. t~eqi~eening of storage colonies 
at 10 rnim / colony 3 

k .  Insulated iTrapping was prepared as outlined in the Agriculture Canada 
pulditntion ( 1984). Four colonies are wrapped back to back in a four pack. The 
wrappins lasts for about five Fears. 

'1. Qtlems t ro~n  colonv banks are used by the beekeeper for requeening, making 
packages or nucleus colonies. Therefore this does not include labour for adding 
at t endan t s t Q queen cages. 



FALL PRODUC'TIO?I: COSTS from Table 6.  

1. Fall prduction and feeding 
costs for 480 clueens= 
costs for 960 queens= 

IVISTER STOR-AGE COSTS 

I. Lhbour costs for 30 colon; Ixdis  
minus total hours for overwintering 3) 
colonies with 1Q (Table 8 i .  
74.7hrs - 6.5hrs = 66.2 S 810= 

2. Pollen patties 
24 Xug1.1st: 
Two pollen patties per colony 
P S.6Eilpattp 
$.68 X 2 X 28 colonies= 
14 September: 
One pollerr patty per crjto~ay 
2 $.68/patty S 26 colonies= 

3. Sugar syrup. 
14 September: no cost 1 
4, 27 October: 
Tixi0 feedings of 10 Litres/ colon) 
for PO colonles @ %-go/ Lit re 
2 S 10 X 20 X 8.90= 

Cost of wintering 450 w$th 
240 queens s~~rviving- 

Cost of wintering 960 a$h 
-lull queens sun+;i~lg- 

TOTAL 1%-IXTERIXC: X S D  FALL 
PRODLC'TION COST 

1. Cost, of sugar syrup fm 14 September is not i~~cludect in t h e  ;vint,er cr,st,s tjrcall~t: 

both treatments are fed sugar syrup at rhis time. 
2. i fre assume 50% s u m - i d  of 480/360 queens. 



- 
Fehri~ary 

I .  SIanual release of queens $2 mins /queen 
2. Qieen check 1 week later 

TOTX L HOLiRS 9.5hrs 
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4 .  \ssunlptions 

i 1 j ( 'OIOII;; I I ~ L I I  IS 

I . T i ~ w  r : i t  inlates llsed i n  preparing cost of labonr data were based on t.he 

act jr ,~~s of r:iperjwlcod lwrkeepers. Estirrlates v,-ould be low for inexperienced 

t v.rfkc:t.Iwr~. 

2. Only t h e  cost of ~naterii~ls and supplies of winter queen storage, over and 

almvc. the cost of overwintering a colony. weye included in this study. Other costs 

: i l ~ c . l ~  as rcpairs, n~.aint.enance, t a e s ,  insiurance, and t,ravelling costs, as well as 

a1lowancr.s f o r  depreciation and interest, were not included. These costs are already 

i ~ ~ c . l ~ l c I ~ ~ ~ l  l)y t he  operation whet her or not queens are st.ored over the wint,er. 

:!. ('olony I-,anks were prepared by two-queening colonies at the beginning of 

tllc h w r y  fow to produce populo1.1~ colonies by September as described in Sect,ion 

2.3.1.1. 

4.  All t.he necessary equipment and expertise is available because t.he 

Iwekveper is already in t.he queen production business. 

5. Honey production and the management. of colonies is the same for both 

me-queen and t. wo-cli.teen cclonies. 

ti. Colony banks are used only for honey production after removal of banked 

q ~ w e t ~ s .  These colonies are not used for pollination, queen rearing, or package 

[)rod t l c t  ion. 

- 
r . A11 equipment is standard beekeeping ecluipment and no extra equipment. 

is recpird for overwintering queens. It  is assumed that overwintered colonies are 

wrapped with insulat-ion for v%ter. and therefore there is no extra cost. for wrapping 

d o r l y  !)an ks. C'olony banks were insulat.ed as described in Section 2.3.1.1. 

