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ABSTRACT

Various faebors were sbudied tn bhe fteLd a¡rd

j.n the laboratory to aseertain thelr effects on the

welghts of honey sbomaehs of rnrorker honey þees"

þiefhods ürere devised for kifling beeo lnstantly,
to Brevenf regurglËatlon of food from bhe honey sbomach

or its passage backwards to the midgut, and for removlng

honey stomachs fnom the bees"

Factors whieh were thought to lnfLuence bhe

welghf of honey stomachs were examined ln the followtng
experiments ¡

(a) groups of bees sf varioue ages were rennoved from

a hlve and either starved or fed continuously or f,lrsb
starved for varlous time ¡reriods and then fed for 0,5

houtrs.

(b) groups of bees of varlous ages were fed wtth htgh

or low eoncentrablon honey solutions continuously or
for varlsus time perlods followed by various perlods

of, starvatiorl"

(") groups of þ bees of varlous ages were supplied

with food and a]lowed to feed groups at 2J, 50, otr

loo bees of varlous ages through a sereen for various

time perlods,

(d) groups of bees were coll-ected on given days from

bives ab 9OO-]0O0, 1300-t400, and }TOO-1BO0 hours

throughout the sprlng and summer seasono They were

collected on open and seaLed honey comb ceLl_s¡ orl



open and seal_ed brood ceffs, when leaving the hlve,
and when reburning to it with loads of neetar andr/or

po1}en,

It ls concluded, from these experiments, that
ageË, lengbh of feeding and starvation periods, Bugar

concentration of, food, posltion of bees on various
combs ln the hlve, f,oraglng activitles, season, tlme

of day, honey flsws, and the feedlng of large groups

of bees by smaLl, oneÊ affects the welghts of honey

sbomachs of rnrorker honey bees"
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CHAPTER T

INTRODUCTTON

The fa'ansfer of regurgxtated material" from the

honey stomachs of bees, rn ühe forr¡r of water, nectatr,

honey, and probably glandurar secrebions, oceurs com-

monly betv¡een adult membens of honey bee colonLas"

some or a]] of bhese matenfatrs may be tnansferred
from worker to woc'ker otr f,rom worker to queens and

dtrones u

Recently, thls bc'anøfer of material_s between

adult u¡onkez's has beera shown to be imponüant ln feedlng,
recruitment of foragerÊ, defense, fnteraütraetl0n of
workers, colony eobeston, divtslon of labouru and

1n Ëhe oharing of certaln ehemicat materiaLs (e"g"
t'queen substancett) which affect colony ]ife.

Albhough several_ sbudies, relating to the

exfenf and frequency of fsod transfer ln coLonres

as we]l as the behavioral patterns ueed duntng trans-
fer have been done little data are avaflabLe conosrf,l*

ing the f,actors which affeet the amount of food heLd

in Ëhe honey stomachs of workersu One probLem that
has made studles of f,ood bransfer difftcult is that
if has not been e&sy to pnediet wtth reasonable

aecuracy whaf amounb of f,ooda bee has in its honey

sËomacb according to its age and its prevlous treat-
ment "



o
L

ln thfs thesia varlous f,acbors (*"g. length
of feeding and starvabton perrods, suga* co¡rcentra-
tion of foods, poertton of bees on vanrous combs

in the hive¡ âg@, foraging duttes, seasone time of
day¿ honey flows, feeding of, large groups of, bees

by small groups) which nrrglit affect the amount of
food ln the honey stornaehs of þees we¡-e examtned

both ån the field and in the laboratory,



CHAPTER II

REVtrE!'i OF LTTERATURE

Free (]959) revlewed bhe titerature aboub bhe

transfer of food bebween the adult members of a honey

bee colony(in€" trophallaxts); asummary of this review,

is given below"

Food transfer by honey bees was firsË observed

by Doolitbfe (fB9O, 1907)t he notleed that moet nectar

gabherers wlth ]oaded honey stomaehss oR returnlng bo

thelr hive, passed bhe neebar to house bees, and dld

not deposlt the nectar dlreetly into storage eel.Lso

Park (fge¡) found that ln a smaLl coJ"ony, when some

workers were al.J.o¡qed Ëo colfecË coloured water, that
the next day about 50% of tL¡e workers of the colony

had col-oured abdomens, indleatlng that the ooloured

v¡ater had been dists'lbuted among them" Nixon & Ribbands

(WSe) tralned 6 workers to a dlsh from whtch the

worker coll"ecbed 20 nr}. of sugar syrup contalnlng

radloactlve pbosphorus. The dlstrlbutlon of radio-
aeblvlty among bhe bees was then studied; the results
showed that 62ft ot bhe foragers and L6*2I% of all the

wotrkers were radioaetlve within 4 hours¡ êñd T6/" of the

foragers anO 43-6Oft oî a}] workers were radloactive

within 27 hours. The nurse bees $Iere signlflcantly
less radloacË1ve bhan the fonagers. Thls wid.es¡lread

radioacfivlty indicated oraL transmlssion of the

syrup rabher than spread by external contacË, slnce



4

heads, Iegs and wings of radloaetive bees were not

themsefves radioacbiveu The food whieli is transf,erred

Ls wafern nectatr¡ or" honey regurgitated from the honey

sfomaeh, but on $ome oceaslons ft may afso be glandular

secrefions.

Food bransmission belps the eommunlby to feed

ltself. The l-arvae are fed by workerç, bub there is
no lndlcation bhat larvae pass any materiaL bo the

aduf,b honey bees (f,indauer, 1952),

The transfer of food betlseen two worker bees,

as Free (W>f) deseribed lt, starts by one of them

elther soLlcitlng or off,erlng food to the other, When

a bee is soliciting f,ood, she thrusts her tongue

toward the moubh-parts or Ëome part of another beers

body" A bee who offers f,ood opens her mandlblee and

reguirglfateõ a drop of fluid between the mouth*parts"

Free (WZA) found bhat offertng and boggtng behaviour

ls dlrected more to the head than to other parts of

the body,

Lindauer (L95t4) and Free (tg16) found that

during feedlng, both gíver and recelver stroked eaeh

other acüively wlth bhelr aRtennae; the antennae of

bofh the giver and receiver of food are usually in
constanf motion and are contj-nually comlng Into
eontact" The antennae appear bo be very i-mporbant in
reLeaslng botb solicibing and ofgrering behavlour (Free,



Ã

L956) io honey beas"

Rðscir (J-925) found that a worker bee whtch ts
younger bhan 3 days oLd obtains al"J. of, lts food dlreetly
from obher bees¡ and does not feed itself wlth food

from the sborage cel"ls, PerepeLova(fgaA) found that
bees }-J days old were fed by othere whose age ranged

from J to 14 days, bu6 Free (f957) found that there

was a l*¡ide variation ln tbe ages of bees whlch fed

young bees, Istomina-Tsvetkova (J-g!fr) feund that bees

of all ages (including bhose }*J days old) bobh give

food Eo, and neceive food from other bees; there was

no deflnlte age sequenceo

Both Free (tg!¡g) and Istomina-Tsvetkova (fg:¡)
agree that bees, 1 and 2 days old, give food as weJ-]

as receive Ít, þub sueh bees do not gtve it as fre-
quently ao oLder þeesu Howevetr, pershad (fge6) found

that withln groups of the same age and from ilre same

colony, thene was no food excbange between bees 1 day

old; exchange reached a maxlmum ab 4 dayso Free (tgSg)

suggesfed that as a consequence there was a bendency

for food to pass from the oLder bo the younger bees.

ALmost all of the older workers wetre foragers, which

passed their neetar Loads to the younger house beeso

Free (WSf) also found bhab there was a tendency for
food to þe transferred beËween two bees of about the

Êame âBêo This nay in part accounb for bhe fact that
Nixon & Rtbbar¡ds (WSA) naA found in thej.r experimenb
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thab the proportion of radioacbive indlviduals was

greafer among the foragers than among the house bees,

Ðelvert*sarr.eron (rg6s) found t]',aï in Ëhe first
48 hours vrorker kept ln cages, fed their sisters rather
bhan bees from anothes' eolony; after this no preference

appeared bo be shown" This flts in wtbh pershad¡s (rg6z)
observation that durtng bhe flrst 24 hours, food trans-
rnisslon vras motre frequent between bees of bhe came

origin than between bees of different origins"
In general in the transfer of food, bhe giver

has a fuLLer honey sbomach than the receiver" But there
is sometimes an overlap in the amount of food in the
honey stomaehs of, both giver and recelver, hlhether a

bee offersp of, begs tøæu food rs eertalnly not governed

entirely by the amount it posseÊses !n tbs honey

stomach but may be lnflueneed by severaL faetors
(nree, Ì959) " when bees perform dubtes such as bnood

rearlng and wax production, or when they are on the
outside of a winter cluster, they normally retain
large amounts of food tn thetr honey stomachs.

Istomina-Tsvetkova (fg:8) fournd that the

amounf of food which foragers retafn tn their honey

stomachs after passing some of tt to house bees

dependo upon the lengbh of their next fllght"
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Free (lgZg) suggested bhab the amount of food which

different bees have in Eheir honey sËomachs when they

are wi]]ing to give or reeeive it probably also de*

pends upon their prevlous experience; for example,

previous starvation, aubsequently cau.sed them bo

rebain more food than those bees which had been tilel-l-

fed '
Isbomina-Tsvetkova (t957 o 1958) f ound t'hat

there was a dinect relationship between bhe nuniþer

of tirnes a bee exchanged food wlth obher bees and bhe

number of times it visited Larvae. !{hen þrood rearlng

was reduced, there were fewer exchanges of food, and

these exehanges showed no dlurnal variationo There

was also a posltlve relabionship between fhe durafåon

of feedlng contacts and the quanbity of, food trans*

f erued,

Fsod bransmlssion among the members of a bee

eolony sometimes setrves as a fonm of eommunieatlon,

A small amount of necta¡ given by a returning forager

bo pobential f,oragers wlthin bhe hlve informs them

of the qualiby of the forage they are to seek (nrtsch,

L946) " Johnson & Wenner (fg00) found that conditioned

bees can be recruited to a food source in the fleld,
by giving them a smalf amount of the food (or iust
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the seenb of the food) earuied by the returning
foragers (see al-so Frisch, 1968), The experlenced

bees urhieh abtend dancers are reeruited Eo the source

at which they had earlier suecess and not necessarily

bo focations lndi.cated by 6he dance tnformation
(Johnson, 196T) "

Ribbands (tgSZ) suggeeted that in the honey

bee conurunlty food transrnission ts the foundation of
þoth divlsion of ]abour and mutual reeognition"

Worker bees can trecognize their hivemates by the

dlstinctive odour which is given out frorn the scenb

gland,, Sharlng of faod among u¡orkers ensure$ that the

aromatie waete prod,ucts of their metaboliËm atre slmilar,
thus facilltating the defence qf tlre eommunlty agal-nst

elther robbers or oocial parasttes (Rinnands, 1953)"

Butler (fgS¿+) showed bhat 'rqueen substance't

eireuLates through the whole eolony by food bransmlssron,

and lnhlbits the development of the ovarles of worker

bees and the building of queen cell-s"
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CHAPTER TII

GENERAL METHOÐ

A" METHOD OF KILLING BEES

In af]. @xperimentsr each bee musb be killed
before the honey Ðtomaeh (crop, or honey sac) is taken

out and welghedn After any test, the bees ln bhe same

group, or differenb groups ln the same test, must be

ktlted at preclsely the same tlnoe; thls ls done bo

avoid any vartabion in honey stomach contents between

bees whieh ane klLled Last and thoee l,¡hlch are ktlled
first" It is also neeessary to u6e a mebhod whlch

kilLs bhe bees lnstanbLy so that regurgitabion, or

pasËage of the contents of bhe honey stonrach into the

midgut, does not occur due to bhe method lt'self "

Five dif,ferenb methods of killing bees were

tested wlth the above ln mi.ndu These were i

J.. Cyanide gas mebhod

2o Carbon dioxide gas method

3n Freeze rnethod (temperature -2oo to *3OoC)

4o Ðry ice method (temperabure -6oo to -7ooc)

5, tiquid nitrogen met'hod (temperature -l95o0)

Four diff,erent ages of bees were used in each

experimenb (2, T, 14, and 2L days old). In order üo

obtaln large number of bees of the same â8€¡ severaL

frames of emerging young bees were pub into an incu-

babor wlth the bemperature ab about 35oC" After 24
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hours, the emerged young beee uiere marked and pub

back into a hlve tn the field, Mueh tf¡ne and labour

can be saved lf one does not have to mank bhe bee;

bhus only yeLl,ou¡ strains of bees kept in a black
strain eolony, !ùere used in each experlrnent. A certain
number of yellow bees were taken out frøm ühe bLaek

sfrai-n eolony when 6hey were Z days old, 14 daye old,
ebe" as required" Ten blaek strain colonles üretre used

in furn in the su¡nmer for the purpose of, obtalning
bees of the same agee

Before each experiment, the bees of the dlffenenb

ages were collected from the hive in the morning (gOO*

1OO0 hours), and were starved for Z hours in a plastic
cage (S * T"5 x 10 smoe Ftgure 1); they were bhen fed

for 30 mlnutes with a 5O% honey and rvater solution
wibh carmine dye added" The feeder conslsted of a

glass tube (O"B crrro in dlameber) Located on the toB

of the cage, ALl of the oages wetre kept in the Labor-

atory at room temperature with the lights Left ono

Twenty bees of the sarne age þrere used in each test"
After the bees wetre ki]led ten bees, serected at random,

wetre exami-ned for regurgitaöion firsb, and the other
half were dissected and examined for passage of food

into bhe midgut' rf the percentage of bees regurgltating
food for a]] ages combination was high (i.u, arbitrarily
set af 3O%) then the other 1O bees per test were not
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disseebed"

Eaeh test was replicated six times in this
experimenb, excepb for the 2 day old bees which were

replicabed onLy 3 timesn

Afber being kilLed, the bees were bransferred

to petri dishes, sealed in a plastie bag, and kept in
the deep freezer aE a temperature of -30oC" for }-J
months" The bees can be kept for several months ln bhis

condition with libtLe desiccabion or change of honey

stomach tissues"

1O CYA}üIDE GAS MBTHOD

The poisonous gas of cal-cium cyanide (free-

flowing powder) was fntroduced inbo a cage with 2O

bees in ib, and in each test bhe bees ï¡ere kill-ed

within 2 minubes" After bhe bees v'tere ki}Ied, bhey

were checked for regurgifation" The resuLfs are shown

in TabLe J.. Because the percentage of regurgitablon

was hlgher than JOfi îor all ages combined, bhe passage

of food inbo the mldgut was not cbecked.

Taþle 1o Movemenb of food from the honey
stomachs of bees kllLed with cyanide gas
(totar number of bees pen'age grogp is l2O,
éxcept only 6o in e day old group)

movemenb of
food from age
honey stomaeh 2 --

of bees (oays) Tobal /"
T 14 2r

Foreward 3t5 33 26 75 36
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2, CARBON DIOXIDE GAS METHOD

Carbon dioxide gas was inbroduced into the cage

containi-ng 20 bees¡ after the cage was sealed in a

plasblc bag. After 2 mlnutes a}L of, the bees Ì{ere

anaesthetized, The results (taUfe A.) show that Ëhe

pereentage of regurgibatlon for all age comblned was

higher than 3O/o"

In both the cyanide and oarbon dioxlde methods,

a few þees wiLf recover wtbhin 3*5 rninutes fnom the

effecËs of, the gas"

TabLe 2o Movement of food from the honey
stornach of bees ktl]ed with carbon dioxtde
gas (totat number of bees per age group ; I2o) *

movement of
food frorn
lroney stomach 2

Age of bees (aays) rotat %7142L
Foreward 24 e5 T7 23 Bg t+¡

3. FREEZE METHOD

The cages containing the bees hrere kept at -AOo

to -3OoC" Twenty minutes were required bo kill al-l of
bhe bees, because bhey elustered and kept ürarm for a

short period of time, The results are shown in Table 3.

More than 30% at bees of all ages combined regurgitated.
Table 3. Movement of food from the honey
stomach of bees killed with freezer method(totat number of bees per age group : 120) #'

rF except only 6O in 2 day old group
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Movement of
food from
honey stomach

Tobal, %ABe of bees (aays)
T142f

Foreward r5 JÕ 3CI 35 1l"B 56

:::y:::*-*- -*-**-:***-**:--**---:---:**-l**-**:*****:*

4 o DRY IcE METHOD

A bhermos jug containing smaLl- pieces of dry

lce ln a 95% aloahol water mixture wl]i. Lower the

bemperabure to *600 Eo -TOoC. A best tube was put into

the wide mouth thermos jug" Affer the alr bemperafure

in the test bube reached that of the dry lee alcohol

mlxture, the bees ldere bransferred from the cage into

the test Ëube; bhey were killed by this low temperature

in aboub J. minute. If bhe bees were kept in thre tesb

tube longer than I mlnutes, they become very hard and

broke easlly when being transferred from the test tube

to the petri dish, In bhls study no bee was kept ln

the test tube longer bhan J minutes,

The results are shown in Table ¿+" The percentage

of bees of al-f ages combined whlch eiüher resurgitated

or passed food into tbeir guts was Lower bhan 3O%"
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Table 4. Ivlovemenb of food from bhe honey
stomaehofbeeskif}edwibhdryicemebhod('i;îäi"-"u*uãr of bees per ase sroup : ]ao)e

Age of bees (g*Y") Total /,
2-7142I

movement of
food from
honey stomach

Foreiøard
Backward

]4
''i

5, LIQUID NITROGEN METHOD

Liguidnitrogenproducesabempenatu.reaE]ow

as *f95oC", but it evaporateo very quiekly when the

contaj-ner is wgrm or tthen alr eurrenbs pAËs over if "

Therefore tt is benb used tn bhe laboratory rathen

than in the fie1d"

Thebeegappeartobeki}}edbyliquidnitrogen
ln ]ess bhan ] eecond, TFre eage, Screened on both sides

and conbair¡ing bees, was dipped into the liquld nifro-

gen fon L or 2 seconds In thls ebudy' Ttre bees break

fntoplecesifbhecagelsdippedtnbobhe].iquid
nibnogen for longer than 3 seconds"

The resuLbs are shown in Tabl-e 5" Veny few

bees were found to have regurgitabed or to have red

honey in bheir gubs caused by thls method

Table 5' Movernent of food from the honey
stomach of bees ktLted with l-iquid nlbro*
gen method (f-otaf number of bees per age
group : 120) *

G

4
]o

5

6

l
38 l-B

LT B.

