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r'¡"n analysi.s of four groups of honey bee colonies, initiated.

tiith oneu tv,ro, three ancl Í'ou-r pounC,s of bees, lias d.one ín ord-er to

d-eterrnine ihe grol+th patterns for each size ,

In this stuCy l2 colonies'hrere used. in L96B anC" 1969 a.nù 40

colonies in 1970, to investigate the changes in brood- areasu aciult

nlunbers, honey prodLuction, fIíght activiiy and- punal- r+eig'hts" The

four sizes of packages r^,rere hived on approximatel-y Q \iiay each year.

Pa.cl'.age size had a. large effec-r, on the above-rnel'l.tioned fact-

ors for the four groups but after 50 d-aJ's of d-evelopment there l.;as

usually tittle ci,ifference. Hov¡ever, in I969 díff erences in ihe

abol¡e i-¡ere evicìen'r, for a longer period- of ti-me. The inability of

the smal-Ler sized- col-onies to keep pace ryith the other colonies in

brood procluction is a.ttributecl to polleil and- nectar shor'r,ages ancl

probably to some extent "oot 
.i.uu.ttru*.

The larger packages supported- greater amou-nts of brood- at

least up to 50 days of d-evelopment but the smaller packages t"rer.e

more efficient i¡r thei-r rearing of broocl,

The ad-rilt numbers r.¡ere d-irectly affected. by the ]ength of

time a groulr d-evelopecl" The larger. package size a,Llo¡¡ed- for faster

d-evelopment early in the year"

'i'he gror'rth and performance of the four grouils are analysecl

in this thesis"



ii cl{lloil LDirGri,l EtÌTS

I r¡ish to express my sincere appreciation to !r. S.C" Ja$¡

Associate Prof essor, Department of Entomolo€¡yu university of }tani-

toba, for his personal interest, r.rilJ- ing guid.a,nce and- encoura¿çement

during my ¿i¡ad-uate program. lr'Iy appreciation is arso extenced. to

lJr. r1 "J" Thorsteinson, Professor and- Head-u Departrnent of Entomology,

Universi'Ly of l¡lanitoba, and. to Drs" ìì.i'io llvans, Assistant Professor,

Department of Zoologyu uníversity of Ì,ianitoba, and- r;i" Hanec, Assis-

tant Professor, Iepartment of Entomology, university of lianitoba,

f'or their helpful critj-cisrns of this thesis. I am also ind.ebted to

the summer technicians, I{rs. J, i'iest, lvlrs" B" Smirl u I''liss J" I.Ienry,

iriiss L" Quesnel ,l'liss J" Lintott, Ro Cochrane, R" Feng, B. Smirlu

LI, Soehngen, S.01nick, Ji, Ilud-ek, n" i{cRory, J. Lintott, for their
assistance in the estimation of adult bee numbers.

A special thanlcs Ís extend_ed_ to l,iiss V" l,lright r^rho, along

"^iì-th 
myself, estimat,ed- all ihe colonies in 1969 and, L97o to obtain

the ad"ul-t measurements presented in this ihesis. r al-so expr.ess my

appreciation for her help iu'ith eirtrance counts ancl tire read-ing of

the negatives of sealed- brood

As alr'rays r thanks to m¡' r¡if e Barbara for her und-erstand_ing

and- the typing of this text.

This investigation l¡a.s made possible by í'und-s sunplied. b¡'

the Canad¿, Departnient of Agricul-tu.re.



C}IÂPTER

1.

tI"

TABLE $lr ÇfilrifElrlfg

tl,,lTrìolucTIolrl .eoo66 000éô

LTT]IFÁTURI] P.trVTEi,í OCOøO

A" The General Ðevelopment ancl performance of ÏIoney

PAGtr

TO

11

1)LJ

1)¿J

1À-

t5

r5

L5

t6

I6

l- fi)

L6

rOIU

Bee Colonies óo!os

The Development and- Perforînance of package Bee

Colonigs oo e o € o oo e o o ó o. oo oo o ôoe o o o ô o o o û o ø o eô o 6 o.

Fiethod.s LTsed. to I'leasure Brood- a.nd- iid-ul -r, lrlumbers .

The lTutrition and. Development of flre Imma.ture

Stages of the Honey Bee oooc¿ 660o6o€oô

E" En¿r,rance Activity o oo oo o o ooo oo o o ô oe ô. o oe o c o

lif. GIJIÌURAL ]TTETHCÐS ooooooôooêoooooo.ooooo,.c ooo..,

Ao Project }esi¿irr ooéoô øÞøøø øoscooooo.oocoooooô.ôoô

B" Colony l,lanagement o oo o6 ôê oo o oc o o ôoo c c o, oôo o o r.o o

co seasona]- 1i']easu-rements o c. o o o o o o o o o o e o o o o o o o o o o o o

(t) 1968 ¡,r-easurements .ôoeoooooooe eooooooôo.ooo

(a) groo¿ oooêøôøèêoooooôoøeoo ooocoooo

(f) aauf ts o o 6 o ô o o ó o ø â o o o o o o Þ ó ô 6 o o o é o o ø o 6 o o

(c) eupa.l iíeÍghts Òooô.

/n\\2) 1969 l{easurernents oooooooooó oôôoê

(a) lrooct ooooo

Ð
.lJ o

I

4

on

l),

(l) aautts àoêoo øøøôø



CHAPTgR

ïv"

P:l,GE

(c) Pupal i{eights tB

(¡) 1970 Ir1 easurements ooooo oooôo oooê6 lB

(a) lrooa ôeocô IB

(l) aaurts â.oooosooô oôo.êoo 22

(c) Pupal Uei.qhts o6¿oo oûooo 22

Ð" oi;her i'leasurentents oooø€oooo@oooooooooo6ooooôôô6 22

(i) ScaIe Col-onies ooooo Zz

(2) Entrance Äctivity ooo6ooôeeo oooeo.ooôe Zz

iisrllti:ITrl'lG lrui',lBERS oF Ilouity BEES 0¡I tlrtrtGSTRorH FR$,{ES

(usri'lc plIoroGRApHS) c o o o o o6 o ê ô o o o o o o o o o ã o o o o o o o

A. ïntrod-uction. ooooô .ooosoooooooo6

B" l-lgthod-s o o o o o o o o o o o o o o o o o . € o o ô ø o e o o o o o o o o o o

(i ) Síngle F'rame Estimations o o. o o

(Z) l'ühole Colony Estimations ooo.. ôo oo o.êð

t" ilesuits osooèooooo ooooo oooco

(t ) Singlg F'rames o o s o o ó oo oo o o o o o o ô ô ø ooøs o o o oo o

(z) Iihole colonies ooosôooooooooøo.o.óo

Ð" Discussion and- Conclusions oooôo eooôeo

RESULTS A¡ID ÐTSCUSSTO]{ ø ø øøøO OOOO

A" Results and" Discussion of Seasonal- Measurements

of llxperimental Colonies ooooo ooo6ooaþoooøê

(t) Ì!68 Seasonal ll{easLr-rements ooô oooø. oaøcooøo

(a) Brood. oôoøooo€@oêoooó

(i) Tota1 Brood-.ooooþ.¡.o cooooôoo

(ii) SeaLed. Broocl oooooeoo ooeooêoeooocø

.A

.L

24

¿Ll-

24

¿o

DO

co

3o

3B

4a

40

40

40

4a

t1



C]IJiPTEIì

(rii) tinsealeci Brood-

(b) r'rd-ul ts o o ø o o Þ o o o o o o o o € ø o ø ø øo o s s o o e ô o ô o o

(c) Pupal i,íeights oo,ôê oâooè

{Z) 1969 Sea.sonal ir1easurements ooôoô ooooÞe

(a) Brood- oooao

{i) rotar Brood_,e6õo

(ii) seafed Brood- oôooo o.,€ooo.6oo

/ . \ --(iii) Unsea1ed" Brood" .c6oo6oo

(b):fciults 
".oooooo.ðoôoooooo.oôo ooooo

(c) Pupal'1.ì eig.hts ocôøooaoô@ oocoooooe6

(d-) lrooa to Ad.ul-t Ratios oo.,o oôaôoo6

(i) fotaf Brood. Celts to Àd.ult }Tumber

Ratio .ooo. oosoooo€oo.eoo

(ii) Sealed. Brood- Cells to Âclutt llumber

lf ^ + i ^lL¿UaU a.oø6ooooaoôogo cooúêôø6

(iii) Unseated- Brood- Cells to Ad.uIt Hu¡n-

r-itJ ¿

42

43

43

54

54

54

55

56

)t

bt)

(ìb

oil

anUI

ber Ratio ¿oooooooooao.eooooo.oooo 68

(¡) 1970 Seasonal l,Ieasurernents oêoo66oôôooôoéo, 7,5

(a) lrooa o € o e 6 ao o o a o ô o ø o o o o o o ô o o oâ âô o ô oo € e 7j

(i) Seafed. Brood. Gêoo6 oooooooooôøo 75

(l) liauft l,Iurnbers ooo.ooooocoôooâooo6åooooo 76

(c) lrooct Ratios o,ooo.ooóooêo.. ôoooô " B2

(i) Sealecl Brood to Ad-u,lt lrlumber lìatio " gz

(a) rupal tieights 6eoooøoé¿ooôoroo.oo.oooo6 82

Cther l,[easurenents ocooo ôooôâ.oe .oocoo BB
Ð



ñTJ.1 ;fntl¡DvlL!i t !11

VI"

PAGE

(t) Scaleiieighis (t'iectarFtor,) ooèoô BB

{") L969 
"s 6 o 6êø oeo oo o o o o o ê 6 o o o o s c o o o ô o s e û o gg

(¡) rplo .€.6.oéséo s.oôoôôoe BB

{Z) lloney Prod-uction ooôoooaøooóoooôcscoo " A9

(a.) r969 , ô,oôooooooô66ooôoooêooêooooo S9

(¡) L97o oe o o ô o ô o e o o o ó o o o o o o oo é o oo o o o 6 o o o o ù 89

(¡) Entrance Activity ooôoooøoooøosc6eooGo 9l

(a) poflen Coll-ectors coo¿ooöooooceqoê.ooo" 93

(l) llon-lollen Collectors o¡o o6o6øooøø 94

(c) total F'oragers .ooooôoøoôøo.o,oooôoôoo6 94

C, General Comparisons of i".esults OgAA, 1969, ISTO) gS

(t) Brood l,leasurernents ôêooooooo.oooôoooooooôoø 98

(a)'rotat Brood- oôooooo.oô ôoocooo 9e

(¡) Sealed- Brood- oooeoooêoôooooooooooooooo. 98

(c) Unsealed nrooi. oôooaoo6ôooeoooo.oôG6eoo 99

{Z) Ad-u}t populatiotl on.eaoaoooooooêoooôooooooo,ç9

{¡) lìatios of Brood- Cells to ;\d-u-It lJurnbers o o. o t,OO

(+) Pupal lfeig'hts ôooøøoêøoooooÐo6Þø,oøoþøô6a.o IOI

$) Scale Colonies oo.ôoooooôooøooêoooooêo¿.ooo IOI

(6) Honey Prod-uction oo.oôoôôoo , lOI

Q) Entrance .,tctivity óâôõeooooêooôo6oooô.oooo@ IO2

I'{fSCbLLA]IËOUS STUDTES AÌ,¡Ð OBSSR1IATIOI,IS O ¿ O O O O O 6 O O ô O O 10ì

.4," Abnorrnal Col-onies ooûoø lO3

(l) 1969 ".oôoe o.oooôôôooooooosoooo ooooøo6 103

(") Queen Losses ooooocoeoo ê...o, 1o3



CHjiPiTER

i¡) Queen Failu-re oo6.ooôooo 6oooo

(") Sr.rarming,oooêo ooooooooo

ie\ r e?^
\LJ L./lv sôêoo oooooêoôoo

(") Queen Losses eoooo oo6oôoo6aoo

(¡) Queen Faj-lure ooooê ooóôo

(") Supersed.ure ooooo ooooo

/.\
\ct/ ìjr{ann]-ng. o.ooooooooôôoo

l'r \ õ--..t,¡,) Summary of Àbnormal- Colonies .ooooû.oo

B" Drone Brood

C. Colony i'Ianagement Problems of the Four. Iäxperimen-

tal Groups ... oo.oo ooo....so

VII" GEIiER;\L SLllii:LiLRY 6oe .o o.oo. .oeo.ô,oo.ê.oooo

REI¡llRELtCES .""ooçoo oooo. .èooooo

iiPPIil]DIX â.o e oo 6 o a oô o o e oo. c ¿ o o.o o oo c coo ooô o o o ¿ o e o oo

?Jn rlìì1r laLl!

103

104

104

ro4

105

1 O5a

I 05a

loSu

TL2

11A

115

118

19\



LIST OII trTGUIITS

FTGURE !t n ôT¡t Jtu!

1" Tracing; of brood areas on glass r,¡ith one inch squares 17

2" Apparatus used. to trace brood- areas in 1 968 and 1969 L7

3. Apparatus used. to photograph sealed- brood. in 1970 ZO

4. Equipment rr-sed. to count sealed_ brood_ areas frorn nega-

tives (tglo) "".ooøooôoo6êô,eoèooooo ôoooô6o zo

5" Traps used- to monitor entrance activity tn I)lO 6oooo 2I

6" Grad.ed- series of photographs Ë¿ôcooo.oo ZB

7" Apparatus usedl to obtain counts of single fratne esti-

mations oooeooo.ooo.oocooooo oeooooo66o 28

B. lotal brood- areas of the four exr:erimental groups

(tor6\) 
". " 

o so êo oø o o o eo. o o€ o ooo o o oeo 6 ø o,o o oo 4T

9" Sealecl broocl areas of the four experimental groups;

(fgeg) u. uoø ôo o o oo o ao o oo Þ o o Ð o o, o o c o o o ó o o Ð, ë ø 4 ø 56 48

10. Unsealed- brood" areas of' the four experimental groups

(f g0A) o ø o 6 o o o o o ô o o o ê o o o o o o o o c 6 o o o e o o o o ê o e o o o 6 o " 49

11 . itiean r,rei€;ht of pupae tal<en from the four experìmental

€irolrps (f geg) ø øø ø@oo o ô o ø o e o ê o o ê o o o ôo a o o o o ê ô d ø ô o 5Z

L2. I'laximum and-ninimum temperatures (fggg) ,"noôoôoeoooo 53

I3, Total brood- areas of the four experimeiltal €çroups

(1969) o e o oê ø oo o ô. ó 6 oo ooo o ooo o o o o oo 6o o ¡ ê, o. o.ôô . 6!

L4, Sealed- brood- areas of the four experimental groups
(t969) oocooo.ooôooeôoc.oooo.ô¿,oococ aoooo 

" 62



F iC-Ui'.tf

1-5, Unsealed. brood- areas of the fou_r exoe¡imental groupsr

(tg6g) oo 6e é e ôoo o o o q oo € ô ðo o o e o o ê o o o ó o oo o ô â r

16" Aclu-It m;-mbers of the four experimentat €îroups (lgeg)

17" Ratio of the nurber of total- broocl cells to aclu_1 -t

bees QgAg) ...øooao o¿oôo

18. Ratio of the number of seal-ecl brood- cel_Is to adi-rlt

bees (1g69) oooooooooo 6oooooooooo.côoooooeo

L9' Ratio of the number of unsealecl brood- cells to ad_uf t

bees (t969) ooooooaóoe ooôooô.êoû oooco

20. i{axímun and. mínimurn temperatures (Ig69) ô o o o o

2l . Ðeal ed. b:.ood- areas of the four experinental groups

(rgzo)

22" Aclult numbers of the fou-r experimeirtar €iroups (rgzo), Bo

23. Ratio of the number of sea.Ied brood_ cells to ad_uf t

bees (rçZo) 
"".oooooôooooooo.o oo.ôoôôoooooe 85

24. i'lean I'reight of pupae of the four experimental grouprl

(rgZo) .""ooooeóoooo oôooc oooooooooôooø 86

25, I'laximum and-minimum temperatures (tglO) ...ôoooooooos 87

26" lrl ectar flow recorcls of one scale colony from each of

the four experimental groups Qgeg) .".ooø6oooôq 9j

27" Nectar flolv recorC.s of one scale colony from each of

the four experimental groups (f9ZO) """øooooêcs¡ 96

28. Foraging activity of the four experimenta] groups

(tglO) 
".. o o o o ¿ o oo o o o o o ð â â o o oe s o o o o o ø o o ø oo o 9T

¿ 4Ur!

63

ø ÕLl.

7I

72

I)

T4

79



LIST Û}J T:iBI,trS

îABI,E P:iGLil

1" su'mary of errors of five observers cluring sixteen

hours of estimaiing nurnbers of bees on T,a,n.Estroth

frarnes (Group l, L96B) ô.socooooeóôo6oo.oooooooôao 32

lf. Summary of errors of four observers cturing eight

hours of estímating nu'nbers of bees on Langstroth

frames (Group Zt L96B) "". o.ooo o.o6.oôoô 33

111. Summary of er.rors of six observers estimating the

number of bees on Langstr.otjr frames Ogeg) ."".".. 34

rv" summary of eight observers estimating numbers of bees

on Lang;stroth frames (fgZO) .".oo.co.oooo 3j

V" ilhole colony estimations of aclul-t honey bee numbers

(tg69) øo e .oooo öoo ooô oê oo ô o ô óo oê o êe e oo. o oo ó oo 36

vf , lJhole colony estimations of adul-t honey bee numbers

(t9lo) 
"."ôo6.o €êoecooooo oooooooo.o øaoøo 3T

VIT Summary of brood d-evelopment r¡iilrin the four experi-

mental €irou.ps (rçøA) sooôooêoo 44

vïr-t. Group d-ifferences of total , seal-ecÌ and. unseal-ed. brood.

(rçea) o..oo6ooo. ooooos.oêoooêoôooo 46

IX" Linear regression equations of brood. ereas and_ time

of clevelonment (fge8) "."eo.oo 6.óoo ooooo 50

,.{" Iilean i'¡eig"hts of pupae of the four e>:perimentaL Lgroups
(rçoe) ".. 5t



T,;BLll n^ ^lr

,'iI" Group d_ifferences of weight in puj¡ae (f çeA) ".,ooêoo " 5I

xlï" sunrnary of broocl and. a.d.urt d-eveloprneni i¡ithin the

four erperimental €trouDs Ogeg) ôoøco oooooqeo jB

jiïII. Group differences of toÌ;at, sealed_, unsealed_ brood_

and- aC.ults Qgeg) ..'ooooøoooooôoooooooE66oooeoøoô 60

XiV, Linear regression equ_ations of brooci areas, adult

numbers ancl iime of clevelopment (L969)

XV, Ratios of the number of brood. cells to adult bees

(tg6g) o o o o o o oo o o ooo o oø oo ooo o o 6oô o e oo oo ès ¿ o oô 6g

livf . tinear regression esu-atj_ons of the ratios of the

nu-rnber of brood- cell-s to ad-ult bees, ancì- time of

clevel-opment (t969) oe.ooo66oeoooc. ôooo6. TO

xvrf . srrnmary of brood. and- adurt d-evelopment wiihin the

fou-r experj_mental groups (tglo) .".oo6oôoêoooooooo 17

xvrïr" Group d-ifferences of sealed- brood ancì. adurt numbers

(r9zo) .."ôooo. oocoo ooôo.ooooooooocooo6è 78

xrx' Linea.r regression equations of seared broocì- area and.

time of d_evelopment (fgZO) .." ôêoo,oooooooôôo g1

xx' LÍnear regressÍon equations of ad-urt nu¡nbers ancL time

of d-evelopment (f9Zo) "..o6sooêooôoocoêôøoôooooðoø Bl

;tiXI" Linear regression equations of the ratios of thc

nr¡-mber of seal-ed- brood- cell_s to ad.ult bees, and

tirne of cìevelopment (f9ZO) "..ooo¿ooøoooooðoêoêô@ô Bl

xxrl" tìaiio of the number of sealed. brood- cells to ad_ult

bees (f :rfO) o.. o 6 oo o o o o e ô o â o o ø oô o s o o ô ô o o o ø o ê o o o o o o 83

65



T:\BL:'] n^ 
^1n

x,ïrrr. I{ean weight of pupae of the four experinentar groups

(rgzo) ...ooooo ooeoô Ba

XXïli, Honey procLuction of the four experimental g;roups

(tgøg) o o c oøo o oo q 6ooo o o o a 6o oo o o o oo ê o o oø ooo o o ooø " 90

,{LV. }ioney prod_uction of the four experimenial groups

(fgZO) 
" ". â o o o. o o ô o o o ô ooo o ô o o. o o ê o ô o o o o o 6 o o e o ô o s 9l

. xvr' Differences in honey prod-uction of the four experi-

mental grou-ps (1969) ooôôooôoooo6ooe.o6oôoô¿o€oô gz

;LTvrr" Differences in honey production of the four ex¡eri-

mental €iroups (r9zo) r...coooooóoosoôosoooooooôo 92

xxvrrr" Relative foraging activity of the fou.r experimental

groups (June ancl_ JuIy, LSTO) ..,ooooooooooo6ooø " 96a

xXrx' Rel-a.tive foragíng activity of the four exÞerÍmentar

groups (Augxrst, 19TO) ôoocooeooo¿ooeooooaoeooos " 96a

xxx. Relationships betr'reen foragenactivityo hive popuJa-

tion, and honey production oo.ooooo.ooooooooooo. 96c

xxxï" Performance of abnormal colonies Ogeg) oooooooooooø 106

XXXïI. Perforrnance of abnormal colonies (fgtO) .""ooøo6oooo 109

l;rxrrI" sealed. d.rone brood" preseirt in the l-969 and 19TO nor-

mal experimental coloníes .o,oooooooooooeoo 113



ClLrPl'ER I

TI'TTRO}UCTtrÚ]I

The commer:cial beekeeping ind-ustry in the irraÍrie provinces

is basecl on colonies ini'r,iated. frorn package bees (Apr" ryql,]l_{ere. L") .

These packages are imported. frorn the southern United- States each

spring, and can be purchased- in packages containing d_ifferent nur-
bers of i:ees (i. ", , one n two u three, or four pouncl lots; one pou.ncì-

of bees ec¡ual-s a,bout llOO bees). The custornery size used- by comrner-

cial Ì:eelceepers is the two pouncl package J:ut some beelceepe¡s also

u-se the three pound. packa¿ie.

Some stuclies have been done in the United- Staies to dete¡¡:tine

the rnost efficient size of package to u-se. Iior',rever, fer.¡ ciata r,;hich

a,i;pl-y to ilestern 0anad.ian cond.itions ere availa.b1e"

'I'his stu-ciy rdas ctesigreci to investigate cer"bain parameters

i.,,hich coulcl be used. to d-eternine the efficiency anc. d_everoprnent of
the honey bee colony" These parameterse eego, total, sealed- and_

unseal-ed- brood-, adult nr:-nbersu pupal lveights, honey production, and_

forager activity? Idere tb.eir used- to measu-re the perforntance of the

four sizes of paclcages" rn 1968 and. 1969 +|nírty-tr.ro colonies

{eight in each grouÞ) and- in 19?O forty colonies (-ueir in each group)

r+ere stud-iecl in orcler io evalua,te the performance of each sj_ z,e of

packa.ge. Data for each of the fou-r groups rrere pooled. to obtain

averages for each pa.rameter measured_,



llata oÌ¡tained- from flris stuc.y are apnlicabl_e not only to the

honey ind-u-stry bui atso in the porr-ination of specific crops of
eccnonic importance"
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LÏTEIL,LTURE REVIEIií

The follor',ring revier,,' of literature incl-ud.es;

A. The g;eneral clevelopment and- perforrnance of honey bee colonies;.

B" The d-eveLopment and- perfonÌlance of package bee colonies;

C, I,iethod.s used to measur.e brood_ and" ad.ult numbers;

lJ" T'he nutrition and- ilevelopment of the imr¡ature stages of the

-Gì

hone;r þss;

E'ntrance activity"

The Genglal Ðevelopment -and- Pe4lormgr.ç:_e_ _of lloney Þee Colonies

Noran (tgziu1 t925b) measured. the seal-eci. brood- producecl by t6

colonies for one season and- shor¡ed. a correlation betr.reen changes in

quantities of sealed. brood- and- various factors of the environment,

incrud-ing queen Ðerfor,nanceo He consid-ered. that maximu¡n bee popu-

lations, of honey prod.ucing colonies, shoul-d- be prod-uced- to coin-

cid-e 'l^¡ith the period- of the main nectar flov¡"

Farrar (rE¡r) outlínecl a relationship between the number,of

adult r,¡oriçer bees and- brood- prod.uction" A colony of ten thousand-

"bees r.ras consid-ered- to be the rnost efficient for prod.ucing sealed.

brood-9 a lropulatÍon of forty tÌrousand- adult r.¡orlcer bees procì-uced-

rnaximum quantities of sealecl brood." The relationship betr.reen
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d-ecLinin¿1 bz'oocl rearin6i efficiency anci aclult oopulationse as a

colony j-ncreases in nl.¡tber, has been shoi¡¡n to be generally t-r.ue for
the Hymenopterous socÍal insects (Ì,f ichener, 1964).

