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ABSTRACT

l\ study was done in L969 - t9?0 to determine the

effeet of severaL envj-ronmental- faetors on the erop corl:

tents and potlen loads of worker honey bees" The following

were obtai.i:red¡ weather data, flowering dates of the major

sources of pollen and nectar, daily changes in colony weights

and pollen income through the use of seales and polIen traps,

and reeords of eolony growth throughout the season"

The crop eontents of worker bees (grouped according

to duties performed) were investigated for weíghtÊ sugar

coneentratíon and pollen content, Pollen load weights were

also obtained,

Certain general trends became evidentu The weights

of erop eontents obtajned ii:I L969 can be expressed as fol-
]ows¡ workers on open honey> workers on open brood>

nectar foragers entering the eolony> pollen foragers enter-

ing the eolony; foragers leaving for the fiel-ds" fn L970t

however, the neetar foragers carried more food in theÍr crops

than did workers eaught on open brood, but l-ess than dio

those caught on open honey" Pollen foragers in that year

carried more food than did workers eaught on open brood, in

Julyo only" Consistent differences in erop weights accord-

ing to tirne of day were not found"

Seasonal trends for crop weights for both years were

simílar, In all groups of bees the lowest weights occurred



during June" Crop r,veights in nectar foragers corresponded

to the daily net colon¡i gain" The a¡nount of food retained
by híve bees increased in JuIy and remained at a high level
for the remainder of the season, The honey stomach v.reights

of foragers leaving remained at the same level throughout

the season"

Seasonal trends in sugar concentration of the crop

contents varied wíth location from which the bees v,/ere col-

lected" In nectar foragers the sugar concentration reached

its highest l-eve1 during the nectar flows and deereased when

the flow ceased; in pollen foragers and foragers leaving

their colonies there was a slight decrease in concentrati-on

over the seasono and in r,voricers collected on operi brood and

on open honey the sugar concentrati-on increased i:r July and

remai-ned at a high l-eveL for the remainder of the season"

PoIIen load weights did not sholv any seasonal effectu

nor were definite seasonal- trends observed in i¡ollen coi'ì.-

centration of the crop contents" In general, the pollen

concentration was highest ín the spring but tended to fluc-
tuate at lov¡e:: levels for the remainder of the season" As

in crop weíghts and sugar concentration of crop contents u

there appeared to be a definíte rel-ationship beti,veen pollen

concentration of the erop contents and the location in which

u¡orkers were col-l-ected"

The effeet of varions factors on the rate at wlrieh



pollen is filtered out of suspension in the erop contents

by the prorrentricu-l-us of r,'.¡or"ker honey bees \'vas investigated"

The folÌovring factors were found to significantl-y affect the

rate of fittration: the length of time a pollen suspension

is retained in the crop, environmental temperaturee and. very

high sugar concentration"
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CHAPTER ]

ïNrR0DttcTl0N

An abr.mdant suppLy of both food (polLen and neetar

or honey) and water throughout the brood rearing season is
a prime requisíte for the normal development of a productive

honey bee eoJ-ony, Although adult bees are able to J.ive on

a pure earbohydrate dietu pollen ís required for the develop-

ment of the h¡popharSmgeal glands, fat bodiese and other in-
ternal organsa &s well as for the elaboration of royal. jelly
and of brood food" water is requíred both for the díLutíon
of honeya âs well as the regul-ation of brood nest temperaturee

The present study was designed to determine possible

reLationships between varíous environmentaL faetors operat-

ing both within the eolony and^ externally to it, and the

quantity and quality of food retained by individuaJ. honey

bees at various locatione within the honey bee soeiety" An

understanding of some of these relationshlps wilL enable

beekeepers to manage theÍr eolonies more effeetivelyu there-
by ínereasing their valueu both for honey prod.uction and for
pollfnatíon,

fhe balance between food supply and eolony develop*

ment is partieularly s@nsitive when colonies are smaLl,

Eaeh spring, in Canada and. in the northern United States,

approximately 500s000 two-pound packages of bees, eaeh con-

taining between ?ø000 to 9e000 workers and a queen e æe



CHAPTER II

I',IETHODS AND IúATERIALS

The investigations were done during the summers of
L969 and L970e orr the experimental field plots of the

Department of P1ant Scienceu and in the Department of Ento-

mology, University of llanitoba, The same generaÌ method

was fol-lowed in both years; differences between years con-

sisted primarily in the number of times honey bee samples

were coll-ected throughout the season, the dates of samplirgu

and the number of samples taken on eaeh sampling date.