* except only bo tn 2 daY old group
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TabLe 5"

moverner¡t of
food from Age of bees (Cays) rotat %

::::{ _ : : ::: :: _ _:_ _ _ _ _ _i _ _ _ _ _ _ : : _ _ _ _ _ _: i _ Ð € E @ â Þ E € ê è s 6 _ €
Forewac'd0OLZ3]

:: : i3:: : _ _ _ _ __ : _ - _ _ _ :: _ * * - : * _ 
t* 

_ * * * _ - *1 * * _ * * *: * _ _ _ _ : _ _

SUMMARY

Five methods of killlng bees were tested
(See Table l*5), these were: eyanide gas method,

carbon dioxlde method, freeze method, dry lce method

and llquld nibrogen method. The first bhree methods

caused a high nurnber of becs to regurgitate (more than

3O%); using dry ice and ttquid niLrogen IEft and fø
of the bees respects regurgitated and g % and rft of
bhe bees respecÈs passed food into their guts"

.According to the s'esr¿lts, the llquid nitrogen
mefhod save bhe lowesb pereentage of regungibabion, or
passage of, food rnto gut¡ but due to the pnaatieai.

dlfficulties of using it (i"eu rts rapld rate of
evaporabion), thls method was used only tn the

]aboratory and the dry iee method was used rn the
fi.eld durlng bhe sumrner of 1968.
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B. METHOD FOR REMOVtrI\IG AND WEtrGI{TNG HG}üEY STOMACHS

Aftes' the beee are t,aken out of, bhe deep freezen,

lfi takes betv¡een 15 t,ø 2Q mlnutes to soften the hard,

trazen bodles for d.isseetion" There are bwo ways to

remove bhe honey stomaeh from the abdomen of bees:

1, Remova] of bk¡e honey stomaeh bhrough the anterior

end of tbe abdomen (nigure 2"),

2. Removal of the honey stomach bhroughr bhe posterior

end of the abdomen (r'igure 3')"
The firsb neth@d is used when the bee has an

empby honey sbomaeh or a sma11 amount of food (less

bhan 5 mg* ) in bhe honey Ftomaeho and the seeond

mebhod is used when the bee has a large amounb of

f ood (more than 20 mg. ) i-n tne honey stomach"

Uçuaf,l"y one can dif,ferentiate bebween a bee

v¡ibh a fuU. or empty honey stomach as fol]ows:

The ful] bee has a round, distended abdomen, due to

bhe ful-] honey sbomach ]ocabed within the first fwo

or tbree segrnents of the Abdomen" When vlewed from

the ventral side of, abdomen" the slze of the honey

stomach can be esblmated fairly weLl with practiceu

The starved or empty bee does not have a round,

disbended abdomen, and the abdominal segments atre

telescoped bsgether" (Figure 4.)"
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Af,ter being removed f¿om bhe abdoneR, tbe

honey sbomach ls put on a precision l,orque balanee

and weåghed, This weighlng shouLd be done wlbhin

J.0 eeconds as blne honey stomach w1]1 dry quickly

when exposed to bhe aår"
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Figure J. Standard plasbic cage wlth
screened sides used in most

glass tube feeder arld
experimenbs
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CHAPTER IV

EFFECT OF STARVATION ON HONEY STOMACI{ OONTENTS

INTRODUCTION

Laboratory experiments involving the transfer

of food bebween adult wonker bees are best done wtth

þees u¡hleh have large an'lounbs of food ln bheir honey

sbomachs and þees with small amounts" This Is because

the transfer of food occurs most readily bebween bees

with fuLf and bees witL¡ empty honey stomache" The

experimenbs are best conducted however when one knows,

withln narrow lirnibs, what amount of food a given bee

earries in its honey sbomach and what its age is be-

fore any glven expenlment is begun"

The fol,lowlng experlments vùere done in an

aËtempt to ascertain whab effect age and starvation

has on kroney sbomach wei.ghts and in an attempt üo

predict what amounË of food a bee rnighb contai.n tn
Its honey stomach accordlng to its age and various

perlods of food supply"

A differenE set of bees, 2, T, 14, and 2L

days old, were used in each of the tests descrtbed

below, During the festing period, bees of tbe same

âB€.r from the same hive, were dolLected at random

from bhe eombs at the same time (9OO*fOo0 hours) 
"
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Afben the bees luere removed from the hive,

25 bees wetr@ dlssected for eaeh repllcabe and the

weighb of ther-r honey sfomaehs recorded"

Three dif f erenb types sf bests lqex'e done I

A. Gonbinuously starved

Bo Continuously fed

C, Starved first fsr varlous periods of birne and tbren
fed for JO minubes

Each test eonbained LOO bees of bhe same age

in four oages, 25 bees per eage" Ln both bests A and

B, the bees of one eage wetre dissecbed and thelr honey

stomachs vrelghed after they had been rernoved from bhe

hive 2 hours" This procedure wao repeated at 4, 6o

and B hours alsoo In tesb C, the bees in the ftrst
cage wetre dlseected affer bhey had been ctarved for
1.5 hours fol-Lowed by a 0"5 hours feeding, the second,

thlrd, and f,ourth cages of bees were dissecbed after
they had been sbarved for 3"5¡ 5.5s and J,5 hours

respectiveLy foLlowed by a 0"5 hours feedlng" In

both test,s B and C bhe bees were fed wibh a 50%

honey and water soLutåon with carmine dye added"

Eactr test was replicated 3 times"

RESULTS

The resul-ts are shown ln Table 6, T, and B

ar¡d in Figur€s 5¡ 6, and 7, Generally speaking prhen
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ofder bees (f4 and 2] days old) nere first removed

from tbe lrive bhey had more food in their honey

stomaehs than did the younger oneË (2 and 7 days old)

(See Table 6")"

In test A, where bhe bees were conbinuously

stanved, the honey sbomach welghts of bhe bees of alf,

ages Èended to drop off at about the same re6e except

for the honey stomach weights of bhe ]4 day otd bees

whtch were starved for 4 hours af,ber removaL from the

hlve (see Flgure 5.), Mortaliby of bees occuryed

among the 21 day old bees; 43 out of the 75 (g repli-
eates x 25 bees) Uees wetre moribund at 6 hours and

bhenefore were nob dissecþed and 7O oub of T5 (S

nepltcabes x 2þ bees) nees were dead or moribund

ab B hours and were not dlssecbed"

To obtaln bees wifh low amounËs of food ln
thetr honey stomaehs (1"*" Less than 5 mg") for ex*

perimenta] purpose, 2 day old bees can be ueed at

about 2 hours, 7 day old þees at 4 hours, 14 day

oLd bees at B hours and 2L day o]d bees at I hoursu

In test B, insplte of being fed eontlnuously,

the amount of food in the honey stomach of ttie bees,

tended to deerease at about bhe same rate for the

ftnst 2 hours for al] ages and thereafter at the

same rate for the 2 and 7 day ol"d bees (except fon

bhe 7 day old bees at 2 hours) 
"
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The younger bees in besb B kept less food ln

their honey stomaohc than the older bees" The amounö

of food in tF¡e kroney stomaøhs sf the 14 and 21 day

oLd bees increased af,ber 2 and 4 bours respeetlvely

but for the younger bees, 2 and 7 days old lt inereased

after 4 and 6 hours respectlvely (see Figure 6n)"

There ls a greater variation ln the amount of food

tn the honey atomaehs of older bees than in those of,

bhe youngee on@s (see Table 7,),
The results of test 0r (when beeç were starved

for vani-ous perlods followed by a O,5 houns feedtng)

showed bbat tbe dlfferenb age groups behave quibe

dlfferently bo the same breatrnent, In the flrs6 treat*

rnenþ (f "5 hours starvatlon foLlowed by ê O"5 hiours

feeding), Ëhe honey sËomachs of eaoh age groupe exeept

for those of the â day old bees Inereased ln welght.

In the ]ast treatmeab (T "5 hours starvaËlon foll"owed

by a 0"5 hours feedlng), the honey stomachs of each

age group lost wei"ght (exeept for tbe l4 day old bees).

Between these two time llmlËs the welghts of the honey

stomacbs varied csnsld^erably although it was evldent

that the younger bees k¡eLd fess food tl:an dld fbe

oLder ones (see Figure 7")" Some of the 21 day old

bees di.ed during bhe tesþS T oub of t'h'e 75 bees were
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moribund at 6 hours amd bherefore wetre noË drsseebed

and 34 out of the 75 bees were dead or morrbund at
B hours and were not disseeted.

DISCUSSIOIü AI,[D 0ONCLUSIONS

Whether or not bees were kept åsr Ëbc håve or

in a cage, bhe older ones (14 and 2I days old) tended

to have aßore food ln tk¡eir honey stomachs bhan bhe

younger ones (Z and 7 days old), It is not known why

the older þees have more food bhan the yCIunger ones

in fhe hlve unless it is dlrecbly related ts the

duties they are performing when taken from the hive

(e,8. foraging for nectar), However, this does not

explaln ühe tendency in oLder eaged bees"

Dif,ferenb age groups of bees showed consider:

able variablon ln weight of honey sbomaehs; the ofder
bees had a greater variabion in the amounb of food

in thefr honey stomachs than did bhose of the younger

bees, Possibly this ls becauee the ofder bees hae

more food in their honey stomachs üo start with,
which allowed for a greater range in weight to oecuru

EarLier Free (J.957) found a wide range in the amount

of food in bhe honey stornachs of bees of mixed age6

botb when they wex.e removed from their hlve as well
as af,ter they had received simiLar treatment"
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In test As as e:{peefed, afber the bees had been

removed from thelr hlve and had been starved for varlous

pertodo , trre honey stomach weigbts of a]] ages of bees

deereased ln proporbion to the length of the sbarvation

periods" The ]4 day old bees dlssecbed after 4 hours staïu

vation vrere bhre excepbion and this may have been due

to some of the bees ln þhi"s Barti.cular eage of i4 day

ofd bees hraving slfghbly more f,ood. than bhe bees in

othec" oeges when eotrleeted from bhe hlveu

tr¡e test B when beee wetre eenblnuously f,ed, all
ag6 groupo of bees, for some unknown reaeone dld not

maJ.ntaln a steady supply of food 1n üheir honey stomaehs;

this ås pae"tlcularlly true of ttre older bees"

Free (L957) found that amons bees of rnlxed ages,

previous starvation caused bhem to rebain nnore food in

tbe honey stomaehs after 24 hours feedfng than control

bees whlch were contlnuously fedo He also found fhaf

constant and plentifuL supply of fosd caueed the bees

to retaln l-ess food in bhe honey sfomachs"

The results of Tesf C are dlff,iculb bo explaln,

when bees were sbarved for various periods followed by

a 0"5 hours f,eeding; in the yCIunger bees (2 days old)

there was a tendency Ëhat the longer the starvablon

pertod, the more food the bees Ëook. Among 21 day old
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bees, bhere waõ a shanp reducbion ln boney stornach

weighte wkren bees were sbarved longen than 3o5 hours,

probably beoause some of the bees were dylng of hunger

and were too weak to take any food in the followlng

0.5 hours feeding period" Among the 14 day old bees,

there was an une¡cplained bendency for bhem öo Ëake

more food when the starvabion period was longer

(excepb for the 3"5 hours starvation period fofLowed

by a 0,! hours feeding).

To obþatn bees wlth small amounts of food ln
their honey stomaetrs (1"u" fess bhan 5 mg") f,or ex-

perimenba] purposeo, 2 day old bees ean be used after
about a 2 hours starvation period, and J, f4, and

21 day ol-d bees can be used af ter about a )+ u B, and

B hours starvatlon pertod respectivelyu To obtain

bees wlth a mlnimum of 1O mg, of food in thelr honey

sbomaehs for experlmenbal Pu.grposeñ, only 14 day old

bees can be used accordlng to fhe treatments in
test B and C.

It' is eonoluded bha& êB€p leng$k¡ of varÍous

perlods of feeding, and starvabion are at ]east

partly responsible for the a¡nouat of food ln the

honey sbomachs of worker honey bees. The welghb of

honey stomachs can be predicted when best A is used

and o¡re requires a low amount (tess than 5 mg.) of
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food in the honey stomachs of bees of various ages

for experinrentaL purposesn Howevetr, due to the large
variati.on in honey stomach conter¡ts of the bees of
various ages and in various bests one can nob aecuratly
predict whieh bees have large amount (i"*@ motre than

20 mg,) of food in bhelr honey sbomachs"



Replicates

TA3I,E 6

WEIGHT ('oe.) OF EONET STOMACHS oF BEES OF VARIOUS AGES WITEN STARVED

,'I Total wt.
l',lean
Range

Total wt.
Mean
Range

Total wt.
Mean
Range

Total wt.
Mean
S.D.
Range

TT

209
8,4

1-38

L93
7.7

1-30

103
4.r

1-19

505
o"l
B,ll

r-38

25
1"O

I

25
1.0

I

25
1.0

T

7'
r.o

0
I

26
t,0
L-2

35
1"4
L-6

26
1.0
L-2

Bl
L.2

"il.
1-b

Age (d.ays) of Bees

l¿

."2J bees per sample
""Hours after removal from hive

"""Total of J! bees
S .D .Stand.ard deviation

25
t.0

T

2'
1.0

I

25
1.0

I

(2
l"o

o
I

25
1.0

I

25
1"0

1

2'
1"0

I

T'
i.o

0
I

536
2L"4
r-40

8l
ttrJo)

r-31

2l+2

9"7
L-29

B6¡
ll.5
Ir.B
l-l+o

25
1"0

I

3r5
l:2"6
r-¡+f

278
1r.1
I-38

6rB
8.2
9"8

r-hl

2'
r.o

I

25
1,0

I

25
1.0

I

T'
r.o

o
I

2' 2'
t.0 l.o

1t
25

1.0
T

25
r.o

t
nçt)

1.0
0
I

26
I"O
L-2

2'
1.O

1

76
1.0

oI
L-2

continued

(})
O



Replicates

Total wt.*r Mean
Range

Total wt.
ïï Mean

Range

Total wi.
Iïï Mean

Range

Total wt.
+ì(-)È Mean

s.D,
Range

o+iui

6g8
27 "7
5-t+5

?84
31.1+
B-5r

\z>
u.o
3-5\

LgoT
25.1+
13.2
3-5\

2

lÂtslt 6 (continued )

rl{.

333
13.3
L-35

280
11.2
L-3'

5L7
20.7
L-46

rI3O
15 .r
L3"2
L-,+6

Age (days)of Bees

3\5
13 "B
L-39

\zz
L6.g
1-60

hr6
L6.6
r-39

1rB3
15.B
)2.r
r-60

x 2l bees per sample*nã,o" atier remõval fror¡ hlve*Tot*l of J) bees
S oD. Stanclarcl clevlatlon

46
9"4

r-30

223
8.9

L-25

29L
1I.6
1-28

750
10.0
B.o

1-30

oo
L"2
L-2

0

27
t.1
L-2

2T
1.1
L-2

B3
1.I

"3
L-2

6t\
25.\
3-t+7

6gg
28.O
3-66

663
26.5
9-ro

L996
26.6
15'O
3-66

2

2L

375
r5.o
2-4r

239
9"o

I-28

382
L5 "3
r-l+9

996
13.3
ro"4
r-l+9

260
10.4
f -lr0

L22
\"9

1-16

l+oo
L6"o
r-43

782
10"l+
ro"3
r-l+3

?j.t+lzz
ro.6
r-37

ß18
)+';t
r-B

6f3 aees
2.O
I-2

o
0
o

l+fa aees
2.O
L-2

ro/5 bees
2,O

0
L-2

s/z
lr.o
t-6

275/33
8"6
9.8

r-37

(,
'#



Repllcates

TABI,E 7

v,iErGrIT (me. ) oF HONEY SïOMACHS OF BffiS OF VAßÏOUS AGES r¡rmN FED CONTTNUOUSLY

y- Total l^lt.
"I Mean

Range

Total wt.
ïI Mean

Range

Total wt.
IIï Mean

Range

*-*ru Total wt.
Mean
S.D.
Range

0""

209
B.l+

1-38

193
7.7

1-30

r03
4.1

r-19

505
o.l
8.4

r-38

133
5.3

t-22

L32
E)
).J

1-IB

98
3.9

1-10

363
l+.8
\.2

L-22

Age (days) of Bees

7B
?1J.¿

r-r3

75
3"o

t-r2

10r
4,0

L'L7

2r\
3.lt'
3.0

1-17

n*2) bees per sample
.....,tlours after removal from hiveo*Total of J! bees

S "D. Standard d.eviation

102
4.r

1-r3

109
4"4

L-L2

7B
3.1

l-1I

289
3.9
3.o

]-r3

r¡f
L.9

r-12

5B
2.3

1-12

,o
2"O

I-11+

v,
2.t
2"6

r-1!.