The increasíng efficiency of honey prociuction irer bee as col-
ony population Íncreases has been calculated. by Farrar (t931),

rncreasing popuration levers theoretically alrov,' each rvorker to

spend- a greater proportion of her tife in foragíng and less in
brood- procluction d.uties (see ar so l,roell er, 1p61 ; a,nd Free , L96B) "

Bod.enheimer (t937at f 93Tb) and_ Bodenheimer and. I,ferya (f l¡Z)
stud"ied- the seasonal changes in nopula,tions and the activities of

honey bee colonies" These stu-d-ies inclucted. foraging populations

of bees of d.ifferent ages, as uerl as rate of gror..'th of the coron*

ies in the active seasono SodenheÍmer and- Ì'terya outl-ined. air empir-

ical method- of calcu,latÍng the oopulation age structure of a colony

from measurements of seal.ed- brood. üuantities talcen a,t various

interva1s throug-hout the season"

Jeffree (lg>S) stucìied- the changes in colony populations

throughout the seasono The effect of ltrosema d.isease on popul-ation

levels aird-the effect of colony population on honey procluction were

al- so m easured-"

Tì The -De-ve1_oprne.rt and Performance of lacLage Bee co_roni_e"

'Ihe beel<eeping ind.ustry of the rdorth central united- states

and I'lestern canacla is d-epend-ent on pa,ckage bees for establishing

col-onies each spring. lihire g;eneral principles of colon¡r d-evelcp-
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¡-r'rent apply to 'these colonies, specific lcnoi.¡Leäge of the establish-
meirt and' clevelopment of a colony initiated- from a pacllage is need-ecl

but litile specific information is ava.i1a,ble"

Sraun (tgZø) shot'red-o in experinents conducted. over an eleven

year period- v¡ith 16{ colonies, that earl¡r hived. ool_onies (:lprì-r 25 -
i'iay B) prod-uced. more honey than the late hj-ved. colonies (l'iay 10 -
June 8 ) ( see aL so Ï,iichener, f 93l ) "

3.etty Gg+a) in itictri.gan tested. the effect of package size on

hone¡r procluction over a three year period-, The tl.¡o ancl three pound

paclcages gave the most consistent resulis, but in general there was

no rel-ationship betr.¡een packag'e size and- resurti-ng honeir crope The

clifferences in honey prod-uction of col-onies initiated. frorn packages

of cLifferent sizes \.rere found- to be non-sig3rifícant by Ll,4.rrivee

and Geiger (t 966).

Packa.ge size and spring hiving dates v¡ere investigated_ by

llol-an (lç¡e). Ðne each of one, tr.ro, three, four and- five pound.

paclcages i.¡ere hived. at ten rieek intervals iir lriaryland., u"S"jtr, The

smaller packages (one and. tvro iround-s) d-eveloped- nore efficÍently,
r'"hi]e the larger packages (three, four and. fíve pou_nd.s) attainecl a

higher absolute populatÍon more quickly" lie recommend.ecl that the

install-ation of paclcage bees be d.one eight to nine r¡eel<s before the

main nectar flor,¡"

LrÅrrivee and. Geiger (r9ee ) stud-ied. the effect of one, one

and- one half, tr,.ro, three, and fou.r pound- packages on brood. and. hon-

ey production" The one pound packages were signifícantly Ìor+er in
hone¡' production than the other sizes. The three and, four pou-nct
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packa€ie colonies prodl.rced- larger auantities of brood- in I'Iay anil

June, but by ni<l-Ju-ly the amount of br"ood- r+as ver¡r si¡¡il_ar for all
si-zes"

tr'actors, both within the col onJ¡ as l¡ell as outsid-e of it, set

limits on the rate of grov,'tir ancl the ul timate nu.nerical size it r.¡il l
attain; this, in turn, affects its honey production or pollination

capabilities. r'actors r,¡ithin the corony incl-ud-e such things as

queeil perfornance, brooil survivaL, adul-t population, d.iseases, food

supply, etc,, rvhile factors ou_tside of the oolony includ.e such

things as forage availabil ity, v¡eather cond.itions, d_rif ting, etc,

The queenss perfonnance is oonsid-ered. to be the major factor

contributing toward- variation in colony per-fornance (Kutt¡., l94B;

LiArrivee ancì. Geiger, 1966ç lrlolan, l925ai I925h, I93Zg Sinpson,

L969). The egg-laying capacity of the crueen limíts the absorute

aduli nopulation of a colony (l,Ioel1er, L96f)" Viability of the

eg;gs procLuced. (caleu 1952ç Roberts a.ncl i,iaclcenserl, 1g51) as neil- as

tlre proäuction of queeir substance (¡utrer, L)JJ) are important Ín

queen effectivenesso correlatj-ons betr¡een high egg-laying-. rate of

the queen ancì pollen foraging abitit¡' e¡ her progeny (Cale, 1967)

and- honey production of a colony (sorrer ancl Bar-f;ohen, L967) ha.ve

been clemonstratecì.

Brooci survival is affected b¡. nany factorse €,9. u cold- lteath-

es (ceiger, 1967q Pankiw, 1968), d-isease (Farrar, rg47t Jay, T)66),

anùfor eLg.gs rnay be eaten by rtorker bees (i'lotan, L925; Idyser, LC;52ç

3r'ian , L965) 
"

-ierrill (t9Z4n) founcl a consiclerabl-e variation in the percent-



1

a€ie of e€îgs l^rhich reached- the sea,l-ed. broocl sta.ge. Fukuda and- Íjaka-

garii (rgea) found" the surviva,l-per-stage function to bes roo.o

e88sr )!"2 unseared- brood.u B6'l¡ sealecl brood-, and- 85"r- ad.urts.

1r-l-l-en ancl Jeffree (t956) found a posítive correla.tion betlveen

tlie amounts of pollen and. broocL in a cor-ony, and !,iilson (rgz:)

found- that removing pollen from colonies in the spring reduced.

brood- rearing" The need- for poÌlen to rnaintain br.ood rearin6l has

been d,emonsiratecl by Fa.rrar Qgzq, L936), arten and- Jeffree (195s),

i'Ioe1ler (t ,q67), and cal- " 09a7), ìiithout pollen or supplemental

proteins broocl rearing vrilr eventuaLly cease (Haydak, r935), Be-

sicles stirnula,ting egg-ì-aying (r'ree and- spencer-Booth I ]196-; cale,

t967ç loull I L968) there are reports that pollen and supplenental

feed-ing increases the arnount of brood a corony r.ril] rear (€ogo I

Pree and- spencer-Booth, L96Li ÏIa¿;edorn and- li{oer-1er, 1 )6'13 I'íeaver

and Chauthani, L967, Langrid.ge, L96g). iiaht (t954) found that the

anount of brood- rearecl depend-ed- on the quality of the food- obtained.

by the tlurse bees.

The number of ad.ul-t v¡orker bees present influences the rate

of colony grorvth (Farrar, 193i) by d-etemining the brood. area mai¡r-

tained., ine", total brood. area and- percent brood- survival- {zutuaa

and- sakagamiu 1968); brood. survival- marked.ly d-ecreases at pelipher-

al areas within the hive"

ÌIosena clisease in package bees and queens is common (Faryar,

L947; Jarr 1966)" cantwetr and. shimunuki (L969) ha.ve revier.¿ed.

recent research involving T{osema d-isease" American and. Ðuronean

fourbrood can be transmitted" by packa¿ie bees (pairkivr and corner,
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t965; f966), Gochnau-er" (I965) jras revier.¡ed_ the effect of these truo

d-iseases on col_ony I i-fe"

Restriction of space for eg;g-l_aying by the sueeno r"rhere brood

cells have been used for nectar storage, has been observed. by l{olan

{tgzS). CeIl space for egg-taying may be restric-r,ed. wheir three and-

four pound pacltages are usecl (L uArrÍvee and. Geiger, L966)" Farrar
(lgzl ) observed. a tend.ency for smarl-er package colonies to prace

nectar in the brood nest initiallyu thus restrÍcting egg-layin.g by

the queen,

cool spring ternperatures have been found. to res-r,rict brood_

rearíng (.oankii,r, L96B¡ Geiger, rg67')" cold- periocls may callse a

d-ecrease in honey production (T.lolan, I925a), vrhile tenperatures of
Bo to 1oo d-egrees Fahrenheit appear to favor foragin.eç clu.ring the

nectar flor.r (lioffat and- parlceru 1953)" llectar secretion by plants

is also largely determined. by r¡eather cond.itions (troffat ancl Fark-
êrr f953)"

Jlrifting results in red.istribution of colony popurations,
rl'his inhibits the d-evelopment of some colonies and. resul-ts in inef-
ficient brood z.earing and. sr.¡arming. problerns in otjrers nhich have

gained. bees (sniirt , r97o)" Drif-r,ing may occur at spring hivin.g

tinre {l;etty, L94B), d-uring the active season (Ribbanas u L95J; },reeu

1958) ¡ and- d-ue to environmental factors (.fry, 1965),

j:ìach of the above factors contributes to the pez,forrna.ir.ce of
l-ioney bee colonies and- must be noted. careful-ly r+hen comparing tno

or more groupr:' of coloníes"



n iuiethod-s LTsed- to i{easure Brooil_ and_ :lclult iriu¡nbers

'r''ihen measuring colony deueloprnent researchers harre hac1 to

consid-e:: l-abor rcguir:elrentsu measurement accuracyo anci flre d-eg;ree

of colony d-isturbance resulting from ilre rne'¿hod. u-seri.

Actua} counts of eggs (lerleÞsch, ]860) or of eggsr larvae,

and- pupae (latariage, 1861; Du-four, l9o1) are usefur for smarl

scale stud"ies or for d.etezmiirin.g life tables (Saka¿lami and- Fukud-a,

1968), but inherent in these method-s is the problem of killing brood-

in cool weather.

Brunnich ilgzz) used the rength and- d-epth of the eliptical
brood- area and- ihe formura, height x bread.th x 1"6, to cal-culate the

brood area on the'r,r,¡o cornb sid-es, The rel_iabirity of this method_

d"epend-s on a compa,ct brood" nest" Ebert (tgZZ) u and Boclenheirner and.

I'lerya {tgll) used. a similar method- for measuring br.ood- areas"

Photographic rep:'ocl-uctj.ons of sealed. brood. area.rì tirere use¿ by

Ilolan (rg25, r93z), pankir.r ßløal, and" Free and Racey (rgos); these

method-s r+ere ad.apted" by the author in l97o (for d_etaíls see chapter
rr¡ \

A calibrated. wire grid- pla,ced or¡er the comb for visual counts

nas used. by lloerler {t 96t1 , Geiger (personal commr:nication), pankiv

(f gAS) and Jeffree (f 950), The method- cteveloped. and used. by Smirl

{r9zo), r,'rhereby brood areas rn¡ere traced- on a glass prate (rutea in
one inch ssuares) and" then counted., r,¡as al-so used. d-u-ring the first
part of tìris stud-y. rn using the above methocls, one operator is
rec'uired. to do al I of the measurements in ord-er to avoid- vari-ations
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in estimation of cornbs r"ri'ch rrqpot'Lyrt br.ood-"

lldult population estimates have generally been mad-e by r.reigh-

ing the bees in a hive, ancr- ihen converting the r.¡eight to a number

by cou:rting a representative r,reighed" sa.mple (Farrar, I93T; Jeffree,

t955 ; irloeLleru 1!61 ) "

Jeffree (rçlr) developed. a system of comparing frames of bees

to a grad-ed- set of caribrated. bee plLotographs. This methocr. has

been al-tereC- for use itith Langstroth frames by the author for this

stud.y {for d.etails see Chapter IV),

Farrar (t9Sz), Geiger {tçøl) ancr smirt (rgZo) i<ilred repre-

sentative colonies to obtain aduf-t population d.ata"

Bod-en-heimer and. llerya (rg¡z) calcul-ated- the population of a

honey bee colony by using measu-red. sealed_ brood- qu_antities.

Simpson {tg69) measured aclu}t population in a colony by re-

cording the number of frames occupíed- by the bees and- then d-eter-

mining the average d-ensity of bees; he found_ this to be tOp) per

stand-ard. frar¡e"

l)u The lJu_Eit-io,n ?.nd. Developme-nt of the fmmature Stages of tþe

Hone-y_ Bee

Rapicl g;ror+ih of larvae is only possible if nutritious substan-

ces are avallable and- supplied, b¡' the nurse bees" The arnount anCL

qualiiy of thi.s food- d-etemine the final síze and iteight of a larva

(and- hence the ad.ul-t bee) r,rithin its hered-itary possibilities

iverich, t93O; Buchner, l g5Ð.
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und-ersizec. v¿orl<er aciults can ::esul t i¡hen pollen an¿ neciar

becone scarce (e.g.'' u lielson anci siurtevanl,, l)2{g Leuenber"ger,

1936; Levin and- Ilayclak, I95I), rvhen the ooionJr is diseased. (fygu

1959ç 3ai1ey, L96o), nhen the brood- is reared. early in the spring
(e"g', ÐeGroot, L95o; Levín ancì- Iiayd-aku r95t) or r,rhen the coloiries

are lor'r in nunbers of worliers ( 
""g,, r,evin and Hayd-ak, 1951)" The

sizes and- r,reights of aclults are arso affected. by the ages of, the

nurse bees (e"g., peterlca. 1 L7ZB; Buchnero 1953), the ratio of the

nu'nber of nurse bees to the iru'nber of brood- being reared- (Gontarski 
o

1953) and the size of the ce]t (u.g", Gontarsì<i, 1935, Grout, 1937ç

Buchnerr 1953), .iay (f 963) shoned. that starvation of the three

ca^stes of honey bees und-er natural or laboratory conclitions procluced-

some d-r,¡arfs and intercastes.

E, Ent_rance 4ctivity

The proportion of foragers carrying porlen loads or nectar

loads varies, beíng largely d.epend.ent upon the availabiliiy of for-
age ancl the col0ny requirem ents (nillano.s , 1 g5 3 ) . r¡ilm er (r y¡e )

shot¡ed. that the proportion of pol1en gatherers increased. with the

quantity of brood-" Tod"d- and. Bishop {Ìç/J) found. brood. :rearing trends

paral1el1ed. pollen incomee ând- that the springtime egg-laying peak

coincid-ed. r,¡ith the peak of pollen collection"

LuiTd-ie (tgz>) noted. that strong colonies tend-ed" to fly at
somer,¡hat 1ol,¡er tenperatures ihan d_id_ r¡¡eal< oness Ríbband.s (f g¡¡)

suggested- that in the early part of a, season the rate of brood rear-



ing is ciirectly nronortiona'ì to col-ony size, bu-t at ihe height of

ih.e season the ra.ie of br.ood- rear.ing in large col-oiries d-rops off,

the nu.nber of bees ftying from d-eveloping colonies is proportiorral

to colony size (Free , T960) " I¡loel-Ier, (f 958) fouird- a, correlaiion

betl'¿een the rate of egg-l-aying iir colonies ancl the amount of honey

they produced-, ind-icatín.g that the amounts of Ìroney stored. b). rnature

coltonies of d-ifferent sizes are directly proportional to their
popul ations 

"
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A"

CHAPT.ÌIT fT]

GIIIíIIRAL liiETIiûDS

Project Desi€n

Packages containin€i one, tl^lo, threee and- four por::rd_s of bees

(f f¡" ='about 35OO bees) rvere Ìrived- 6 tr{ay 1968, 3 tÌ1ay t96g and Z

i{ay I 970 "

fn each of the three yearso packaEJe bees of a yellor{ $train

r^rere obtained- from the same California shipper, The four package

sizes (referred- to as groups lilo" 1, Ifo, 2, No, I a,nd. lTo. 4 after
the time of hiving) r,rere forned. by removing the feed-er cans,

accounting for the package r+eight u and ad.d.ing or removing bees to

give the d-esired. bee r+eights t+: Z oz.),

The packages in each year were hived in the evening or after

darh to eliminate possible d-rifting and. bee loss caused- by varia-

tions in rveather cond-itions betr^¡een the three years (.1"y, L965),

lfhe pacha€ies ÏJere hived. in brood- chanlbers containin6ç four

combs of honey, tuo combs r.¡ith mostry polren, anci three empty brood-

combs" In 1968 ancl 1969 trtere rvere eiglr.t colonies of each package

sj.ze in each group; the colonies of eaoh €îroup v{ere amanged. in a

horseshoe pattern to prevent I'driftingt' (Ju.¡', L969). In IgTO there

r^¡ere ten col oníes in each €iroup; these rdere arrangecl in semi--circl-es

ryith colony entrances facíng various d-irections.
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In Ig69 sugar syrup r,'as fed- to g;routs I'Io. 2u No, I and 1rlo, 4u

anc. pollen substitute r'¡as given to all fou-r gronps (Farrar, r-963)"

rn all yearsu second- brood- chambers and- su.pers r.¡ere ad-d.ed. as re-
quired and the queens r¡ere allol¡ed. access t,o all suÞers€

In l-968 honey was removed. onl:y nhen the colonies v¡ere killecL

in tlre faII (no i,reights avairable). rn 1969 honey lras renoved- at

the end- of Jury and- at the end- of Au¿¡rst, after which time the col_-

onies r¡ere kil led-. In 1970 honey rrras removed- at the end- of J'-rÌ¡',

in the mid-dJ-e of Aug¡rst, and- at the end- of Augrrst, after l,¡hich time

tÌre colonies r¡ere killed-"

ll" Colo-py I'da,nagement

rn arL years Qgøg - 70) management of the coronies lvas more

intensive than tirat d.one in commercial apiaries. This was necess-

ary because of the specialized nature of the project, includ-ing

rernoval of frames from the hives, ancl frequent qlreen oheclcs"

rn 1968 all brood- measuï'ements began at the end- of t{ay (after

ihe col-onies r¡ere knor¡n to have normaL gueens) and. coirtinued- at 12

day intervals" A 12 d.ay cycle aflolved- seaLecl brood. measured- on one

read-ing date to hatch and- thus provid-e a record- of all' sealed- brood.

procluced. by each colony. T.n L969 brood- measurements began at 1l
d.ays after hivíng and- contj-nued- at LZ day interval s, rn l gTO brood.

read"Íngs began near the end- of I'iay, after the queens l.rere activel y

laying and capned. brood- l¡as increasing (26 aays after hiving). Tn

all years the l-2 ùay interval-s Here + 24 hou-¡s from the scheduled_

rlread.ingil d.ate"
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1ìuring ihe 1969 anù rlJO seasonsu queen renr-aceneirt r.¡.rs d-one

up to one vleek after hiving in colonies ¡.¡here qlreens r.rere -l-ost o¡

shotled- poor peL:foTrilailceg these requeened- col-onies ldere consid-ered-

'r,o be no:rnal- in tiris stud.y" Ìlor,iever, d.a-r,a for colo¡ri es sÌrol.ring

gueen lossesr ciueen failuree or sr'rarÌning after ì;he first r¿ee¡ r¡as

exclucied- frori: tiie stucl-J'.

lrugs v¡ere a,dministered. in aII ¡rea,rs for the control of foul-
brood- anC- Itroser¡a at recolämend-ecl times aird in recommend.ed- doses.

SeasonaL lieasu-r.ernents {19_68 - l97O)

(t ) !968 I,íeasurernents

(a.) ¡roo¿ In 1968 all stages of bz,ooil (ug.q*u 1arvae, and-

sealecl cells) in each of the eíght colonies r"¡ithin the four groupsl

l^Iere recorcled-" It was often clifficu-} t to ctistinguish accurately

beiween e.ggs and larvae so they r,¡ere cor¡bined- ancl ¿r,€ï-rrêd.rrunsealed-

brood-rì for calculation purposesó A clistinction was not mad-e betl+een

r.io-rker and- drone brooil in these measu-relnents.

Srood areas l¡ere traced. on 'r,o glass prates d-ivÍd-ed- into one

inch squares (r:-g¡rre r)" rn cool weather two gla,ss plates i,rere

used., one on each sid-e of th.e brood-, but duringî warrn l.,rea-bher only

the top tracing plate l^¡as used., I.ihen rigl t cond.itions r^;ere rfoor,

f1 ood l-ights connected- to a portable ¿4enerator rvere used- to see the

unseaì ed- brooc"' Brood- r.¡as moved. from the hive to the tracing appaj-

raius b¡r placing conbs from one cha*rnben contaÍning brood-, in¿r,o a

trtT'ansfel' boxi' (rigure z); the frames rlere numbered-, and- therefore
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could- be reÞlaced in proper sequence- Secause the fraines and. bees

from each cha¡nber l.;ere hept i-nta.ct in thís rnanireru chirling of the

brood in the early read-ings i,ias probably negtigible" someÌ;imes

bees had to be shalcen fr.orn the frames to expose unseafed_ broocl.

An analysis isnirt , I97O) of ihe maxirnum r,,aria.tion betv¡een

tl:e same and. a d"ifferent personrs tracing broocl areas ancl between

the same a,nd- a d.ifferent personrs reacling the brood- areaso shoned.

that the average of the maximum variation of five trials between

cÌifferent rrread-ers" rrras 1"1 I,o 7"2 percent d-epend-ing on the tyne

of area counteilg the variation in tr.¡o cou.ntin€çs by one irrea,d_errr

Idâ.s rlsüâl-:-y I to I percent,

{r) aaurts i'io ad-ul-t reaC,ings i'Iere d-one in 1968.

(c) Pupaf I'&leJrtS Pupal rt'eights r.rere nea;sured- every 12

clays, by rernoving 30 pu-pae from each of ilre three hives in each

€îroup, and- r^reighing them separately" A central frame of' sealed.

brood. ÏIas rernoved- from a hive and- several cell-s r,,rere uncanped to

d-eterrnine i¡hether pupae in ttrat frame r.¡ere of the proper e€íe" rf
the pupae appeared to be of the right ag.e, thirty puÐae (five rnore

than required- for incliviclual weights) with a d-istinct d.arkening of'

the eye, but l^¡ithout bocly coloration, ldere selected- (¡uy, 1962)"

Tir.e pupae were Íncl-ivittually iveighed- on a precision torque balance

to the nearest mg,

(z) l_969, l{easuqeme-nts

/\(aJ -urooe În 196.9 brood, in unsea'led- and- sealeC. cel ls i,¡as

the eight hives ruithin the four .groups {r*orkermeasured. in each of
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ancl cl-lrone seal-eai br"ood- r¡J€?€ record-ed separaiel¡'u but their su-rr t.¡as

used- ín al I ta.bles except i:,-r Chapt,e:: l.rTr oir lJr.one Brood_)"

3r'oocl" i¡as measureC. in the sane iila,itner anà lr-i,uh the satne

equipmeni as in L968.