. All queen rearing actil-ities take place at the home location. 

9- Production costs fbr sunlnler queens include only labour costs and feeding 

cost s 



( 2 ! l h i - n u c l e i  

1. L h i  -nuclei are prepared from ilisrliarltlecl. ionsolicl;itt~cl r t l ~ ~ ~ i t ~ ~ ~ s  c - o l t ~ l ~ i c * ~ .  

2. C'onsolidateci nuclecs ;_-olonies are prepared as tlt~siril~cd i l l  S t ~ . t  i t  , I I  L' .:! .  1 .:(. 

3. Sisteen queens are obrai~lecl horn a 24-cltierti stor;tgt. I ~ r l k  i l l  . l i ~ l l l ~ r i ~ . .  

assuming a mortality of 20'5. 



4 . 6  Prod~iction Data 

2. S~i ,qnr  sjirllp consists uf a two-part sugar to one-part water, by volume. 

Tt.rrcr111yc111 ; t ~ ~ d  F~~magillin B for the control of bee diseases are added at a rate of 

( t w  t c ~ p o n ~ i  for mch 4 L of syrilp. Recornmendations for Terramycin are based on 

'I'tw;llt~ys~n X~l i~ual  Formula-2.5 which is a water soluble ponder containing 2.5 g 

;it-tiye ingredient in 400 g carrier. The recomnlended dosage for Furnagillin is 100 mg 

,' l..5 L o f  syriip. The following materials are used for each -1.5 L of syrup: 

41 kg sugar - - $32 

LO tsp terranlycin [_r S.36,'tsp - - $ 3.60 





-5. l Description 

'I'llc:. (.c,lr,l~y I,ank f ~ r  rltarrd qlueeris consists of a clueenless colony with banked 

cj~levns Ilr-.lcl i r i  c.itges I~lareri i n  the  renter o f  the 1.lpper hive body. The hive consists 

of a r r ~ i r l i i ~ i ~ i ~ l i  o f  1 ,j frattws cir two sllpers. Queens are caged in wooden cages 

:,cm-twi:rl wit  11 Ijee-proof screen on one side. that allows adult workers to feed and 

; ~ t i t * r \ c l  t Ilr c:;tgt.cl qlicens. Queen cages were lield back to hack in a wooden 

~ T ~ L I I I ~ ' W ~ I . ~  f i : i ~ c l  wit t i in the  c ~ n t e r  frame. \Ve successfully stored up to -18 queens in a 

r.,,li.>rlc. I,;tnk. The frame of caged queens remains in the same colony bank 

t hr l -~r~ghout ,  the storage period. 

7'llrc.r 11iELJi)r areas of colony nlana,qenlent. were identified as crit.ica1 t,o the 

stlc-c-rsu of clueen sltruival through the winter: 

I .  Lqqe  aiI111t worker population. 

2. Acirqtlate honey stores. 

:{. Prt.ucnlion of winter cluster fortnation. 

.-I larsr worker population is essential for queen storage over the winter, due 

1 % ~  tlw lack of a colony queen to replenish the worker populat.ion. In addition. a large 

tvvrkrr p p u l ; i t i a n  is essential to ensure that workers do not cluster and withdraw 

f n m  snnw o f  the srorect queens. IVe produced colonies wit,h surplus workers by 

m ~ i f i ~ l ~  a two-cll~een c0101iy fro111 a one super and a two super colony in July. at. the 

stiirr 4 - 4  t lie 11ix1q- tlow. Sl~yering was done as required and by September, the 

~tri~ritwr o f  supers were again three. The coion_v queens were removed at introduction 

( x i  the Ixt~lked ~ I I ~ ~ I I S .  Colonies \:-ere placed in a 4-pack configuration and insulated 

on ail sides including rhe bottom of the i-01~115. to prevent. colony workers from 

ionning a wi12 ter cluster and withdrawing from :he banked queens. 