0

536
2L"\
1-hO

Bl
3"5

1-31

zhz
9"7

L-29

86¡
11 .5
Il.B
I-ho

330
13.2
L-37

2BB
rr.5
r-43

27L
IO.B
L-29

BBg
11" 9
9"'

r-43

4

234
9.1+

1-28

LT5
7"0

r-28

211
B.l

I-28

6zo
8.3
l.rl

1-28

LLz
4.:

L-20

L22
\"9

'| -2?

1l+I
,.6

1 -D.7¡ Lt

JNE)t)
,.o
5.6

L-27

B

\tz
L6,5
a)tç

r53
6"t

L-22

rt+5

5.8
r-Ik

7ro
9"5
B.B

r-42

continued o o ó

t¡J
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Replicates

Total v¡t.x-r 
Mean
Range

Total wt.
ïI Mean

Range

Total wt"
IïI lvIean

Range

,,.,., Total wt.
Mean
S.D.
Range

or+*.

692
27 '75-\5

TBI+

31.4
B-5r

\zt
n,o
3-51+

1901
2jJ+
13.2
3-5)+

fÆIE ? (continued)

¿

Bot
32"2
3-69

t+6j
18 "6I-4I

36L
L\.'
1-l+O

1631
2r.B
L5.4
L-69

f¡+

753
30.1

13-5I

,!+
21.1+
2"\g

866
3t+.7
B-60

2L53
28"7
J2"Lt
2-60

Age (days) of Bees

+--21 bees per sample
....1.ilor,r-rs after removal from hive
"'-oTotar of J! bees

S,D. Standard deviation

565
22.6
3-16

6\z
2' "T
6-48

4br
LB"5
t+-s6

L66B
22.2
1r.1
3-16

437
L7 "5
2-t+4

6¡s
26.L
3-t+T

59r
23.6
h-5o

r68I
22"r+
13. r
2-50

o

6S\
25 "\
3J+?

6gg
28.0
3-66

663
26.5
9-50

L996
26"6
15 "o
J.bb

2

t13
20.6
L-)o

4ar
16"8
r-h3

\gs
20.0
r-60

th33
19. r
t3.h
r-60

2L

287
II .5
r -eh

334
13 "4
r-39

l+fB
19.1
2-'l+,

Logg
L\.7
L2",+
r -hc

637
25.5
I-58

\zz
L6.9
3-5L

494
19"8
3-55

l-513
20.7
Iü.,3
1-58

aEnJ)I
r4.3
)+-35

338
L3.'
2-36

29o
r1.6
2-42

985
13 'r
9.r

2-l+2

UJ
UJ



Replicates

lotal wt.*r Mean
Range

Tota1 wt.
ïï Mean

Range

Total wt.
IIï Mean

Range

Total wt"v&s""" Mean
S.D.
Range

WEIGIIÏ (mg. ),'O¡'
WEEN STARVED

TA3T,E B

HONEY STOMACHS OF BEES OF VARIOUS AGES
AND FED FOR VARIOUS TIME }ERIODS

209
8"4

r-38

L93
7"7

r-30

103
4.1

1-rg

5o,
6.1
B"I|

r-38

L3g
>"6

r-20

I3B
5.5

r-20

128
,.L

r-15

l+05

5 "l+
4.1+

L-20

1B?
7.'

L-36

Age (days) of Bees

..n25 o"u, per sample
Lv'""Hours after removal from hive

"""Total of J! bees
S.D. Standard d.eviation

Ir+3

,"7
L-2L

120
l+ 

"B
I-21+

lr:o
6"o
6.1

r-36

r3l+
,.4

r-20

162
6"j

L-25

232
9"3

l-30

528
7.0
5.8

1-30

r0t
)+ "z

r-14

h¡
r.ö
L-6

26
r"0
L-2

L76
2 "I$
2.9

1-Ill

,36
2r.4
r-40

Bt
3.5

r-31

2l,r,2

9"7
L-27

B6j
11.5
ll.B
rJ+0

280
LL.2
r-40

384
15.l+
L-37

36r
rl|.tF
r-3r

LO25
L3"T
9"6

1-l+o

228
9"r

't -?"

313
14.1
2e2'(

3h?
L3.9
r-llf

928
12.4

9.1¡
r-41

.ÉI

B

D

E

3Ir
12"\
r-33

267
lo.7
l-33

L96
7.8

r-23

7Tl+
10"3

B"S
r-33

When removal from hive
Starved 1"1 then fed. 0.5
Starved J.l then fed 0.!
Starved ),1 then fed 0.5
Starved '( "J f,lnen fed O"5

185
7"4

L-22

198
7.9

L-24

rr6
I+ "6

r-19

\gg
6.7
6"¿

t-21+

hr.
hr.
hr.
hr. contÍnued ooô t^)



Repiicates

y Total
"T Mean

Range

Total
ïï Mean

Range

Total
Iïï Mean

Range

Total#* Mea'
s.D .
Range

wt. 692
27 '7
:--'t+,

wt. ?Bb
3r.l+
B-5r

wt. )+25

17.o
3-5lr

wb. I90I
25't+
13.2
3-r\

^')ÊYçA

TABLE B (continued)

70r
28.O

L2-63

,47
23.8
3-6o

68z
29.7
1-60

L930
27.2
rh.0
L-63

14

6jt
26.O
6-jt

507
24.3
2-l+0

432
LT.3
3-29

L59L
2L.2
II.1
2-5L

Age (days) of Bees

-x

2l bees per sample*Hóut, arier removal from hive'ffiTotar of J! bees
S.D. Standard deviation

D

6Bo
27.2
6-¡6

6o6
2\.2
7-43

7'L
30.0

L3-52

2037
27 "2Ir.9
6-16

E

6tl
26.9
B-h:

6go
27,6
L-62

7L5
28.6
6->t

2o7B
27.7
13.1+
r-62

A

6st+
25.4
3-4?

6sg
28.0
3-66

66s
26"5
9-ro

Lgg6
26"6
15 .0
3-66

720
28.8
5-60

2lo
23,O
3-58

983
39 "3

L2-73

2279
30"l[
:..6.z
3-73

2L

939
37.6

LO-62

705
28"2
\-tg

T5L
30.o
6-jz

2395
3r.9
13.3
\-62

A
B

c
D

E

2ß123
rr "g
L-27

3>t/ze
16.0
r-36

tl+s/zt
r4.9
I-Jþ

gq /6e
t+ "z
B"g

r-36

l¡ilhen removal from hive
Starved 1.1 then fect 0.1
Starsed J"l then fed O.l
Starved !.1 then fed O.J
Starved '(.J t}:en fed O.l

2!I/rl+ bees
L7.9
r-38

TzfB nees
g"o

L-2L

zJLft9 aees
12.3
L-26

,57 f\t bees
e3.6

9"9
1-38

hr,
hr.
hr"
hr"

t^)
\-n
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CHAPTER V

EFFECT OF SUGAR CONCENTRATION ON HONEY STOMACH CONTEIqTS

INTRODUCTION

It is welL known thab the sugar concentration of
neebars, when collecbed, varies considerably (about z-4o%)

depending on the types of flower, season, soir conditions
efc'" when the nectar ls converbed to honey through enzlrme

action and the removaL of molsture the sugar content is
at teast BO/o,

SeveraL experiments were done bo ascertaln if
Ëugar concentrafion of the food affeets bhe amounb of
f,ood that bees of, various ages ingest and retain, and

to determine (for experimental purposes) if one can

predict whab amount of food bees of various ages contain

when they have been starved and fed for various time

periods on di-ff,erent food concentrations"

METHOD

Bees of various ages (2n T, L4, and ZJ. days old)
were eol-l-ected from hives at 900-1"000 hours and ZJ bees

from each age group were dissected immediately after
removaL from the hive and the weighË of their honey

stomachs necorded. Other beesa of the various age groups,

hrere kept in cages in the Laboratory at roorn temperature,

for 3 hours during which time they were glven no food"
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Ao

Bo

Three differenb types of bests were done:

Conbinuousl-y fed.

Fed 0"5 hours foLlowed by a sbarvation peri.od of
], 2, or 3 hoursu

Fed 2 hours foll-owed by a starvabion period of
L, 2, or 3 houtrs.

In each test two different concentrabions (I5/"

anð, 6Jft) of honey and water solution were fed to each

of two groups of bees of bhe same age" Eacb best coÍ¡-

tained 200 bees of the õame age in eight cages, 2þ bees

per eage; half of them were fed with honey of high con*

eentratton (65n, and bhe other half were fed wiËh bhe

honey of Low concentratlon (lS%') 
"

After a feeding period in Test B (0"5 hours),

Test C (Z hours), and Test A (0"5 hours) two cages of
bees (one in which bhe bees were fed wtth 65rt noneyn

and bhe other in whteh the bees were fed with lJfr honey)

were dlssected and bheir honey stomachs welghedn This

same procedure was repeated after 1, 2, and J hours

(after bhe feeding periods) fn each test" Each test
was replicated 3 times,

RESULTS

üIben removed fron the hive, the older bees

(i"*. 2I days old) had rnore food in bheir honey stomachg

than the younger ones as also found in the previous

starvatlon tests (nigures B*13),

C.
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The amsunt of food which various age Sroups

of bees had in their honey stomachs after 3 hours star*

vation were cafeulated from the daba of Table 6 of Chapter

IV; the weights were 5,8r 9.2r 6"2n and Ì8"4 mg" for
25 T, ]4, and 21 day old bees respectivelyo Beeause the

initiaL honey stomach weighbs of the bees shown tn Tables

9*11, Figures B*f3 were higher than those shown ln Table 6,

Figure I when the bees were removed frorn their hives,

bherefore the caLculated honey sbomach weights after a

3 hour sbarvabion perlod were also hlgher"

Regardless of hov¡ long the bees fed (O'5 ox 2 hours)

after havtng been starved for 3 hrours¡ and regardless of

what concentrabton bhe food was, nearly all of, the bees

showed an increase in weight in their honey stomach con-

tents (Figures B*f3; Table 9-l-1)" The bees whlch fed on

htgher concentration food took more food and/or retatned

more food in their honey stomachs than bhose bees fed on

the l-ower concentration food' (see Tabfes 9*Ll-i Flgures

B*13) " As before, the oLder bees took more food than

the younger bees whether bhe food was of, high or low

concenfratlon"

In test A (tanre 9, Figures Br9) when bees fed

continuously on LJft honey there was a gradual decrease

in the weigtrb of thelr honey stomachs wlth fhe passage

of time; the honey stomach weigLrts of the older bees
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tended bo drop of,f steadily whereas bhose of, the younger

bees sbayed in tire same range (about 5 mg" ), When 2, T ,

and 14 day old bees fed continuously on 65/" honey, the

amounb of honey sbomach contents varied wtbhin a narrow

r&nge, but bhab of the 21 day oLd bees increased first
and then decreased after one hour"

In test B (fanfe fO, Figures lO, l1), when bees

were fed fsr O"5 hours on either 65/" or IJfi honey followed
by various periods of starvation, the amount of honey

sbomach contenüs decreased more rapidly in the ol"der

bees (i,*" L4 and 2L days old) than in bhe youngel" ones

(i.*,2 and J days old)" Figures fO, IL and Table lO
show that the predicbion of honey sbomach weighbs of
bees, for experimental purposes, iË not practica],

In test Ç (faUte ]f, Figures !2, l3), when bees

ü¡ere fed 2 hours and fo]Lowed by various periods of star=

vafion most age groups of bees gained ln honey stomach

welght (except tor ?, T, and 14 day old bees which fed

on t5% honey) durlng the feedtng period. When tbe results
of, test C are compared bo tbat of test A and B, one finds

that, after 3 bours starvation, most of the food is
ingesbed by bees of all ages between 0"5 and I hour;

after this period the amounb of food tn their honey

sfomachs decreases even when bhe f,ood is sbill avafl-
able, As In test B the amount of honey stomach contents
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decneased more rapidLy in bhe older bees (i"e" l¿+ and

21 days old) bhan in Ëhe younger ones (i,e. 2 and J days

old) 
"

A sLight increase in the weighb of honey stomach

contenbs was found in four tests (Z and J day old bees

fed on 15% inoney and starved for I and 2 hours respecblvely,

and 2 and J day old bees fed an 65% honey foLlowed by a

2 hour sþarvation period) during the starvation pertod;

this is probably due to bhe fact that each polnt on the

graphy represents a dissectlon of bees of different cages"

DISCUSSION A}TD CONCLUSIONS

Regardless of whether the bees hrere baken from bhe

hive, or fed in cages on either 65% or IJft honey, the

ol-der bees tended to have more food in their honey stomachs

than the younger ones (see TaþLes 9o fO, and 11)" Three

hours after the bees of all ages had beer¡ removed from

the hive and fed again, they showed an lncrease ln welght

of tbeir honey stomachs with most of the food being in-
gested between 0,5 and t hour" Afber L hour no large

lncreases in honey sfomach confenfs were recorded; the

honey stomaclr contents of bees fed continuously on 15%

honey decreased after I hour probably because of its
]ow food value,

tr'risch (rlS4), Ribbands (WSf), Free (1957),

and Nunez (fgO6) found bhat for the bees of mixed ages
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thene þras a preferenee for sugar syrup of high coneen-

trabion rathen fhan of Low concenbratlon, But Mommers

(t966) found that when the blmes of vtsibtng nectar

pLanbs incneased, the foragers were attracted by the

quantity of nectar but not the concenbration of bhe

nectar. i¡lel-Ls and Giacchino (fg08) found. bhat there

was no evidence that the Loads of sugar sofution carried

by foragers depend on ibs sugar concentration, its scent,

or the type of sugaro

In test As B, and C bees of ai.L ages (2, Tn f4,
and 21 days old) took more food when fed on high concen-

tratlon of food than on low concentrabion of food; when

bees were fed continuously on 15% honey, the honey sto-
mach weighfs of the older bees tended bo drop off stead-

ily whereas those of the younger bees stayed in the same

range, possibly because the bhresbold of, acceptance

(Frisch, 1950) of sugar concentration in the older bees

was hlgher than thab of the younger ones" ldhen 2r 7,

and 14 day old bees were fed continuously on 65% honey,

their honey stomach weighbs increased in the first A"5

hours; the amount of honey stomach contents varied witLlin

a narrow range during the next 2,þ hours" However, the

honey sbomach contents of the 21 day old bees increased

greatly for L hour and then decreased gradually during

the next 2 hours" Perhaps thls is because older bees

are infLuenced to a greaber degree by previous sbarvation
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experience and hence ingesb more food than do the

younger one8e

Vrrhen bees fed for only 0"5 hours on eitber 65/"

or IJfi honey followed by varlous periods of sbarvati-on,

the amount of honey stomach contents decreased more

rapidly ln bhe oLder bees bhan in the younger onesô

This may be bhe resul-t of increased I'excitability'r

and avbivity of bhe oLder bees; Jordan (W6A) found

that when bees of mixed ages were disturbed they con-

sumed more food" A slight increase in the weight of

honey stomach contents rnras found in four tests (a and f
day old bees fed 2 hours on 65ft honey then starved for
2 hours, and ln the Êame age groups of bees fed on 15%

honey then starved for ] and 2 hours respectivel;r) dur*

lng bhe starvation period; bhis i-s probably due bo the

fact bhat each point on the graph represenbs bhe dissec-

tion of bees of differenb cageso

Although the author is aware that a 15% honey

soLution weighs 19% by voLume lees than a 65% noney

soLution, this does not affect the slope of, the Llnes

of the graph of the two concentrabions" Alt,hough this
fact shouLd be borne ln mlnd no coapensations were rnade

in the graphs because bhe coneentration of the honey

stomach contents was unknown r.¡hen bees wetre collecbed

from bhe hive"
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Ib is concluded, that the concentrablon of food

is one of the more importanb factors affecbing the amounf

of, food contalned in the honey stomachs of bees as weLl

as the behaviour of the bees (Lensky, L96l; Esch, 1963¡

Levchenko, t96I; Free and Durranl, 1966; Nunez, 1966)"
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TABLE 9