(l) A¿uf ts Jeffree{ s (ty5t) method. r,¡as r:rod-ified wherein

frannes of bees nere comparecl to a gracluatecl ser.ies of mou-nteci pho-

to.graphs and- their numbers estÍmaied- (see chapter fy d-etails anc

discussion of' adult estirnations)"

Estimations of aclurt bees by this netliod- must be rnad-e ea.r'ry

in the morrrÍng before fl igÌrt activity begins" 'lhe proced.ure '¿aiçes

abou-t ien minutes per hive d"uring tíme of peal< populaiions (i".,,

:iugust ) "

(c) llffps-1*lle:fg_hls Pupal rreights riere measured- in the same

rnanner as lüas used- in 1968' fn r969u hoi,rever, only one col.ony per

€iroup i,Jas measured"

( : ) L 970 id easuren en ts
/\\a/ ]Jrooci fir 1!lO only sealed- brood. r"ras neasu.red- in each

of ten coloiries v;ithin the four €îroupso ideasurernents i+ere made by

photographing the seared- brood. ancr- pro jecting the negatives onto

frosted. gIass pIa'r,es narked- in square inches,

The apparatus in lli¿gre I r,ras used. to photograph the sealed_

brood." It consistecl of a i'likon canera i,'ith motor drive (Z5O 
"*po-

sure capacity) ancl a pívoting; frane holcler placed- at a fixed- d.is-

tance from the camerao changeable id-entification numbers, repre-

senting da.te, hive, chamber, and frarne nurnbe:: and frane sicie, i\Ter:e
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placed- ju"st und-er the frane holcle.r so they v,rou.ld, shorr'on each

n egative 
"

Each hive, in turn? tras o¡:enecl and combs containrng sealeci

brood" rr'ere talien frorn each hive and- pl-aced. rn a transfer box (:"is-

u::e 2)' The transfer box ivas tal<en to the camera alpar.atu-s r¡hich

I,ias on a table of l.¡orkj-ng height. liach frame r{as p}aced. in 'bhe

frame holcler anci a picture taken of each sid-e" Usualty two ind.ivid--

uals are required- to operaie the camera a,pparatu-s, oïÌe placing

combs into the frame hold-er and- another chan.ging the iclentificatiol

numbers and talçing the Ðictures.

Bees usual 1¡' ¡¿¿ to be shal<en frorn the combs to er:pose the

sealed. brood; this v¡as done by Ìrolclingthe fra¡ne insj-de the botiom

charaber and givin€l it a quicJ< dor.rnr.'ard- shake. This keeps the bees

trithin the brood- chamber and- al-Lolvs thern to cl i¡nb onto combs, cuts

d.or,m on the nurnber of flying; bees, a.nd ensured_ ihat the queen re-

mains r.¡ithin the hive" I'he method- ¡vorl<ed- ivell and- a team of five

or sir peopre coulcl- photograph the sea.fed broocl of sixty coloiries

in about four hours,

tr'Jl:en the pliotogra.phing r'ras complete the film rias d-eveloped

j-n special tanks that could- hand-le two 250 exposure d_eveloping

reers. The cleveloping r"¡as c-one immed"iatety so that the nega.tirres

could- be checked- in case of improper exposure or cleveloping,

The negatives, r.rhen ciry, v¡ere fed- into a film strip pro jector

ancl pro jected- onto a sheet of frosted- mylar plastic, placecl l:eir+een

tlvo sheeis of glass? one of r+hich had- been ruled- in ssuare inches

t¡ithin the outline of a standard- broocl fr.ane, 'iiith tJ:.e pro jector
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FÏGURtr 3 * Åilìj"{klrÌj$ USË} ?û P}IÐTütRllirH ,SEÅLE} B}l*û} îtii t 9Tû

û

A - carnera l^¡ith motor d"r:-ve
B * battery pack
C -- frame hold.er
D -'nurnbers to incLicate hiveo frame, etc,

FrÏtUlìE 4 * EQ{"i1PIìiEI'if USEÐ Tfl ttUlilT SjtALES }F.ûO} .{R$S,S pÏìúi;t }íTlG*t'ITVEsj

{r çrc )

stancl holcling frosted glass i+ith square inch grid"
ef ectic eou-nter
film strip projector

À*
Ð

c*
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FIGURE 5 * Tr:1APS USEÐ Tt rÌflftrfç¡R EtfTR;t]'TCE ÀCïIYITY (rgrO)

ii * t:'ap m€aËuï-es 14-¡ x I x å inches

B - trap in hive en-bra.nce

s
$n
{ì,7

-{

1 l-ìf
Rgè

"èr.ls*

ë*

ffi

,.J-ì*.ìr.
'&"..tt '

ì:ë*:::'¡



at a fixed c.ista.rice frorn the gl-ass É!rid-e ,uhe negatir¡es fiL1ect the

brooCL comb outline ancì the soua¡'e i-nches cf br.oocl- lrere counted.,

r¡ith the aid of an et ectric ciigital cou,nter {j;'i.qu_re {)"
Ðuring: i:ealc brooCr prod-uction (end- of Ju,ly ancl early nug,ust)

the ne*gatives for sixt¡r co]onies cou"ld. be counted_ in about eight

hours.

(l) ¿¿urts "A"ctult estimati.ons r.iere d-one in the saqe manner

as had- been d-one ín L969"

(c) Pupal l'ieigh'Ls These i+ere d.one as in 196B except thai;

the to-r,al- r^ieight of 25 pu'oae per colon¡r 1¡¿* recorded."

Ð, ûther !ieasurements

(l-) scale_ coloníes p]aiform scar-es r.¡ere used. in L96g and. rg7o to
nonitor the nectar fl oi.¡s" The changcs in scale weÍghts shorr¡ed- the

period- of the nectar flolv and- the time of the peak f1ol.r for each of
the ti.¡o years and- for. each group being stud_iecl.

(2) Entrance A-ctivity Entrance activity vra.s measured- only ciuring

r97o" The measurement r,,ú-as d-one using three coronj_es i.ir each of the

four grou-psr bx trapping incoming bees" Tral:s rnad-e of hardr¡are

cloth (tr:-gure 5) r,rere placed- in the ei.l¿r,rance of each hive for lo
seeoncls, then removed- ancl the number of rloll-en collectors and- non-

pollen coll ectors counted..

If a colony d-eveloìled a o-ueen problem, ii r^¡as either eluin_

eted" frorn fu¡ther measurements or another colony ryas selected- to
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Ci{APTEN IV

rlsrl},iATTuc 1!uÌriBERS oF iioiÌriy BiIES ûil Lir.ÌiGSTRorH F,R{1{ES (usrtrc

pi'iorccerpris 
)

A " lntrod-uction

various stud.ies of honey bees recruire a meflrod- of period_ic

measurement of aclu-l t i:opulations l.¡hich is rapid- and_ d_oes not ais*
ru-pt the activity of the coloiry" Such a meihod-l,res cl_evel_opecl by

Jeffree {rglr) in scotrand. using a numericarly gracied- series of
photographs of bees on fr.a-"nes B|" x l4'," Ðescribed_ belor.¡ are the

rnethoäs usecl and. the resu-l ts obtained- l'¡hen bees ¡rete esti-mated- on
tÃ

9$" x t7¡i" Lan.gstroth fra,nes commorlly used_ in i{orth America"

B " ll etho cls

(i )

;l large number of photographs r¡ere taken of various nurnbers

of bees on Langstroth frarnes (contaínin¡; honey and- brood.), llear

actual size prints of these r+ere mad-e, bees counied- on eachu and a

series of photo¿;raphs (Fig,.ure 6) r*ere selected- at r5o bee incre-

ments, vith no pho'r,ogralh givin€î more than l-"6 percent e¡ror. of the

incremeni number the¡r represented_" The photo6¡r.aphs r,rere mounted in

numeriça;I ord-er on a lrortable easel and" covered. i¿ith clear plastic
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f o:r pro tection"

:1.ccoz.d-ing 'r,o Jef free (l !51) , it is possible for: 15OO bees tc

forrn a single l-a¡rs¡ on one sid-e of e 14" x B+t' frame. This r,¡ould

indicate that possibly 20c0 bees coul-d. fonn a single layer on onc

sid-e of a Langstroth frame (+j" * 173',), Hovrever, sel d-om r.¡ere ilìore'Ò

than about 1.350 bees found- on one sid-e of a Langstroth frarne, in a

single layer.

Double or triple layers of bees r¿ere formed- i,¡hen more than

1l)0 bees occupied- one sid-e of a frame and- in estimating these

frames, each Iayer r.¡as estimated- from the aporopriate photograph,

thus resuJ-ting in a comÞosite estinate. il ith some estirnating; ex-

perience the observer coul-cl es'bima.te qu_ite accurately"

;r.n apÞa.ratus (figure l) iuas built to -r,est an estirnatorrs

accuracy using bees on single frarnes" f t consÍsted- of an r-lp"oer

6;1 ass-vialled- chamber, into r..;hich '¿he bee-coverecl cornb v¡as intro-

d-r:.ced." Bees could" not rnove from one side of a fra¡re to 'che other

because of a ti,r:;ht fitting lid- and siC.e bar arrangenent, It should-

be noted- that only good" framesu i+Íthout l:ol-es in the conbs r,¡ere

selected. for this proced-ure, to prevent the bees from passinr

through the connb to the other side"

After the bees had been estimated- on both siùes of the comb

(the apparatus could. be rotated- so that the observers coul-d- remain

in one position) cyanid-e gas r,ras intr.oduced- into the upper charnber,

tÌrrou¿1h a cork-fillecl ho1 e, the d-ead. bees, fror¡ each sid.e, t{ere

then collected- separatef J' in plastic bags and labelled, The d-ea,d.

bees l'¡ere usuali-y counted. imrned-iateLy so that the exact nun¡ber. of
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bees coulcl be connareC" io the estimate.

From the singl-e frame esiimations (fa¡fes 1, fI, 111 aird" IV)

it j-s eviC"ent that i¡ositive ancl i-re¿p,tive estiraates, by an ind-iviCL-

ual , tend- to cancel each other l^¡hen 20 - 40 frames of bees aiîe est-

imatecl. Because the method- nas d-eveLonecL to estimate nurqbers of

bees in v¡hole colonies several tirnes ¿u"inS, their clevelopment,

accuracy of the method- r¡as al so tested_ by estimatíng and. kitling

r¡rhole col-onies (t'a¡res Vu VT )" i,lost coloiries used. for this proc+-

d.ure r¡ere lcilled. when the broocl- meesurements and- honey procluction

for the seasoi't l^Iere completed-. The colonies are normal ly killed- at

this time anyr.Iayo

'ilo obtain an accurate bee cou-nt t'ir'o or thz.ee sali:l es of 500

beeso for each ba€: of bees from each colonyu r,Ìere counted- aird r^reighed

(these Ìüere averaged); the remainin.e; l¡ees -v¡ere then r^rei.qhed- aird- the

total nu¡nber of bees in each colony nas calcul-ated by a vreight con-

version"

(2) l;hole CoIony Es!imat'ions

lihen estimating the number of bees in a colonyo the follor.,ring

proceclure r¡as useds Before bee fl ight in the rnorrring, 'bhe entrance

of the hive t¡as gently smolced- and the cover ancÌ supers loosened-;

then, if reouirecl , ihe top super r+as srnol<ed. after raising the cover

slightly" This r"¡as usuall-y d.one for an entire group (i"e", eight -
ten hives) before estinlation commencecì-; thís al-lor^¡ed- the bees to

seitl-e d-or.¡n before they l.iere estiniated-" The hive cover Ì.ias removed,

and any bees on it were esiinatecl before placing it on the ground-
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upsj-d-e clor'¡n at one cori:er of the hir.'e, 1r.n ernoiy hive bod-y rras

placed- in an offset posÍtron on thc cover, in such a viay 1]hat fl:e

hirre boC.y I'ras su-pported. by ihe sid-es of the cover (ttri-s pr:eventeci

any crushing of bees t;hen f rames t"iere placed- r,.¡ithin ihe hive bocl-y).

smoke rias applied- gently i;o the top su,per if r.esuired-, rqhile alr- of

the fra¡nes !Íere loosened-" The frames r.¡ere then removed., from left
to righ'r, E eadn sicle t^¡as shor.vn to the observer rn¡ho compared- the bees

on each frame sid-e lvith the gracled- series of photographs and then

:'ecord.ed- the number of the series (i,e., 3oo , 45o, 600, etc" ) r.rhich

best approxirnated. the number of bees on tha,t frame sicle. The esti-

mated frames ruere then placed in the empty supe? r.¡hich r,¡as on the

hive cover" This rtas repeated- for each frarne, and- l.¡hen the frames

had. all l¡een estimated in that super the empty hive bo.i-y ldas placed

on top of the hive boäy that nor.¡ contained- the estimated- frames"

It r¡as al so necessary to estimate bees thai remained. on the sicles

of each hive body. Each su-per ldas nanaged- in this manner d-orvn to

the brood- cha.mber. .4,t this point an estimate usually had_ to be

macle of the nu¡nber of bees on ihe side r¡al ls of the bottom chamber

and- on the bottom board"" This i^¡as usually done by comparin¿; each

s'icLe of the hive boi.y and- the bottom boarcì- to the photographs; it

r'¡orkeC" i'¡ell r¡hen ther.e r'rere less than l0O0 bees to be estimated.

tjhen estimations ïrere compl-eted-r. ihe bottom chamber lvas removed-

fron'uhe bottom board. and aI I of the supers r^rere re-staclced in their

in their original positions.

Usual ly tivo tearns, each consisting of a beelceeper and- an

¡robsez'ver'1r, r,rere abl-e to estimate 15 colonies eachrbeti¡een 6,OO or
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FIGURE 6 - GRA.]]E} STäT"g$ *F FTIÜT*üTé:}HT

¡.PPALATÜS ÜSE:* TÛ OBTAT}i COUNTS OF SI}iIGT.E FR¡j!1E
ESTTJ:iiÄTfCI}iiS

FTGURE 7 -



29

6" l0 a'rn ' and- LOO a"m" o by v,,hich time bee flig'Ìr*t, usual ly colntnelced,

DuL:iirg; L969 anù r970 this rnethocl icas u,sed- for acrul'r, estima*

tions' Observer A es'r,imateC i;he od-ir- iru¡nbered- colonies and Observer

3 estinlateci the even tru¡nbered. ones i"¡ithin each group"

Resul- ts

¡.r \(r) ütnsle_ Fry¡Le Estimations -t!968, l9É9-, I_?TO)

In f96B trro g;roups of observers '¡rere used? none of r.¡horn hacì

had- previous expe::ience in estimating bee popu-latÍons" Grorr_p 1

consisted- of three r¡iorìlen (cbservers -ir, c ancl- -1,,u Table r) and_ trvo

men each v¡ith at least tr^¡o seasons0 experience managing beesg they

spent l6 hours oveï a. t,en d"ay period. late in Au6¡.rst estimatrr:g

nu.mbers of bees on ind.ivid.ual frarnes" Group 2 consÍsted- of one

r^¡oman (observer r, TabJ-e rT) i,.¡ith no experience manag5-ng bees but

l^¡ho had- stud-ied- the bee photogr"aphs (Figure 6) er:iensively, and_

three rnen uith at l-east tr+o seasonsr experience managing beeso

This latter grouÞ spent eight hours estirnating bees on some of the

sarne frames usecl by Group 1 d,uring'Lheir last five d.ays of estima-

ting bee nu¡nbers"

'i'he resulis are shovm in Tables I ancl T1. iriost of the obse:r¡-

ers from both groups had errors less than 5:i in nosi of the esti-
mates" fireatest percent error occurred- i^¡hen estrmatin¿¡ lor^¡ nunbei:s

of bees (i."n r I ess than l5o to 2oo); flrese rdere usually und-erest-

imates bu-i; thrs Ìrad. ver-¡' Li'r,tle effect on the over-all error,

Ín !969 and- l-970 single frame estinations rrere ocntinued. in
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orcler to naintain a checl< on ihe methori- ancl al-so to check the

aecu.Tacy of each observe-t'1 sorne of r'¡hom irere ner,¡ esti,mators, în

1969 the error r+as usually less 'uhan J|i for each obser.ver, based on

the total number of -bees esiimated-. llor';ever, in 1970 th::ee of the

ej.ght observers (;, t and irl) naa percent errors between 5 and l-O

percent (ra¡re TV),

( 2 ) t¡hot e cot ony nst¡-qrat:._ons -(t 969, _l9To )

WhoIe colony estimations were usually done late in the seasorì

after aJl brood- measurements hacl- been cornpl-eteC (see Tables V and.

VÍ), In general , it appeared- that obserrrers i+ere abl e to estima,te

colonies more accura.t,ely before the eird- of the nectar flor^''r;han

after it {tatf es V ancl VIu par.ts a and b). This d.ifference is

attribu-teci to a tighter clustering of the bees caused. by honey super

removal and- seasonal changes in the coLonyu in the latter half of

-Au¿¡-:.st" Ðiminishing brood- arees nay also cau-se aciul-ts to crovscl to-

gether and cr.eate artificiat congestion {Simpson , T966). It rs

therefore believed- that estimations nad-e before the end- of nectar

fl ot¡ and. b.v- observers r'¡ith four to six hours of traini-n€i on photo-

graphs and-f or single frarne estirnations d.uring that ¡rs¿¡, are able

to remain l';ii;hin a 5 to B per.cent error on r¡ho1e colonies" l{o.r+ever,

after the end- of nectar fl o-r^¡ the percent error rnay be as high as

10 to lJ percent for some observel's; for practical stud-ies, hoi+ever,

th,ese late measurements are not requirecl"

From the CLata on silrgle frane estimations a.nd- r.'hole colony

estimaiions it is apparent thai some observers are not as ad-ept
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{""g., Table IV Ðbserver 1,1, -'llable Yf ûberve¡ û) as other-s in esti-
rnating nu¡lbers of bees" For tl:is reasoir ihe fou-r. io six hour. ner,-

iod- of estimatj.on is nccess¿¡y noi oirly to f'anil j,aríze the person

t¿ith the method bu.t also to asce::tain if the person has the ability
to u-se the rnethod- effectively. cbsen¡ers I,1, p anci Q ir-¡re vr) for
exanple had- had- le exoerience l.¡ith bees -before trlearrrj_ngfi to esti-
nate nu¡nbers of bees by this methoclo and yet their results r,¡ere

generally quite satisfactory,



rABLE T * SUMMARY OF ERRORS OF FTVE OBSERVERS DURTNG SIXTEEN }IOURS OF ESTTMAÍING SIUIVIBËRS OF

BEES ON LANGSTRoTH ¡RA[@S (GROUP Le Lg6g]

Ranges of
estimates pe

x*150

n51-300

30n-Åe50

lÞ51*600

6açT So

7 51_*900

901*L050

Lt+ 880 11.85 *25 
"?

25 5850 5675 + 3"L

3? rt+925 L6L20 - T,Lv

39 2L025 2L585 2"6

2? L9025 Lg?20 L.0

23 20225 2L2A0 + 0"L

LZ LL? 50 L?255 * l& 
" 

L

10 3.*1200

TOT"ALS

t*á' - number of frame sidee estimated

3 * actual number of bees

t?g 96080 99830 * 3"8

L9

L7

35

33

25

3tl-

L6

L?3A 2085

39La t+?I+s

L3975 LI,,'L1

L7?25 L??e5

16?25 L6095

27800 27380

L5L50 L5580

*L7 
"0

ö 7'9

3"7

3.2

+ 3"9

+ t"5
2"8

181. 9S?65 LOALgs - L u4

L7 1375

ltl 3t+5ü

29 tL67û

t+z zjozs

25 t?625

37 315?5

L2 LL55o

2*
¿+-

L68A

3335

101t0

222?A

1.6530

2887 5

1 1860

estlmated number of bees

pereent error

*LB .2

+ 3'Iþ

+1,5,r+

+ 3,1þ

+ 6"6

+ 9"1+

6 216

L?g loJízo 981JA + 5"6

(jJ
N)



:NG NUI,îBERS 0F

)bserver Cffi
t7 5 f.68o

tso 3335

i?o i.or.xo

,25 22270

i?.5 L6530

i? 5 288? 5

,50 11860

^LB.2

+ 3"t+

+lJ"1+

+ 3"1+

+ 6"6

+ g,l+

2"6

L1

L5

3.5

t¿e

t6
-i.¿e

905 LL15 -18uI

36t$0 Lþ21,r5 *7.t& uj

L03?5 L237A *L6oL

?3?5 8725 *L5"5

La325 101{.80 L"5

1L300 11580 2,t+

555t 55L5 + 0"6

2A 98130 + 5"6

ldþ 97O

11 2650

3L L2t50

31 L6,+25

L9 13,t+25

40 33350

1L L0825

4{,50 I+5t+5

5392û 58575 8"0

l\)

L27O

?530

L20L5

3.?06o

L2270

3t055

ttÀr9o

^26,6

+ I+"7

+ 0"3

3"7

+ 9"1+

+ ?'Lv

5"8

3.6j. gt¡-ag1 gL6Bs

75 5860

82 19500

L5? 62995

LSg sSvTs

LLz 7?L25

L48 L2'+259

57 SuBzS

7335

20034

65Ðe

8?Lþ25

7t+595

L20090

56700

*20" x.

@ 2r7

3"3

2"7

+ 3"x+

+ 3,5

3"3

805 tÞl+6Àt'80 ¿üt+8¿$15 o"t&



rABtE TT * SUMMARY OF ERRORS OF FOUR OBSER,VERS DURTNG EIGHT HOURS OF ESTTM^{TING NUMBERS OF

BEES ON LANGSTROTH FRAMES (GROUP 2ø 1968)

anges o
@stimates pe

L^L50

15L-300

301*l+50

45L-6oo

60L*7 50

7 5L^900

g0t*n050

Àþ Ie25 l+?O * 9 "6

1o 25?5 ?.630 ?"L

g 3B5a 3Øo + 6 "L

to 5t+50 5?65 5"5

6 t4.L50 5t+85 *2Lt'"3

6 50? 5 4gt+5 + 2'6

TOTALS

Le-

2@

number of frame sides estímated

estimated number of bees

LþS 2L525 22925 6 
"1"

l{.

7

11

7

6

9

r

¿|00

?^0?5

I+27 s

3?oo

420a

? 500

925

L+zo * 4"8

L?65 +L4,7

t+LLs + 3"9

3670 + o"B

397 5 + 5,7

7gL0 5,2

L0?0 ^L3,6

t+5 23025 22925 + 0"4

3 190

11 25Lo

x.o 3625

t3 6z15

9 6oz5

no 83?5

Lþ 3850

3*
Le*

255

?.665

3I+95

681+o

5620

9025

3305

aetual number of bees

pereent error

*25.5

5"8

+ J,7

L"0

+ 7"2

- 7"8

+L6"5

6t 32jT5 3220a + 0"5

+

LIJ
UJ



IGHT HOURS OF
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Ðr lliscussron and- Concfusions

A knov¡1 ecl.ge of adult populations in a colonJ¡ at \¡arj,oìJ.s

intervals d-urin.g d-evelor:ment is basic to many stud.ies involvinpç

grol'Jthu nutritionu gu,een testingu .qeneticsu d-isease? e'r,c. .fhe use

of a numerically grad-ed. series of photographs, as d-evised- by Jeff-
ree (r9:r), appears to be a rerativery rapid-, ea.Ey, and- accurate

method. of esiimating ad-ul t numbers and is much Iess d.isru.otive to

colony rife than most method.s d-evised- to d.ate, I,lotable a^mong the

la-¡,ter is the practice of removing; bees frorn their combs ancl calcu-

lating their total numbers on the basis of flreir lrei¿1.ht.