5.2 Pepra t ion  of Colony Banks. 

This metl~ocl describes the preparation of zolorlirs ns qucrri Imnlis, i ~ r ~ t l  is 

suitable to our nlanagement system on t lie coast of British C'ol~in~bia. P'or c.ost 

effect.iveness, the preparation of colonies milst Iw ;tiIapteri t o  I he i~ldi~i(ll~ii,ls' 

management system. 

( 1 ) Colony preparation 

1. Prepare a pallet platforn, for colonies in gsoi~ps of f o ~ ~ r .  P lwr  ei~c.11 t.oIony 

on an en1pt.y super filled wit,h insulation ion t.op of t,lle pallet ). 

2. The first colony manipulation ;nvolves rr~nli in~ a t ~ v v  ~ I I V C Y I  c.c,lo~~y prior 1 0  

the sulnnler honey flow. In early July, combine a stani1;trcl 20 fra~ile ( ~ ) 1 0 1 l v  wit.11 i t  

10 frame colony. Keep the two colorlies separate w i t h  a honey su pcr sarlcl wir.lkc.(l 

between two queen excluders. 

3.  Add extra supers to colonies as recli.lired dl1ring the I I ~ I I C : ~  f low. 

-1;. Ensure that adequate stores are present in t he colony liy ;rllowirlg wor,kt.rs 

to take honey stores from the extra supers into t h e  I~rood charr~ljers. 

5. Place two pollen patties (one l~elov; and one abcjve tfic: e;<cliirl~-r~ i r ~  ( * i ~ < . l l  of' 

the two queen colony during August to stinlulate brood protil.~r.?ior~. 

6. Reduce the number of supers of each two-glueen colrjny t ,o  t l ~ r r . ~  f ly  ~ l i i d -  

September. 



;. t.".f.c! -,.:rtij> :':it t !  I - ~ i ~ r l q i l l i r :  ;~nr l  Terramycin 11:; :15inq a top feeder in 

i;,.lttr-!~;i,wr. t o  iLTjbrtrt. t 11ht rriip?:. i)so(i~i rvlls are  filled ~ ~ t h  s::rup. and tha t  honey 

fritrrt,.!; */:c~ll  f i l l t - 4  ;:-it11 : ~ X ~ I I I ) .  

i 2 ;  ( 'oictrl prf*pi~r?t  ~i'n 'f 4 h~~llr:,  hefore rilwen i11tr(3~11.1~t ion. 

/ ! l l j r l  tf-, I i t t ~  S r - f ) t t . r ~ ~ b ~ r , :  

1 . I(rrr-~a.,vr t llr t v;r, colony qlleeI1S. 

2 .  ( ' i lvr .k  t;,r ; t r l r q ~ ~ a t e  alnoltnts of l~rood in both colc~nies ( 20 frames with 

l ~ r o ~ ~ ( l  j. 

::. ( ' l l oos~  crJIvnies for ha11 ks t tiat cont,ain a minimum of 20 frames with 

I,rc,t,tl, l l o n r ~ ~  attcl pcjllen. ;tricl the remaining frames (five) with honey. 

. I .  (.~'rc.;~te space !br the queen bani; frame by removing two  frames in the 

~ t l ~ l w r  t llircl sl1pc.r. Kenlove frames with the least. pollen and honey stores. 

5. I.'se 111111111) tacks to Identify brood frames for queen cell removal after one 

~vc'c4i. 

( 1 1  ) QIICYII  i 1 1 t  rodttct 1011 

1 . I'la<.e clluerris in cliieen cages ( 2.3 mrn rnesh j without at tenclanrs. 

) ,. I'lacc 111) to 4& cages i n  a ])anking frame. 

:$. 1,ightlv stimke c-olony at the upper and lower entrances. JL-e recommend 

I l l r i t  h n q -  c:lr syr1111 sp rw  not Iw used on the queen cages because i t  can encourage 

rf h 1 ) i 1 1 ~ .  