WEIGHT (mg. ) OF HONBY STOMACHS OF BEES OF VARIOUS AGES
WHEN FED CONTTNUOUSLY ON TWO CONCENTRATIONS OF HONEY

Replicates Age (d.ays ) of Bees
2

ED
nö

651565156515l5** 65

Total wt.
*I Mean

Range

Total wt.*II Mean
Range

Total wt.*ffT Mean
Range

Total wt.
* * *¡1g¿tt

S.D.
Range

311 138 35t_
12.4 5. 5 14. 0
2-30 I-L2 2-28

284 L75 267
11.4 7 .0 10.7
2-32 1-18 L-37

249 L73 40L
10.0 6.9 16.0
1-35 r-23 1-43

844 486 1019
11.3 6.5 13.6
8.4 4.7 9.1

1-3s L-23 1-43

98 4L5 62
3.9 L6.6 2.5

r-L2 2-42 1-10

L73 357 92
6 .9 L4 "3 3.7

I-28 2-39 1-28

L7L 272 I52
6.8 10.9 6.1

I-37 2-29 1-30

442 1044 306
5.9 13.9 4.L
6"4 8.9 5.8

L-37 2-42 1-30

297 r24 340
11.9 5.0 13.6
1-30 1-14 2-39

386 81 5s0
15.4 3.2 22.0
4-40 1-11 5-55

303 105 236
t2.L 4.2 9.44
2-2I I-I4 1-39

986 310 7l-26
L3 "2 4.I 15.0

7 .B 3. B 12.L
1-40 1-14 1-55

*25 bees per sample**Concentration (%) of food***Total of 75 bees

A_
B

Weight of
Weight of
hours and
Weight of
hours and
lVeight of
hours and
Weight of
hours and

honey stomachs
honey stomachs
then fed for 0.
honey stomachs
then fed for 1
honey stomachs
then fed for 2
honey stomachs
then fed for 3

when bees were
when bees were
5 hours
when bees were
hour
when bees were
hours
when bees \,vere
hours

from hive
for 3

for 3

for 3

for 3

removed
starved

starved

starved

starved

C

D

E
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TABLE 9

WEIGHT (mg" ) OF HONEY STOMACHS
WHEN FED CONTINUOUSLY ON TWO

OF BEES OF VARIOUS AGES
CONCENTRATIONS OF HONEY

Replicates Age (days) of Bees
7

EDA
65t5651565t515* * 65

Total wt.
*I Mean

Range

Total wt"
*II Mean

Range

Total wt.
*[I Mean

Range

Total wt.*** Mean
S .D.
Range

54L 110
2L.6 4.4
11-41 1-16

193 L69
7 .7 6.8

L-20 L-2r

482 208
19.3 8.3
5-39 r-27

L2I6 487
16 .2 6.5
10.4 6 .3
L-4L L-27

294 LB2
11.8 7.3
1-40 1-19

361 151
14.4 6.0
1-31 r-29

387 L66
15.5 6.6
2-37 1-19

L042 499
13.9 6.7
10.8 6.0
1-40 r-29

461 115
18.4 4.6
1-- 41 1- 15

498 2IB
19 .9 8.7
3-31 I-20

513 L7s
20.5 7 "06-46 I-20

L472 508
19.6 6. B

10.4 5.5
L-46 r-20

393 rAL 511
L5.7 5.6 20.4
2-39 r-26 4-48

498 95 516
19.9 3.8 20.6
6-36 1-13 L-54

385 L52 4sr
L5.4 6 .1 18.0
2-39 1-19 2-53

L276 3BB L47B
17.0 5.2 L9 .7

9 .9 5.5 13.5
2-39 L-26 7-s4

*25 bees per sample
**Concentration (%) of food

*?k*Total of 75 bees

A - Weight of
B - Weight of

hours and
C - Weight of

hours and
D - Weight of

hours and
E - Weight of

hours and

honey stomachs
honey stomachs
then fed for 0.
honey stomachs
then fed for I
honey stomachs
then fed for 2
honey stomachs
then fed for 3

when bees were removed
when bees !\Iere starved
5 hours
when bees vüere starved
hour
when bees were starved
hours
when bees 'ü¡ere starved
hours

from hive
for 3

for 3

for 3

for 3



4g

VüETGHT (mg. ) oF HoNEy
VüHEN FED CONTINUOUSLY

TABLE 9

STOMACHS OF BEES OF VARIOUS AGES
ON TWO CONCENTRATTONS OF HONEY

Repli-cates Age (days ) of Bees
L4

ED¿I

651565l5651515* * 65

Total wt. 627*f Mean 25.I
Range 7-50

Total wt.*ff Mean
Range

2BL 566
II.2 22.6
1-33 I-52

664 506
26.6 20.2
3-47 2-42

260 426 26
10"4 L7.0 1.0
1-31 2-45 1- 2

385
L5 .4
1-38

306 348
12.2 13 .9
1-30 1-36

910 278
36 .4 11.1
2-69 I-45

67 4 153 876 r32 986
27.0 6"1 35.0 5.3 39.4
2-62 1-19 17-52 I-r7 5-70

I2L7 904 2398 II42 20BB 622 2283 266 224316.2 L2.L 32.0 l-5.2 27 .B 8.3 30.4 3.6 29.g11.8 9.3 15.6 L2.4 14.5 7.7 ls.s 4.3 17.31-50 1-36 L-69 I-47 2-62 1-31 2_59 1_18 7_70

*25 bees per sample**Concentration (%) of food*rr*Total of 75 bees

Total wt. 284*ffI Mean LL.4
Range I-46

Total wt.
?k **MeAn

S .D.
Range

C

D

E

275 922
11.0 36.9
L-24 L7-65

200 908
8.00 36.3
I-27 7-5I

209 981 108 872
8"4 39.2 4.3 34.9

1-25 10-59 1-18 t9-67

hi-ve
3

3

3

3

A-
B

weight of honey stomachs when bees \^/ere removed from
vüeight of honey stomachs when bees \,vere starved forhours and then fed for 0.5 hours
Weight of honey stomachs when bees \,,rere starved forhours and then fed for I hour
weight of honey stomachs when bees were starved for
hours and then fed for 2 hours
l'i7eight of honey stomachs when bees were starved forhours and then fed for 3 hours
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WEIGHT (mg.) OF HONEY
WHEN FED CONTTNUOUSLY

TABLE 9

STOMACHS OF BEES OF VARIOUS AGES
ON TWO CONCENTRATIONS OF HONEY

Replicates Age (days ) of Bees
2I

F,D

6515651565l_56515**

Total wt.
*I Mean

Range

Total wt.
*II Mean

Range

Total wt.*lfT Mean
Range

Total- wt.
* * frMean

S.D.
Range

853
34.r

L0-62

813
32.5

20-67

83B
33. s
B-60

9sB
38.3

10-66

863
34.5

L7 -49

824
33.0
B-59

735 777 989
29.4 31.1 39.6
9-67 7-59 11-78

1051 756 99L
42.0 30.2 39.6

L2-68 B-5t_ 11-63

786 405 979
31.4 18.6 39.2
B-52 L-84 3-52

482 524 t_56 7 63
19.3 2I.0 6 .2 30 .5
3-41 3-48 L-L7 5-56

444 57r 93
17.8 22.8 3 "76-48 6-42 1-11

450
18.0
1-40

538
2L"5
4- 44

948 160 67I
37.9 6.4 26.8
4-68 L-2I 4-57

2504 2645 2572 1998 2959 L464 2043 409 tB84
33.4 3s.3 34.3 26.6 39.5 19.5 27.2 5.5 25.L
12.3 L2.2 15.2 L6.7 13.3 10"8 14"2 4.0 15.0
8-67 8-66 8-68 1-84 3-78 3-48 3-68 L-2L I-57

x25 bees per sample**Concentration (U) of food***Total of 75 bees

A - !üeight of
B - I,{eight of

hours and
C - Vüeight of

hours and
D - Weight of

hours and
E - fVeight of

hours and

honey stomachs when bees
honey stomachs when bees
then fed for 0.5 hours
honey stqmachs when bees
then fed for I hour
honey stomachs when bees
then fed for 2 hours "honey stomachs when bees
then fed for 3 hours

were removed from hive
were starved for 3

v¡ere starved for 3

were starved for 3

were starved for 3
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WEIGHT (*g'. ) oF
STARVED AND FED

TABLE 10

HONEY STOMACHS OF BEES
ON TüIO CONCENTRATIONS

TTME PERIODS

OF VARTOUS AGES WHEN
OF HO}TEY FOR VARIOUS

Replicates Age (days) of Bees
2

EDC

6515651565I5l_5* * 65

Total- wt.
*I Mean

Range

Total wt.
*II Mean

Range

Total wt.
*TTT |4s¿n

Range

Total- wt.
. t( * t(MeAn

S.D.
Range

311 L49
12.4 6.0
2-30 I-20

284 235
IL.4 9 .4
2-32 I-2I
249 92

10.0 3.7
1-35 L-L2

844 476
11.3 6 .4
8.4 5.2

1-35 I-2I

246 4r
9.8 1.6

2-27 1-5

248 39
9.9 r.6

r-26 r-4

377 65
15.1 2.6
2-49 1-10

B7I I45
11.6 1.9
8.0 1.6

L-49 t-10

262 36 183
10.5 L.4 7.3
2-34 1-6 I-28

222 116 229
8.9 4.6 9.1

r-20 1-18 t-27

389 37 457
15"6 1.5 18.3
2-46 L-4 1-34

873 189 867
11.6 2.5 11.6
9.5 2.9 9.6

I-46 1-18 r-34

42 110
I.7 4 .4
L-7 1-ls

36 26r
L.4 70 .4
I=6 L-23

31 62
r.2 2.5
I-4 l_-9

109 433
1.5 5.8
1.1 5.6
r-7 r-23

*25 bees per sample**Concentration (3) of foodx**Total of 75 bees

A-
B

Weight of honey stomachs
Weight of honey stomachs
hours and then fed for 0
Weight of honelz stomachs
hours and then fed for I
Weight of honey stomachs
hours and then fed for 2
Weíght of honey stomachs
hours and then fed for 3

when loees were
when bees \^/ere
.5 hours
when bees \^Ielîe
hour
when bees were
hours
when bees \,vere
hours

removed
starved

starved

starved

starved

from hive
for 3

for 3

for 3

for 3

D

E
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WETGHT (mg. ) OF
STARVED AND FED

TABLE 10

HONEY STOMACHS OF BEES
ON TWO CONCENTRATIONS

TIME PERIODS

OF VARIOUS AGES WHEN
OF HONEY FOR VARIOUS

Replicates Age (days ) of Bees
7

ED

651565156515l_5** 65

Total wt.
*I Mean

Range

Tota] wt.
*II Mean

Range

Total wt.
*Iff Mean

Range

Total wt.
:t ?t t(Mean

S.D.
Range

54r
2I.6

11-41

193
7.7

l-20

482
19.3
5-3 9

I2L6
L6 .2
10. 4
T_4I

92 655
3.7 26 .2

1-13 3-37

226 56s
9.0 22.6

L-26 4-57

27 4 353
11.0 14.1
1-31 2-29

592 1573
7 "9 2I.0
7 .I 11.0

1-31 1-51

44 466
1. B 18.6

1-10 1-53

90 556
3.6 22.2

I-I7 1-51

27 402
1.1 16 .1
7-2 2-5I

161 1,424
2.2 19.0
2.8 12.6

L-17 1-53

63 548 28
2.- 2r.9 1.1

L-IA 3-50 r-2

27 244 r42 208
1. r_ 9. B 5.7 8.3
L-2 L-29 L-25 I-24

78 l.62 25 363
3 .1 6.5 1.0 14.5

I-I2 1-33 t-l 2-29

204
8.2

L-28

168 954 19s 775
2.2 12.7 2.6 10.3
2.7 11.5 4.4 B.r

L-L4 1-50 I-25 I-29

*25 bees per sample**Concentration (%) of food***Totaf of 75 bees

A - Weight of
B - Weight of

hours and
C - Weight of

hours and
D - Weight of

hours and
E - Weight of

hours and

honey stomachs when bees \^/ere
honey stomachs when bees !úere
then fed for 0.5 hours
honey stomachs when bees were
then fed for I hour
honey stomachs when bees were
then fed for 2 hours
honey stomachs when bees were
then fed for 3 hours

removed from hive
starved for 3

starved for 3

starved for 3

starved for 3
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WEIGHT (mg. ) OF
STARVED AND FED

TABLE 10

HONEY STOMACHS OF BEES
ON TWO CONCENTRATTONS

TIME PERTODS

OF VARTOUS AGES WHEN
OF HONEY FOR VARTOUS

Replicates Age (days ) of Bees
74

ED
n

6515651565l_515* * 65

Total wt. 627 533 422*f Mean 25 .I 2L.3 16 .9
Range 7-50 L-45 I-47

616 483 227
24.6 19.3 9 .1
5-51 2-60 1-33

382 1063 1s5
15.3 42.5 6.2
r-45 19-61_ r-2r

778 29
31.9 L.2
6-57 1-3

151 9BB 110
6.0 39.5 4.4

I-2L 23-59 1-15

208 30
B .3 I.2

I-32 1-3

sB9 27
23 .6 1.1
L-45 t-2

649 27 456
26.0 1.1 18.2
1-63 L-2 I-44

97
3.9

L-25

648
259

3-s4

Total wt. 306*II Mean I2.2
Range 1-30

Total wt. r2r7 1089 2297 922 2269 366 1446 84 r2ol-***Mean L6.2 L4.5 30.6 IZ.3 30.3 4.9 19.3 1.1 16.0s.D. 11.8 11.9 17.2 L2.7 15.4 7.I L4.7 0.1 :-4.sRange 1-50 L-45 1-61 t-51 2-60 1-33 t-63 1-3 L-54

*25 bees per sample**Concentration (?) of food?kri*Total of 75 bees

Total wt. 284 774 BLz

Range L-46 L-22 4-58

C

D

E

A-
B

Weight of honey stomachs when bees were removed from
Weight of honey stomachs when bees were starved for
hours and then fed for 0.5 hours
Weight of honey stomachs when bees \¡¡ere starved for
hours and then fed for t hour
I{eight of honey stomachs when bees were starved for
hours and then fed for 2 hours
Vüeight of honey stomachs when bees were starved. for
hours and then fed for 3 hours

hive
3

3

3

3
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WEIGHT (mg. )
STARVED AND

TABLE 10

OF HONEY STOMÄ,CHS OF BEES OF VARIOUS AGES WHEN
FED ON TWO CONCENTRATIONS OF HONEY FOR VARIOUS

TTME PERIODS

Replicates Age (days) of Bees
2T

EDA

651565l_56515** 65 15

Total wt.
*f Mean

Range

llctatr wt.
*II Mean

Range

Total wt.
*TTT MCAN

Range

Total wt.
* ìt?tMean

S.D.
Range

853
34.r

I0-62

813
32.5

20-67

B3B
33.5
B-60

2504
33.4
12.3
B-67

831
33 .2

r4-57

831
33.2

l_4-58

814
J ¿.O

L2-54

247 6
33.0
70.7

L2-58

832
33.3

11-55

893
35.7
1-6 1

TT2I
44"8

28-63

2846
38.0
15.3
1-6 3

87 9 1017
35.2 40 .7
6-68 15-62

613 720
24.5 28. B

3-48 4-53

6s7 9r5
26.3 36"6
4-51 12-63

2L49 2652
28.7 35.4
L4.7 13 .6
3-68 4-63

37l- 4L7 225 295
L4.B L6.7 9.0 11.8
2-38 3-35 L-23 I-25

4r5 648 25C 4L0
L6.6 25.9 r0.0 16.4
L-Ls 6-57 L-44 2-38

I2I 805 294 469
4 "8 32.2 11.8 18 . B

1-15 4-5I I-40 2-48

907 1870 769 l-77 4
L2.L 24 "9 10 .3 15 .7
11.0 13.1 8.7 10.0
L-45 3-57 L-44 l--48

*25 bees per sample**Concentration (%) of food**?tTotal of 75 bees

A - Weight of
B - Weight of

hours and
C - Weight of

hours and
D - Weight of

hours and
E - Weight of

hours and

honey stomachs when bees were
honey stomachs when bees vüere
then fed for 0.5 hours
honey stomachs when bees \^rere
then fed for I hour
honey stomachs when bees were
then fed for 2 hours
honey stomachs when bees vüere
then fed for 3 hours

removed from hive
starved for 3

starved for 3

starved for 3

starved for 3
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WEIGHT (mg.) OF
STARVED AND FED

TABLE 11

HONEY STOMACHS OF BEES
ON TWO CONCENTRATIONS

TIME PERIODS

OF VARIOUS AGES WHEN
OF HONEY FOR VARIOUS

Replicates Age (days ) of Bees
2

DC

65156515651515* * 65

Total wt.
*T Mean

Range

Total wt.
*IT Mean

Range

Total wt.
*fIT Mean

Range

Total wt.
?k * *Mean

S.D.
Range

311 84
12.4 3 .4
2-30 1-11

284 82
l-1.4 3.3
2-32 r-l-2

249 59
I0. 0 2.4
1-3s 1-B

844 225
11.3 3.0

B. 4 2.7
1-35 r-L2

245 58
9.8 2.3

L-28 I_7

449 97
18.0 3.9
3-35 1-16

290 130
11.6 5.2
r-32 1-13

984 285
13.1 3"8
B.B 3.6

1-35 1-16

250 sB
10.0 2 .3

r-20 L-28

L70 26
6. B 1.0

L_zL I_2

150 59
6.0 2.4

1-19 1-B

590 L43
7.6 r.9
5.8 3.4

I_2L I_28

200 27 L77
8"0 1.1 7.L

L-23 I-2 I-2r

377 49 L45
15.1 2 "0 5. B

2-67 1-10 1-15

102 60 92
4.L 2.4 3.7

L-25 1-B r-r4

679 136 4r4
9.1 1"8 5.5

r0.2 1.8 4.8
L-67 1-10 t-2r

*25 bees per sample**Concentration (e") of food**r(Total of 75 bees

A-
B

D

E

Weight of
Vüeight of
hours and
Weight of
hours and
Weight of
hours and
Weight of
hours and

honey stomachs when bees
honey stomachs when bees
then fed. for 0.5 hours
honey stomachs when bees
then fed for t hour
honey stomachs when bees
then fed for 2 hours
honey stomachs when bees
then fed for 3 hours