I{ost clifficu.l-ties in using the photographic technique occu-r

Iate in the summer season r'rheir high numbers of adults are present

in the hiveg bees at i;his time are al so more d-ifficult to mana.e¡e.

idost colonies in I'lanitoba are initiatecl v¡ith two pound-s of bees in

late Âpril or ea.rl-y lriaJ¡ and usual-ly evera€îe 40eooo to 50rooo bees

by the end- of Au"gust; the photographic technique can be used- sr¿c-

cessfully r,rith populations in this range"

Almost a,ll observers slior.¡ a negative percent error for esti-

mations of v¡hol-e colonies (fa¡f es V and VI),

It aopears that some observers, r+ith no prerrious experience

at es-,,imating nurnbers of bees, are better su-ited for this task than

others, rn choosing a potential estirnator one can test him by us-

ing the apparatus shorvn in Figrrre J, Afl-ov¡ him to estirnate tr¡o or

three framesu count the bees, and repeat this proceclure r.¡ith varior:s

irumbers of bees" fn'this manner his estimations can be checked- and



fc))

acljustments can be rnade by the oberver, accordingly in the next

trials. The ability of a potential observez" can thus be juolged

r¡rithin a, day using 101000 to L5r000 bees for the estimations,

Consid-erable practising; can be d-one in the l-aboratory using

a lar.ge reference colLection of photographs of knor¡n numbers of

bees al ong rvith ihe gr.aded- series, Tn faci, one observer (Cbserver

1, Table IT) r^¡as trained. entirely b¡r using photographs, It appears

that after an initial training period of four to six hours using

bees on combs, that the observers improve little in accuracy'

tr'inally, it is sug.eiested that an observer l,¡ho is making estimations

over a long period. of timeu be checlced- period-ica11;' for accuracy

r¡ith actual counts of bees so that greater than no:rnal errors rnay

be d-etected and- adjusted,



LÕ

CHÀPTER V

RESULTS AÌ{} }ISCUSSTÐH

A, Results a,nd Di*scu.Ssion of Se_asonal_i¡iea-surements of Experimgntal-

Col-onies

{1) l968 Seasonat l'{easu_remelts

(a) lrood- Tn 1968 brood measurements includ"ed- total brood-,

seaLed. brood and unsealed- brood- as shor^rn for al I colonies in Table

- /- \ -I (Append-ix)" Table VII summarizes the above data for norrnal hj-ves

in each experimental group and- normal colony d-evelopment is shown

in Fig¡rres 8u ! and- 10" TabLe VITI shows statistical compa,risons

of the four experimental groups up to the time of maxirnurn brood.

prod.uction.

( i. ) ro tar Brood FiE¡rre B and. Table VTII shor'¡ the relative

effect of the four package sizes on total brood. pro<luction" Groups

Iio" I and IIo. 4 d.id. not produce different amounts of total broocl

at any time during the stud.y (fa¡fe VIII), Groups I'Io" 2 and. lto, 3

i,.rere significantly d-ifferent in total broocl prod-uced- {.f a O"O5),

but only up to I June,

TabLe 111T and-lli¿3re I shor,¡ that group }tro. 4> llo" 3 > I,,to" 2>

Iilo. I in totaL brood- produced up to 1! Julyo but d-ifferences never

existed betv¡een ai-I groups at any one time. l'Íost of the signifi-

cant d-ifferences in total brood produceci" occurred. betlreen €irorlp
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lio" l- ancl the other. three éSrouDS (la¡te VTIT).

It Ís importan-L to no t,e t'na.t by 8 "fu,Iy there r,ras no cliffer*

ence betlveen €iror-rps I{o, l- and. Ilo" 4, rnciicating that the efficiency

of the smaller colonies enabled- them to catch up to the larger

colonies and prodrr-ce about the same amount of brood-.

À1 t grolrps reached- maximum total brood- prod-uction at the same

iime (I'i¿¡:re 8) r,rhich ind-icates that a certain period- of develop-

ment is requireCru no matter l¡hat size of package is initiatecl.

Table lX (¡) slior^¡s the regression equations for the total

brood" prod-uced. in each of the four groups ltp to 19 July, the time

of maximum total broocl prod-uction, The correlation coefficietrts

(") shor'¡ that there is a high l-inear correlation, in each group,

between total brood. area and time of d-evelopment. The regression

coefficient ind"icates that the slope of the l-ine for each groun

d-iffers 1ittle. The intercept value d-iffers for each line, ind-ica-

ting that there l,Ias a d.ífference iir the amount of brood prod"uced-,

in each g.roup, by the first read-ing d-ate (a1so shor,¡n in Table VII),
/-. \[ii) SeaIed Brooû FiE¡rre 9 and Table VTII skror^¡ the rela-

tive effect of the four package sizes on sealecl brood prodruction,

On 21 i{ay (first rea,d,ing) there Ì^ras no d-ifference in sealed

brood. betiveen any of the groups ( fa¡te VITI), :1-fter this d-ate,

d-ifferences clid occur and the d-evel oprnent pattern for -the groups

was sirrrilar to that clescribed- for total brood-" As shom for total

broocl , the main clifferences in sealed. brood- occurred. betv¡een group

llo, 1 ancl the oiher thr.ee groups (fa¡f e VITT)"

The amount of sealed brood proiì-uced- d-iffer.ed. (f 4 O"O5) up to
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B .luty betr.;een €îroup f,lo" 1 and- groups l]o. I and- IrÌo" 4e but snl y to

26 June beir.¡een gr.ou-ps irio" I anä lrTo. 2"

I,i¿¡lre 9 anù Table vrf shon that group }io, {, ) }Io, I > lJo. z >

I'Jo' 1 in sealed broocl produciion up to l! Julyu but only on 3 June

is there a sig;nificant clifference (p 4 o,o!) betneen all €irou_ps

(ra¡re vrrr),
Table rx (¡) shor.¡s the regression equations for the sealed.

brood- of each group up to l!.Iuly, the time of maximum seal-ec1 brood

production. The correlation coefficient shol,rs a high linear corre*

lation between sealed- broocl area and- time of d-evef opment, The

sl-ope of the fines shor.,is more variance for seared_ broocl than for
total brood (raute lx (a) )" The intercept again indicates that
tlr-ere hlas a consiclerable d-ifference in the amount of sealed- brooC

procì.,;ced. by the first reacling on 2l l,{ay,

(i:-i) Unsealed. Brood Fi¿¡;re 10 and Tabl-e VIII shor.¡ the

relative effect of the four packa¿;e sizes on unsealed_ brood_ pr.od-uc-

tíon,

On 2I iriay i;here iras a si6pificant d_ifference (n < 0,,05)

betr^¡een all of tÌre groupsu except beiryeen groups I,lo, I and. Ìdo" 2

(ra¡re vrlr)" By I June this had. changed and- the onl;\¡ grolrps that

d-id- not shot,r a d.ifference in amoun-u ôf unsealed. brood. rlTere €Iroups

iilo. J and- Iìo' 4. irlost of the d-ifferences iir amou-nt of unsealerL

brood. prod-ucecl , occurrecl betr^¡een €irou-Ð I,Io. 1 and- the other three

€ir:oups é

Figgre ]0 and- Tabl-e ìJff shov¿ that group lùo, 4 > ¡To. 3 > Iilo, Z >

ido' 1 in unseal-ed- brood. produ_ced_ up to 19 JuIy"
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Reg:ression eclue.ij-ons for u:rt:ealed- brooC. ar.e shovrn i:r Tal¡l_e

ff. (o ),

{l) ,lauft i,ieasurements lloire in L968"

{c) i'ppAl j,feighls Table X shor''s the mean weight of 25

Þupae taken from three colonies per tgrouÞ" Figure 1I sho'¡,'s the

ntean of the three colonies in ea,ch of the four experimental- €ïrorr-pso

lirdiviclual pupa.l l,reights of each hive are shol^rn in Tabte Iti (Âpnetr-

di.x).

The factors that influence changes in pupal ueights appear to

d-o so in a similar manner in all four experimental €îrorr-ps, The

clecrease in pupal r..reights d-uring the month of Ju,ne is probably d-ue

to so¡ne nutritional- factor', becau-se temperatures r.íere not abnomn-

- /_.al-l-y lori (liE¡.:.re L2 and" Appenciix Ta,ble VrI) and- no ctecrease in

sealed- brood- r'Jas recorded- during this period-. r'i6¡rre 10 shov¿s a

sl-ot^¡ increase in arnount of unsealecl brood- Í'or group lIo, I cluring

this period. anil this group al so sirov¡s the loi'¡est nupaì- r"reights
f __..
(.i, r¿¡.:.re I1J "

Tn general , pupal vieig,hts (Ii'igure 1l and- Table i) indicate

that group l{o, L > \ro" I > No. 2 7lio. 1 for any particular d.ate"

llhen a decline in l^reight occurr.ed-, 
"qroun 

1'lo" t had_ the I ewsst i¡u_oal

rrteights r¡hiI e group I'io" { lnad. the highest" The same he}d- tr.ue l.¡hen

the weig;hts v¡ere on the incr"easeg group 1,,1o" I had- the lightest

pupal weight and group l:lo" 4 tlne heaviesi" ,A.s shoun by Table XI

there rdas no siggifica.nt d.ifference betr^reen the pu_pal l.reights of

the grou.ps until- 2! JuLy"
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fABLE VTI * SUMffiARY OF BROOD

EXPERTIIMNTAL

DEVELOPI.'4ENT W]THTN THE FOUR

GRoUPS (rg68)

UN

2L ¡tlay

J June

L¿+ June

26 Jvne

B July

19 July

X. Aug"

lJ Aug"

L37 "B
3L "7

258 "Lt+z 
"B

352, 5
60 "L

t+59 
"6LLB"6

5oL "380"6

63s,t
L53"8

636,L
99,7

t+73 
"3

9l+ '?

70"5
3Ll. "?

230,3
L+ 5 "l+

390 "3
77 "2

592,L
L22"5

6s9 "9L00.9

696 "o118 
" 

t+

693 
't+LO6 "3

622"8
L56.0

208.3
I+g,2

4BB 
" 

¿e

78"5

742,8
LL?"5

1051"I
L92"7

11.61. 
" 

1
L32"L

L33I.0
L7)"?

t3zg "6L56.0

t096"o
2L3 "g

gontinuedu"",u,,

trB,93
zL "6

L63 "6tþ0"s

?05,7
27 uo

36L "g
98"¿+

57L "8L22"7

SLt+.2
LtL "9
61.+l+ "z85.3

378 "B9?,6

52"6
18"5

LLT "7t6 "6
209,3

52"7

33L "L65 "o

5Lþ9,3
Ln"5 

" 
6

69z" s
86 "6

6?6 "6
?6 "g

6t+2.8
l+z"L

171 , ¿+

33,5

28L,3
37 "9

lþL5.0
72,5

6gj"o
L48"5

LL22,6
?33,t+

Lzo6 "6
L7 5,2

L320"8
L56,0

1.023. 
" 

6
L26,8
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IABLE VII (f968) * Oontin¡¿ed

253 "o32,6

356 "g82,2

l+0o,2
L32"4

537 "t+
38, 1

6t+6 "6
78,L

661þ "z150"0

655"7
80, 3

53t"0
4L"o

Un

2L h4ay

J June

1¿+ Junc

2ó Jr¡ne

B July

1.9 JuLy

Í. .åug"

f.3 Ar¡9"

69,6
I+L,z

l+29,o
66,¿e

526,5
x08"7

8L2,6
1X.9"8

732"2
L26 "A

754"6
l¿+8, 5

792,0
59,g

665 "o
9¿p. I

322,9
53 "7

785"8
x.LB"3

925,2
?oL "2

L350 
"O130,1

L3?B "BLgt+.8

ll+tr8"I
220 "6

tt+47,7
1.30 

" 
I

11.96"0
53 "7

1. - UN = üfrts@a.led broodg S = seaLed broodg T = total. brood¡
SuD" s etandard deviatíon,

2 - Ns = number of 0unorma,L* eolor'¡ies ín group mean(i¡ritialfy I hiveæ per group),

3 * Mean for group ín square ínehes"

x87,1
te6"1

338,7
58 "g

L+05 
"o90"1

534 "775"6

539,2
76,2

6LþB 
" sL06,7

580,8
L76 "7
¿þ78 

" 
0

3.06" 0

Lo6 "766,9

322,r
72,8

l+69 
"l+LaLþ.?

673,A
138"8

758,8
L?l+ "2

738,7
92,5

692,8
tr f.t "3

5L9"5
Lt+3,5

293"9
92"1+

660"9
L28 "Q

B7t+,t+
L85"2

L203"7
LgB "6

LzgB "0L72,3

L387,2
Lgl. "g

L273,7
21,18 "a
997 ,5
at+g "6



TABTE VIII GROUP ÐIFFERENCES oF TOTAI, SEALED AND UNSEALED BR00D (rg68)

2L ¡itay

3 June

lt* Jr¡ne

26 June

B July

19 Juty

L

,¡2 S UN

2 L

NS NS NS

á+.}rË

t_

rSÜN

åÊ {$ NS

NS NS NS

NS

3

{t' NS .*€.

I '¡ç :¡*

ét .t$ å$

ts åF .8&

L

2

l¡lean of group no,Leompared

T = Total broodg S = Sealed

L-4
TSI]N

+ä SÍgnifleant (P¿ 0"05)

NS = Not significant

#NS**

.ts #. *s

#ál&

sa&

NS&NS

NS

TSTTN
2*3

NS *S NS

NS

NS

*

NS NS NS

NS NS NS

NS NS NS

NS

2^4

to mean

brood;

TSUN

NS *F

of
UN

NS&NS
+å +$ NS

NS NS NS

NS

group no"

* Unsealed

3-4
TSUN

NS NS *T

NS *$ NS

NS NS NS

NS NS NS

NS NS NS

NS

2 (See Table VII)
brood

-t:
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FTGURE 8 * TOTAL BROOD AREAS OF THE FOUR

EXPER]MENTAT, GROUPS" (T968)

r¿loo

1 200

L 000

800

6oo

400

200

/

Øa

c

Lt+
June

!-----'--.r:l:

/t
/6t

.t
.l

.t

o

- Group No" L

' 'Group No" 2

Group No, 3

Group No, 4

.9

ø

a
o
a1

o
Ë

.Fl

c)
Ë.t
d
5
cta

//

"/ 
/ ...

2L
iüay

26 LL3
AugustJuly



Áa

FIGURE g - SEALED BROOD AREILS OF TI{E FoUR

EXPtsRTMENTAL GROUPS. (t968)
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FTGURE 1.0 UNSEALED BROOÐ ,qREAS OF T}iE FOUR

EXPERIMENTAL GROUPS" 119óB)
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TABTE TX - LTNEAR REGRESSTON ESUAT]ONS OF BROOD AREAS AND

TTME OF DEVELOPMENT1 (Lg6B)

(A) RELATTONSHIPS OF TOTAT BROOD AND TTME OF ÐEVETOPMENT

Group No

"g?6*,ggg*
"973*.
" 9¿þ8#

(B) RETATTONSHTPS OF SEALED BROOD AND T]ME OF DEVELOPMENÎ

"972rÉ
"gg2*
"gg?ì*.932{É

(C) RELATIONSHTPS OF UNSEAT,ED BROOD AND TTME OF DEVELOPIIENT

,gl+3e
,gg4&
" 980*å
, 986*

Coruelation

Coefficient
(r)

L
2
3
l+

I
2
3
l+

L
2
3
t+

lEquations 
based on data fron 2L May ( tst read.ing) ts

L9 July (peak brood produetion)
r+ Signífieant (P ¿ CI,05)

Regresslon Equation y =
Intercept Regression Coefficien

Ltþg "4? + 22? "94 X
36,t+?3 + 226 "Bg X

L82"30 + 220,20 X
226,02 + 226,56 X

110.01e + tzo"68 X
73"56 + t5Lþ"06 X
30"53 + L65"5L X
L8"97 + L75.25 X

L3 "2t+ + 96 "0558,4L + 94 "91*
1_38 "L1" + g6 

"69I28 ")L+ + 96 "L6

1t
.¡t

X
À
v
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fABLE X * I,{8,4N IIIEIGHTS OF PUPAE OF ÎHE FOUR EXPERTMENTAL

GROUPS (L968)

Date Group No" L Group No" 2 Group No" 3 Group No" Lþ

28 ltlay
12 June
28 June
12 JuIy
2lr July
6 August !l+0.9.
J0 August L}B"9L

# Average of 3 hives per group exeept where indicated
otherwi.se (for mean of individuaL colonies see Table
IV appendix)

1 onLy I hive
qt- only 2 hives

ÎABLE XI GROUP D]FFERENCES OF WEIGHT OF PUPAE 11968)

L27 "Qet23 "BL23,0
L36.r
L3l+ "L

L28"B
L25 "oTLg "7
L34 

"t+Ll+L,5
LL+s "L.
L3l+ "2t

t27.9
L25,5
L23,2 ^L43,5:
L43 

" 5:
L5L "?:Lþt+,5t

L33 "7L29,9
L26,3
Ll+L.g
tl+g,? 

^tl+g,4:
LUt,61

L-2r 1*3 L-¿+ 2^3 2*t+ 3-4
28 l,,fay
L2 June
28 June
12 July
Zle July
6 August

N
N
N
N

N
N
N
N*
g

N
N
N
N
t4

N
N
N
N
N
N

N
N
N
N

N

N
N
N
N
,!i

N

-=--3_.=-=-'-:_--:_.-lT_ã_.=Ê--t+ Signifieant (P4 0"05)

N = Not signíficant
1' (ie) itlean of group no" L coropared to mean of group no"

2u



)2
FIGURE 11 - ME¡IN WETGHT OF PUPåR TAKEN FROM THE FOUR

EXPERIMENTAL GROUPS " 
( T968 )
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FÏGURE L2 ^ MAXIIVIUM AND MINTMUI\. TEMPERATURES. (T968)

(Recorded by Department of Transportu Winnipeg

International Airpont)
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t": \ 1 969 Seasonal i.ieasurernents;

(a) lrqo4 7n 1969 broocl rneasurements includ-ed. to-bal Ì.rrood,

sealeci brood, a.nd- unsealed brood as shor.m for al l- colonies in Table

II (Append-i>:). TabIe LTT sunrnarizes the above d-ata for normal

colonies of each of the f'our experimental grouÐs and- normal colony

developnent is shor.m in FiE¡rre= 13r 14 and- 15. Table XIf T shol",'s

the statistical comparisons of the four experimentaL groups up to

the time of maxirnurn brood- procì-uction,

(:-) totat ¡roo¿ Table XIII and. Fi.e¡rre 13 shor'; the relative

effect of the four package sizes on iota] broocr prod-uction. On 16

iiiay there lrere d-ifferences in totat brood- procluced- (p É O.O5) in

alI combinations of the four experímenta.l €iroups, except beiv¡een

groups lrTo. { and l{o" 3.

On 28 l,[a¡r ¿n¿ 9 June there r^¡ere d-iffereiloes (n é o"O5) betr¡een

all cornbinations of the four experimental groupss Tn general, after

9 June sigrificant d-ifferences exist when group I'Io" 1 is compared"

to the other three groupso ThÍs continued- r.lltil 16 JuIy, v,ihen the

final total brood readings r¡ere macle for groups I'Io, 1 and l,,Io" 4"

Fig¡rre IJ sholrs that 
"groups 

llo" 2 and No" 3 peaked- at tliis d-ate as

probably d-Íù groups lJo" 1 and l,Io. 4. llith the data avai-lable ii'i

1969, it appears that group llo' l- d-ici not catch up wi'r,h the other

groups in to-r,al brood procì.uction as it d-id- in L968, This rvas pro-

bably clue to a pollen shortage that occurreô, al ong r^¡ith abnormally

cool l.reather, d.uring June (ni-prre 20 and- Table VIl :lppend-ix).

;\s reported- in the iLnnual i'Ieteorologica'I Summary (f 969),

líinnípeg; a rler'lr record. low mean tenperature for June of 54.OoF r"¡as
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setg on 12 June C.l inches of sirol.¡ fell and- i"¡as the Latest clate

fot a. trace or more of snor,'; on r] June a nei"r record- rolr, mininum

temperature of 29.4oT' rdas set (see Fi¿1r-rre 20)"

r\s seen in totar brood- prociu-ction (tti.e¡-r.re r3), the d.efioienc¡,

of pollen and- nectar, plus cool r.¡eather., caused the greatest d-e-

crease in the €iroups nith the g;reatest brood- area,ancl largest
popurations (see Tabì-e äTr and" Figrre 16 for ad-ult numbers); na,rnel;r

groups No' {, and I'Io. 3. The amount of brood- reared. l^¡as a.ffectecl by

the polleir and. nectar shortages cluring much of Junej and- the coor

weather (includ-ing 29o'Í' tempera.tures; see F'i.eyure zo) probabry ca.used

broocl mortalityu especially iir groups l.Jo. { and- }lo" I r,vhich irad-

d-eveloped- large brood nests, and could not mainiain them und-er'

these cond-itions,

Group lfo. I d.id" not shor.¡ a decrease in total brood prod-uction

{ii'igure 1J) probably because the br:ood- nests had. not expand-ed- to

the extent of groups l.lo, 4 and- Irlo" 3 and- the:.efore could- be main-

tained. at the proper temperai;u-re,

TabIe XII/ (Ä) shows the regression equations for total brood-

of the four experimental groups up to 16 July" The correla,tion

coefficient (") shor.'¡s that group I'To" { cloes not fit a linear
regressÍon (not siEprificant , P 4 6"05) d.ue to the greater <l-ecrease

in total brood- as seen in ]¡igu-re 11, The regression coeffieients

shol.¡ that the sI ope r'ras greatest for group lio. 1 and least for
group IJo' 4" the intercept shoivs thai .cçrouo iilo, { prod-uced rnuch

nore brood. d-uring the period- up to ihe first reaC,ing d.ate,
/..\
( ir J Seal ed. Broocl Table XIII and. I'ig;ure 1{ show the rela-



56

live effect of package size ancL sealed. brood- prod-uction tn L969,

ûn 16 l:\ayt there r'Jeï'e d-ifferences in seared- brood- shor.,,n in all
group combina-r,ions except between grou;os Ì,io. 3 ancl jio. 4 (ra¡te

XIII), Generally, the d-ifference hold-s untrl 9 June and thereafter
only i.rhen group ltro. I i*e compared_ to the other three groupsu up to

3 Jul¡'. ;\t this d-ate the lorvest pornt of the sea.l-ed. brood_ curve,

caused- by t?re poll-en shortage and- the very cool r¡eather, vùas reacheCL

in groups l'.1o' 4, No. I and- No" z" As shor.m in totar- brood., the

€iroup r^¡ith the largest population ancl the greatest broocL areas had-

the greatest d.ecrearsê in sealed- brood. (Frg,ure 14). Horvever, grorlp

lIo' { recovered- and r.¡ent on to prod-uce almost Boo square inches of

brood on 28 July as d-id. g;roup lio. lu

T.t is interestíng that groups Ì{o. { and- }Io, I increased- to

the peak that they d.id- (ri¿¡rre 14.) v¡hire groups No. 2 and- IVo. 3

failed- to reach such a high peatc, arthough they d.icl peaÌ< at the

same time" Part of the explanation for this situation in €îroup l,Jo.

2 cou-ld- be that the aclutt numbers (Fígure 16) leveled. out at this
time, but that the population of group I'lo, I r,ras al wayson the in-
creaseo The other factor that may give some insight into these

d-iffe::ences is the broocl io ad-ul-t ratiosu i.rhich are d-iscussed- later
in this chapier.

Tab1e XIV (B) shoi.,rs the regression equations of the four

experimeirtal €iroups to 1B Jury. îhe corr.elation coeffícient (")

for each line shows that the groups fit the tinear eo;uation, in

spite of the d-ecrease in brood. rearing criscu-ssed previousl¡'.