4 .  Insert bank frame slon-I!- between I he colony frames. 

.3. O n e  week after introducing banked queens, cut all queen cells from brood 

irat i l e i .  

I -& 1 ( 't:)lony Ilainrenance 

I .  Reciuce t h e  numhsr of supers ro two b y  early October. 

2. Feed colonies with s y u p  PIUS Funlagillin using a top feeder in early and 

late 0 i t ~ h t . r .  111 most areas of Canada it is too cool by October to feed syrup. 



-5.3 C'onclusioris 

I. Queen banking is both biologicall?- arid esonwnirally fvasaf~lr. f'ht. I < % s - c 4  I b f  c l ~ i c ~ w  

survival determines the expected profits. 

2. The performance of banked qlleens is not altered I)! t l i c -  l>itnkillu, priwss. 

3. Queen storage would be useful to hot h the srl~all and liirge I~trc~kcwping cqwrat i t  mi. 

to bank queens 1.mti1 required for u p  to 6 ~lmiiths. 

1. Canadian queen producers could produce qtreens d~w-ing the sliinllubr. str,rrb t l t r - 1 1 1  

over the winter, and sell these queens early the  fr~l1ov:irrin): spri~lg. Tht~s. {';tri ircl;;z~t 

prodrucers could compete successf~.illy x i t h   he more cost ly qlwer~..; r-a~rrcilr ly ; 1 1 q ~ , r t  (vl 

from Xustra!ia and S e x  Zeatazd each spring. fn addition, if cl1~~r-11:i fmtn c.f:rt ; t i r ~  

regions of Canada remain free of parasiaic mites. in parf icr ~ l a r  j.;lr-rou ~ ~ C O ~ S C I I I I  ;Id 

Acirrapis uvmdi: then the denland frqm I-.S. beekeepers colulrl ir;crc-asr. I,ec-;i~i:;r* 7 i r f ,  

t ~ o  mites recently haye becoxe endemic in P Z ; ~  1.-nited States. 



A t  trnrlan t - . -Irtr~lt  worker bees that attend the qileen. 

if pis  rne&fera - The common hone; bee found throughout the zestern world 
t lmo~tgh or~ginalIy Eman the  mar-easr. Humans have carried -4prs mellifera 
frnrar Flrrope tc, afl cormtinenns. 

lJalling a cjrwen - An attack on a queen by a number of worker bees intent on 
killing her by prrIiing at her legs and wings. stinging and suffocation. In this 
procrss the  bees form a tight ball d txes around the queen. 

Beehive - Dornicile for colony of horaej- bees. 

I5eekeept.r. co~mnercial- -4 beekeeper managing 200 or mare hives, as a main or 
sole source of liwlihmsct. He or she generally sells his or her crop in bulk. 

Utw space - The rtarural space found beaween combs built by bees. This space is big 
f-norr.yh to permit free passass of bees- It measures 8nxn (-?,:'16"). Spaces 
iar~er  than bee space wr%H be filled by bees with burr and some comb or full 
E:o~at.y cor~d). Spaces less than a bee space will be sealed by bees with 
p r c p d  is. Langsrrot h applied a his obserx-at ion to North American hive 
t+qrxptt:r~r t const mcikm. 

U r o d  tontb - fyax coznb fn3m rhe brmd chamber of a hive that. contains brood. 

B r a d  food - Secretion of highly mrritiaus fmd. used ro feed voung larvae and 
qttens, p r d u ~ e d  in the hpaphaq-aged glands i;l the heads of adult bees. 



Brood nest - Area of h iw u-here bees are densely clustereil and brood is r t .uc~l .  

Batter>- boses - Partially screened cardlmarci boses that  hold querns i l l  qi~twi 
cages. These clueens are fed 1 1 ~ -  free running workers that f t w l  tso111 z;tn(l!- 
loca~ed in the bottom of the box. 