\^iere removed from hive
vüere starved for 3

v¡ere starved for 3

lvere starved- for 3

were atarved for 3



WEIGHT (*9" ) OF
STARVED AND FED

TABLE 1]-

HONEY STOMACHS OF BEES
ON TWO CONCENTRATIONS

TIME PERIODS

56

OF VARIOUS AGES WHEN
OF HONEY FOR VARTOUS

Replicates Age (days) of Bees
7

EDC

65156515651515*x 65

Total wt.
*I Mean

Range

Total wt.
*fI Mean

Range

'Total wt.*fIf Mean
Range

Total wt.
:k **MeAn

S.D.
Range

54L
2L.6

11- 41

193
7.7

L-20

482
19 .3
5-3 9

L2L6
16 .2
10.4
7-4r

87 460
3"5 18.4

1-18 2-44

105 301
4.2 12.0

1-ts 1-35

59 2r0
2.4 8.4
1-B 2-25

25L 97l.
3"4 13.0
3.4 10.4

1-18 L-44

32 408
1.3 16 .3
l-5 2-45

28 232
1.1 9 .3
L-2 1-30

36 313
1.4 L2.5
r-7 L-40

96 953
1.3 12 "71.0 B .9
r-7 r-45

L37 355 25 L97
5.5 14.2 1.0 7.9

L-24 2-30 1-1 I-27

40 398 50 167
1.6 ls"9 2.0 6.7
r_-6 1-50 1-6 1-19

58 235 39 r75
2.3 9.4 1.6 7.0

1-10 L-25 1-10 r_-18

235 9BB LI4 539
3.1 l-3.2 1.5 7-2
4.3 r0.1 r.4 6.4

L-24 1-50 1-10 r-27

*25 bees per sample**Concentration (%) of food***Total of 75 bees

C

D

E

A
B

Weight of honey stomachs when bees
Weight of honey stomachs when bees
hours and then fed for 0.5 hours
Weight of honey stomachs when bees
hours and then fed for I hour
Weight of honey stomachs when bees
hours and then fed for 2 hours
Weight of honey stomachs when bees
hours and then fed for 3 hours

were removed from hive
were starved for 3

were starved for 3

\^iere starved for 3

were sLarved for 3
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tr{EIGHT (*g. )
STARVED AND

TABLE 11

OF HONEY STO¡,IACHS OF BEES
FED ON TWO CONCENTRATTONS

TÏME PERÏODS

OF VARTOUS AGES WHEN
OF HONEY FOR VARIOUS

Replicates Age (days) of Bees
I4

EDA
65t565t5651515** 65

Total wt"*f Mean
Range

Total wt.
*ff Mean

Range

Total wt.
*IIf Mean

Range

Total wt.
*:t *Mean

S.D.
Rân$e

627 B 456
2s.L 3.5 LB.2
7-50 r-r7 r-45

306 74 949
L2.2 3.0 38.0
t-30 1-13 15-56

284 115 890
Lr.4 4.6 35.6
L-46 t-L4 B-56

I2L7 277 2295
16.2 3.7 30.6
tr.8 3.9 15.3
l-s0 L-L7 1-56

136 469
5.5 18. B

L-24 2-55

42 847
L.7 33 .9

1-15 1-68

50 799
2.0 32.0

1-13 t-s9

228 2LL5
3.0 28.2
4.8 L7.0

l_-24 1-6 B

40 228 26 50
1.6 9 .L 1.0 2.0
I-7 I-25 I-2 L-7

33 BB3 31 254
1.3 35.3 I.2 l-0"2
1-5 2-64 1-3 r-27

32 504 58 616
1.3 20 .2 2.3 24.6
1-3 2-46 L-6 3-54

l_0 5 1615 115 920
L.4 2L.5 1.5 L2.3
1.0 16. B 2.0 L2.6
I-7 L-64 1-16 L-54

*25 bees per sample**Concentration (%) of food
**?kTotal of 75 bees

A
B

C

- Weight of
- Vüeight of

hours and
- üIei$ht of

hours and
- Weight of

hours and
- Weight of

hours and

honey stomachs when bees
honey stomachs when bees
then fed for 0.5 hours
honey stomachs when bees
then fed for I hour
honey stomachs when bees
then fed for 2 hours
honey stomachs when bees
then fed for 3 hours

were removed from hive
were starve.d for 3

were starved for 3

vüere starved for 3

\^/ere starved for 3
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WEIGHT (*g. ) oF
STARVED AND FED

TABLE 1]-

HONEY STOMACHS OF BEES OF
ON TWO CONCENTRÄTTONS OF

TÏME PERÏODS

VARIOUS AGES VüHEN
HONEY FOR VARIOUS

Replicates Age (days) of Bees
2T

ED

65l_5651565t515** 65
A

Total- wt.
*I Mean

Range

Total wt.*II Mean
Range

Total wt.
*[I Mean

Range

Total wt.
***Mean

s.D.
Range

853
34.1

L0-62

813
32.5

20-67

838
33.5
B-6 0

2504
33.4
L2.3
B-67

361 769
r4.4 30.8
1-35 9-48

7 4L 7BB
29.6 31.5
5-64 11-55

807 898
32.3 35.9

15-59 12-57

1909 24s5
25.5 32.7
13. B 12.1
r-64 9-57

32 4L6
l_.3 L6.6
1-5 r-45

461 386
rB.4 L5.4
2-33 1-36

372 876
14.9 35.0
2-49 15-67

865 L67B
11.5 22.4
Lr.2 15.0
L-49 I-67

106 448
4.2 17 .9

1-19 3-38

133 s83
s.3 23 .3

I-32 7-50

40 430
1.6 L7 .2
r-7 3-48

279 I46L
3.7 19.5
5. 5 11.9

L-32 3-s0

31 3BB
L.2 15.5
r-4 3-40

26 339
1.0 13.6
L-2 I-25

2s 169
1.0 6.8
1-1 1-35

82 896
1.1 12.0
0.4 9.3
L-4 1-40

*25 bees per sample**Concentration (%) of food
rk?kìkTotal of 75 bees

A - Vüeight of
B - Weight of

hours and
C - Weight of

hours and
D - Weight of

hours and
E - Weight of

hours and
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honey stomachs
then fed for I
honey stomachs
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when bees were
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when bees \^rere
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when bees vrere
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when bees \^rere
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removed from hive
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EHAPTER VÏ,

EFFECT OF SMALL GROUPS OF BEES FEEDTNG
LARGE GROUPS ON HONEY STOYIACH CONTB{TS

INTRODUCTÏON

It has been observed bhat when þees are produeing

wax thcy gorge themselves and form "eutrtainsrr by atbach-

ing thenrseLves bo each other tstbhtn bhe htve (Grout,

l.966'|- " As wax secrebion proceeds, and the food supplies

of Lhe wax secrebing bees deeneases other bees feed

them. trb io possibLe also, thab when bees a¡"e engaged

tn various htve duties (e.g" feeding larvae, bulJ.ding

ce]}s¡ and capptng cells) tnat they may nob make

individual tnlps þo food ceLl-s bub are fed by parbi-

culan bees with fu}l honey stomachs.

The foltowing eNperimenbs were done partly fo

ascertain how effielent srnaLl groups of bees of various

ages are tn feeding large groups of bees of various

ages that have no access to food and partfy to ascerfain

to what extent bhis system of feedlng affects bhe amounf

of food that bees of certain age groups have in their
honey sbomachs ab various tlmes"

METHOD

In besf A

Bees of fhe ñame

900-1000. houx'st

f4, and 21 days oLd bees were used'

were removed from their hlves at

kepb ln cages which had two

Tt

age

and
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compartments sepaÏ'ated by a sctre@n (64 mesh per square

tnctr)" Three different ratios of bees (5te5, 5258a and

5;10CI) of various ageÊ þ¡etre used ln the eages (see

Figure 14, f5); there were 2T eombinabions of age

groups as ehown belov¡:

Series Food supply Ratio Age of bees (Aays)
ãE@FEÐè4ÉddEãóF6ÞEãÉF*TTgÊEqñEã€E€ÐãFÞ6-@ÉFÈÉAETãÉñIÈ-E-

r with food
withoub

5714?r25 7 l42r T t4a] T ]-421
FËÞFêÞ EããBFHããÊEÉEÉBÉEÞÞÞEéÉÉBéÉÞT@*ÉEæÉ66EEEFEË€Éã ETÉFÉ

tlII*
50 tÌ ¡t r¡

øÉÉHÐÉÉFÉøÉFËETTETÈE-EEÐFEÞÉÞËÉê8Tg6EÐE4EãEEgEÉ4EdÊFFEFæ

ITT II
t1

Ã.Jrtilrt
1,00

In each eombinabion, þ bees of the sarne age

were put info sne cornpartmenf of bhe cage and oupplled

rr¡ith a 5A% honey and waber solution wi6h red carrnine

dye added; the larger numben of þees (e5, 50, and 100)

were pub into the other compartment of bhe eage wlthout

any food supplled" A]1 bhe eages were kept at room

temperatür€o The honey stomachs of a]l the large

groups of bees wetre weighed afber 24 hours" Conbrol

bees (see Table f3 and Figures f6, LT, and 18) of

various ages (also in various rattos) were kept i-n

Ëeparate cages; for each age one group was fed and

one was starved for 24 hours before dissecti.on"

Each test had 3 replleabes.
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In tesb Be only 2 age groups (7 atrA 21 days

old) and 2 rablos (5t25, 5:loo) v{ere used (see TabLe

15. ); tLre tests were eonf ined bo groupø of the same

age (Í"u" TzT day old bees and 2]:21 day o]d bees)

and bhe bests were run for B days insbead of 24 hours

as tn best A. " During the test perlod, the mortality

of the bees and the voLume of food whlch the bees

took from the feedlng tubes ir¡ a 98 hour pertod was

reeorded (see Figure ]5 and Tabl-e J.5), Dead þeee !r@re

replaeed by bees kept Ln extra cages and which neceived

simiLar treatmenfsu

RESULTS

In tesb A, dyed honey stomaeh contents were

found in al] of bhe bees r^¡hich had had no food supplied

to them except by bees on the obher side of the screeni

regardfess of age and ratio of feeding to fed bees,

in general, younger bees had more food in their honey

stomaehs than did the ol-der ones after 24 hours (¡

exceptj-ons, Table J.2) " Seven day old bees appeared

to have bhe most, f4 day old bees fess, and 21 day

ofd þees the least amount" The same resul"ta were

found among the controL bees when bhey had aceess

to food (see Table 12 and 13 and Figures 16, fT and

lB).
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Regardless of the diffes'ent ratio of feeding

to fed bees, all the combinattons of ages eontained

bebween f-L0 HS. indicattng i;hat I bees with food

eouLd feed l-QO, 50, ar 25 bees equaLly we]L (at least
fon 24 hours) 

"

ïn best B as expecbed, and regardless of age

L'f or 2I days old) there was htgh morbaltty within the

first 
"L+ 

hours wben bees we¡.e starved (see Table L4,

conbrol).

There was Low morbality among the groups of A,5

bees (f and 2] days old) when fed eontinuousty (fabte

14 and Figures L9u 20, 2t, and 22), Among the groups

of LOO bees the rnortality l-evel of ?l day oLd bees

was mueh hlgher than that of þhe T day ofd bees (faOfe

14 and Ftgures 21 and 2?),

When 2þ bees were belng fed by I bees more of
the 21 day old bees died than the 7 day ol_d ones in
a given time" Among the groups of ]00 bees being fed

bV 5 bees, the mortaLity of the 2l_ day old group was

higher than that of the T day old groupq

In tesb B, the amount of food (m]" ) whtch the

bees fook in glven times showed that Jess food was

taken by 5 þees in the cage where the 2t or LOO bees

had food suppLied than by the 5 bees ln Ëhe cage
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where the ]arge groups sf bees did nob have food

suppLied (see Tab1e ]5) " This resu}t tndicates that

food r,sas belng passed (compare A-8, n-D in Table 15)

through bhe sereen (from 5 bees to 2J or LOO bees).

When feeding 2! bees, I bees, 7 and 21 days

old, took aboub bhe same voLume of food (4"53 and

4"03 m1,) in 98 hours, bub when feeding loo bees,

! bees ot 2I days old took rnore (7"O3 rnJ-") food

bhan the T days old (4"60 m1.)"

The amount of food passed by 5 bees Eo 2J bees

was similar to the amounf fhat 2l bees fook when feed*

ing bhemselves (tante l.5n A vs C). However, when loo

bees fed bhemselves bhey book much more food than

when LOO bees were fed by þ bees (fanfe J-5, D vs F).

DISCUSSION AND CONCLUSTONS

Bees were kept in cages dlvided into bwo

compartments by wlnemesh whlch had aperbures 2"5 mm"

square; the bees whlch only had aceess to food by

being fed by þ bees through the screen afl had dyed

honey ln their honey stomachs indicating that food

was being passed to them by the ! bees in the other

compartment whieh had access to food,

All ages of bees reeelved food as weLl as gave

ib, but generally speaklng younger bees had more food
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tn thelr honey sbomaehs than the older ones after
bhey Þrere being passed food by other bees for 24 houreo

This Ls possi.bly beeause as Isbomina-Tsvetkova (fgE¡)

and Free (L957) found n there was a general tendeney

for food to be passed from oLder bees to younger bees,

or because the older bees eonsumed more food than the

younger ones in a given bimeo In the contro] bees when

fed eontlnuously, younger bees had more food in their
boney stomachs than bhe older on@6" This was probably

because older ones consumed more food in 24 hours.

Regardless of the nurnber of bees per cage, a]L

bhe comblnabions of ages nrhich had no access to food

retained between 1-10 mg" in their honey stomachs"

When 2þ bees were being fed by þ bees, the group of

I bees, f and 2l- days ol-d each book about bhe same

volume of food i.n 98 hours. But when J.OO bees were

being fed by þ bees, the group of I bees ' 2I days

old, took a greater amount (7,03 m],) of food than

the T day old bees (4"60 m1.*)" This lndlcates thab

2]. day old bees reeelved more food than the f day

ofd bees when fed by bhe 5 bees of bheir ovün age"

The amount of food paøsed by 5 bees þo 25

bees seems to be about the correct amount because

ib was slmilar bo bhe arnount bhat the 2l bees took

(x 1 mL" 50ø honey soLubion weighed about }ZOOmg.)
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when feeding themselves" However, it does nof appear

bhab 5 bees can eupply bhe amount of food bhaf ].OO

bees would take if, bhrey had direct access to it" Ib

appears that during a 98 hour period þ bee$ can only

take between 4-7 ml, of 5A/o haney solution and feed

on part of it and pass the resto

irlhen bees fed themselves, few dled among tþe

groups of 2þ bees (see Figures 19 and 20) regardless

of &B€¡ bub among groupg of fOO bees a higher mortalify

occurred among older bees than among bhe younger ones

(see Figures 21 and 22) u poosibly due to the age

f,actor iþsel-f "

When group$ of bees (a5 and 100) were belng

fed by þ bees (in tne groups of the same age) bhe

mortaLity of 21 day old bees was hlgher than bhat

of the 7 day o].d bees" Thls is possibly because

the oLder bees requi-re more food ando/or because of

their age they dle of, natural causes. Too, the

T day old bees may be better "feeders". (alpatov

& Safryanova u I95A found bhab ].O day old bees were

the best feeders),

It is concLuded that smaLl numbers of bees,

which have aceesÊ to foodr can deliver food to large

number of bees, such as bees in a winter cluster or

those who are producing wax or buiLding comb (Grout,

1966) " Thus food transmission assists ln bhe dlvision
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of f,abour of, cofonlesu trt was aLso been ehown that

bobh bhe age of, the bee (and the rrunbex') which is
passing food and that of Ëhe o&?e receiving (and

Ëhe numben) are imporbant faetors d"eberming what

amounb of f,ood eertain bees wil.l have ln fhelr
honey sfomachs"
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CI{APTER VÏ[
ET'FECT OF FORAGING ACTIVTTY AND LOCATICIN OF' BEES
!{ITHTN HIVES DURTNG SPRtrNG ATD SUI4IVIER OT{ THE
}üEIGHT OF HGNEY STOMACHS

INTROÐUTTION

Little data are avaffable eoncernlng seasonal

effects on honey stomaeh welghbs of bees depending

on their position wlthln the hive and t'helr foraging

acbiviiles. This study was a prel-imary attempb fo

show whether or not such effects do exisf-* parfi*

culanily among bees of mlxed ages whleh were eo]Leefed

at three dlfferent tlmes of the day on open and sealed

cells conbaining honey, open and seal.ed cefls eonbain*

i.ng brood, when leavlng the hive, and when neturnlng

to the hive wibh nectar and,/or po}len.