(iii) Unsealed Brood 'I'abl-e XTII and- Fie¡re 15 shor'¡ the



relati.ve eff'ect of package size on the

ûn 16 ll{ay there r.ias a difference

binations of the €iroups (see Table ,{.1I

on 28 i,fay except between g;roups lrlo, 3

differences occìlr only l.rhen group llo"

three groups to 2L June; except for 9

tirre d-ifference in acluli nu,rnbers

Table XI1-T shor+s the differences

57

unseal ed brood- proctuced-,

{t + o.o)) betr"'een al-l- com*

I ) , This clif f erence hol cls

and- ìIo. 2" Thereafter,

I is comoared l.¡ith the otl:er

June l"¡hich shons a d"ifference

XIf and- f'ígprre 16 shov¡ the rela-

of the four experimental Ê;roulrso

that occur betr^¡een €iroupsr d-uring

betl'reen groups No' 2 and No. 4,

Table XIV (C) sho'¡¡s the regression equations of each groupÐ

The correfation coefficient (") is significant for all- groups but

Itro" 4, This is causecl by the flu-ctuation in brood prod.uced- durin¿l

Ju-ne n

(t ) ,iaut t Nurnbers Tabl e

d.evel opm ent"

Table ltTI and. I¡ig;ure 16 shoi'¡ thai group ìrlo" 4 >.tr]o. 3 > IIo, 2 >

1Io. I in numbers of arÌuI ts procluced- up 'bo 28 J':Ìy. It appears

that thís rel-ationship hold-s until time of pealcing" l¡i€p-re 16

shor'¡s that group No* 2 has only a slight increase in adults betlreen

lI JuIy and 20 tiu6¡rst, d-ronping bel-ow the adu-lt numbers of group

llo" l" This is clue to the small- sarnple size at the last adult

read.ing (t'a¡fe XII) and- cloes not shor"¡ the general trend for this

€irou-p o

It shourld be noted- that peak adult numbers have not been

reached" by 20 i\ug¡rst (a1so reportecl for tr,'o and- three pound- pa,ck-

ages by Smirt, L97O), This inclicates that much of ihe population



T.åBLE XTT * SUMMITRY OF BROOD ÂNÐ ADU],T DEVELOPMENT !çTT}ÌTN T}TE FOUR EXPERTMENTAT

GRoups (,t9øg¡

r6 l¡lay
SD

¡¡lay
SÐ

June
SD

June
SD

Ju3-y
SD

July
SD

JUJ-y
SD

Aug,
SD

Âug'
SÐ

28

L05,63 L32. 6L6,5 35"7

2t+7 "Lþ 1X.3" 0
53 "Lþ 36,O

357 '6 2?t+.L
6L.2 ?t+ "?

lrt6 
" 9 zSS,3

6? ,3 Bn,5

52L,6 3u¡"g "6g0 "& 33 "g
52,2,8 587 "2gg,3 53"5

791"0
x09"8

2L

T6

238,L
l+1" I

360"åe
t+T ,t+

63t.?
108"8

6T2,t
131+ 

" 
¿+

87X.. L
t08"5

trx.10"0
lr+9 

" 
0

28

3.8

20

L99 "O 2t+5"3
3t+ "7 3LI- " 5

4o3,9 zzz" s
5L,g 23,9

484" 5 ¿+80" 5
LO7 "6 39.2

53L ^t+ tete3 
" 

0
73,5 81"7

t+5 "7 B5 "6
662.T 592"9

i+B, s ss. j
625.7 5?t+,?109,8 l&8,3

62t+ "O 509 " CI

35"8 107"8

576 "B 5Og "262"6 3.oo, z

tpt+t¡, 
" 360.z

626 
"t+

55 "g
965,a
LLg "7

971+ 'l+
tr I+6. 0

97X"0
97 "7

L2t1,5,0
60, z

L 200, ¿p

LL5.9

1L32" 0
L27,B

1086 
" 

0
LL0,2

5906
688

¿eo04o
gx¿e8g

L5525
2039

25956
5e74

3018¿e
6?63

3t4"ZBg
t-þzoz

7

3t+67 5æ 5
3783

gontinugd" 
", o o @ € o € 6 o o

\¡
Co



16 lvlay
SI

28 lt'lay
sr

g June
SD

2L Jr¡ne
SÐ

3 J¡¡ly
SD

L6 July
SD

?B July
SÐ

3.8 Aug,
SÐ

20 Âug"
SD

283,9
60,z

¡e13" 3
53,L

623 
"te

5t+ "2

587 "g62"B

605" t
79,B

765,8
LL3"5

5L2"2
6g "2

¿s3g 
" 

B
LLl.? "3

372"3
200,7

TILBLE XII (t969) * 0ontÍnued

3LL.9
zte , Åe

3,+9,g
t+5"3

5L2"6
59,7

500"L
85,5

Lv6T 
"T

8¿&" o

55t+ "2128,2

596,8
LzL,5

l+88, 6
l¿e8 

" 5

3L7 "621L"I

595,7
75"5

763,L
6t "7

1136 
" 

o
g5"a

tr088"0
L37 "6

L072.9
1I{.0 

" 3

1.328 
" 

o
L5g,3

1.109" 0
L6L "2

9l*2 " o28f. 
" 
g

689,5
l+x 0, 5

338 
" 

tl,

26 "?

527 "gL07" 0

685" g

?2" 5

57t "L99.g

600,3

626,8
99 "g

I - tT( * t¡nseaLed broodg S =
SÐ * etandard deviatlon.

3oLBz
327L

3Lt'L25
3056

t+2550
?0w

2*

3A5"4
l+1" I

te7l 
" 

o
41,6

630, g
73 't+

571,8
73 "0

¡+58 
"T69, s

736 "379,7

7?7,6
t2Âe 

" 
0

581"8
L?2 "8

No = number of *normal" eolonies in gnoup
group)

I.{ean for g"roup in sqìåa.re ínehes.)*

6I+3,B
52.9

ggg 
"gL27 "2

3L6,6
L30,7

Ll+Z "gL52,L

058" g
96, I

363,0

gt+? 5 I
?86

B

sealed brood; T = total broodg Ad = aduLtsg

2L7?2
L 1¿Þ8

33e6e
33?1¡.

t+Lþ6? s
5305

49ozo
L967

mean ( inÍtíalfy I hives per

&' - Mean of on3-y 2 híves"

5

555aa Ie

9L3L

\,
\o



TABLE XIII - GROUP DIFFERENCES 0F TOTAL, SEALED, UNSEALED BR00Ð, AND ADUTTS (1969)

L6
¡{ay

28
iVIay

9
June

2L
June

3
July

L6
JuLy

28
July

yzsuNÂo
L 2 I

TSUNAd
L 3

TSUNAd
1-4

I
2

Mean of group no"

T = TotaL brood; S

Signifíeant (P ¿

T

2

S

3

UNA

L compared

= Sealed

0'05)

d

I

NS

''$ NS NS *Ë

NS NS NS

NS NS NS NS

NS NS *f

rsuNAd
2*l+

*{såÊ+e

*såÈs

+& €? åt *r

s. +e NS

NS NS NS *å

NS 9F NS

i+

to mean of
broodc UN =

NS=

TSUNAd

group noo 2" (See Table XII)
Unsealed brood; Ad = Adults

Not signifÍeant

-¿t

NS NS ff, NS

s .!{' NS #.

NS NS NS

NS NSNS #

NS #. *$

NS

O\
O
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FIGURE L3 - TOTAL BROOD AREAS OF THE FOUR

EXPERIMENTAL GROUPS " (1969)
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FTGURE LI+ * SEÅLED BROOÐ AREAS OF THE FOUR

EXPERIMENTAL GROUPS " (L969)
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FIGURE T5 * UNSEATED

EXPER]MENTÂL

BROOD AREAS OF T¡IE FOUR

GRoUPS " (tg6g)
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FTGURE L6 * ADULT NUT./IBERS OF THE FOUR

EXPERTMENTAL GROUPS " (1969)
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TABIE XÏV - LINEAR

NUI,IBERS,

(¿)z RELATToNSHTPS

65

REGRESSION ESUATTONS OF BROOD AREASg ADULTS

AND Tr¡{E oF ÐEvELoPMENTI (rg6g)

OF TOTAL BROOD AND TI¡/IE OF DEVELOPiUENT

Correlatisn
Coefficient

Group No"

"985#
" 9¿+1*
,907+r
,7IþL

(B)3 RELATToNSHTps oF sEALED BR00D AND TIME oF ÐEVELopFTENT

.931+e
,890s'
" 901å$

" 
82Ls.

rc)z RELATToNSHtps oF uNSEALED BRooÐ AND TIME oF DEVELoptoTENT

lt(p)- RETATToNSHIPS oF ADULT NUMBERS AND TIME OF DEvELoPMENT

,966x
"965#-,997&
,ggge

lEquations based on data from t6

L
2
3
Å!

I
2
3
¿,

"972v,
"91+2*
"921+e
"69?

L
2
3
I+

L
2
3
t+.

time of peakingn (see 2e 3 and trii (rst readins) to

lPeared áoã"ã i6"å"ii
Peaked about 28 July
Did not peak before last reading, 20 August,
Significant (P < 0"05)

Regression Equation y =
Intercept Regression Coeffieient

8le"o3 + L6j,o5 x
366,3t+ + 14þ.19 X
slþz"gg + tzg"Tg x
72L"25 + 10¿Þ,12 X

^70 "90
L88 "62296,t+0
3LO "95

+ 107"11 X+ 59.?6 x+ t+3"5L X+ 6j"j5 x

65,L9 + 84"?g x
L93,06 + ?g,L? X
2t+8,96 + 85"1+1 X4o3"gj + 4¿e"lz x

*4979"Sj +t+662"t+t x4382"L5 +38?? ,58 X
35gt+,29 +5268,23 X
IÐgz "26 +6061+ ,T S N



66

prod-uced- by each col ony at this l-ate claie, is of liitle use for

hone;'prociu.ction, becau-se it is produced after the main nectar. f'lov¡"

Sínce this stuay r.¡as mainly concerrled- Lrith colony clevelopment

ui: to and inclucting honey fl ovr, ihe stu-cly clict not inolu-cle d,evelop-

ment past noicl-Aug.:.st" Hov¡everu in my work ancl in personal conver-

sation v¡ith Srnirl and- Soehn.qen, both Coing sj"milar r+orku it is

èvid.ent that most tr^ro-pound- coloiries that are initiated. in early

Ii{ay do irot have peak a.dult nrrmbers untiL the first r"¡eek of Septera-

ber.

TabIe l{1II shows ctifferences {l é O.Ol) between aII combina-

tions of bhe four experimental grouÞs analyaed to 28 J'u1y. Table

XIir (lf) shor,¡s the regression equations of adult nu¡nbers for the four

experimental €iroups"

(c) Pupq¿ lllleights Only pupae frorn one colony per gror-r-p

vrere l'reighed-; these r'reights sho'r¡eô no seasonal trend"so probabi-y

because of the fooci and weather orobl em. TÌre small sample d-icl not

allorv for any staÌ;istical analyses.

(A) Sa.tqos of ihe lTq¡rber of Srood Cells to Adult Bees It is

lcnol^m that the ratio of the nu¡lber of brood cel-l-s to the number of

ad,ult bees d-ecreases d.uring the d-evelopment of a co1 ony" Farrar

(f 9¡O ¡ L937 ) conclud-ed. that a colony r.rill d-eveLop more slovrly, in

proportion to its total stren.gthu as the popula,tion increases above

10?000 bees. He also statecl- that a colon¡r of 10u0OO bees r^¡ill ha,ve

approrimately BJ percent as manJ¡ cells of sealed- br"ood- as Ít has

bees, and- this percentage tend-s to decrease at a yate of 10 to 12

percent for each increase in l-,01000 bees up to 601000 bees. Hovrever,
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to rny knov¡l eC-ge these rati-os have i1o',, been ca1 cr:.lateC for col-onies

iniiratecl fron d-ifferent sizes of packarges"

(i) t-latros of the Hu¡¡rber of Total Brood Cel-Is to.{d-u-l-t Bees

TabIe XV anci Figure 17 sho¡¡ the relative d-ifferences betneen the

four experimental groups r^¡hen comparíng their ratios of the numbe::

of totaL brood- cel-f s to acl-ult bees"

Group llo. I starts with a higher ra.tio (i""", i-s more eff i-

cient in brood proiluction) and- hoLd-s this level cf efficiency until

! June" Hol.rever, asi seen in Figrre 16 the ad.ult population of

group l[o" 1, at this timeu is v¡el I under 10e000 bees" Âs Farrar

(fg¡0, 1937) states, the greatest efficiency in brood procluction

occurs at about 101000 bees. Since grou-ps lilo" 2, l{o" I and" }io. 4

aII have aclult numbers greater than 10'OOO by 28 I'fay, their ratios

are lor{er and- are steacìily d-ecl ining. Fig¡rre l-7 shor.¡s ihat the

ratios C.ecrease r.r!.ren pI otied. against time of develoÞment" This

indica,tes that for a certain colony nopulation, the amou-nt of brood.

reared. is fairly constant" 3ut, rvj.th clifferent sized packages ihe

nrrmber of adults available cliffers for the same length of clevelop-

nrent time, and thus d.ifferent brood ratios for each size of Ðackage

ôccur,
/ .\
\ r1 i Ha-ú1os of the l,Iunber of Sealed Brood" Ce]ls to Adult Bees

Sealed broocl is I

and. therefore is the

vulnerabl e to ad-verse environmental conditions

most reliabl e measu-T'e to use in stuclying co.l-

ony gror+th.

Table XV and- Figure 1B shovr the rela-r,ive d-ifferences betrveen

the ratios of the nr-rmber of seal-ed. brood- cells and- adult bees of
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eacl]. €,roup. The ra'uios are si,-niIa:: io ihat s,lroi"¡n for toi;a} broocl

cel-l- s to ail-ul t nu.nber r'atios, The eff iciency of g;rou_p ilo. I

starts higher ihan the other three groups, ancÌ i.¡ith one excepiion,

f iirishes higher (figure f 8)"

Tn the d.iscussion of seal ecl brooc\ grouÐs I,,1o" 2 anC lfo, 3 d_id

not prod-uce as much sealed- brood- as d.id- grouDs \To. z] ancl ido. 1

(figrrre t4). Although this was unclerstand.able for grou-p lrIo" 2

because of a stable popula.tion leve1 o it l.,ras not clear. r,rhy grou_p

i{o. 3, r¡ith an increasing population, d-id- not prod-uce more seal-ed.

brood-"

f"i€$re l-B shov¡s ihai the ratio for groups l.Io, { ancl i'l o. l_,

althou-gh quite clifferent in val-ueu rrrere not decreasing betv¡een 16

July and- 28 Jul y, ¡vher.eas the ratios for 6iroups lrio" 2 ancl lio" 3

t','ere d-ecreasing.

General ly, the ratÍos for these four groups varies at d-iffer-

ent tÍmes of the season., but all are ciecreasing.

(lii) lìe-tip.s of the ilir¡nber of Unsealed- Broocl Cell-s to Ad.ult

Bees Table T\r and" Fig¡.lre l! shor"i the d.iffelrence betv¡een the

ratios of the number of unsealed. brood- cel1s to aclu1 t bees of the

four exlrerimental- grollps.

Fi¿¡:.re 19 shoi,.'s that p¡roups iJo, 2, l'ío. J and- No, 4 äave about

the sa.rne ratios as devel-opment time progresses, GrouÞ lio. 1 is
quite d.ifferent, Part of this effect tíaÊj caused" b;r tþs loi.¡ nu¡nbers

of aclults up to J Ju-ly (see irig¡rre 16),
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L6
o

3
IO
2B
I
20

May
June
JuIy
July
July

Aug"
Aug"

TABLE xv - RATTOS 0F THE NUI'{BER 0F BRO0D cEl,LS To ADULT BEES (tg6g')

Adl

29)o
7793

12893
2L930
29Ltl+9
35000
4ooþo

TRt
5925 ?"03

L5792 2"03
2L777 L,69
27750 L,27

Group No, L

Ðate

16 May
9 June
3 July
L6 JuIy
28 July
I Aug,
20 Aug"

SRs
33t,5
6852
B7¿eo

14680
1977 5
L7947

Ad

866t
L9350
3oLB?
3LtL25
t+2550

L.t3
0"88
0,68
o "6?
0 "6?0"51

TRt

UN Run

LI+ïgz
28400
268?,2
332.00
27725

26t+0 , g0
89,+o L "L513040 t 

" 
01

L3O7O 0"6t

soõr

Group No" 3

Ad=Adt¡ltnumber;T=Tota1broodeel-ls;Rt-T/A,íBS=SeaLedbroodeells$Rs=S/Ads
UN = Unsealed brood cells; Run = UN/Ad"

Mean of only 2 hives.

3

t "72
L "l+70"Bg
0 "97
o "65

{s

L7237 0n

SRs

Ad

779? 0"90
L28L5 o "66LLg6? 0.39
t3855 o "41Lt+920 a "35

5906
t5525
25956
301t+7
3t+289

3t+67 5&

3i+

TRt
1107 t 

" 
88

2,LtL25 L 
" 55

2t+2? 5 0 "953LL25 1 " 
o3

300L0 " 
BB

2?L5O "78

Group No" 2

793? 0"L6

UN Run

7Og7 0,82
L5585 o 

" 
8L

L5L27 O,5L
LÐt+s 0 

" 57
LZBO5 0"31

g3a7 0"Lg

SRs
6t3z i. 

" 
o¿l

L20L? "77tO77? "I+2L[+,ZZ 
" 

l+8

LtÐ6? "42
L2730 "37

Ad

gt+7 5
2r722
33969
I+46? j
49ozo
52000
55500

UN Run

TRt
L6095 1"?0
329L5 L,52
z6t+t*g o,78
340? 5 0 "?6

49? 5 , gÀü

L2LL2 "78L3502 "52L6552 ,55
L56t+2 

" 
¿e6

L4.l+zo ^t+2

GrouÞ No, t*

SRs

?85
L5772
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L9t+Iþ0
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0.73
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fABTE XVT * LTNEAR REGRESSTON ESUATIONS OF THE RATTOS OF THE

NUMBER OF BROOÐ CELTS TO ADULT BEES, AND TÏilllE

oF DEVELopr,rENTl (w6g)

(A) RELATIoNSHIPS oP T/na? AND TIi!18 oF ÐEv.ELOPMENT

Group No"
Correlation

Coeffieíent

- "937*-,907e
* "969** 

"937#

( B) RELATToNSHIPS 0F S/Ad AND TIME OF DEVETOPTIIENT

- "967e
- " 918*
* "978**'926x

( C ) RELATIONSHIPS OF UN/Ad AND TIIVIE OF ÐEVELOPMENT

lFor tíme of developrnent see Table XV,

zf/gd ratio of total nunber of brood eells to adult bees
S/^d ratio of sealed number of brood cells to adult
bees 

"UN/Ad ratio of unsealed number of brood cells to adult
bees 

"

s Signifieant (P < o"o5)

L
2
)
4

L
2
3
¿'.

^"575
* "933*
- "g 54+.
- " 968*

1_

2
3
l+

Regression Equation

Intereept Regression Coeffieient

2"4L0 0 "262 N
L.9L9 0 "2L2 X
L"935 O "265 X
2, o8o 0.356 x

1"1ó 0"083. X
L"02 0"085 X
0 

" 9ll0 0. 089 x
0,885 o" o7B X

L,L75 0"104t x
o,8g8 o" oB7 X
o "993 0,132 X
L"L1 0"L97 X
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FIGURE L7
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FÏGURE XB
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RÅT]O OF THE NUMBER OF SEALED BROOÐ CELLS

T0 ADULT BEES " (tg6g)
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FIGURE L9 - RAT]O OF Ti{E UNSEI\LED

T0 AÐULT BEES " (t969)
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(Recorded by Department of Transport,

Winnipeg International Airport )
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{:) 197o Seasonal l{easurements

(a) Brqo_4 In I97O only sealed. brood_ was rneasured-, The

seal-ed broocl vras photogranhed. (see if ethod-s ancl llater':-al s) to red-uce

the tirne and- Labor required. to malçe such read_in.gs"

Table rrf (,4.ppend.ix) shol,,'s d-everopnent for arl coronies of
each group' I'able XVII surnrnarizes the d.ata for nomal colonies of
each experimental €iroupg normal colony d.eveLopment is shoi.¡n in Fig-
ure 21 . Table XVIII shot'¡s statistical comparisons betv,reen the four
experimental €îrourrs up to the time of maximrm brood_ prod-uction,

(i) seaùed. Bro-od- Table xvrr and- Figure 21 shov¡ the rela-
tive effect of paclcage size on sear ed. brood- procluction.

Group l,lo. { begins with more sealed brood_ on zB lolay ancl con-

tinues to prod-uce the greater arnount right up to time of peakin.gu

I Jai-y"

Statistical- analyses of sealed brood- (fa¡f e XVIII) strorv that

there is a d-ifference (t á o"o)) betlveen combinations of the four

experimental €iroups' In LSTO no d.ifference lras fou¡d- betv¡een €iroups

No. 2 and- llo' J or betr,reen €îïoups ldo" J and lilo. t¡" l,lost of the

d-ifferences occurred- betr+een group l,io" r and. the other three ErouÞs

(ra¡re xvrlr),
ï¡i€lrre 2l shor+s that up to time of peaking (4.lufy) group

I'l-o' 4 > ldo, 3 > I'Io " 2 > ldo,. 1 j-n seal-ed. brood- procluction; all €iroups

peaked- at the same time althoug'h group ÌJo, I revel-Led_ off , lrhereas

the other €iroups had an Ímmediate d.ec1ine.

The sealed. brood. peakecl earlier but d-id- not reach the maximum

area of sealed. brood observed. in 1,968 (figure 9) and L969 (i.r,qure



lo
. ,\!4)" This t¡as r:robably due to the favorable ternperatures (figure

25 anà Tab1e VIT Append-ix) ancl the good" aoiary location in l9TC.

soelrngen ttglt ) reports similar resuÌts for the same ihree yea.,rso

Tab1e XIli shows the regz:ession equations for seal_ed- broocl

produced- in each of the four groups ltp to { July (i,e", time of

peaking), As shor.m by the cor.relation coefficient {r) all €iroups

sho¡"¡ a high linear correl-ation. The regression coefficient shons

that the slopes are simil ar" The intercept shorvs that the four

sizes produced- d-iffering amou¡rts of seal ed- brood up to the time of

the first reading; date (eB itay),

(b) :f d.uf i llumbers Table ,KVII and- Fi¡1ure 22 show the in-

crease in aclul-t numbers as eaclr of the four groups d_evelopecl.

llabl-e XVIII shov¡s the d.ifference betr,¡een the cornbinations of the

four groups. On 28 lrfay there tvas a d-ifference in numbers (p e O,O5)

in aII combinations, except betr,¡eeu groups ilo" 2 and lTo" I v,rhich

never showed. a, d.ifference' I,¡tost of the ilifferences in ad.u1 t num-

bers occurred. betv,¡een group llo. I and the other three groups (ra¡te

xvrrr ) "

Fi€lrre 22 shov¡s that .group IIo. { > 1ùo. I > },,'o" 2 > l,,lo, 1 in

ad.ul t numbers throughou-t the season except on 16 July, The aopar-

ent level-ling off of group l,Io, { was'probably caused. by the lolt

number of nomal col onies making up the 10:\u¿3rst adul'r, number

read-ing.

Table X,"i sholvs the regression equations for aclults of the

four experirnental groupsô The correlation coefficient is high,

shor'ring a l-inear increase" Hor,¡ever, the intercept shor.¡s that the



TABTE XVTI * SUMI'ÌIARY OF BROOD AND ADUTT DEVELOPMENT WIfHTN THE FOUR ËXPERT}IENTAL

Gnoups (tgZo)

?,8 lt{ay
SD

I June
sÐ

22 June
SD

Group"Jg** 1_
5L Ad Noz

t6g^T
28 "7

262,9
6? "6

¿s3¿t, 
" 
ó

6?"3

5¿p8,4
53 "t+

560" L
gg"5

I+86"?
95, I

t+ig 
"6257 ,5

3 L'¡zz, I
6?o

JuLy

Jr¡Lyr.6
SD

28 July
SD

t0 Aug"
SD

SD

Group No, 2

S

LW36
?LB2

264,8 6?3t
55,6 685

¿&oB 
" 

B

91" 0

Ad

3377L
3962

599"5 LBgt+Lþ I
72,3 2292

6t+5"3 ?
66"s

¡+gg" o ,+Í.100 ?6t+.z B??T

t+.Át2,0 ¿e.