Candy - See queen cage cand-.  

Capped brood - Brood rvhose cells have been sealed by the lwes with a porolls 
cover to isolate the immature bees 11-ithin. during their non-feecling prq)~ipal 
and pupa periods. 

Capped honey - Honey stored in sealed cells. 

Casrvs - The t,hree forms of bees; workers, drones and a queen co~nprisirlg {.lie ad1111 
populat.ion of a honey bee colony. 

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

Cell starter - X queenless colony used in t hc initial stage of ql~een cc.11 l)rurl\~ct I( ,n 

Cell finishers - A queenright colony used tc finish cells beg~l~ i  in cell st.srt.er c.olony 

Chilled brood - Inunature bees that have died from being too cold. 

C l u s r ~ r  - The form or arrangement of bees within a hive whrn anil~ient trli~lwraf I I I . ~ .  

drops below 1J0C'. 

Colony - An aggregate of several thousand n-orker bees, drones and a yllet-11 lwr 
living together in a hive or in ax:y other dwell in^: as one social 111lit. 

Colony storage syst.em - A colony that. host,s individually caged queens 

Comb - A back-to-back arrangement. of two series of hexagonal wax  cells wllic 11 
hold eggs. brood, pollen or honey. 

Comb foundation - Manufactured sheet;: of beeswax with the fo1~11 tiat irJn 1);tt t r.r.11 of 
worker cells embossed into the was. 

Cups - 1T;a:i cups that hold the young larvae after grafting. C'i~ps ~ 2 1 ~ 1 1  fldly 
developed become queen cells. 

Deep super - X super used to hold starirlard. filll-depth frarnes: the 11s11al dq)t i t  15 

241 mm or 244 run1 (Canada). 

Dividing colonies - X beekeeping techniyl.re of splitting one colony to prodl~~c: t w o  
or more colonies. 

Drawn tombs - Combs having the cells built mt hy honey bees from ;l sinecr o f  
bees wax or plast-ic foundation- 

Drifting - The tendency of bees to transfer to colonies other than t,heir own hecause 
of a lack of visual cries m srienr them to their "home" h i x .  



Dr011e layers - Ql~epns t h a t  only produce i~nfertilized eggs or drones. 

L.;~rwrgi~-)g brood - Young adult worker bees that emerge from their cells. 

l*;~rrcrgency queen cells - Queen cells that are produced when colony is yueenless. 

Erit.rancr~ I~locks - Pieces of wood used in regulating the size of hive entrances. 

IJuropean foulbrood - .A Lrood disease of bees caused by the bacteria 
S ' t r ~ p t ~ r o c ~ u s  plufon. 

Kxclucier - See queen excluder. 

Esclutler queen cage - X cage made &om wooden strips fixed int,o the honey 
connb. and covered with excluder material. 

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

Fertile clueen - A queen which has been inseminated artificially or naturally with 
drone sperrnatozo~ ancl is capable of laying fertilized eggs. 

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

Founclat.ion - See comb founctat,ion. 

F ' r a ~ ~ w  - Four pieces of wood designed t.o hold honey comb. X i  consists of one top 
bas. orlo Imt torn bar and t.wo end bars. 

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

Free running queen - X queen that is not confined to a cage and has the freedom 
t.o rtlove 111 the hive. 

Free-flying - A cdony with an exit to the out.side. 

Furuagillin - The common name for Fu~lltdil-B, t.he antibi0t.i~ for cont,rolling 
itosema clisease. 

Grafting - A t,echniclue for transferring larvae from brood comb to wax cups to 
proctuce queens. 

Grafting frames - llodified frames that hold t x o  or three bars with yueen cups. or 
clueen cells. 

Hi1.e - .\ constructed home for bees. 

Hive Imcty - .\ box which encloses the frames 



Honey flow - See nectar f l s r ~ .  