Hivíqgu Hivins Datese_Strgåfu_ and.Loeation o,f Yardg

0n 20 April, L969¡ and again on 14 April in Ig?0, B

commercial two pound packages of a yellow strain^fbees were

hived into brood chambers containing símil-ar quantities of
pollen and honey" Starline hybrid queens obtained from

eommercial queen breeders in the Southern United States were

used to replaee the queens in all coLonies" These were used

in order to obtaín relatively homogeneous populations and in
order to reduce inter-colony differenees with regard to
colony growth and bee behaviour"

The eoLonies were placed, in two equal groups (A

and B) into locations approximately å mile apart" The four

coloníes of Group Au from whieh all honey bee samples were

takene were placed on beam scalesu facÍng South, and at



4

l-east twenty five feet apartu in order to reduce inter*
eolony drifting to a minimum" L{eight changes were recorded

dailyo starting on 1,J \tlay in L969s ând on B June, !9?0,

respectively"

The B group of colonies was used to obtain supple-

mentary information on daily poJ-Ien and nectar income. The

group consisted of one colony on a scal-e, two colonies on

OAC pollen traps (See below ) u and one colony held in re-
serve" SeveraL reserve Starline queens were maintained in
smalL reserve colonies called "nuelei" 

"

The pollen trap colonies were provided with upper

entrances u vuhich \t'ere cl-osed on aLternate days in rotation
so that rvhiLe pollen was trapped from one eolony, the other

was free to forage for its o'¡¡rr needs " The total amount of
pollen collected each dayu as well- as the average pollen
load weíghte were recorded, Average pollen l_oad weights of
the trapped polÌen were obtained by counting the number of
pollen loads in a five gram sample of the pollen coLl_ected.

Pollen trapping was initiated on L June u Ig69s ând on Zz

June, L970, In addition to the data on nectar flo',,¿su pollen

income ¡ âñd honey plant blooming periods, a record of daily
temperatures extremes was obtained frorn the offieíal Depart-

ment of Transport records maintained at the Winnipeg Inter-
national Airport in both yearsu A comparison between the

Department of Transport temperature records and those



obtained at the Departrnent of Plant Science Field Plots in
L969 show no signifieant d.ifferencêso Daily cloud cover and

wind eonditions were also reeord.ed."

i\lanagement of all colonies was carried out as for
honey production" Second brood chambers and. honey supers

were added as required; the gueens had free access to all
hivebodies throughout the seasono

Supplementary spring feeding was required only in
1969" At that time u 50% sugar syrup and pollen supplement

consisting of trapped pollen, soybean flour, and. sugar, in
the ratio of 1aJz7 (Fanar, L968) were given as requi.red.,

In the Spring of L969 all colonies received. two ap-

plications of medieated syrup containing fumagilrin (for the

contror of nosema disease) and. tetracycrine to eontrol a

light infection of European Foulbrood" No med.ícation was

given in L970e as no disease was observed."

In order to control swarming, íncreased ventilation
v¡as provided by offsetting supers, the brood chambers of
all colonÍes making preparations to swarm were reversed.

arrd queen ce}ls were eut (Cale, Lg6j; Farrar, tg6ï)" These

measures were not completely sueeessfule in 1969 the scale

colony of the B group swarmed, requiríng the removal of the

scale to the reserve colony (A-Z) of the groupa

ïn t970u colony A-2 swarmed with a virgin queen

reared under the emergency irnpulse, following the loss of



the original queen during hive manipulations" This colony

was Left to recover on its or¡m and periodic eollections of
adul-t bees s âs wel} as adult and brood estimations e were con-

tinued" Statistical- analyses show that the data obtained

from this colony do not differ signifieantly from data ob-

tai-ned from the other col-onies " The results obtained from

colony A-2 were therefore incl-uded in the total averages"

Queen Losses and Replacement

In 19690 three of the four experÍmental coLonies re-
tained their orígina1 queens throughout the season" The

queen of the fourth colony, (A-Z) became drone laying about

three weeks after her introduction to the colony, and was

replaced with another normal laying Starline llybrid queen,

In 1970u five queens were lost throughout the season, Ex-

cept in the case of colony A*Zu eaeh queenl.ess colony was

requeened as follows: ALl queen cells were removedu and a

laying Starline queenu together with her brood and all bees,

were plaeed into the centre of the third story of the colonyu

using very little smoke" AlI of the queens introduced in
this manner were accepted and continued to lay with very

little interruption"
The reasons for the high rate of queen l_oss in L9?0

are not clear. It seemed that in 1970 the bees reacted more

excitedly to handling of the eombs and hivebodies than they

had in L969; this may have been partly responsible for these



queen losses, Howeveru Nelson (tgZt) also reported unusu*

ally hish queen losses for a bee yard situated about five
miles from the present location" This suggests that envi:

ronmental- factors operating over a wide area may also have

had an effect,

Brgod i\rleasufe¡ggn'Lg

Brood measurements o adult population estimations 0

and samplinge were carried out on a twelve day Êf day) eycle,

starting on 26 t'by in L9690 ând on 1 June in I9?0, respect*

ivelyu A twelve day interval between readings was chosen to

allow all sealed brood measured on one reading date to emerge

before the next, thus avoiding a double count of seaLed

brood areas " Both brood measurernents and adul-t estimations

were carried out on the day following the coll_ection of bee

samples in order to avoid biasing the data due to disturb-
ance of the eolony"