Ltþ3.6

353'3 50821 t+

82.3 tZ65g

N

I-

2*

o

$ æ sealed broods Ad = adultss SD

No = number of normal eoLonies Ín
fllean for group ire square inehes 

"

GrouÞ No"
SAdNo

316"1
L02"6

t+z8 
"B58.5

50L,7
99,4

630,t+
L10.2

588 "q''LA? "2

527 "3Lt.5 "6
442,t+
l" 1.8. 2

t+2465
6zoz

3

69zz
n 0¿+L

Group No

S

22928
þ134

3t&o " 
a+

56.9

t+81" o
38,3

526 "76t"B

Ad

¿e

LAL?T
L997

tpzor4
984¿

No

B

ZI+ZLtLþ ?
I+Z?o

= standard deviatlon.
grpoup nea¡'l (inítiaLly 10 eolonåee)

633,3 7
76 "t+

t48L "? i+61þLT 6
,+&" 6 36?8

51710
LL623

trys,3
69 "z

Ar,'le1,3
26,L

t+69ao
4689

--t
__ì
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TABLE XVIII - GROUP DTFFERENCES OF SEALED BROOD

AND ADULT NUMBERS (tgZO)

t (!*) r¡ean ol g1gpp.ne;Ieompared. to mean of group no,2 (see table-XvlÏ).
2 S = sealed brood Ad = adult number

# = sígnifieant (P a 0"05)

NS = not eignificant

1_-21 t-3 L-4 ?-*3 2*I+ *L{
S. Ad S Ad SAd SAd SAd SAd

28 May

9 June

22 June

Lþ July

L6 July

å

&

&

&

NS NS

&

&

NS

NS

NS

lt

#

&

NSs,
&

NS +&

NS NS

NS

NS NS

NS

NS NS

s

NS

NS&

NS

NS NS

NS&

NS

NS NS

NS

NS NS
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EXPERIMENTAT GRoUPS" (rg7o)

o

Ít)
c)

frt+oo
Þr

.F{

c)
Ê{
cd
5d
'3oo

aa_. 
\--\

3 -;

- Group No " 3.

.Group No" 2

Group No" 3

Grorep No, ¿9

200

3.00

1_ô

JuLy
L0

AugustJune



OU

F]GURE 22 * ADUTT NUIVIBERS

EXPERT¡JIENTAL GROUPS 
"

OF T}tE FOUR

(wra)

n
a)
0)p

q-r
ô-30
Ín

ooo
r!

ø

10
/,' Group No" I

Group No" 2

Group No" 3

Group No. l+

I

June

mean

r.þ L6
Juj-y

28 10
August

of only three eolonies on last reading
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TABLE XTX - LTNEAR REGRESSTON EQUATTONS OF SE.qLED BROOD AREA

ANÐ TI¡JlE OF DEVELOPMENT1 ( Lg?O)

Group No"
Correlation

Coeffieíent

"ggb,,99L
"gg5
" e8i

L
2
3
l+

IF

å
*

TABLE XX * TINEAR REGRESSTON ESUATIONS

TIME OF DEVELOPEMENTz

OF ADUTT NUIViBERS ANÐ

( 1970 )

L
2
3
t+

,973*
, g8g*
"973e,953x

- "gsL**'980**
*,g3g*
* "952e

TABLE XXI - LTNEAR REGRESSTON EQIJATIONS OF THE RATIOS OF THE

NUI'/IBER OF SEALEÐ BROOD CELLS TO ADULT BEES 9 AND

TIME OF DEVELOPMENTz (tgZO)

L
2
3
4

'l-Equations based
tine of peaking

t"Equations based

on
(Lt,

on

date from 28 ltlaV ( tst reading) to
Jr¡Iy ) ,

data from 28 May to 10 August"

Regressíon Equation

tercept Regression Coeffieien

?6 "95 + L3O.?B
L6? "55 + 10g" L6
2\5"30 + 10t,58

X
X
X
X

*þztg"jo +6B2J"zo x
-11&86 " 20 +?ZZL , jO Xt+gg.so +79Lj.50 x

5¿&&8, 10 +662g 
" 
L0 x

1" 181 
" 
13t9 XL"O?z ,L3g X

L"Lsg "t52 X
0. 886 , 10¿' X
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build upu to time of the first reading, varies consid-erably betneeir

€irourDso Fart oÍ' this variance is d-u-e to ihe difference in nurbers

of bees hivect. The slopes d_if'fer only slrghi;ly as inclicated- by the

regression coefficient"

(c) Bqood- Ratios 19?.0_

(i) natios of the jiumber of Sea1ed- 3rood- Cells to trd-ult Bees

Table XXI] and- Figre 2l sholt the d.ifferences in ratios between the

number of seal-ed- broocl cel l-s and adult numbers of each group r,rith

d-evelopnent time.

General 1y, the smal_1er gjroups

the larger¡ €îror-rps" After the first

shot^¡n occur only betr^reen giroup I'Jo, l-

(r,'i6pre z3)"

start lvith a higher ratío than

tlvo reaclings the d-ifferences

and the other three €iroups

The ratios of the four groups vary somenhat rvith time of

clevel-opment; holever, if the ratios are plotted- against ad.ult num-

bers rather than time of cleveroprnentu the ratio of eacir g;roup at a

particular population r,¡ill- be very ctose in val_ue.

(d.) Pupa1 i'ieig.;þts Tabte XXIII and- F,í63-rre 2{ shov; hor,r the

pupal r.reights change d.uring the season for the four experimentar

€irot-lps" Table IV (Append.ix) gives the r,reigh'cs for each of three

hives measured. in the four groups during the season.

Fi._eçure 2{ shor,vs a steacly increase in the r^reight of pupae for
four groups although the ra,te of increase varies. Group llo, 4

not incrrease as expected. r"rhen coinnared to the other Lîroupsô

aI]

d id.



TABLE XXII - RATIO 0F THE NUIVIBER 0F SEALED BRooD CELLS To ADULT BEES (tgZO)

Date

28 ltlay

22 June

L6 July

L0 Aug,

Group No" L

AdSRs
ts3zz t+zVz o"98

LL736 LOB65 O"g3

3377L 1¿e00i. 0"ll1

42465 ro99o o"26

+s Mean of only J colonies 
"

Group No, 2

Ad

6z3t 66zo o"98

L1gt+Lv LLB?, 0.63

4rtoo LLB?? o"zg

5082t 8832 o"r7

S Rs

Group No" 3
AdSRs

69Zz ?gL5 i. 
" 
tlü

22928 L254? 0"55

b?ollt. LI+?to 0" 31

5L7LA 11060 0,2I

Group No" I+

AdSRs

L0L97 8540 0"81+

?t+Zt1Lþ LjL6? O"5U

46t+V L?oþz o,26

46996* Lroj'¿ 0. z¿e

Co
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fÅBLE XXITT - I}TEAN 
.I#ETGHT 

OF PUP"AE OF T}m FOUR

EXPERTTITENTAL GROUPS (L9?O)

Ðate $roup Grorap Group Grot¡p
: : .Ðo" 2 ivo._1_ _ No. [,

2L l4ay

f.6 June Mean I_ZS"L LZS,O
S, D" 5"1 L,g

Mean tzt+,zL L23"6 Lz6"S t3o"gS"D, l+"dÞ 5,A Lþ"0 - Z:g

L2 July Y*?n L29,8 L3t+"3 L3.t+"g t3.ç,?
s" Ð" 7 "9 0,5 - 2"8 ' sil

4 August lviean L3? 
"lþ 138"0 L35,52

S" Ðn

26 August Mean
S. DU

- L - Mean of three eeLonies

2 * Mean of onLy two eolonies

$ete.e No signÍfieant differcneee ehsw¡ ín mean welghtof pupae (P t 0"0j)

9"7
L¿þ0,3

L"5

130" 0 L3L "7l+.1+ 4" I

2"7 0"¿&

L39'? L3?,t L2þ2"6 L3g, Sz
6" I l+ "g l+,?. - 

3;'g
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FIGURE 23 *

L "25

"75

"5A
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FTGURE 3.4 . l\{EÅN WETGHT OF PUPAE

EXPERTIVIENÎAL GROUPS 
"

OF THE FOUR

( rgzo )

Group No"

Group No"

Group No,
Group No"

q

L6
June

L

2

3

4

b0

5 r¿lo
c)
d
Ê
á
P{

SJ
o
.P

6r:o
.r{
{D
F

LsCI

L2Ð
2L

May Ar*gust
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Ð
Ðd Ðther ltleasu-rements

{I ) Scal e i,,ieights (liec,tar Ft o',.¡)

lu-ring L969 and 1970 only one scale colony Ðer €iroup r+as used_

to monitor the nectar floi"¡" Âi-though incoming r;ollen and the

increasing popula.tion will affect l''erght record-ed, the increase is

primarily a reflection of the increase of incoming nectar"

(") !9þ? I'i¿¡re 26 shor¡s the rela.tive d.ifferences in the

amount of nectar gathered by each €iroÌrp as rnonitored" by a sin,tl e

scale colony. Tr^lo peaks in nectar f1 ov¡ r.¡ere record-ed- by al1 four

groulrs, 9 - lJ JUI¡r and- J - 7 Au-6¡rst, Tn general, group Ì,Io. 4 >

Itjo" 3 > llo. 2 > llo. I in gains during any five day period-, Horveve?.,

Fi¿¡rre 26 shor.vs that grouu ÌJou l- was almost egual- to.group llo, 4

during the peak of 3 - 7 Aup¡:st" It is not oossible to ilo statis*

tical analysis basecì. on one colony per €i?orlp" The maxirnum gain of

37 1bs, d.urÍng a five d-ay period- occu"rred- betrveen 9 - fl July by

the sca]e oolony of €îroup It o" 4. The very cool rteather in June

(pielrrr" 20 anù Tabte vrr, Append-ix) courd- have contributed- to this

effect; hol.revere 1Íttle necta.r r.ras availabl-e in the vicinity of the

a;ciary and- this l.ras probably the chief factor responsible for the

effect" This is borne out b¡r the very lovr gains observed- in rate

July and. early Au6¡-rst, nhich is usually the best period- for nectar

.gains,

(¡) f 9TQ, Figure 2'l shor,rs the relative clifference ln ihe

amount of nectar 6¡athered. b¡r each glroup as rnonÍtored- by a singt s

colony, As mentioned- previously the apiary location in l97O uas
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an excel-lent one anci'chis is reflected" in the gains sl:o',,;,n in Fi¡gre

27 " T'he ¡naxirnum fìve d.ay gain of J! lbs" occu,r'red- ciu-ring 3 - 7

Àugust by the scale coj-ony of group lr,io. 4." All- othe:r g:.oups had

maxinrum r{ains at this trme bu'c they were lor.'er. Generallye €iroup

Ì'Io" 4 > liio" I > ldo" 2 > I,io" -!- as shor.¡n in Fi.gure 27.

/ ^\\2 ) It one:f ?rg_clu-qt ion

Honey prod"uction records are available for !969 and, I97O"

(a) tg_e2 The apíary r.,ias in a poor location anci ihe availa-

bility of' forage r'¡a,s sÐarse, especially cluring the latter part of

July and- the first part of rlug.-u'.st. i'igure 26 shoi.rs that group I{o.

z] appeared- to take better advanta.ge of the flor,¡" This probably was

d-ue to the hÍgher colony pooul.ation and hence greater foraging num-

bers. TabIe ;'iXlV sho¡.¡s the honey prod-uction of each colony and-

labLe XXVI siror^¡s the si¿pificance of the .group combinations, Group

itlo" { prod-u-ced- the rnost honey, grou,p 1{o. 2 r.vas nexto anil group irlo,

I prod-ucecl the I east a^rnouni. 'Ihe size of nacicage siglificantly

a,ffected- honey production in 1969 G 4 O,O5) ina:-catinEl tha.t in a

l-ov¡ necta,r year (or in a 1ol.¡ nectar location) the larger population

can tal<e better advanta,ge of available nectar, It rs not knor.,'n rvh.1r

group I'io" 2 out-prod.r-'Lced" group ldo" 3. Ç-¡61r-p No" 2 had" a stable

popu-I a-t'i on during la-te July and early Au¿3rst v¡hereas grorr-p ITo" 3

v¡as stil1 increasing in adul-t poi:ulatioir (f':-g-ure f 6). IÌor.¡ever, the

seal-ecl broocl to ¿-."dul t ra.tio r.¡as lor¡er for €iroup Ìrlo" J than for

group üo" 2 d-uring this period-.

(¡) lgZq fn I97O the apiary l-ocaiion was exce]lent and-
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rABTE XX]V - HONEY PROÐUCTION OF THE FOUR BXPERTMENTÅL

GRoups (tg6g)

==r 
Noo 4

Hive Hive Híve Hive
Nos , lbg ": $o q**LÞJfu*Ng- lbs . No*__¿þSe_

L 6t+ Lë 3,L'. 1#' 78

2862
3533
,+ ¿Þ0 t+

5e L+6 s

6jo6
7557
8578

I/leems
AlL eoLonies 53,9

s, D" x.6, B

NormaL
eolonf cs 55 "Os,Ð" 17"8

8tg 8#' 65

86"8
l+Z 

"?

75 2

LAz 3

88 t+

86 5&

LLs 6

no¿e ?

L L32

2 LL5

3* 37

Lr gs

5 Ltl.5

6Ð9
7 9t+

I 10B

1_08

3t+.6

1 1.B, 3
20 "7

L+7

L3tl,

&L

6z

L24

BB

Bó,0 ?g,g
2I+ "7 3¿e 

" 
0

93.4
L3"9

# abnormal. eolony (not ineludcd in
colonies) (eee Appendix TabLe

S,Dn ã standard deniation

means for normal
TI)
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TABTE XXV . HONEY PRODUCTTON OF TI{A FOUR EXPERTT.{ENTAL

GRoups (tgZo)

_No" I No" 2 No" 3 No, ¿+

Hive Hive Hive
-[gr*tþs* No, ]bs"_ No, *lbs, No,*Lþs_e_

L LLþz 1Ë* L?L

2 25t+ 2e 2? 5

3*s LL? 3& 265

&e 208 t+ 323 I+ 3LLþ rs 2?g

2tt0 5e Lgg 5* Lj6

6 L9S 6e 185 6e zt+3

7 Zt+L 7* out ?* L? 5

Le L6B L 3Ar

2 305 2& 10¿e

3 262 3e L22

5 2L5

6e out

7e zLg

?,31" "672,5

2Bg "0t+3 
"l+

206 "g63,g

264,7
t+À+ 

" s

B 261þ I 3L? I ZZ8 8{r Lg¿+

9 2tþ6 9æ 18¿& g# LIl/g g* 229

f-0#' eut L0 322 1.0 336 3.0 200

AlL eoLonies
s, Ð,

NormaL
colonies

s, Ð"

2L0.8
52^3

221+,6
I+l+,3

zt+g "064, s

320 "?3"2

e abnorrnal eotony (not ineh¡ded in mean for normal-
colonies) (see Appendix Table III)

S,D" = standard deviation
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fABLE XXVT * DTFFERENEES TIq HONEY PROÐUOTTON OF T}M FOUR

EXPERTIþTENTAL GROUPS (tgøgI

t-z' 1.-3 n-¿e z*3 z*t+ 3*t+

All hives € A¡S & NS i{S NS

Hives normaL

to 17 Jr¡l-y & NS *' NS # NS

TABLE XXVTT * ÐTFFERE¡{CES IN HONEY PROÐUCTTON OF T}M FOUR

EXPERTMENTAL GROUPS ( 1g7o)

L*21 L*3 L*,le 2*3 2*t+ 3*te

AlL håvee NS NS NS NS NS NS

Hives norrual

to L6 JuL¡r NS NS NS NS NS NS

* sígnífieant (P 1 o,o5)

N"S, - not sigrífieant
1 ( ie ) mean of group no" I compared- to mean of group

ïÌoo 2 (see tables fiifiV and- X,',V)
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forage r¡as read-il-J' availabLe" Figrce 2l shor.¡s the relative neciar

flol'¡s for each €iroup; group llo. { appearecl to iake beiter ad.vantage

of the f'l-ov¡. lior,¡ever, r..ihen the co]onies of each group r^rere aver-

agecl together' ('ra¡ie xxt/ ) there r'ras no d-ifference (e a o"o5) in

honey production betueen the groups (fatte TÏVII), Group l{o" z

had- the hig;hest avera€ie honey nroduction per colony, group ¡lo" 3

lvas next, and- group I'Io. t the lor.,¡est"

Because a number of colonies shorqed- problems before the test

lras completed- it is d-ifficult to nake general statements concerning

honey yj- el d-s in I 970 "

( ¡) En!-qan_ce :tctivjlty

Ta.ble xxvrrr shor¡s entrance activity counts for 2) June and-

9 Ju1 y and- their means for these tr.¡o clates" Table XXIX shoro,rs *uhe

counts for 5, '/ and 12 Aug¡rst and the means for these three dates"

Fi¿çr:.re 28 shows comparisons between these tv¡o corlecting period-s.

(a) Poffen Collectors The percentage of pollen collectors

to total foragers is quite d-ifferent between grouDs and- betr¡¡een

the d-ifferent trapping d-ates" The means in Tables XI{VIIT and- XXI]{

shov¡ that ¿1roup llo" t had. the highest percentage of pollen collect-

ors but that group l,lo" 4 does not have the lorvest percentage.

Other than group lLou t having the highest percentage of pollen

colleciors, there d.oes not seem to be any patter.n to the percentage

of pollen collectors of the other e;roults"

ïn .qeneral the percentage of pollen collectors r"rithin each

group d.ecreases as the season pro€îresseso This is probably because



peek brood prod-uction occu-rs in rnid,-Ju1 y; at so? lìlore intensi-ve

coll-ection oí necta? occu-rs at this tirne.

(b) ll.q¡1:p.o_1f,ç+_ -ggl1_e_q,1o-f-r, Äs the percentage of oolIen

col]ectors d.ecreases *r,he percentage of non-pollen corlectors in-

creases; al-though the vast majority of non-pollen corl-ectors are

nectar col lectorsr sorne of -r,ìrem are r¡ater collectors anci/or are

young bees on oríentation fli.qh'r,s. The number of non-pollen collec-

tors j-ncreased v¡ithin each group as the season pro€lressea (rigp,re
aO \2ö)" Group i:lo. l appeared- to have a higher percentage of non-

poJ-len collectors than expectecÌ; some of this effect can be attribu-
ted- to a high co]lection from one of three col-onies rnonitored. on J

Àu6rrst (ra¡r e lililli ) "

i") fqt+}*gglåggÏÊ Total foragers increased. for each of ihe

four groups durin¿; the season (iriE3:-re eB), rt appears that total

foragers d.ii. ¡rot d-iffer for the four.groups (except that group No"

2 v¡as qu-íte lol.r), Group Ìrio, 2 probably hrad- feiver foragers becau-se

several hives within the group exÞerienced. trouble du-ring i'Lu¿iust.

To obtain a complete i:¡d-erstanding of the relationship between

entrance activity and. various factors (e.g,, population, ratio of

brood. area to ad-urt numbers, etc" ) lvithin the hive a sepa::ate inten-

sri¡¡e study r¡ou] c1 have to be und.erta,ken; this l.¡as not possi'ol e for

the present siud-y"
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FIGURE 26 - NECTAR FLOV¿ RECORDS OF ONE SCALE COLONY FROM

EACH OF THE FOUR EXPERIMENTAL GROUPS. (t969')
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TÅBTE J(XVTTT * RELÂTTVE FORAGTNG ACTTVTTY OF T}IE FOI]R

EXPERItv¡ENfAt GROUPS (JUNE and JULYu L9?t)

I = lq * pollen eolleetorea NPC * non-poJ.len eolleetorsB
TF * tstal foragers,

I = ïneomíng bees eaught per 30 secn c Mean of three
eol"onies per gr@rrp6

S,Ð, standard d.eviation

Ðate

Group
No" I

Group
No- 2

tffoup
No. 3

rouþ
o. i'

Bees
per 30
Sec. SD

BEES
per 30See. SD
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/"pc
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NPC

TF
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g"22 6"g
28"9 g"g
37 "L2,2,L

3"5
L7 "L

6"5 z.Lþ
33"L 5"9
39 "6 3,5
L6 "l+

4"9
37."2
I+z"o
L1. "4

l+ 
"LLg "3

2"8 2"3
28"5 2.6"8
3L.3
B"g

l&,1. L"B
3L.9 4r, B
36,0 6 "6LL"¿+

5.1þ
35.3
I+o 

"TL3 "3

5,8 2"L
42"2 1g,g
48"0
L2"L

&" o z,l+
5,+,8 L6 

"Lþ58,8
6,9

t+ 
"gl+8, s

53 't+9,2

L,3
8.9
7 "Iþ

8"6 5"L
4+0, o Lg ,z
lþB,6
x7 "7

2.7
LB.2

L, .)
6,2
l+ 

"g

6.?
¿+8"8

55, 5
L2"L

7"7
lþl+ 

"Lþ
52"L
1¿+"8
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rABtE XXIK - RELATIVE FORÅGTI{G ACTTVTTY OF gHE FOI]"R

EXPERTTImNTAL GROUPS (AUeUSr, Lg?CI',)

I - Pc æ porJ-en eolleetorsg NPC = p6¡¡-poJ.len eol-leetorså
TF = total foragers,

2 * Incomíng bees eaught per 30 seeo g Mean of thrce
eslonies per groupo

S"Ð" etandard deviation

Gr@up
No, I

Groxåp
No" 2

Group
No^ 3 No. ¿+

Fees
per 3û
See" SD

Bees
per 30See, SD

Bees
per 3A
See. SÐ

.tsees
per 30
Sec "

5
August NPC

TF
f"PC of TF

7PC
Atrgust NPC

rF
%Ye of TF

le PC
August NPC

rF
f,PC of tF

Ueee

PC

%vc

PC
NPC

TF
of TF

2,Lþ
t0,2

3, o 2"t+lp?"o l?,0
50,0
6"0

g"j2 3"5
73,7 22,5
83"0
11" 2

3,7
33"7
l+T,l+
7,8

5"3 3"5
5L"5 24"t+
60" o ng"8
8"8

2,0
L7.L

2,7 tr"0
30 "7 L3 

"l+
33 "t+8"L

2u2 0.5
þ0 

" 
8 Lz,t+

&j" o Lz"l+
5.L

L"7
37 "038 "74 

"l+

2,3 2"3
5t+ "7 27 ,6
5?,A
4"0

5"7 2"9
5Lþ "3 20 "3ó0" 0
9"5

3" 5 l"¿P
43,3 L3 "L,96"8
7"5

5"7 2'o
7 5"0 3l+ "o8a"7
7'L

5,ø 1.,3
57.5 L6"L
62,5 LT "L8,0

7 "O 3"7
57 "O L7 "?6t+ "o10, g

2"9 2,9
69"3 6L+"s
72"L

?o

l+,3 z 
"l+53"5 17,8

57 "8 1B,3
7,4

3,0 L"7
3l+,2 L6.L
37 "28, 3.
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PRODUCTTON

Group
No"

L
2
3
4

3.

I
?
tt.

Períod of
l\etlvity

B

Mean

65
2p June 62
X Ju3.y 87

86

Bee
Activity

o.

¿

2
3
l+

fAandB

5
?
L2

August
.August
*Iugust

Population

L*

Est"

L 1[t
B6

125
rt6

No" of LneornÍng beesu

/, øf foragers eaptrlred

22? 53
30022
3t+gzt
35330

164 of PopuJ.atlon
Foragers Index

LtZt+65

5oBzL
5L?to
t+69oo

,286
,?'A7
,at+g

" 243

,268
"L6g
"?Lvz
"?1+?

eap$ured 1n 30 seeonds,

in 30 seeonds"

L,00
L"32
t"5te
L"55

1" 00
L "20L,22
1"1.0

1" oo
L.26
L,38
L"33

Forager
fndex

L,05
1" 00
l. 

" 
¿þ0

L.3g

L "331" 00
1"¿Þ5
L "35

1" tg
1" 00
L,l+3
L"3?

Honey
Prod"

1" oCI

1" 
'+3L,29

1" LB

tr"00
1" te3
L "29tr"L8

L"00
1" le3
L "29L, LB

\o
o
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FTGURE 28 FORAGING ACTIVTTY OF THE FOUR

EXPERïfv1ENTAL cRoUPS (tgZ0)

Pol"Ien eoll-teetors
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General- tor,rparisons of 1ì.esults (r çøs 't o(o L97A

{1 ) llq-qqê li_q-as-qlep eF_!,r

,{1 ihough unseaLed. and total brood- areas nere rneasu-red- ancì

stud-j-ed- in 1968 anð" L)6), seaLed- brood- appears to be the most

important broocl measurement to consider for d-er¡elopment stuclies of
package bees.