Hormone - Substance produce in s~nall quantity in, on part of I ~ l y  ( u s ~ r ~ ~ l l ~  111 

gland of internal secretion 1 and transported to other parts. ~vhi . re  i t  t - s c ~ t  s its 
action. 

Hymenoptera - An order of insects to which all bees belong. as well a s  an t s .  n-asl)s 
and sawflies. 

Inner cover - A lightweight cover used under a standard telcsmping c-over o r 1  lwt. 
hive. 

Introduction unit.- Part of a colony that is prepared t o  accept cl~letws that will 
increase the likelihood of queen acceptance. 

Introduction Techniques - Techniques to improve the prol~a1)ility of success i l l  

introducing a queen ( s )  into a colony. 

Laboratory queen banks - X sysbenl of storing queens without. a i.(.,lonq-. Q ~ r w n s  
are either kept in isolation or held wit.11 some acli.ilt workers. 

Langstroth frame - X frame measuring 4.5 cnl long by 23 crrl deep, exc l~ is ivc  ~i t lit. 
lugs or shoulders that support the frame. 

Langstroth hive - Hive with movable frames. Diniensiorls s~ic-11 that I he t)ec.sj)ac e is 
allowed bet ween surfaces. 

Larva - The second s a g e  in the complete development of an insect, s~~c - I t  a:, t l i ( *  

honey bee, having complete metaniorphosis or four stages - egg, l; t~v;l ,  I X I I J ~ F ,  

adult. 

3Iandihles - The j a m  of an insect. In t h e  honey bee and I I I ~ J S ~  insects t hr rn;t~ttlil)lf-:, 
move in a horizontal plane. 

3Ianipulation of colonies - Vsing hive ecpiprnent to the lwst ; t t l v ; ~ r l t a g ~  i l l  iti(1i11j: 

colony development . 

Mating nuclei - Suclei specifically used for mating virgin queens. 

Mailing cage - .4 wooden cage with bee-proof screen for I d d i n g  ii y l w n  (arid t1r.r 
attendants). 

LIini-nucleus - A small Langstroth colony c o n s ~ s t m g  of four frames ! 16 x 13 7 ( 111) 

and a feeder. 

Movable frame - A frame or comb constructed on the principle r,f the "bee :;pa<-e" 
When placed in a hit-e it remains mattached t.o its s i l r ro~lncl in~ by picsces ~f 
burr comb or heavy deposits of propolis, and is therefore. easily renloved for  
inspection. 



Nosc~r~ia  disease - Diseae of ad111t ljees caased by the protozoan. spore-forming. 
rllid-girt p x a i  t,e IVtjserna apis  Zander. 

N~ic- le t~s /nr~cle i  - A srilail colony c ~ f  bees often used in queen rearing or mating. 

S I I ~ S Q  I~ees - L ' o ~ l n ~  worker bees that feed larvae. 

O v r r w i ~ i t e r i n ~  Queens - A method of storing queens other than singly in a colony. 

Package twes - Two or three pounds of bees which are shaken from combs of 
Imhives into wire mesh cages. A caged. matt-{ l queen is placed in each 
package. Packages are rised to establish honey bee colonies. 

Yherotlione - A chemical secret.ion released externally by one animal which 
stimulates a response in a second animal of the same species. 

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

Pollen substitute - A food rnatenal which is wed to substitute wholly for pollen to 
s ~ ~ p p l y  the needed protein, vitanins and fats to a bee's diet. It includes 
water. sugar and other ~naterials such as brewer's yeast. 

Politsn supplement - A mixture of pollen and other prot,ein sources along with 
sugar and water, fed to colonies to supplement t.heir protein needs. 

Prt~polis - Resins and gums gathered from t.rees and used by bees in sealing cracks, 
repairing cracks, and covering objectionable material wit.hin the hive. 

PLI pa - Third stage in the derelopnxnt. of an insect haviug complete metamorphosis. 
I n  this stage the organs of the larva are replace by those which will be used as 
an adult. 