METHOD

Bees of mixed ages r,{ere co}Lected at about

ten day Intervals from each of J hives lvhich were

Jocated same distance apart on the edge of a bush;

the hives faced soubh onto an er(perimentaL erops

area on Tbe Universi-ty of Manitoba campus; these

crops bloomed at various periods throughout the

season of L968"

Three tlmes (at 900-]OOo, 1300-1400, and

1TOO-].BOO hours) per day 2l bees wetre eoLLected
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with tç¡eezers from honey combs (open and sealed)

and from brood eombs (open and sealed). Ab the

entrance ts the hive 2þ bees u¡hleh were leavlng

thc hive wetre eolleeted, as welL aa 2J BoLfen

gatherers (with pollen ]oads on hlnd legs) and

25 neebar gathererso eare was taken when co]]ect*
ing necbar gathene¿"s not to plck bhe bees which

wetre undertaking orientatlon or defeeabior¡ flights
or guarding the entrance"

When bees were rernoved from the hlve they

wetre irnrnedi"ately put into a besb tube which rças

dipped into a dry tce and alcohol mixture (gtvtng

a temperaËure of *6Oo bo *7000.) whlch ki]]ed them

ir¡ about ] minute; bhey wetre bhen kept in a thermos

jug witfi the bemperature at about *3OoCn until bhey

were brought to the ]aboratory ready f,or dissection"

Each of the 3 coLonles (pLus L extra) were

checked periodlcally for queen losses and diseâs€o

The honey flow withln thls bee yard uras recorded

througbout the season by pÀaclng a colony of bees

on a beam gcaLe,
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BBSULTS

The results aro shown in Table ]6 and LT u

Appendix A (tabfe ß-ZT), and Figure A3*Zg, Regard-

Jese of the time of day or tlme during the seaÊon,

the house bees tended to have motre food in bheir
honey stomaehs bhan the foragers; the bees on open

honey comb celLs had the most (range l*]06 mg, )

whlLe the bees leaving bhe hive had the Least

(range 1-49 mg.)" The weight of honey stomaehs can

be e;(pressed as folJows: honey comb Þbrood eomb ;
nectar gabherers ¡po}}en gabherers >teavtng bees"

Bees oR open cel]s had more food in their honey

sbomachs than those on bbe sealed celLs and bees

returning to bhe hive had more food than bhose

leaving it, (see Tabfe LB-AT ln Appendix A)

!ühen bees t^rere coLlected at dlfferent ttmes

(9oo-rooo, ]300-L400, and t7oo-t8oo hours) durtng

tbe day, no great changes occurued in the honey

stomach weights of bees leaving the hive" Nectar

gatherers coLLecbed more food ab }JOO-]BOO hours

than at other tlmes; this was also true of the

honey sfomach weights of pollen gatherers and the

weight of honey stomachs can be expressed as foLLowed:

uoo-1800 >t-300-1400 >goo-1000 hours indieabing bhat

the bees were frequently colleebing both pollen and
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nectar on the same trips" PoLlen Loads wefghed the

most ab l30CI-1400 hours, lees at 9OO-100O hours, and

]easb at 1JOO-I8OO hours o Among the bees on honey

combs or brood combs bhe welght of honey stomachs

was l-ower at 1JOO-1BOO hours than ab other bimes of

the day, but they varled somewhat in the morning

(9oo-rooo hours) and ab noon (r3oo-r4oo hours)

(see Ftgures 23 -28)" It shoul-d be nobed that a

fev¿ of the nectar colLeetors may have, in faeb,

been col"l-eeting water, bub for practlea] purposee

they have been treated as nectar eofJecbors ln
this thesiso

Regardless of the time of day or season the

bees leavlng the hive had about the same amounb of

food ln thelr honey stomachs" The honey sbornackr

weight pattern of both nectar and poJ-len gatherers

folLowed fairly weLl the honey fl-ow" The peak of

the honey flow occurred somewbere between August

3rd and August z0th (see Figures 26 -29),
The honey stomach weighbs of bees coLl,ected

either from honey combs or brood combs had simiLar

pafterns throughout tbe $eason, iueo ühere wetre bwo

peaks for each of the groups of bees (open and seal-ed

honey comb, open and seal-ed brood comb), One peak
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occurred on about Jul-y 20bh, and bhe obher oceurred

on aboub Augu.st ?Tþyt" Late in the season, bees on

open honey combs had more food in their honey stomachs

than dld any other groups.

Based on eaLculations of unLaden bees (meanr

f00.6 *g") it v,ras found that the bees camying the

heavlest nectar loads weighed a mean of L5l1'1 mg"

(i.", they hrere carrylng JJ"?rt of their own weight)

and those carrying bbe heavlesb poLlen f,oads weighed

a mean of ]44.3 mg" (1"e. they were carrying 43"4%

of bhei.r own weight, 3O.7% of which was pollen and

J.2"T% of which was necbar), The heavlest house beee

weighed a mean of L82"1 mg" (ioe" bhey were carrying

Bo"g% ot their own weighrb) (see Table 1f)"

DISCUSSION A¡{D CONCIUSIONS

Regardless of when bees were colJ.eoted durlng

the day or seasonr the house bees bended to have more

food ln their honey stomachs than dld the foragers¡

the bees on open honey comb ceLls had the most whiLe

the bees l-eaving the hive had the l-easb" Thls ls
probably because bhe house bees requlred more food

to perform such duties as rearing brood, producing

wax and bullding comb than dld the foragers' Also

the bees coLfected from bhe open honey comb celLs

had probably iust finlshed eating or were stiLL
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dolng so whlLe bhe bees col"]ected when leavlng the

hlve had probably passed moet of bhelr honey stomach

contents bo house bees, F'ood is âLso motre easily
obtained from unsealed ceLls"

Bees had more food in tbelr honey stomachs

when coJLected from open brood ceLLs than from sealed

cefLs, probably because the larvae ln open celLs

required much feedtng" Free (fg6O) and tr'urgala and

Boch (fg0f) found that house bees hrere more attracted
to open brood than seaLed brood.

Bees which !üel.e leavlng the hlve at different
btmes (9oo*tooo, L3o0-t4oo, l/oo*i.Boo hours) durtng

the day, had Low honey sbomach weights, probably

because the experlmental plobs not only had much

forage avaiLabLe bub it was cLose at hand; accord.ing

to Istomina-Tsvetkova (fg¡B) tne amount of food which

foragers retain in thefr honey stomachs, after pass*

ing food onto house bees, ls determlned by the length

of bhelr next flight, Because the bees in these

studies were probably foraglng in the same cLose

area they probably retalned about the same amount

of food in thelr honey stomachs"

Bees colLected rnore pollen at ]3OO*]400 hr",
and ¡nore necbar at 1700-1800 hr" probabLy because
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these were the times when the planfs were seereting

necbar and presentlng pollen in the foraging atreaô

Chauvin (fS63) found that pollen co]lectlon was more

relabed bo dal]y temperatures than to other factors"

Fo]Len gabherers appeared to collecõ necbar as wefl

as po}}en, Free (W6f) and Sekiguchi and Sakagami

Gg6A) found that lndividuaf bees quickfy changed

from coLlectlng nectar to coll-ecting pollen and vlce

versa aecording bo their colonyts needs, Some of

the pol]en gatherers ln these experimenfs may have

heen in the process of swltching from pofLen gabhering

to nectar gathering (or vlce versa), or some bees

may bave been colLecting nectar and were covered

accidently with pollen and hence packed it lnto their
corbiculae" Tbe pattern of bobh po]l-en and nectar

colLection foLlowed fairly welL the honey flow"

There was no speeiaL pattern of honey sbomach

weighbs of bees on honey cornbs or brood combs (except

bhat ib was sllghbly Lower at 1IOO-IBOO hours) at

dtfferent Eimes of bhe day" Probably because the bees

were working indoors, their duties were not seriously

affected-by the time of day, The honey stomach weights

of the bees coLl-ecbed from both honey combs and brood

combs had simllar patLerns throughoub the season;

tbere were two peaks, one about July Zoth and the

other abou! August ?Tt'h" The reason for this is not

clearo
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It is eoneluded bhab bees on open honey eombs

had the most food, v¿hil-e bees leaving the hive had the

]east. This fact can be used to obtaln bees witb high

and ]ow amounbs of food in thelr Lroney stomachs for

experimental purpo$es, It ls also concl"uded thaf the

weight of honey stomachs of bees ls partLy affected

by the ttmes of day and $eason vuhen they are coll-ected

as weLf as bhelr ]oeatlon in the hive and probably

the ktnds of duties they are performing.
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TABLE 16

MEAN WETGHT OF HONEY STOMACHS AND
TAKEN FROM VARTOUS PARTS OF A HIVE

POLLEN LOADS OF BEES
THROUGHOUT THE SEASON

Times when bees collected

900 1000

Bees collected on:

Brood comb Honey comb Leae with
ing Necta

ReturningT to Hive

ing Nectar with both
Dates cells cel1s cells cells Hive on1 ¡IecGr-ÞõTTen

22 May 14.1* 14.1 18.1 18.1

31 May L2.2 12"2 L5.4 15.4

r0.7 2.6 L2.5

18 June L7 -B 16.3 35.1

27 June 25.3 L4.B 27.I

L9 Juty L5.2 I4.2 36 .6

25 July 25.5 33.2 37 .4

B Aug . 2L.3 L7.7 32.3

14 Aug . 25 .5 14 .3 36 .4

27 Aug. 33 .9 33 .1 32.8

10 Sept.34.9 39.4 68.3

6"5 9.8 3.7 L4.L

7 .0 r2.2 3.2 L6.9

9.1 11.6 3.4 rB.2

2"6 I2.B 6.9 r3.0

5.6 23.2 9.1 16.1

4.4 2L.6 10.3 18.9

3.6 l-9.9 6.0 l-5.4

4 .3 L5 .2 3 .7 11.1

3.4 13.6 3.6 r4.5

24.5

27 .0

31.6

20 .6

3r.6

29 .4

* Mean of 75 bees
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T¡.BLE 16 (Continued)

Times when bees collected

13 00 1400

Bees col-lected on:
Returning to Flive

Brood comb Honey comb Leav- with
ing Nectar with both

Dates cells cells cells cells Hive only Nectar Pollen

22 May 14.I L4 "I 17 .7 I7 .L

31 May 6.0 6.0 9.4 9.4

18 June 9.5 8.7 20.0 7 .0

27 June 4.4 9 .2 23.8 20 .9

19 July 24.7 32.8 46.9 33.0

25 Jul1r 29 "9 24.8 34.'2 25.8

B Aug . 23 "6 L6.2 28 .0 L7 .B

14 A,ug. 27.5 16.3 25.4 15.5

27 Aug. 30.6 40.2 35.5 28.3

10 Sept.26.0 20.6 47 .6 14.2

3.2 10.6

4.6 10.0 4.8 15.0

4.L 6.9 4 -4 r-0. B

2.4 11.9 6.6 7.7

4.7 19 .5 L2.0 16 . B

6.1 20.4 13"6 19.6

4.4 22.6 13 .1 74.6

4.4 25.6 r0.7 l-9.2

4.4 11.5 8.6 13.1

4.7 16.0 9.4 15.8
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TABLE t6 (Continued)

Times when bees collected

1700 1800

Bees collected on:

Brood comb Honey comÞ - T'eav- with
open @Ied ing Nectar with bo!þ

Dates cãlls cel-ls cells cetls Hive only Nectar Poll-en

22 May 10.4 10.4 L7 .L 17 .1

31 May 8.5 8.5 15.3 l-5.3

18 June 7"4 10.6 15.3 8.0 2"7

27 June 9.1 7 .I 14.6 9 .7 L "9

19 July 2I.5 22.6 39.0 2L.9 4-3

25 July 35.9 25.2 31.8 29.5 10.0

B Aug rain storm

14 Aug. 13. B L2.9 31. 5 13 .1 5. 9

27 Aug. 19 . 6 24.9 39 .4 22.9 4 -2

10 Sept.16.5 13 . B 38.6 l-5.7 4.7

3.2 9.6

11.0 5.3 10.1

10.9 3.8 7.2

11.5 7 .7 5.2

22.0 16 .4 15 .9

29.8 16.5 18.4

13 .5 L0 .7 13 .7

19"3 9.8 7.5

11.s 8.2 7.9
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GENERAL SUMMARY

Various factors were studied to ascerbain

their effects on the weighbs of honey stornachs of
worker honey bees,

CHAPTER III
Five mebhods, cyanlde gâs¡ carbon dioxlde gâs¡

freezer temperatures (*aOo to -3OoC.), dry ice (*6Oo to

-70oC"), and liquid nitrogen (-l95oC") were used to

kill bees quickly in an abtempt to prevent the re-
gurgltabion of food from the honey stomach or tts
passage backwards to the midgut. Liquld nitrogen was

found bo be suibabl-e for laboratory sbudies and dry

ice for field studies" Methods for removing honey

sbomachs from bees !ìrere devised"

CHAPTER IV

Groups of bees 2, 7, 14, and 2] days old were

removed from a hlve and either starved or fed conti-
nuously, or flrst starved for various time periods

and then fed for 0"1 hrours" hlhen removed from the

hlve the oLder bees usually had more food in their
honey sbomachs and subsequently had higher mortallty
rafes in rnost tesfs fhan the younger bees.

The weights of the honey stomachs of bees of

all ages tended to decrease aE the same rate when



105

the bees were starved; bhis was aLso true when bhe

bees were fed continuously for two hours; after this
time the resuJts were variabfe, In this LabËer test
the younger bees had Less food in their honey stomachs,

ab any given time, than bhe oLder ones" When the

various groups of bees were starved for differenb

birne periods ar¡d the¡r fed for 0.5 hours the honey

stomach weight patterns varled aecording to age"

Ib ls concluded that âS€¡ and the lengbh of

the feeding andfor starvation periods affect the

amounb of food found in the honey stomaehs of bees

at speclfic times"

CHAPTER V

Experiments were done with groups of bees of

vari.ous ages (2, T s ir4o and 2t days oId) supplied

with hteh (65il or low (t5/") concentration honey

sol-utions; these were fed continuously or for var-

lous tlme perlods folLowed by various periods of

starvation" Affer belng sbarved and then fed, bees

of all ages had more of bhe higher concentration

food tn their honey sbomachs (after allowing for
the differenee in weighb between the 65/" and, 15%

food) than of the lower oneo The honey sbomach

weighrts increased greatly during the first 0"5 or

L,0 hour of feedlng and then deereased tkrereafber
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even when food u¡as available"

When fed continuously on 15% foods the honey

stomach weighfs of bees of al-L ages fended to decrease

with time whereas bhose of mosb age groups, fed on the

6Jft foods, varied withln a narrow range (except for
bhose of bhe el day old bees, whlch decreased) "

It is concLuded that Ehe sugar concentratlon

of tbe bees' food and their ¡rrevious experience (i"e"
fed or starved) affects tbe honey stomach welghts of

bees of various ageso

CHAPTER VI

Groups of þ bees (7 o 14, or 21 days old)

were supplied wlbh food and a]Lowed to feed groups

of 7Jo 50, or ]Oo bees, (7, l[, or 2L days old)

through a screen f,or various fime perlods. After

2l+ hours, regardLess of the age of bhe 5 bees with

access to the food or the number sf bees they Ï'rere

feedlng, the T day oId bees had the heavlest honey

sËomachs and the 21 day old bees had the lightest
oneg "

More food was passed by the þ bees of both

ages to the LOO bees than to the 2þ bees and the

groups of L0O, 21 day old bees took more food than

dtd the 1O0, 7 day old ones over B days,

RegardLess of the number of bees being fed, it
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appears bhat in a J-OO hour period, groups of 5 bees

ft and 21 days old) can only lngesb and/or feed 4

and J mÌ. of a 5A% Ytoney solution.

It ls coneluded that the age and number of

bees being fed in relatlon to the age and number

of bees doing the feeding is an important factor

affecting the honey stomach weights of bees"

CHAPTER VII
Groups of bees were co}Lected on glven days

from bives at 9O0-]OOO, 1300*l-400, and }7oO*lBOo hours

throughout the sprtng and summer seasono They were

coLlecbed on open and seaLed honey comb cel-Ls¡ orl

open and sealed brood ce}}s, when leavlng the hive,

and when returning to it with loads of nectar ando/or

pollen; their honey stomachs and/or pollen l"oads

!ùere then welghed.

Regardless of time of day or season the

gradatien of honey sbomach weights can be expressed

generally as folLows: honey comblbrood comb>nectar

gatherers>polLen gatherers >Leaving hive" Bees on

open ceLls had heavier honey stomachs than those on

seaLed ones and bees reburnir¿g to the hive (pollen

and nectar gatherers) traO heavier honey stomachs than

those leaving lt" The heaviesË loads of nectar and

poLlen were coLtected at ].7OO-]BOO and 1300*1400 hor¡rs
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respecbiveLy, Tbe honey stomach welght patberns of

both nectar and pollen gatherers foLLob¡ed closely

the honey ffows, The honey stomach welghts of bees

on honey and brood combs varied considerably

throughout bhe day but they had patterns similar
to eaeh other throughout the season with two peaks

oceurring, one ln July and one in August"

Ib is concLuded thab the weight of honey

stomachs of bees is affected by the bime of day

and season when they are foragingp âs weJ.l as by

their l-oeation ln the hive ab these Ëimes.
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TABLE 18 "

APPENDIX A

WEIGHT OF HONEY STOMACHS AND
BEES TAKEN FROM VARTOUS PARTS
22nd May, 1968.

POLLEN LOADS OF
OF A H]VE ON

Times when bees collected:

900 1000 hrs.

Hr-ve

Number

Bees collected

Brood comb Honey comb

cel1s ce11s cell-s ce1ls
with both

Nectar PõTIên

Returning to
Leav-
ing
Hive

with
Nectar

Total
I* Mean

Range

Total
ïf Mean

Range

Total
IIÏ Mean

Range

Total
** Mean

Range

295
11. B

1-40

392
15.7
1-4 B

372
L4 .9
1-s 9

1059
14.1
l-59

269
10. B

L-25

454
LB .2
L-44

637
25 .5

13-52

1360
18.1
L-52

onl

2t5 47
8.6 1.9

2-r9 L-7

289 BO
11,.6 3 .2
L-26 1-14

298 67 313
11.9 2.7 12.5
I-27 1-11 5-22

802 I94 313
I0.7 2.6 12.5
L-27 1-14 5-22

* 25 bees per sample
*?k Total cf 75 bees



TABLE 18 (Continued)

Times when bees col-lected:

1300 1400 hfs.

Bees collected on:

Hr-ve
Number

Brood comb Honey comb Leav-
ing

cells cells cells cells Hive

Returning to Hive
with
Nectar with both
only Nectar Pol-len

TotaI
I* Mean

Range

Total
ff Mean

Range

Total
III Mean

Range

Total
** Mean

Range

473
18.9
l,-54

283
11.3
1-60

298
11.9
1-38

1054
14.L
1-60

631
25.2
2-53

335
L3 .4
L_4I

3L7
12.7
2-30

I2B3
L7 .T
1-5 3

72 2r7
2-9 8.7

1-14 4-I3

86 299
3 .4 L2.0
1-B 3-20

82 278
3 .3 11.1

1-19 6-L9

240 794
3.2 10.6

1-19 3-20

* 25 bees** Total- of
per sample

75 bees



TABLE 18 (Continued)

Times when bees collected:

1700 1800 hrs.