(a) rotar Brood fn 1968 and l-969 maxlmum total brood. areas

reached. arou-nd- 1{00 square inches after T4 da¡,s of colony d-evelop_

ment. Generarly spealcing, in both years total brood_ of group l,Io" 4>
> ido" 3 > N-o. 2 > I'Io" 1; most of the significant d-ifferences in

amount of iota] broocL produ.ced. occur::ed- betlveen group ldo" L a;ncl the

other tirree gronps up to 50 days of colony d-everopment.

(b) Sealed Brood- Sealed- brood" a?eas t^Jere measured. in L968 
1

L969t and- 1970" The lonest rnortality occurs in this stage and_ i-r,

is the easiest of the three brood- stages to measure"

rn 1968 ancl 1969 most of the ex.perimentar LgrouÐs prod_uced- at
least J00 square inches of sear-ed- brood- at the time of mar:imum pro-
d-uction; several groups prod.uced. aLrnost BoO square inches oÍ' sealecl

brood-. llowever, in 1970 the maximurn amount of sealed- brood- prod-uced-

r'ras ju-st over 600 square inches" rt is not knov¡n l.rhy this d.iffer-
ence oceurred- in L970" Hor¡er¡er, a fast bu_ild. up and_ an earlier
pÉ:akíng of seaLed. brood. lvas observed.o which may jrave a,ffected. in
solrl€ tr'ä,)r the amouni of seal-ed- brood- ai the time of maximum seal-ed.

brcod prod.uction,

ii'he nunbeÎ of d.ays requirecl to procluce rnaximum sealecl brooCL
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areas d-iffer Ín alI three years; a.pproximatei-y T4 d-ays r^¡ere reguired.

ín 1968, 86 d-ays tn r969u and- 6l d,ays Ín l97o. The sealed- br"ood.

probably nourd- have peaked- at a:'ound- l{ d"ays in l 969 if the food-

supply and cool r'¡eather had not caused- an Ínterruntion in brood-

rearing.

In general , a sigp'rificant d.ifference occurred- betlveen group

No" I and- the other three €iroups, rvhich fasted- about )O d.ays,

except in 1970 r'¡hen the d.ifference l-asted- only {o ctays. rn arl
years, generally speaking, g:.roup No. 4 = Uo, 3 > l]o, 2 > llo. I in

the amount of seared- brood- ¡:rod-uced., up to the time of maximum pro-

d-uctioir (peakin¿;).

(c) unsealed" Srood- llnsealed- brood- r,Ias measured. in l968 and_

1969" The rnain d-ifference in anrount of unsealed. ljrood- prod-uced.u

occurred- betr.¡een ¿lroup llo. I and the other three groups; in both

years rnaximum unseared" brood. prod-uction occurred. after 74 days of

colony development"

(z) i.du1t Poppl-qtion

I{d.uLt nurnbers were record.ed. in L969 anð, LgTo (see chapter rv)"

ln both years colonies tvere still increasing in ad-ul t numbers r,¡hen

the stud.y v,¡as end-ed. (i"r., at approximately loo d.ays of d-everopment).

The main point is that n¡aximum adu.tt number.s are occurring late in

honey frow or even after it is overe so that l-arge nrmbers of bees

are prod-uced- too late for u-se on a honey flor,r; these bees therefore

add little to tÌ:e honey production of a colony,

In genera'l , in 'both years, the major d_ifferences in adult
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nlrrllbers occurred- beti.¡een grouc Ìio" 1 and the othe:: i;hree g,.roupso

Tn 1969 d-ifferences in actu-l t numbers occurred- betrreen rnost conb'in-

ations of the €lrou-ps, up to about 87 aays of colony devet oprnent.

lior¡ever, in l97o d-ifferences betr,.¡een groups only rasted up to 75

days of colony d.evel-opment, This shol+s that in a year v¡ith cord_

snrin6ç l¡eather or t¡here an apiary location orovid.es l-ittl e nectar

and- pollen (i"e', L969), 'the extra bees in the rarger packages aid

the colonies in general d-evel opment; in a year ivith mild_ sprrng

r^¡eather or lvhere an apiary location provid-es sufficient nectar and-

pol-len (i,e. , L97A), the extra bees in the larger pacl<a€ies initial--
ly aid- colony d-evelopment bu-t soon the slnal 1er colonies tend- to

catch up (Ueing more efficient) and- no clifference in ad.ult numbers

is observetl-"

(¡) Ratios -of B_ro,od. C_ells .to Ad.ul-t Bees

Ratios of brood. cel-l-s to aclul-ts r¿ere calculated- from the d.ata

of L969 and- t970" fn L969 these ratios r^rere cal-cu1ated. using tota1,

sealed.r and. unsealed brood.; Ín 1lJo only sealed. brood- r^¡as used-.

Â1Ì €iroups shorvecl a d-ecreasing brood. to ad-ult ratio as the

season progressed-, The most important ratio, i"e., the sealed brood_

io adult ratío, shor.red- that iir both years (L969 anct I!lO) generally

speaking;, grou-p No' l- > I'lo' 2 > IiTo, 3 > liio" { throughout the sea,sonÞ

The main d"ifference in both years occu-rred. betr+een group ilo" 1 and.

the other three groups,
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t+) itspe]-:rçr-sþ_ts

Pupal rrei.qhi;s viere record-ecl in L96B and, L9la, tn 1968 a

d-ecz'ease in oupal r^reights of al-l groups occurred- (probably a nutri-

tÍonal factor) u:rtil 28 iune, fol-Ior,¿ed- by a stead-y increase until

6 Augtst, In 1970 the pupal rveighi;s of all groups increased. to

26 August,

i5) S ca] e Col oni es

Scale coLonies r.¡ere used- ín L969 and- 19TO to monitor the

amount of incoming nectar of each expe-¡inental group. The nectar.

fl"or.¡s varied for the tvro years, larg;eJ-y beca,use of the differences

in apiary locations" In each year there r,¡ere tr"¡o peaks in nectar

flot.r; the magritucle of these peaks varied. grea-r,}y" Although the

four experinlenial- €irou-Ðs 'oeaked. at about the same timeu group iTo"

{ consistently collected- more nectar d-uring the period- of the peak

nectar flor.¡"

t6) Honey Prod-uc!ion

Iloney production vras measured- in l- 969 and" 1970. In L969

diffe::ences irl honey yield- existecl betr.¡een group I'To. I and €irouÐs

lìo, 2 and- I'lo" {, but in 1970 no d.ifferences in honey prod-uction

existed- betr'een any of the groups" rn a year of cool spríng r"¡ea'r,h-

er or 'r¡here ai'i apiar¡r l-ocation provides l-ittl e nectar and pollenu

it aopears that package size does a,ffect honey Ðrod-uction.
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/-\\ ( ) fìatrance Àctivit.y

Ii-ntrance activity r'ras monitored. tn L97o, Entrance activity
of al I grou-ps increased- as the season nrogressed; r¿hi] e the pe-r"cent

of the foragers collectj-ng poJ-Ien d-ecr:eased-" The total i-lunber of

foragers appears to be fairJ-y uniform for all groups d-uring nectar

fÌ oi,¡,
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CI{ILPTER ¡/I

i{ ï S ChLL AI'IEOUS S TUDIILS liìiiD OB SEIÌVATTO N S

i!, Âbnorrnal Colonies

During the three years certain colonies d-eveloped abnormal-

ities due to; (a) queen loss, usually causecL by manipulation of

equ-ipment d-uring a brood. read-ing (l) qu-een failureí i.e., ihe

queen is present but brood rearing is below normal (") supersed-ure;

i"e. e queen is replaceci by the colony, and (¿) sruarrning" fn this

stud.y onry the 1969 ar'd" r97o cÌata are consid.ered. {ra¡res ,'ixxf and-

iL^r!l--L / Þ

(r ) t969

(a) Qu,een l,oj¡se! Queeir I oss sometimes occurred- accid-ently

clu-ring a brood. measurement or adult read_ing,

Group lio, 3, Colony Iùo. I was requeened_ on 6 flay and. r¡¡as con-

sid.erecl nornal until it lrlost" its queen on 30 July. Its popula-

tion never reached.401000 bees cluring the season and- its low honey

yield probably is a reflectj-oi: of bire lorv popuration it prod-uced-

early in the season.

(b) ,ìueen F'ailure Queen failure is d-ifficul-t to eval-uate

and" probably often resul ts irr supersed-ure, However, it is belierred.

that the folloruing colonies fit this category"

Group.l,iÌo" 1, Colony llo. J began brood. rearing at a l_or.¡ rate
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and- coirtinued" i^¡ith belol+ norrnal brooo- produ-ction; ihe maximu¡l

popuJ-ation attaÍned- r¡as less than 30,ooo bees" rts lione-v ;rieId r.,,as

a1 so belor¡ the meall shor.m for the nornlal colonies"

Group l:io. 3, colony iilo" 8 sh.ov¡ed- a, me,rkecl- cr-ecl ine in brood_

rearing, starting 28 .lu-ly" The B :iugrrst rea.cling ind_icates a suÐer-

scd-ure problem or perhar:s a sr^rarmrng problern" rts honey yield- was

bel-ol'¡ nonnal , but higher than expecieci, consicl-erin61 its 1or.i popu-

I ation.

(c) sr"¡arnrin.g Group l{o" zj col ony 1do. 1 sr.rarrned- on 29 July.

The sr'¡arm r{as lost and al though the colonJ v¡as above average in

both brood- prod-uction and- ad-ult popu-la.tion to bhis d-ate, its honey

yielcl rras only about one-third- of the €îroup averaéie.

Grout: lrlo. 3, Colony Ì,Io. { sr.rarrned. in the last l¡eek of July

and. aLthough it shor.¿ed- above avera€ie performance to this bilne, its
honey prod.uc'uion r,ras about one-ha1f of the group avera€îe.

G-roup ITo. 4e Colony iìo. I swarmed_ in mid_-Ju1y" Although

brood. d-ata nere no'L ava.il_able after 16 JuI¡,, ihe aclult population

reached. 50r000 bees inclicating that the s!,rarrn may have retumecl,

but the honey yield- vras only about onæthird- of the group average,

(z) r97Q

(a) Queen L-osses Group rio" 1, colony }io" I lost its queen

d-uring the 28 Ì,fay read.ing and" r.,las requeened I June" fts 'brood-

lroductiol'r. r.Jas up tothe group a\¡era€ie by 16 July and remained_

above the average thereafter. However, its honey J,ield_ v;as about

one-half of the norrna.l coloiry ave?atqe, probably d-ue to its lor^¡
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ad.ul t Dopulat lon.

Group Lto" 2, Col_ony llo" 5 lost its queen probably C-r:ring ihe

{ July reacling. fts brood- pr.oduction tr^res above avera€ie on 28.TuI¡,

and- r0 Au53:st but the honey yielc r,ras -r,vro-thi::d-s of the nonnal co1 -
ony avera€ie.

Group No" 3, Colony Ìtro, 5 lost its sueen d-uring the 16 Juf y

reading but l';as promptly regu-eened.. Brood- prod-uctiorì r,urâs very ror^i

during the rest of the season and- the honey yielcl ¡¡as about one-

hal-f of the norma] colony average.

ç3e¡"p l,io" 3, Colony I'lo. 7 lost its queen around 28 July ancÌ

its honey ;rield- fel1 r';el l_ beloli ihe normal col ony avera€ie,

Grou-p Ï,io" 4, Colonies IIo" 2 and- No, 7 tost their queens in

early rA.u¿ust and- both fell_ belov; the norrnat colony aveta€le.
/- \
\ 0 / qì.re en I.'at-I ure Group i\lo. 2 j CoIony l,,lo" ! shol.red" that

the queen lvas I'failing'ì after the 9 June rea.d-ing a.nd. thereafter d-id-

not orod-uce ai'r avera€îe a.rnount of brood_. Its honey J'ield- rvas l_ess

than the normaf colony avera€lea

ciroup ltlo' 21 colonies lrlo" 1, lìo. 2 and" rrio" I showecì. sigrrs of

queentrfailuretrstarting 28 Jul y although onl¡r S61.sny IIo. I ha.cl air

obvious red.uction in honey producecl_,

Group lrlo. 4, Colony IIo. 3 had, a faiting queen abou-r, 16 July

but the colony pr.obably C.id" not su_persed_e her"

Group lilo" 41 Colony ltro" ! had- a failing gueen about 16 Ju.1y

probably su-nersed-ed her. The honey prod-uction for this colony

hig'h althou¿ft the aciul-t population never reached- 30rcoo bees"

Grou-p No" 4t Colony l.Jo" l-O had- a failing ûueen about 10 nug-

anct

v¡a"s
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ust yei had a good ironey yield"

(c) supersed-ure G'oup l{o, r , corony lio. { supersecLecl its
gueen abol:-t ) Jv.Ly" The brood. rearing and- acl.ul-t nu¡bers i;ere belor,¡

norrnal- for the entire season, resr-rLiing in a belov¡ normal hone¡r

yi el d.

Group lio. 21 colony ì\To. I supersed-ed- its queen in La.te Nayr

a,nd becarre qu-eenress near the end- of' june" Regueening uas not

successful and- the col_onlr iras removed. from the test.
/

Group l,t o. 3? Coloni¡ I'lo. I su1:ersed.ed_ its qu-een in mid_-l,lay

and aLthou-gh it reared- substantial- amounts of broocl and ad_ult pop-

ulations, its honey Jrie]d- '¡as about one-half of the nozlna1 coJ-ony

a t7ô hâ æô

Group lrlo. 4, Colony llo. ! supersed_ed_ its gueen in late l,,iay

foll-owed- by a queen failu"re in mid--July, In spite of this, the

honey yield. iras only lo lbs. less than the normal colony average€

(a) sr"annilg Group lio" 3? colo'y Ì,,To, ! sr+anned- arou.ncl l6
July" Up to this time its brood- production had- been above avelra€ie,

but the loss of adult bees greatJ-y reduced- honey productioÌ1"

Group iilo. 4., corony I'Io" I sr.¡armed. around. zz June; the sr.Ienn

was capturecl and- replaced- in the hive, Although by l6 July a fail-
ing queen r^¡as evid-ent, honey prod.uction tras quite high.

(¡) SrFm:LJy of j:bnojqal _Cof.onies

Ïn alL cases honey produ-ction of abnorrnal- colonies rvas less

than the normal- colony averag-e for each €iroupô several of ihe
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colonies hor,¡ever', had- a good hone;' J¡iel_cj-. ft shou_ld. be noted. that

there r¡râs coilsid"erabre variation in ihe honey prod.uction of the

colonies consid-ered. to be norrnal-.

rt appears that if a cor ony is requeened- or if supersed_ure

occurs early in the seeson (i"u,, r,rithin tl,io to three r+eeks of
hiving) that nomal quantities of brood- are eventuarly prod_uced_,

Honey prod.uction of these coronies may be less than ihe nornal col-

ony average and- yet usually lies t.;ithin the variation shornm by the

normal colonies"

Queen loss or queen failur.e during the season appears to

result in belor'¡ normar brood- areas even if ihe ool_ony is requ-eened_

successfulry; honey produ-c'r,ion of these oolonies is usu-aLly about

one-ha1f of the normal colony a.vera€ie"

svrarming usually results in the greatest ross in honey pro-
d.uction, often being one-third- to one-half of that of the normal

colony average.

T) Drone Brood

The guantities of d.rone brood. in colonies has been shor,¡n to

be significantly affected- by the time of the season and. the a¡nount

of d-rone comb present (¡tten, L963, 1965; Free, 196T),

Allen (tg65) shol';ed. that d"rone broocl increases d.uring summer.

She found- no sig:rificani clifference Ín honey prod.u-ction betr,reen

colonies r'¡ith'¡non-el iramounts of d.rone brood- and- colonies in r.¡hich

the amount of drone brood. had been artificialÌy incr.eased., nor h'e,s

a correl ation between slrrarrrin¿i iend-ency and- cLrone production observed
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TABLB XXXITT SEATED DRONE BROOD PRESENT rN T¡ß Lg6g

AND å970 N0RI{AL EXPERTMENTAL CoLoNIES

Date
Group
No" I

Group
No" 2

Group
No" 3

Group
No, Lþ

(rg6g)
11 June
2J June
5 July

16 July
28 July
L0 August
20 August

Mean pereent

0 "410,6
1,6
5"3
9,0
6:s

5,3

4u )
3,3
8"2
6"0
l+ 

"tþ6"0
¿+ 

"6

5,0

3,L
5"2
6,9
4"9
2"6
I ,l+
L"3

&"0

?"7
I+ 

"2
3 "l+L0,2

Ll+ "210" I

7"0

\L97s )
I June

22 Jt¡ne
¿l July

L6 JuIy
28 July
10 August

Meara trlereerat

5"2
3"0
6,L
3,2
&,0
3,5

L"0
5,L
3 "rvL* 

"32"7
2"7

3 't+

3,0
2,8
2"5
3,2
2"3
L,1

2"7 4"3

&t 
"gl& 
"z

7 "l+4"j
8,5
L"2

5"3

1 * âs a persent of the tstal seal.ed brood
(ie" ¡ worker and drone"
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(.rillen , L963, L965) "

rn L969 rnaximum see.led. d-r'oire broocr proc.u.ction occurred at
d-ifferent times but in p;eneral it occurrec- from rnid-Jul y -r,o the en¿

of July (ra¡re xxxITr),

In ]970 all €iroups shot^¡ed- maximu¡n sealed- d-rone procluction in

mid-,Iu]y (tatf e X]íXIf I ) " The arnount of seal ed. d-rone brood- procl-¡-ced

r,¡as less in L97O; this same trencl occurred i-n seal-ed. r+orker b::ood-"

Thís rnay inclicate that in a year of l-ow nectar production d-rone

production increases"

luring this three year studyu abnorrna.lities occurrecl v¡ith

greater frequency in the larger grou-ps, i.e., group IrTo" 4 > l,,fo" 3 >

llo. 2 > lr]o" 1. There \.\¡ere €ienerall-y more queen cells prod.r-iced and

a, greater frequency in swa.rrning, probabty due to the higher popula-

'tion. the extent of the sruarmi-ng r'¡as minirna] in this stucly and-

and- probably ì-ess than normar, mainly because of the frequent

attention given to this problem.

rn 1970 groups l'tro" 2, i'Io. I and irlo. 4 alr had. a high incid.ence

of oueen problems (see chapter vr) anci only three to five nomra.l-

coLonies Ìdere remaining in each gr.roup by ro Augiust, on the other

handr €irou-'t) lrlo" 1 experienced much less trou.ble, in that few ggeen

cells r,tere built and- no tend.ency to si,ùaïrn l.ra.s apparent; the honey

yierd- r,ras just as high as that of the otìrer grouns in L97c)"

CoJ- on.1' I,lanagem eirt Probl ern s of Four Experimental Grou
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T-ifnFt IrT TU1l-1IML Via

G'nliElìj.i, slri,jl,,jARY

This investigation lvas d.esignec] to stucly the d-eveloprnent and.

performance of honey bee colonies in î,Ianitoba v¡hen ciifferent sizes

of packages of bees r+ere established_ in híves"

Chapter III

rn this three year stucly totar brooc. (rlea ancl 1969), unsea.reci

broorl 09eA and 1969), sealed_ brood. (rgOA ? 1969 and I97O), ad_ult

populations (tgøg and t- 97O) , pupal r;eights (f qOS ancl I 970) , nectar

fl-or^¡s Ogeg ancl l97O), honey prod-uction Ogeç and IgTO), and forager

activity (f !10) r,,rere measured. in hives initiated. from one, two,

three and" four pound. paclcages"

,3rood. measurenents (rg6a ancl 1969) were done by tra.cing brood-

patterns on glass sheets rr-r.1ed. in one inch squares and in ]9TO by

photographing the seaJed. brood-. Ad.u1t populations vrere estimatecl-

by comparing each. frame of bees to a series of photogr.aphs of

frames showiirg a graded- serÍes of bees.

Cheuqer IV

The rnethod- of ad.ult estimation using photographs is d-escríbeci"

over a three year peri oô sixteen d-ifferent people estima,ted-

bees on single franles, anù l"¡ithin l¡hole colonies" The method- l¡as
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fou-nd to be fast aircì efficien'b and caused, ]iti;te iListurbance of i;he

colonies; r,rosi o'r¡servers coulC. estirnate the -botal nurnber of adults

nitirin ei-,lhi, Ðerceni after an iniiial four io six hour traj-ning

perio cl"

Chap!_er i/

This stud-y shor,,red that hives initiated from the f'our uound

packages prod-uced- more brood- than d-ict the other three sizes of

paclcages; hotøever, the main differences in brood- prod-uction ocourred

betleen grou-p No" 1 and the other three grou-llsê

The maximrun anlount of brood r+as produced- af ter abou-t 'l { ctays

of colony d-evelopment in L96B and. L969, ancl at about 63 days in 1970"

Adult populations increa.sed- cluring this stu,cly u-p to lO0 c1ays,

ind-icatÍng that maximum populations vre?e procluced. after the end of

the rnain honey fl ol.¡o fhe trvo yea.r average of ad-ul t nopulatíons for

a development period of lCO d.ays for grou.ps llo" 1e lio, 2, lio" I and

i'io o 4 are 4a ,2rO o 42 rT 4A , 50,860 , 51 ,200 respec-r,ivelyu

ilatios of brood- cel-Is to ad.ult numbers clecreasecl throurrhout

the season for aI 1 groups bu-t the rate of d.ecreasre was less for

group lVo" le ind-icating that they lvere rnore effícient in prociucing

brood-"

Pupal vreights tend-ed. to increase tirroug'houi the season l'riih

group I'io.4. proC.ucing the Ìreavíest pupa.e,

In L969 Ìrone¡' productiotr r.râs significantly greater for' group

jrio. Q than for the other three groups, but tn L97O no statistical

d-ifferences in hone¡' prod-uction occu-rred-.
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.r.lntrance activÍty increased. Cu,ring the se¿rson for all grouÐs

anci- in general aII gr.oups had similar. nr¡nbers of foragers d_r-iring

honey fl-o'u,;"

Chap_ter VJ

Abnorrnal colonies (""g"u lost oueene supersed-ed- queen, srrairn-

ingr etc" ) prod-uced- Iess honey than d.íd- norrnal ones.

Simj-lar amounts of sealed- d-rone brood- trere prod-uced_ by each

e;roup in each of the tl','o years stud-ied.; bu-t the amount of seal-ed

d-roire brood. procluced- in the tvro yea,rs ctlffer.ed_ consid_erab1y"
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tziso
32000

Ad

3331+o
32850
?8L25
3077 5
2Ø7 5
z¿lroo
28950
28000

H

N)

L
2
3
L+

5
6
7I

tiri
1248

eontinued,uuuo

8t+z
831þ
895
813
789
8LL
551+
788

7zZ
65t

550
597

L
2
3
t+

5
6
7
B

67t
?77
874
796
7t+g
723
398
?86

1
2
3
l+

5
6
7I

56550
lþ6150

:_
3o8oo
28700
38000

28
Jr¡Ly

L
¿
3
¿Þ

5
6
7
B

L0
August

I
2
)
¿e

5
6
7I

20
August



28
July

t(d) L23 255 378 532?52 506 ¿+04 gLO 38050
3 472 600 L0?2 48100
4 6tt 6?j LzBl+ 4oo5o
5 ?L5 6zt+ L339 395006 5t+0 ?23 L263 3t+9507 t+32 58t+ t0t6 516008 242 558 8oo 28375

3 lb" Group
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UN

1.0
August

L46o
2 580 t+95

3 287 rlBB
4(d) 36 LÐt+

5 44 t+?4
6 55L 7L8
7 3r+X 308B L65 230

20
August

Ad

L
2
3
¿&

5
6
7
B

6t+
L07 5
775
4zo
5rB

L26g
649
3e5

580

202

L27t
6oz
Øo

l+i
:u:
655
306

I+6

t
2
3
l+

5
6
7
B

,ú

:,:

6t6
296
5BI¡¿

UN

All brood ín. square# ie" each hive in
#'+E H - Hive nurnber,

brood, Ad(a) queen lost (b)

¿& lb" Group

642

!5:

98x
?26

7?6

1_

2
3
l+

5
6
7I

n5oõ
58¿+00

tv625o
55900

Ad

4grz5
46t+25
506?5
6tg5o
t+9800

5Lt+50
50625
t+zzoo

ínches 
"this group was

UN - Unsealed
* Adults
queen faiLure

583
tvg4
33?