Queen - Ses~~a l ly  developed female bee. larger and longer than a worker bee. 

Queen hanks - Colonies in which caged clusens are placed for storage until use. 

Queerr banking frame - .A rnod~ficd frame that holds queen cages or consists of 
itxnpartments inserted into the was foundation. 

Queen cage - -4 snlall cage in which a queen and five or six worker bees may be 
eo~il'ineci ior shipping and ' or introduction into a colony. 

Qtieen cage candy - Candy made by kneading powdered sugar with invert sugar 
syrup ttat.il it  forms a stiff dough used in qxieen cages. 

Queen cell - -1 cell that contains an inmlature virgin queen. 



Queen introduction - See Iniroduction Techniques 

Qrieenless - IVit hour a queen. 

Queen mandibular pheromone - X blend of compounds froni tliz cj~iwrl 
mandibular gland that. elicits ret,inue 11el:avior. ai t.racts swarius. and 
suppresses queen rearing. 

Queen mother colony - X colony chosen to provide ldrvae h r  ,qraf!ing into t l ~ t c ' t v l  

cells. 

Queen producer - X beekeeper who specializes in producing queens. 

Queenright - With a queen. 

Queen storage - X method of storing queens in colony clllet.ri I);~~llis or I;tl)o~~;rttory 
banks. 

Requeening - Adding a queen to a yiueenless colony 

Robbing bees - Bees which enter colonies other than 1.heir ow11 ill order t.o wniuvc. 
honey and carry it. to their o w n  hive. 

Royal jelly - A highly nutritious glandular secretion prod~iced by yo11ng c L t 1 1 1 l t  

worker bees; it is used to feed the queen and young hrootl. 

Screen cages - A queen cage t-hat. cotisists ent.irely of hee-proof wire screerli~lg 

Sealed brood - Brood in late larval and p~ipal stages wit 11 cells sealed. 

Shaking - The process of placing bees from parent colonies into pa( liagrs. 

Smoke - A method of calming adult worker bees into a less .aggressive 1,r.h;tvior pric~r 
to colony manipuiat.ion such as queen int,rodl.iction. 

Storage systems - See Colony Storage Systems. 

Stores - Provisions of honey and pollen that are found in honey corl~l) o f  ;1 hiw. 

Supers - A hive box or hive bodies wir.11 or without frames. 

Supercedure - Replacement of the existing qiueen by a young qupen prc,rli~c t a d  h y  
the bees within the colony from their own larvae or eggs. 

Swarm - The aggregate of worker bees. drones and a queen that leaves t h e  I W , ~  hr*r 
colony to establish a new colony. Swarming results in the division a d  
dispersal of honey bee colonies. 



'1'crr;itrlyciti - A tradc- name of oxytetracyclme, a drug conlmonlj- ~lsed to prevent 
~ E I I I  opean and A~rier~can foulbrood. 

\ 

'I'ttt~rt~loreg~~la t ion of a colony - The regulation of heat by adult worker bees by 
r i~l:~reri~ig toget her in winter. Heat 1s generated and loss of heat from the 
f-l~rst c,r 1s prevented by cl~lsterlng. 

'I'horas - The niiddle regior~ of the bee's 11ody that. carries the wings and legs. 

T w o  queen tmnagement - A method of managing a colony of bees to increase the 
111mlm of adult workers to about twice that of a single queen colony. 

Urlsealecl brood - Brood in egg and larval stages only. 

Winter packing - Enclosing the hive with materials that decreases heat loss from 
colcl teniperatures m d  windy conditions, e.g. tar paper, insulated wrap. 

Wire screen cages - see Queen cage. 

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

Worker bee - A female bee whose organs of reproduction are only part.ially 
clevelopecl and that is responsible for carrying on all the routine work of the 
colony. 

\Vorker co~nb - Honeycomb with about. 4 cells / cm2 
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