Bees collected on:
H].VE

Number
Returning to fii\/e

Brood comb Honey comlo Leav-
ing

cel-l-s ce1ls cell-s cells Hive

with
Nectar with both
only NecGr PoTIen

Total
I* Mean

Range

Total
IT Mean

Range

Tot.al-
III Mean

Range

Total
** Mean

Range

334
13.4
r-55

206
8.2

I-25

239
9.6

1-36

779
10.4
1-55

232
9.3

L-46

551
22.0
1-60

497
L9.9
1-s5

1280
I7 .L
1-60

59
2.4
t_- B

7B
4.3

1-1s

L37
3.2

l-15

223
8.9

2-L7

fB9/IB bees
t0 .9
2-20

412/43 bees
9.6

2-20

* 25 bees per sample
tr* Tota1 of 75 bees



TABLE 19. WEIGHT OF HONEY STOMACHS AND POLLEN LOADS
OF BEES TAKEN FROM VARIOUS PARTS OF A HTVE
ON 3lst MAY, 1968.

Times when bees collected:

900 1000

Bees collected on:

Hive
Number

Brood comb Honey comb

cel-1s ce1ls ce1ls cel-l_s

Leav-
ing
Hive

Nectar with both

Total
f* Mean

Range

Total
II Mean

Range

Total
III Mean

Range

Total
** Mean

Range

287
11.5
1-48

21,6
8.6

1-3 5

4L2
16.5
1- 41

915
L2.2
1-48

590
23 "6
2-64

340
13 .6
1-3 9

225
9

1-3 5

115 5
ls.4
I-64

only ñectar-ÞõlTen

163 205 L24 402
6.5 8.2 5.0 16.1

1-r9 L-20 1-31 4-30

LB4 254 93
7.4 L0.2 3.7

L-25 L-26 1-19

I43 273
5.7 10.9

1-19 2-36

382
15.3
4-23

57 270
2.3 10. B

1-10 3-20

490 732 27 4 10s4
6.5 9.8 3.7 I4.L

7-25 1-36 1-31 3-30

* 25 bees per sample
:h:t Total of 75 bees



TABLE 19 (Continued)

Times when bees collected:

1300 1400

Bees collected on:

H]-VE
Number

Brood comb Honey comb Leav-
ing

cells cells cells cells Hive

Returning to Hive
with
Nectar with both
only ñeEEãE-ÞõTf en

TotaI
I* Mean

Range

Total-
fï Mean

Range

Total-
TII Mean

Range

TotaI
tr* Mean

Range

136
5.4

1-36

136
5.4

L-42

17B
7.L

L-32

450
6.0

L- 42

ZJJ

9.3
1-36

326
13.0
L-46

I45
5.8

r-29

704
9.4

L- 46

97 2rB 165 372
3.9 8.7 6.6 L4.9

L-28 r-25 L-26 5-26

II4 205 105 4BB
4.6 8.2 4.2 19. s

I-24 I-26 1-19 10-30

136 330 92 264
5.4 l-3.2 3.7 10.6

r-31 1-36 r-24 4-L5

347 753 362 rL24
4.6 10.0 4.8 15.0

1-3I 1-36 L-26 4-30

x 25 bees per** Total of 75
sample
bees



TABLE 19 (Continued)

Times when bees collected:

1700 1800

Bees col-lected
Hive

Number Brood comb Honey comb Leav- ffi
open seated open sealed ing Nectar with bothcells cetls ce1ls cet-ls Hive only ñêõtãE-ÞõTrêã

2 beesI* Mean 7.5 7.2 IO.4 6.3 10.3Range J--I4 I-26 1-36 I_26 2_25

Total I7B 589 274 90 207/2L beesrï Mean 7.L 23.6 11.0 4.3 g.g
Range I-45 I-62 1-50 L_20 2_22

Total 273 376 294Iïï Mean 10 . 9 15. t II.7Range 1-35 t-35 3-28

Total 638 1146 B2B 228 433/43 bees** Mean 8.5 15.3 11.0 5.3 10.1Range L-45 I-62 I-50 L_26 Z_25

x 25 bees per sample:ttr Total of 75 bees



TABLE 20. WEIGHT OF HONEY
BEES TAKEN FROM
l8th JUNE r L96B -

STOMACHS AND
VARTOUS PARTS

POLLEN LOADS OF
OF A HTVE ON

Times when bees col-l-ected:

900 1000

Bees coll-ected on:

Hive
Number

Brood comb Honey comb

ce11s celIs cells cel-1s

Leav-
ing
Hive

Returning to Hive
with
Nectar with both

ñectar-ÞõTïeã

Total
f* Mean

Range

333 234
13.3 9"4
L-44 1-38

onl

L47 2BB
s.9 11.5

I-23 1-33

20l- 333
8.0 13.3

L-22 2-42

I77 292
7 .T LL.7

I-24 1-s3

525 913
7 .0 L2.2

75 304
3 .0 12.2

L-r4 4-24

109 496
4.4 19.8

1-19 10-30

52 467
2.I 18 .7
r-7 I0-32

236 1267
3.2 L6.9

LO12
40 .5
2-7 0

Total 283 244
rf Mean 11.3 9. B

Range 1-53 L-46

Total 720 7 42
ïII Mean 2B.B 29.7

Range 2-57 1-68

Total 1336 1220** Mean L7 .B 16.3
Range I-57 1-68

798
31.9
4-6r

825 223
33.0 8.9

11-52 r-39

2635 223
35.1 8.9
2-70 1-39 I-24 1-53 1-19 4-32

* 25 bees per sample:k* Total of 75 bees



TABLE 20 (Continued

Times when bees collected:

l-300 1400

Bees coll_ected
Hive

Number Leav-
ing
Hl-ve

Retur

Nectar

Hive

with both
ñãcEar ÞõTTen

Brood comb Honey comb
open sealed open sealed
cel1s cel-l-s ce11s cel_1s

Total-
I* Mean

Range

Total
IT Mean

Range

Total
ïïI Mean

Ranq'e

Total
** Mean

Range

70 151 374
2.8 6.0 15.0
1-9 1-30 2-39

220 L66 403
B.B 6.6 16.1

I-47 L-20 2-62

on1

68 166 73 2L9
2.7 6.6 2.9 B.B
1-9 1-38 1-r1 2_I9

159 232 r2I 355
6.4 9.3 4.8 L4.2

1-48 1-31 I-24 7_29

423 336 722 I75 77 l'L7 136 238L6.9 13.4 28.9 7 3.1 4.7 s.4 g.5
1-38 1-51 7-57 r-29 L-]z I_I7 1_1s 2_20

7I3 653 l-499 L75 304 s15 330 BT29.5 8.7 20.0 7 4.I 6.9 4.4 10.8L-47 1-51 2-62 L-29 7_48 1_38 L_24 2_2g

* 25 bees per sample** Total of 75 bees



TABLE 20 (Continued)

Times when bees collected:

1700 1800

Bees col-lected on:

Hive
Number

Brood comb Honey comb
Relurning to Hive

with
Nectar with both
only ñêõtãE-PoTIen

Leav-
ing
Hr-ve

open sealed
cells cel1s

open sealed
cells ceI1s

Total-
I* Mean

Range

Total
ïI Mean

Range

Total
Ifï Mean

Range

TotaI
** Mean

113
4.5

L-26

116
4.6

I-2I

322
12.9
r-54

]-47
5.9

l--24

L24
5.0

I-4I

520
20.8
L-57

74
3.0

1-10

64
2.6

L-L2

64
2.6

L_L4

2s9
10 .4
r-26

427
L7.T
1-55

247
9"9

1-36

476 20r
19. 0 8.0
1-36 I-44

1t_50 20L
15.3 8.0

77 140
3"r_ 5.6

r-15 r-20

L82 L44 258
7.3 5"8 10.3

1-55 L-24 L-28

376 67 r42
15 .0 2.7 5.6
L-69 1-10 1-10

551 79r
7 .4 10.6

202 BL7 2BB 540
2.7 10"9 3.8 7.2

L-28Range L-54 L-57 1-55 l-44 L-I4 L-69 L-24

* 25 bees per sample
*?k Total of 75 bees



TABLE 2L" WETGHT OF HONEY
BEES TAKEN FROM
27th JUNE. 1968.

POLLEN LOADS OF
OF A HTVE ON

STOMA,CHS AND
VARIOUS PARTS

Times when bees collected:

9C0 1000

Bees collected
Hive

Number
Brood
open
cell-s

comb
seal-ed
cel1s

Honey
open
cells

comb
seal-ed
cells

Leav-
ing
Hive

Nectar

Hive

with both
ñõõEãr ÞõTTên

Total
I* Mean

Range

Total
ff Mean

Range

Total
ïïf Mean

Range

Total
** Mean

Range

733 393 246
29.3 ].5.7 9. B
1-63 I-44 L-47

31s 456
12.6 l-B.2
1-50 1-60

849 259
34.0 I0.4
I-72 1-60

onl-

II4 227 33
4 .6 9 .1 l-.3

1-15 1-30 1-3

4l-4
L6 .6
4'32

IB97 1108 2034 1007
25 .3 14. B 27 .I 40 .3
L-72 1-60 1-65 3-70

354 203 119 443
L4.2 8.1 4.8 I7-7
I-46 L-23 L-I2 4-34

2r3 44r L04 507
B. s L7 .6 4.2 20.3

L-24 r-43 1-15 13-37

6 Bl_ B7I 256 l.364
9.1 11.6 3.4 rB.2

L-46 L-43 1-15 4-37

750
30.0
5- 61

103 B 1007
41.5 40.3

2L-65 3-70

* 25 bees per sample** Tot.al of 75 bees



TABLE 2I (Continued)

Times when bees coll-ected:

1300 1400

Bees collected on:
Returning to Hive

Hive Brood comb Honey comb Leav- ffi
Number ing Nectar with both -cells cells cell-s cells Hive only Nectar pol_len

Total-
I* Mean

Total
fï Mean

Total-
fïI Mean

Total
*:t Mean

Range 1-30 L-20 1-37

96 L22 286
3.8 4.9 11.4

r3B l-82 7s6
5.5 7.3 30.2

326 69r L7B6 523
4.4 9 .2 23 .B 20.9

49 334 246 LT4
2.0 13.4 9.9 4.6
L-7 1-37 1-24 1-10

75 203 180 L76
3.0 8.1 7.2 7.0

I-20 L-28 r-20 2-16

l8l 890 496 574
2.4 11.9 6.6 7.7

Range I-29 L-24 1-65

92 387 7 44 523 57 353 70 284
3.7 l_5.5 29-B' 20.9 2.3 L4.L 2.8 Ir.4

Range I-23 I-57 3-55 1-60 1-10 1-50 L-9 5-2I

-"

* 25 bees per sample*:t Total of 75 bees



TABLE 2L (Continued)

Times when bees collected:

1700 1800

Bees collected on:

Hr-ve
Number

Brood comb llglgy_Sgmb_ Leav-
ing

cel-l-s cel-ls cells cells Hive

to Hive

Nectar with both
onlv NecEar PoTIen

Total
Itç Mean

Range

Total
fI Mean

Range

Total-
III Mean

Range

Total** Mean

LI7 299
4.7 12.0

I-22 I-27

200 40L
8.0 16.0

I-57 1-35

216 398
8.6 r_s.9

L-32 1-38

54 232 223
2.2 9.3 8.9
l_-B L-22 I-23

375
15. 0
1-33

100
4.0

I_27

205
8.2

L-42

60 342 764 135
2.4 I3.7 6.6 s.4

l-13 1-38 1-16 2-rr
l-20
4.8

2-L3

680 533 1098
9.1 7.r 14.6

29 288 44/6hrs. 35/6
L.2 11.5 7.6 5.8
l_-3 L-2L 1-19 2-r2

r43 862 43L 290
1.9 1r.5 7.7 5-2

242
9.7

L-34

242
9.7

Range I-42 I-57 1-38 I-34 1-13 1-38 I-23 2-r3

* 25 bees per sample** Total of 75 bees



TABLE 22. WETGHT OF HONEY
BEES TAKEN FROM
19t.h JULY, 1968.

STOMACHS AND
VARIOUS PARTS

POLLEN LOADS OF
OF A HTVE ON

Times when bees coll-ected:

900 1000

Bees collected on:

cel-ls cefls cells cells Hive only NeõEã?-ÞõlTen

Hive
Number

Total
f* Mean

Brood comb Honey comb Leav- wfm
inq Nectopen ed op

Returning to Hive

ing Nectar with both

56 2sL I23 253
2.2 10.0 4.9 10.1
I-7 L-26 I-L7 2-29

70 515 26L 2BB
2.8 20.6 10.4 11.s
L-7 L-54 L-29 2-24

437
L7 .5
6- 31

298 467 5l_3
11.9 18.7 20.5

Range L-47 L-69 1-63 1-18

150
6.0

Total
TÏ Mean

Range

Total
TII Mean

Range

Total
** Mean

Range

509 478 1264
20 .4 19.1 s0.6
2-82 2-65 I0-67

33 6 116
13.4 4.6
1-59 1-35

965
38.6
2-7 0

1077 7t 191 l-34
43.L 2.8 7 .6 5.4
6-64 I-L7 L-23 L-L4

1143 1061 27 42
L5.2 14.2 36.6
L-82 7-69 t-70

1227 L97 9s7 sl8 978
24.5 2.6 12.8 6 .9 t_3. 0
r-64 I-L7 L-54 L-29 2-3L

* 25 bees per sample** Total- of 75 bees



TABLE 22 (Continued)

Times when bees collected:

1300 1400

Bees collected on:

H]-VC
Number

Returning to Hive
Brood comb Honey comb Leav- with

ing Nectar with both
cells cells cells cel-Is Hive only Nectar Pollen

Total
I* Mean

Range

Total
fI Mean

Range

Total
III Mean

Range

Total-
** Mean

Range

580 546
23.2 2r.B
L-79 1-68

702 769
28.I 30.8
2-72 4-70

568 LI46
22.7 45 . I
I-78 2-7 4

1850 246r
2417 32rB
I-79 r-74

99 3s1
4.A 74.0

1-11 1-30

I2I 658
4.8 26 .3

1-31 2-55

t_ 31 454
5.2 l-8.2

L-I7 3-44

351 1463
4.7 19 .5

1-31 1-55

I22 250
4.9 10.0

1-30 4-22

520 484
20 .B L9 .4
2-5I 6-35

257 528
10.3 2L.L
1-30 10-29

899 1262
12.0 16 . B

1-31 4-35

114 5
45.8
2-7 2

L2B5
51. 4

28-69

1-86
43 .4

L2-77

3 sl6
46L9
2-7 2

485
19 .4
2-64

L4L7
56.7

30-7 2

569
22 .8
r-64

247L
33.0
r-7 2

x 25 bees per
** Total of 75

sample
bees



TABLE 22 (Continued)

Times when bees collected:

1700 1800

Bees col-lected on:

Hive
Number

Returning to Hive
Brood comb Honey comb Leav- with

ing Nectar with both
cells cells cells cells Hive only Nectar Pollen

Total
I* Mean

Range

Total
TÏ Mean

Range

Total
III Mean

Range

Total-
** Mean

Rangie

372 355
L4.9 L4.2
I-52 2-62

BB2 608
35.3 24.3
6-64 2-63

355 73L
14.2 29.2
2-69 7-65

1609 L694
27.5 22.6
L-69 2-65

599
24.0
2-68

1263
s0.5

34-7 9

1060
42 .4
2-7 3

2922
39.0
2-7 9

542
2L.7
L-69

7L5
28 .6
4-6L

382
15.3
L-73

163e
2L.9
r-7 3

98 5l-7
3.9 20.7

L-20 6-35

90 475
3.6 19.0

1-16 6-37

133 655
5.3 26.2

I-22 6-s1

32r 1647
4.3 22.0

I-22 6-51

313 228
12.5 9 .1
r-29 2-I7

448 494
17 .9 19 .8

10-33 B-44

470 467
18. B l-B.7
I-32 r_1-30

723l- 1189
L6 .4 15 .9
1-33 2-44

* 25 bees per sample** Total of 75 bees



TABLE 23. WETGHT OF
BEES TAKEN
25th JULY,

HONEY STOMACHS
FROM VARTOUS
1968.

AND POLLEN LOADS OF
PARTS OF A H]VE ON

Times when bees collected_:

900 1000

Bees collected on:

Hive
Number

Brood comb Honey comb Leav- W
ing Nectar with both

cells cells ce1ls cells Hive onl_v ñeõEar ÞõTTen

r* Mean 30.4 L3.4 22.0 16.4
Range L-75 L-73 L-74 L-73 t-10 L-42 L-43 1-tB

Total 404 847 738 765 110 590 1Bs 452Iï Mean L6.2 33.9 29 .5 30.6 4.4 23.6 7.4 18.1
Range 1-63 L-73 1-65 1-65 I-L7 1-55 I-22 LO-28

TotaI 7 48 1309 1519 845 2IT BB3 287 556rIr Mean 29.9 52.4 60.8 33.8 B .4 35.3 11.5 22.2
Range 2-7 4 5-81 34-7 5 1-73 1-40 8-65 1-33 L2-32

Total 759 334 549 476

Total- 1911 2490 2806 2026** Mean 25.5 33.2 37.4 27.0
4IB 1738 6Bs l-209
s.6 23 .2 9 .I 16 .1

97 265 273
3.9 10.6 8.5

20I
8.0

."