71.6
t+62

654

L
2
3
4
5
6
7
B

initiated with one pound of bees"
broode S - Sealed broode T - Total

(e) superceded (d) swarmed.

I+t+?25

51_900

597 50

--
65650

P
LU



APPENDÏX TABI.E ]I] SBALED BROOD AND I\DULT I\,IIEÀSUREI\{ENTS OF FOUR EXPERT},4ENTAL GROUPS

HIVED, 2 I'{AY tg,?A

4 lb" Groun
Ad

2t+ 50
L7 50
B55a
16oo
667 5
e65a
87 00
1l_ 00
8025
07 50

L

L

L

ù

3qo
379
350
343
216

306
38r
o¿

))o

422
516
528
498
ll,81
out
4l¡
466
Ar.2B

5AI+

H

t+Lso L 3oz 6450 1( c ) j65 6?25 L

3550 2 258 6lZ 5 2 434 ?350 22775 3 ?86 Booo 3 403 6L?5 3Lþ900 4 345 ??00 1+ 33L 8200 4
5125 5 246 6450 5 422 ? 525 53450 6 tLpz 6too 6 zo9 ? 3oo 6 (4?25 z(e) ?4T i3oo ? r5o 5r5a T5025 B z61 6900 B 382 73oa I4230 9 250 6550 9 236 5?50 9(2925 l-o zg3 6o5o i.o zTB Booo i_o

I

L

3 ]b" GrouÞ
Ad

a)

J

c)

H

1_

.7)
4
5
ô
f)
(

C)

9
10

2 lb" Group
Ad

eontinued, , ,

H

Þ

40i.
4gg
463
lt. 1)
441_

380
379
))Y
396
5La

SH

L
2
)
4
)
6
7
Õ

9
10

L\d

5354n
482
440
492
269
1"04
406
300
339

r)

t67
L20

B3
6t

209
t49
189
175

:72

297
21L

0
r94
159
zt6
3t+4
296
3L?
out

H+É.+r

1
2
3
4
5
6
?
o

9
t0

I
2

3(a
4
5
6
7
a

9
1o(a

28
ilÏaV

1
2
3
4(c)
5
6
7
B

9
10

9
Ji.lne



4 lb, Group
Ad

504 2790a
506 22600
6t6 zL3oo
466 25550
6og LT?oo
out
518 20800jol' 286 50t+85 r?zoo
468 zgt+50

fi5
6BB
74t
642
64t
out
5a2
4tz
551þ
579

APPENDIX TABLE III (fçf0) Continued

jT6 zogoo t
587 28950 2
688 24700 3441 zz55o 4
553 zLþ500 5
383 zoz5o 6
39? 15650 7461 z69oo B(d)4& îB? 50 9
5+t+ ¿4roo 1"0

H

3 lb, Group

AdqLf1Ì

T

¿
)
4
5
6
7
oU

9
i_0

L
2

3
4
t
6
7
U

9
10

continueduuo""u

2 lb" Group
Ad

19250
20100
18450
2L300
L9600
14650
BB5o

2L350
r5900
r9900

ts

\¡

øs,r
BL5
661+
6sz
t+6f
4gg
683
535
700

eU

626
493
454
498
592
44.6
401-
544
lgB
4zj
<aR
683
6zB
581+

0
5BB

H

1

2
3
4

6
7
Õ

e(b)
10

1I

¿

4
5
6
r7
t

B

9
1-0

1 lb" Group

/td

73650
97 50
3650

1_ 040 0
B250

1oB5o
t3250
r4o5o
12350

ù

361
t+79
279
3LÞ3
403
360
4.48
t+66

525
out

T

2
3
L+

5G)
6
? (a)
o(J

9
1-0

fl-¿f ?ç

t
2

+
5
6
7
o
O

9
10

Çøe
309
668

503
599
277
465
5rt+
46r
568
603
585
out

22
Ju.ne

L
2
3G)
+
5
6
7
Õ

9
1_0

l+

Jul-y



L Ib" Group

t6
Jul-y

H+r.Jf

L
2

3
4
5
6
7
B

9
10

t+42
6BB
536

5e5
457
523
68j
533
out
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Ad

35350
31r50
L5450
33400
340 50
307 00
386 oo
28200
38350

¿()
July

1

.))
Lþ

5
6
7
o()

9
L0

2 Lb" Group

H

L
2

3
4
5
o
7
o
O

9
1_0

302
504
578
Lvz6

550
630
]+ttg

598
424
out

+6t
525
<1?
399
L20
586
out
454
308
554

Ad

26800
LÞ5850
Lt,go 5o
44550
468 5o
386oo

48? 50
29000
4,6200

1(b
2(b
3(¡
4
L

O

7
B

9
10

3 lb" Group

H

1_

2

3
4
5(o
o
7
B

9(a
10

B3
361
30L
256
49?
468
out
6sz
359
4ço

S

507
640
754
561
483
4oj
545
584
4Tt
Øz

Ad

297 0o
56 50o
6rqqo
t+t+âso

+Tsoo
31-450
48 1oc)
338oo
45350

1 ztg
¡ ¿a/¿ )¿oj 640
4 6to
5 3r26 3tB
?(a) o
B 494
9 t60

10 5?6

l+ l-b" Group

H

1,

2

3(b)
1+

()
6
7
B

9
10

À.84
46L
565
468
529
out
Lt L5

?81

533

462
311
tu?
À.R e

356

204.
4o
7L

355

Ad

4z 4,50
49450
27400
Lþ7850

39150

48000
Lû300
zz45o
46600

t
2(a)
3
4
5
o
? (a-)
B

9
10
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August

l1-,f æ

T

2

3
l+
()
6
7
ô
C)

o

10

q

20L 32650 L

405 46850 z
650 24550 3
377 35350 4
5t6 )+4450 5453 34350 6
448 46goo ?
728 45555 B

Zr2 46500 
,r,

APPENDIX TABLE III (tç?O I ^ Continued

Ad L'It

Alt brood in square-)i ie " each hive in
-)rìF H = Hive number,

(a ) Queen l.os'ü
(b) Qu.een failing
( c ) Superceded
(d) Swarmed

S

96

:.:)Õt
257
LI2I

B3

:.:
+46
320
3qo

Ad

J3050
2207 5
504o o
45235
44600
4rroo

inches 
"this group

S = Seal-ed

H

t
¿
,))
4

6 (b)
7
B

9
10

66eoo
37 250
54000

463
29B
4ç4
486

21,r
109
588
1"0L

346

Äd

was initiated with one
broodr Ad = ¡\dults"

45350
606 5o
6 55oo
47 350
37 300

H

llo so
48950
340 50j6roo

T

2
.)
,)
4

o

7
B
o

1o(b)

i)

41+
0

9
466
441+

;";
-L ))

)87

:':

l\d

5L200
J27 50
)57 50
Lv? 6oo
4r.t qo o

pou.nd of l¡ees"

+:loõ
264oo
lLtaL:, <

4.9400

H
L^J



APPENDIX TABLE IV * WEIGI{T OF PUPAE FROii{ THE FOUR EXPERII\,jENTAL GROUPS, HIVED 6 trtAy 1q6g

LzI+ V3 gq L26 Lzg L}B L24 126 L23 r31_ L35 L36rlg rzz ß6 tzt+ Ltz L3t+ L')5 Lzs lzí Lá6 bi liur23 Ð9 Lt7 t23 t3g L33 l3o tz6 tz+ lz+ ú2 tlsLzz rtg 130 L?! tz6 rz7 L2L L3o Lzz L3t iql i;ét23 tzj 133 Lt+t+ 723 r37 tlt tlo izg 1á4 lzg LúíLz3 tVz Lzz r35 rz5 tls t2z tîs izi lãto ilo il+t20- I29 tj\ Lz? Lzo L3L t3? n| tzLp ill b+ l¡otz6 Lzg Lj6 L?u t-tg 1"38. L'za bz n5 Lzs liu 1úórjj Lz7 L?L r¿pr tj? tz6 n? nj rtÇ ú6 t-lz il6Lz¡ tj7 Lzu Ð5 rzu D5 rce t2a ß0 úa iáø li412? t3Lt 130 137 t25 tzo 13? L3r t2+ ilz izg tleL3t+ Ð6 rz9 Ljs fi2 rzg tlt t2ø LzB tiS t,uç iiq722 L?7. L29 L22 L21" 120 L29. L22 LzB t2Ç nA i+o120 tz6 ß9 n6 L7L r2o tz6 L3o r23 gî l+o lleLLT L3z Lzz LzZ LzLt. L33 rz5 ttg tz7 tÎz 1lB t+zrz4 rz4 Lzo LzL Lz5 Lzz tzl Lzo tzø tlz tlt r3Brzg r33 130 L7L LzB tZL+ n3 Lzg L20 tlt r32 r33L20 L25 121 Ltg L32 125 nr LzB L3o L23 r2g L3gLLs tz6 rß ß3 t2? L25 13? Ltg L}o ne n5 Ðgr30 L27. t)5- L27 L29 LzL 12? L3o LäB L3? L14 t-+tLzz tz6 ßç L:3 rz? tz6 L?g tbg Lzt tlS tlg r+õLzg 1,28 L?3 t3L Lzt+ g2 !30 rz} 122 tSo ifu l¿r.erL? Lzt+ x\! L3L tj! L3j tba Lz5 LzT r:o L3i i+o\?\ 13q L2\ tlz Llu ttg LL5 lz6 Lzj tzs Lá(, irrz

- 
135-* t?7 tzL_ g: - :z'" : liç î2612?,! 1"29"2 tr 28"8 L39"7 tzÇ"0 L22"2 rz?"1 tz? ") 1,24"6 rzg,5 ri}"6 13? "g_ e"¿þ 5.0 _ z "o 6"3 t+.5 6"s u.:6 j".B '-3""3 -- j""i -'i:t -'ü"L

U

b" Grou

F
tlJ

"uc)3
conti-nuedu u 
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Hive No, 1
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lJlay

we ight
Í-ia mg"

Mean
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Hir¡e I\o" 1 3 5-1-lb" 
$,Loup

11' 137 t24 L2? 12? t3a 121 r25 rz} L3t 12g L37Lru Lzg Lz9 Lzg t3r t2B Lz? Lz3 Lz? r)3 rc2 riztzL 1"zr rz0 r?l tzç rz9 rz? ß1 rzz r33 Ljo iîs117 11o L29 L].t LZL| Lz? rz3 rz3 Lz6 tz6 tt+o r3B-*l+L/LLg L23 r24 r25 ÐL 13L 125 132 L26 ú6 r24 ti6121- t30 Lzg L27 125 r3o 125 L24 t3o t2ç. r3o llztlg- r2g t32 L2+ t"z6 122 12\ t3B r22 n6 n3 t3t+1i-B t3? 130 12o 120 tz6 t2ç t2s r2B til na llo
1 i.0 1,zu rzr r3j. tz6 Lzg tz6 e1 n4 *B tiz iil118 tz6 ÐL t.z6 Lz! Lz3 LrT 136 nL tjt ßj Llr127 LzLp rït r25 LLu L3t rzq nl tîs tio t zs tss715 L23 fir LlB In n3 LzB t22 t3o t2ç L3t t3Brz3 130 Lzr tz6 r1"B r3j Lzo Lzg tzs rj? Lzg LzB12a n9 L2? L23 12Lt ú3 L26 L23 r32 rrLþ rc8 n3
1 1 a 1 ?o rzr rLg tzL Lzg tjr L3o rL? tlZ tbt rj6-- / 44/

109 tzg L22 r33 L25 L32 125 130 12? L33 r25 t2Ar29 L35 L22 r25 722 r2B r2r t20 t2? tgs tzi izo1i_B L3z tz6 tzz rzç Lzl rzl rz5 t:r tjz iz6 lás\r3 Lz9 rz4 rzo i 1p rz9 LrT tz6 t2t tuo lze itt4"122 L25 131 125 L24 t22 n4 722 L3o 134 12r tt6
\?q Lj! rzo tzl rz4 Lzz t2o 118 rL3 L:l 119 L:'u!26 1"24 I2g 1L9 Lzt+ Ln LzT 1.LT lãú lii 1.19 1.zTr22 Lzg. 1-18 L30 L23 L23 123 128 L25 L34 tz} itsrjl Lz6, Lzo rzr Lz5 tz2 tz2 rrg r30 t2g r3r Lz?
-t!9 t26 .^_* tzz _ L.zq.*_-. L2,5 LlB _r35_ ,_ LL1L !?:', ¡n _*t2g * -rc5

APPENDTX TABLE ]V (rç69) * Continued

L2
June

we ight
in ffig"

iUean
S"D"

rLg,5 tz? "z L24"T j-25"0 rz3"t+ 1,26"6 1"25"0 LzS"6 126.0 r)2,5.Lp 4"6 4,6 U"U 4"0 4"5 U.5 5"g b"5 ' j"

4lb Gr

5 7

q

1.

r27.7 tzg.2
7 "0

conti-nued" 
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Hive No
1lb

1"22 r22 126 L28
L27 L23 LLs L23
r19 L26 ú3 123
ltg r22 L25 L27
tLg 12t LtL 1L8rzo t25 t26 rtl4
LaLÞ L22 L25 L24
tzg 3.28 125 1"22
TL7 L25 LTL 126
11? r29 L22 126
1L5 1L8 L33 rLg
721 LLg L22 12L
L14 L30 1L3 125
r20 r37 L22 tLL
TLg L39 L26 118
LLz L27 126 LL?
r24 L25 11B L23
LzL L26 L21 I2O
rI7 L26 L20 tlg
Lt7 L?B L21_ LLg
116 Lzo 126 10?
T25 L32 LLB 119
130 r27 1L7 Lzr
130 L28 rLg 122
134 _ 126 t26 r22

Grou
)

2B
June

APPEIIIDIX TABLE IV ( rg68 ) * Continued

5

we ight
in mg"

tL5
11A
111L¿I

n5
115
Lt5
LL5
LLL
1LL
r0g
r20
L20
tL7
LLL
ß6
LL5
r23
rL5
L24
11_0
1-26
L0g
1,1-6
LT9
fi5

I\'lean
S" D"

125
t26
L20
123
t23
L23
123
122
L2t
r23
L20
n4
I28
130
121
L28
r27
L20
1L0
t2L
L18
7L5
1_ 1B
t22
L26

L32
126
123
LzB
T28
tzB
r37
L32
r27
t26
L29
L23
1)a
L26
L20
L27
r26
L26
133
7?7
L2I
L22
L23
L27
120

L21"r 126 
"5"5 5"

L24
125
TzL
L2L
114
LL6
126
L26
L27
L\5
124
r27
tLg
r20
122
L28
1.20
rzg
r2t+
L24
n6
LL7
1-20
r.1B
12i

L 127,9
0 5"8

LL5
L27
r27
120
L20
11A
124
L26
L25
L4)
121
L1.6
L25
Llg
119
rtg
LL9
LL6
121.
r2t
L22
rt5
tt9
L12
L2L

r20 "6LO

L37
r37
t43
r39
r42
il+L
144
TJl
143
1],t{
L3B
tu5
r39
L20
14r0
r34
ú?
136
129
L38
!39
r33
r39
140
133

Grou
I

r24
1ta
LL)

124
120
1r4
114
L26
Lr6
L24
120
TLB
L27
129
1LB
L24'
l_ 1B
L2i
r1_2
120
1_1_0

1,Lt+
L16
124
LI7
118

115 "94"5

1_22
1?t+
r22
1L7
r26
121-
130
r25
120
119
128
t26
L23
1"22
LL7
1.22
L25
TL6
L27
126
11?
n6
12t
r21
116

L22 "7lJ, o
1?.)

))ø
0

9
L22.0 r20,

LL n llrov

5
0

r37,2
5 "Lv

119 .6
1*o
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Grou

+()
4.4

50
?a))7
5a
(4)r
54
ir'ì
44
55
Lr(

51
54
46
4B
46
44
I+7

49
56
4B
40
<)
4t+

t
t
T

1_

1,

1

1

1

I
L

t
1_

L

T

1

t
1L

I
I
I
t
L

t
L

L30
133
134
130
t35
138
L26
tLtrj
140
ljB
r32
L3T
T3T
1a)
137
L34
IzB
1?1
41.)L ),)
rLt!
1)O
13r
136
13q
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+3
45
ta)¿,
4tJ'
43
<t
L.,5

39
54
4,8
LL<

40
4S
45
4t
53
30
l-t't
t+3

40
alL
t+z
47
4B
42,

1"

1"

1"

1

1

L

1

L

1
1"

T

L

1,

I
1

1_

L

T

L

1

L

T

1

L

40
44
36
4o
lB
45
4g
+4
40
Lrz

40
11

41.
29
4T
4o
Jo
3B

34
40
3B
40
42
34

4
4
2

+
3
4
4

1 ltIì

L4
t3
1"4

r3
L4
14
L4
t4
tu
L4
t5
L4
L2
14
14
L3
1?
L3
14
t3
tu
14
1?
1i

12
45
45
52
J9
4Z
4"L

50
4Z
54
)Y
46
t+t
53
50
54
5o
Lp9

Lt Lp

43
46
45
5t
45
4B

7
1
L

1

1,

T

T

L

L

L
t
L

t
L

L

L

T

L
1"

t
I
1

1,

T

L

Hive
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I l+"t LL

Lt. R

2B
38
35
40
4o
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3B
394l
20

35
+T
35
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2A

37
36
3B
30
30
4t
tÉ.

39
)(
4o

7

I
L
t
L

I
t
t
1

1.

1
L

1"

I
1
1

L

t
L

1.

1.'

1
t
t

go 
a\ts

3 1)3 ^95 Lv"3

135
L28
130
t?7
133
t36
n6
L23
r2g
t39
136
r3t
DB
fi6
133
134
r34
12A
130
135
L30
L28
r24
L3T
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t Ltl-t
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JÓ
t+z

36
32
24
??
37
39
2B
32
50
2,L

1l
44
33
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¿l-

35
36
?g
3B

)o

L
1t
I
1

I
1_

L
1

1

L

I
1

1.

1

t
L

I
L

L
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L

L

T

L
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Grou
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t3r
130
r33
L42
134
r34
r30
L29
L3T
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1?1
t35
r33
L31
136
142
123
L28
L¿'
L27
137
133
1,26

L44
143
135
r38
140
129
137
140
t32
r37
L30
140
1,28
142
130
139
135
144
138
r26
r32
140
l-40
nt+

Hive No

L36,L
Lço

9
T

T3L 
"Lt

135 "2<2
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6,4

we ight
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tJ)
6t
55
)o
(a)(
(f))
5o
)r
5t
l')

5a
51
)o
57
4B
lB
53
50
tJ.!
(n

50
Lt.z

t
1.

I
1_

1_

1_

L

1

T

1

L

1
4
L

i
L

1

1,

1

1

T

1-

L

L

t
L

Lt, lb
5

I h.e

t38
14.5
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r36
130
L4.?
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r)o
13q
I lL.c

L4.5
I Lury

I Ltc
1?O
L5L
r lQL)a
1<2
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15tt'
I L,,q
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< rlt

L5T
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L45
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146
14.8
L50
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r53
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111
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L50
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4.6
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') t-1)(
42
)(
44
t,
4o
Luz

36
40
40
35
4B
36
t+4

34
tvl-
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L
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APPENDIX TABLE V - IIVEIGHT OF PUPAE FIìOÌV] THE FOUR EXPERII,i]ENTAL GROUPS HIVED 2 I{AY n 19?O

Hive No

¿ T I,LâV

16 Jun-e

LZ Jul-y

4 r\ug"

26 Aug"

1- 1b" Grou
2

LzB " 0',t

tcA Ò

L37.0

LLþz 
" 2

r4o "6

6

ttg "4 t25,4

LL9 " 5 129,5

î2t "1, 13r, o

126"2 t43"?

t3r "B 14Õ "6

B

2 lb" Group
?

1

a
a)

L22 "7 L29 " 0 Itg "2
t24"a 123"9 1_27.2

r3Lt "z r3i.?t t34, 5

tþL "4 140 
" 
8 r38 ,6

!35.g l-1p4."B t36.6

I,iiean we ight
Hive no, 2
llive rlo u 4
Hive no" 5

5 B

of 25

used
used
used

3 l-b" Group
a

pupaeu in mgs,

from this date
from this date
from this date

L?8"2 L22"0 129"4

L32"6 124"9 132.6

r32^o L3? "6 L35"1

!3g.5 L3g 
" 52 !34..g

t38 ,2 tt+6 
" 
6 1_43 " 2

9 10

(weighed as one sarnple)
ofl u

ofl 
"

o]'t 
"

4 lb. Grou
.))

L32"8 132"1 r27 " 5

tJ6"Lp L28.6 1_jo"z

135 "4, L25.6 r34 " r
ô

135,3) 135 "B

!4.2"2 g6,B

7 1"0

ts
N

Þ



APPEND]X TABLE VÏ * FTvE DAY GÂINS (:.ns"¡ oF

r}fE FOUR EXPERTIMNIAL GROUPS

Ju¡¡e 19*23 *1
Zls*28 o
29* 3 *t

June gaÍ-ns ^2

Group

"Tuly ¿þ* I
g*L3

1¿e*18
Lg-23
2l+*28
29* 2

JulJf ga5-ns

Á'ug" 3* 7
8*L2

13-17
L8*2?
23*27

A*g" gains

-6
0

*/,ø)
*8"5

0
?2e
9"5
r+, s
5,0

1.1_

52

28"5
zLþ, s
*5
+7
+3
5B

*3 *le*2,5 +n 
" 5*3"0 +2,5_8"5 0

?, -t29"5 36"5L7,5 L3,5
9"0 7"511,5 _*s

13" 5 18,0
83 

" 
0 71t,5

2Q"5 3L2s L4
-8"5 o0g*5'5 *le
26"5 50

*2
23
2L,5
L0
L0"5
L5
7B

TotaL gai¡re nOB

ONE SCALE COLONY TN E.ECH OF

ßgag AND L9?0)

2L,5
25
*2

+L2
@)

53, 5

L23

'Ee seale pl"aced under dåfferent eoJ.ony in the group.

*3
,5

+1.
*3"5

+6
L2,5

6
L7 ,5
4r
tI+
97

*1
+7
+4

x4
?,8,5e
2L+

L5
5L
32

L6t+ 
" 5

50
56"5
26"5
+L
*2" 5

13n,5

300101

*L,5
0

+10,5
+9" 0

22
?6

9
L6
66
I+6, s

185

6a
33"5
29
+i.
*3

3-20 
" 5

3Lt+ " 5
Lår+ 

" 5

3te
4te
28
-)
+3
o5

*f."5
.5

+LL,5
+ 9.5

"5
"5

198"5

L6"
o-/ø
Ìt

16#
65
3t+
tl5"

79
¿&B

3t
.Y ¿,

-2"
56.

5
5
)

5

É)
5

3n1"5

H
-Þ\,



APPENÐTX T,åBLE VII * MAXTMUM, MINTMUTIl AND TvTEAN TEMPER/\TURES FOR THE MONTHS OF MAI'

JtrNEe JUr,y AND AUGUST (rg6e-tgzo) l4TNNrpEGu Ml\NrToBA

normal l¡onmal, Normaf
l4ontl¡ Max" Min" Mearr

May 6lp" t 1p0"6 52,t+

June 72"6 50" I 6L "?
Juty ?9"7 56,8 68,3

/[ugusib 77 ,5 5t+ " 5 66 
" 

0

¡ç Normal yearJ.y average based on a thirty year períod Lg3L*rg6o,

n968

l{ax" Mfur, Mean

60"6 j?.0 ls8"B

70" B Io8 "le 59,6

7 5,0 52 "t+ 63 "?
69"o 50"B Sg,g

L969

Max, IVIi¡a" Mean

63 "o jB "? So,g

65 
" 
o I+z,? 5t+. o

75"5 55"0 65.3

Bt,z 57"g 69"6

L970

Max" Mi¡e" Mean

59 "1+ 38 " 
1 1e8, 8

28"o 53"g 66,0

79.8 ST "g 68,g

79"¿$ 52"5 66"0

H
N

o'\