* 25 bees per sample** Total of 75 bees



TABLE 23 (Continued)

Tímes when bees collected:

l_300 1400

Bees co]lected on:
Returning to Hive

Hive
Number

Brood comb Honey comb Leav-
i-ng

cells cells ce1ls cells Hive
Nectar with both
only Nect.ar-ÞõIfên

Total
T* Mean

Range

Total
ïÌ Mean

Range

Total-
ïïf Mean

Range

Total
** Mean

498 398
79.9 15.9
1-80 1-70

729 2L2
29 .2 8.5
2-75 r-49

1015 L253
40.6 s0.1
2-84 16-75

2242 1863

772 406
30.9 16 .2
L-73 L-62

74L 719
29 .6 28 .B
r-78 2-73

1-51 806
42.0 32.2
2-85 1-63

2564 1931

I43 344 301
5.7 13. B L2.0

L-42 1-39 I-25

225
9.0

L-23

29 .9 24.8 34.2 25.8

L32 499 264 635
5.3 20.0 10.6 25 .4

1-16 1-59 L-29 1B-33

185 684 453 613
7.4 27.4 18.1 24.5

1-31 6-46 2-34 L4-32

460 L527 r_018 L47 3
6.1 20.4 13 .6 L9 .6

L-42 1-59 r-34 1-33Range 1-84 I-75 1-85 L-73

r' 25 bees per sample*rr Tota1 of 75 bees



TABLE 23 (Continued)

Times when bees collected:

1700 1800

Bees collected on:

Hive
Number

Brood
open
ce11s

comJo
sealed
cel-1s

Honey
open
ce11s

comb
sealed
cells

Leav-
ing
Hive

Nectar with both
NeêEar PõïTen

Total BBB 1063
f* Mean 35.5 42.5

Range L-79 6-82

Total 515 391
ïr Mean 20L6 15. 6

Range 1-58 L-49

Total 12BB 432
fII Mean 51.5 L7 .3

Range IA-79 I-76

Total
** Mean

401 540
16.0 2L.6
1-63 L-7I

7 44 659
29 .B 26.4
5-65 r-75

1242 1010
49 .7 40 .4
3-92 I-75

2691 1886 2387 2209
35.9 25.2 3L.B 29 .5 10.0 29 .B 16.5 18.4

onl

3L4 342 293 2I2
12.6 13.7 Ir.7 8.5
L-49 2-40 L-40 I-22

230 648 543 644
9.2 25.9 2L.7 25.8

I-37 1-53 1-35 10-34

209 L24L 399 523
8.4 49.6 16.0 2L.3

1-40 18-67 2-36 9-28

7s3 2237 1235 1379

Rangie L-79 L-82 L-92 r-75 I-49 L-67 I-40 1-34

* 25 bees per sample** Total of 75 bees



TABLE 24. VüEf GHT OF HONEY STOMACHS
BEES TAKEN FROM VARIOUS
Bth Aucusr, 1968.

AND POLLEN LOADS OF
PARTS OF A HfVE ON

Times when bees collected:

900 1000

Bees collected
Returninq- to HHive

Number
Brood comb Honey comb
open sealed open sealed
cells cel-l-s cells ce1ls

Leav-
i.rg
Hive

with
Nectar with both

ñãõtar PoTIenonl-

Total L75 303 B5r 405 79 2gg 244 404r* Mean 7 -0 r2-r 34.0 16.z 3.2 l-2.0 9.8 L6.2Range I-34 I-46 t-65 t-61 t-15 I_40 I_24 3_3_

Total 398 264 669 395 l,4B 479 L52 45gïr Mean 15 - 9 10.6 26.8 15. B 5.9 rg.2 6.L rB.4Range L-67 1-55 L-57 L-54 r-44 L-45 1-16 g-28

Total 1022 758 900 1573 gg 844 375 554rrr Mean 40.9 30.3 36.0 62.9 4.0 33.8 15.0 22.zRange 2-74 L-77 15-61 44-78 r-r-7 14-55 2-38 6-32
rotal 1595 L3zs 2420 2373 326 L622 77L raLT** Mean 2L-3 L7.7 32.3 3r.6 4.4 2r.6 10.3 rB.9*""n" t-tn t-t] *ur L-78 L-44 r-ss 1-38 3-32

x 25 bees per sample** Total-75 bees



TABLE 24 (Continued)

Ti-mes when bees collected:

1300 1400

Bees collected on:
Hive

Number Brood comb Honey comb

cells cells cells cells

Leav-
ing
Hr-ve

Nectar with boLh
on1 Nectar Pollen

Total 243
f * Mean 9.7

Range 7-44

Tota1 342
If Mean L3.7

Range I-62

Total 1184
Iïï Mean 47.4

Range 2I-73

Total** Mean

306
12.2
t-55

2L5
8.6

1-35

69r
27 .6
L-66

1769 I2I2
23.6 L6.2

499 397
20.0 15.9
3-46 I-69

773 536
30.9 2r.4
2-60 2-67

826 405
33.0 16 .2
2-78 I-67

2098 1338
28.0 17 .B
2-78 I-69

It4 272
4.6 10.9

r-I7 L-27

96 933
3.8 37.3

1-13 3-59

2r2 233
8.5 9.3

I-24 2-20

507 456
22.7 LB.2
7-42 5-30

720 488 202 404
4.8 19.5 8.1 L6 .2

L-26 4-35 L-20 6-2I

Range I-73 L-66

330 1693 981 1-93
4.4 22.6 13 .1 14 .6

L-26 1-59 I-42 2-30

r, 25 bees per sample** Total of 75 bees

NOTE: Due to rainstorm no bees were collected between: rToo l8oo hours.



TABLE 25. WETGHT OF HONEY STOMACHS AND
BEES TAKEN FROM VARIOUS PARTS
14th AUGUST, 1968.

POLLEN LOADS OF
OF A HIVE ON

Ti-mes when bees collected:

900 1000

Bees collected on:
Hr-ve

Number Brood comb Honey comb

cells cel-1s cells cel1s

Returning to Hive
withLeav-

ing
Hive

Nectar
onlv

with both
ñeõEãE=ÞõTTen

Total
T* Mean

Range

Total-
fI Mean

Range

Total-
Ifï Mean

Range

Total
** Mean

Range

492 264
L9.7 10. 6
1-58 l_-63

233 277
9.3 11.1

I-39 I-4I
1189 528
47.6 2L.r
7-83 r-74

L974 1069
2s.5 14.3
1-83 I-7 4

449
18.0
1- 61

219
B.B

1-38

877
35.1

L2-7L

L545
20.6
T_7I

L43 s3B
5.7 2I.s

L-2I I-56

79 543
3 .2 2I.7
L-7 5-53

922
36.9
9-69

847
33.9
1-55

96L
38.4

15-65

27 30
36.4
I-69

44 4l-0 148 284
1.8 L6.4 5.9 Lt.4
L-4 1-39 r-25 4-24

165 391
6 .6 15.6

1-19 B-25

140 476
5.6 19.0

L-L2 12-28

266 I49I 453 11s1
3.6 L9.9 6.0 L5.4

L-2r 1-56 I-25 4-28'

* 25 bees per sample
*rk Total of 75 bees



TABLE 25 (Continued)

Times when bees collected:
1300 00

Hive
Number

Bees collected

cells cel1s cells cells

elood ""*þ = 
H"""y .open seal_ed open---seãTêã

Return to Hive
with
Nectar with both

Leav-
ing
Hive onry Nectar pol_len

Totat 515f* Mean 20.6Range 3_48

Total 445ïf Mean I7.BRange 1_80

Total LIO4Iff Mean 44.2Range I3_77

Total 2064** Mean 27.5Range l_80

i 25 bees per sample** Total_ of 75 bees

176 327 597 62 391 158 326.7.0 13.1 23.9 2.5 ls.6 6.3 13.0L-42 3-27 6-56 l_5 2_47 1_35 6_20

307 664 389 135 671 286 s22L2.3 26.6 15.6 s.4 26.8 :-L.4 20.gr-67 4-82 2-5L r_23 B_s6 r_32 rô_¡o
737 91s 476 136 Bs6 357 59029.5 36.6 19.0 5.4 34.2 14.3 23.63-7 6 7-63 2_53 r_20 11_55 l__40 L2_36

L220 L906 :-462 333 1918 801 143816.3 2s.4 ]s.s 4.4 2s.6 LO.7 ig.zL-76 3-82 2-s6 L_23 2_56 I_40 6_36



TABLE 25 (Continued)

Times when bees coll_ected:

1700 tB00

Hive
Number

Bees collected

cell_s ce11s cèl_1s 
";ii;-

Leav-
ing
Hive

Nectar

Ret
with

10.6 11.6
I-46 I,45
1038 968
13. B 12.s
I-64 I_7I

B2I IB2
32.8 7.3
L-79 1_53

445 511
17 .B 20.4
3-50 2_49

1093 2BB
43.7 11.5
4-72 1_48

2359 9 Bl_
31.5 13.1
L-79 1-53

with both

243 351
9 .7 14.0

2-28 4_27

236 363
9.4 1a R

2-I9 6_28

320 314
12.B 12.6
4-25 2-2I

onl
Total

l* Mean
Range

Total
ff Mean

Range

Total
ffl Mean

Range

Total** Mean
Range

217
8.7

L-43

556
22.2
L-64

265

2I6
8.6

1-50

46L
18.4
L_7 I
29r

118
4.7

I-2I

170
6.8

L_17

1s5
6.2

L-20

443
qo

7-2I

350
L4 .0
2-5L

352
I4.I
2-30

311
12.4
2-32

1-13
13.s
2-5L

799
l-0.7
2-28

L-28
l-3.7
2-28

i 25 bees per sample** TotaL of 75 beeä



T¡,BLE 26. lVEf GFIT OF HONEY STOMACHS
BEES TAKEN FROM VARIOUS
27th AUGUST, 1968.

AND POLLEN LOADS OF
PARTS OF A HTVE ON

!þe= when bees col_lected:

900 1000

Bees collected on:
Ht-ve

Number Returning to Hlve
with
Nectar with both

Brood comb Honev comb
open seaL.ed. open sealed

Leav-
ing
Hivesql]-s cell-s cel1s cells only lleEEãr-ÞõTIen

Tota] 734 398
f* Mean 29 .4 15. 9

Range 2-6I t-53

Total 397 760
ïr Mean 15.9 30.4

Range l-80 I-78

Total l_411 1327
IfI Mean 56.4 53 " lRange 31-82 29-76

Total 2542 2485** Mean 33.9 33.1
Range L-82 L-78

989 77L
39.6 30.8
6-59 3-62

826 947
33.0 37 .9
B-82 2-76

643 6s5
25.7 26.2
3-67 3-57

2458 2373
32.8 31.6
3-82 2-76

77 AsB
3 .1 18.3

1-10 1-61

101 33 6
4.0 L3.4

I-28 9-22

159
6.4

3 -13

145 4s5 I24 336
5. B LB.2 5.0 L3.4I-I2 4-29 1-15 6_29

101 229 s0
4.0 9 .2 2.01-13 I-25 1-5

323 LI42 275 831
4.3 L5.2 3.7 11.1

1-13 1-61 L-28 3-29

* 25 bees per sample** Total_ of 75 bees



TABLE 26 (Continued)

Times when bees collected

1300 1400

Hr-ve
Number

Bees col-l-ected on:
Returning to HiVe

Brood comb Honey comb Leav- m
ing Nectar with bdh

cel-ls cells cells cells Hive only ñecEr-ÞõTfên

Total
I* Mean

Range

Total-
ïf Mean

Range

Total
III Mean

Range

Total
** Mean

Range

85Ì 77L B0B 666
34.0 30. B 32.3 26.6
L-77 1-78 3-77 I-66

405 1031 973 7L0
L6.2 4r.2 3 B. 9 28 .4
L-66 I-87 9-75 L-69

L-42 I2L- BB2 7 45
4r.7 48.4 35.3 29.8
r-97 7-79 5-79 L-74

2298 30L2 2663 2L2L
30.6 40.2 35.5 28.3
r-97 r-87 3-79 r-7 4

rt3 239 153 239
4.5 9 .6 6.1 9 .6

1-31 1-50 I-26 3-20

77 276 246 387
3.1 11.0 9.8 15.5

I-L4 L-42 r-20 7-34

138 344 242 353
s.5 13.8 9.7 14.1

r-28 1-35 2-22 B-2L

328 859 64l. 979
4.4. 11.5 8.6 13.1

1-31 1-50 L-26 3-34

* 25 bees
*?k Total Of

per sample
75 bees



TABLE 26 (Continued)

Times when bees coll-ected

1700 1800

Hr-ve
Number

Bees col]ected on:
Returning to Hive

Brood comb Honey comb Leav- with
ing Nectar with both

cefls cells cells cells Hive only ñécEãi-ÞõTfen

Total 434 469 600 99r 91 472 234 1-96
I* Mean 17 .4 18. B 24.0 39 .6

Range 1-56 1-65 2-65 L4-75

Total 658 574 II2B 310
TII Mean 26.3 23.0 45. t 12.4

3.6 18.9 9.4 7.8
1-13 1-63 L-24 2-L6

Total 381 823 l-225 4l-9 I45 443 249 207
If Mean L5.2 32.9 49.0 16.8 5.8 L7.7 10.0 8.3

Range l--40 L-7 4 2-89 1-48 1-18 3-34 I-24 3-18

77 53s 254 I57
3.1 2I.4 10.2 6-3

Range 2-64 L-74 4-9I I-44 1-16 10-43 1-31 2-72

Total- L47 3 1B 6 6 2953 L7 20 313 1450 737 560** Mean 19. 6 24.9 39 .4 22.9 4.2 19.3 9 .8 7.5
Range I-64 I-7 4 2-91 I-75 1-18 1-63 1-31 2-1-B

* 25 bees per
*tr ToÈal of 75

sample
bees



TABLE 27. WE]GHT OF HONEY
BEES TAKEN FROM
lOth SEPTEMBER,

STOMACHS AND
VARIOUS PARTS
1968.

POLLEN LOADS OF
OF A HIVE ON

Times when bees collected

900 i_000

Bees collected on:
H].VE

Number Brood comb Honey comb
open sealed open sealed
cells cel1s cells cell-s

Leav-
ing
Hive

Nectar with both

Total
I* Mean

Range

Total
ïï Mean

Range

Total
fff Mean

Range

Total
** Mean

Range

only ñêEra?-ÞõTIen

81 2s2 69 31s
3.2 10.1 2.8 L2.6

1-15 1-31 L-7 6-22

69 398 75 406
2.8 15.9 3.0 16.2
1-9 2-28 1-10 7-24

I07 368 I22 368
4.3 14 .7 4.9 L4 .7

I-23 ]"-43 1-13 10-24

2s7 1018 266 1089
3 .4 13 .6 3 .6 L4.5

7-23 l-- 4 3 1-13 6-24

* 25 bees per sample
?t* Total of 75 bees

824 826 1630 320
33.0 33.0 65.2 12.B
2-74 L-72 27-99 I-76

861 1026 l-532 568
34.4 41.0 61.3 22.7
2-77 3-79 3B-90 1-56

935 1106 L623 1320
37.4 44.2 64.9 52.8
2-76 r5-7I 39-9s B-90

2620 2958 4785 22oB
34.9 39.4 68.3 29 .4
2-77 L-79 27-99 1-90



TABLE 27 (Continued)

Times when bees collected

1300 - 1400

Bees collected on:
Hïve

Number Brood comb Honey comb

cells cel1s cells cells

Returningi to Hive
with
Nectar with both

Leav-
ing
Have

Total
I* Mean

Range

Total
II Mean

Range

Total-
IIÏ Mean

Range

769 660
30.8 26.4
1-87 2-82

427 4L0
L7.L 16.4
l-= 5 6 1-67

75L 476
30.0 19.0
2-76 L-69

1518 305
60 .7 L2 .2

29-97 L-69

97 4 345
39.0 13. B

6-70 L-28

1075 4r7
43 .0 L6 .7

B-106 1-85

3567 r067

onlv Nectar Pol-1en

362 168 367
L4.5 6 .7 14.7
3-35 L-20 B-32

110
4.4

t-L7

116
4.6

1-19

L29
5.1

L-26

387
15 .5
2-28

447
17 .9
9-37

3s5 1196
4.7 16.0

209 384
8.4 L5.4

1-19 6-29

324 430
13 .0 17 .2
4-26 Lr-24

70L 1181
9.4 15.8

Total L947 :.'546
** Mean 26 .0 20 .6 47 .6 L4.2

""*" t-t| t-rr r-rr9

x 25 bees per sample
** Total of 75 bees



TABLE 27 (Continued)

Times when bees col-lected

1700 1800

Bees collected on:
Hive

Number Brood comb
open seal-ed
cells cells

Returning to Hive
Honey comb Leav-
open sealed ing
cells cells Hive

with
Nectar with both
only NecEãr PoTÏen

Total
I* Mean

Range

Total
ff Mean

Rangie

Total
fII Mean

Range

Total-
** Mean

Range

502 204
20.r 8.2
1-80 L-27

324 4BB
13.0 19.5
1-63 3-65

826 692
16.5 13 . B

1-80 1-65

901 44r
36.0 L7.6
9-73 2-7r

L-28 342
41. 1 L3 .7
5-89 1-33

L929 783
38.6 Ls.7
5-89 L-7r

LIA 246
4.6 9.8

1-13 1-36

L22 327
4.9 13.1

L-22 2-40

236 573
4.7 11.5

r-22 r-40

2TB L97
8.7 7 .9

3-I7 2-LB

L92 l-99
7 .7 8.0

2-24 2-L6

410 396
8.2 7 .9

2-24 2-rB

x 25 bees per
** Total of 75

sample
bees