In L969 the brood was measured by tracing outlines
of the areas of comb covered by each stage (eggsu larvae,

and pupae ) onto sheets of plastic, The total areas of brood

present were obtained by superimposing a square ineh grid
over the pl-astic sheets" This method was discarded in L9T0

as being too cumbersomeu and the system devised ìry Smirl
(tg?O) u'as ad.opted instead." The brood outlines were dravne

directly onto sheets of glass ruled in square inches, An

assistant then tallied the amou¡rt of each stage presentu in
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the fietd, and cleaned the glass" The values obtained

throughout the season were plotted for each colony" Because

drone brood was not present in large quantitiesu areas con-

tainíng eggsu larvae, and sealed brood were not eounted. sep-

aratelyu but r/vere ineluded in 'Total broodu measurements

(Figpres 1-B through z5) ' The numbers of queen cells present

were recorded"

Adr{l! Eqb:LuaLiqrs

Adult estinrations were made on the same days on

which the brood eounts were obtainedu usually betvreen 6cJ0

and 9s30 A"lq, o i"e" before large numbers of bees flew from

their hives" The technique used was one originally deve-

loped by Jeffree (L957) ana Later modified for Langstroth

frames by Nelson (t97t) " It consists of gently removing

each frame frorn the hivebodies without the use of smokeu and.

estimating the number of bees on it against a chart showing

photographs of combs with known numbers of bees (Figure 1A ) "
Two persons cooperated for each estimation" An assistant
removed the frames from the hive and held them for the

estimator,

Large numbers of bees can be estimated in this man-

ner within a short time and the manipulations, if performed

vrith care, do not disrupt the normar activities of the eorony

to a significant extent" Similar observations were mad.e by Free

and spencer-Booth(L963) " Tests with i.5 observers (Nelson, Lg?L)
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have shoiryn that the aceuraey

entire coloníes under normal

within seven per cent of the

L2

of estimating populatíons of
suruner conditions was usually
actual number of bees present,

Killing TeehniqUC

ït is essential that bees collected in the field for
later analyses of honey stomach eontents, be killed. as

quickly as possi-ble in ord.er to prevent the passage of the
liquid or semiliquid material from the honey stomach both
backward into the gUt or forward. through regurgitation" In
his attempt to fÍnd a practieal method. of doing sou Feng
(tg6g) experimented. with various methods of killing smal1

numbers of bees and inelud.ed. the use of eyanid.eu carbon

dioxide gâs¡ temperatures of -20 to -J0 d.egrees F" (deep-

freezer)u '60 to *?o d.egrees Fn (dry ice), and.-{95 degrees
F" (liquia nitrogen), 0f thesen only the d.ry ice method

proved to be of value for field studies" consequentlyu thÍs
technique was used in the present study"

The bees were kilred by placing them into ten-inch
test tubes inserted. into a mixture of d.ry ice and ethanol
contained ln a wid.e-nouth vaccuum bottle " A lid (prastic
Petri dish with holes of the size of the test tubes) trela
the tubes in place (nigure 1B), when the temperature of the
air in the tubes approximated that of the surround.ing alcohol_-
dry ice mixtureu individual bees were dropped into the tube
where they died within about zo seconds" Regurgitation did
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not occur often enough to significantly bias the data ob-

tained"

Several preeauti_ons were necessary" Bees held ín
the tubes for longer than approximately five minutes usually
became so brittle that they ferl apart before they could be

dissected" liloreover, the honey stomach tissues also became

very fragile, greatly increasing the diffieulties of remov-

ing the honey stomach intact" Similar observations were made

by Feng (t969) 
"

In addition, as the number of frozen bees in the
tubes increasedu the time required for the bees to die also
increasedu resulting in a greater number of bees regurgi-
tating part of their honey sto¡naeh contents" care was taken,

therefore, to empty the tubes frequently"
The bees were emptied into labeled plastie vials and.

v¡ere temporarily stored in pienic jugs containing dry ice
(which was also used to recharge the killing jars whenever

necessary) until they could be transferred to a deep freezer
for storage to be anaryzed at a later date" The bees can

be kept in this way for several months, with little desic-
cation or change in the honey stomach tissues (Fengu tg6g) 

"

since a primary objeetive of the stud.y was to deter-
ntine possible relationships existing between the environment

of individual- bees and the amount and quality of food car-
ríed by themu the workers were coLlected on the basís of the
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worK performed by them at the time of feeding"

While age is another factor which may infl_uence food

uptake (Fbee u 195? u L96? u Lg6B) u it has been shov¡r that
worker bees of any age are capable of performing a variety
of duties within a brief period of time e even of duties not
normally falLing within the sphere of work performed at that
age (Lindauer, Lg52; Sakagami, Lgsj) " It appears that the

work performed by a bee u rather than its âgê s ís the domin-

ant factor Ínfluencing its food uptake at any given arnount;

this factor was therefore chosen as the basis on which the

bees were eategorized"

Sampling

The foflowing categories of bees were chosen for
analysis in 1969 and were col-leeted throughout the summers

,"*"*""u *üË:åt t"iä63:triä;õo
a
$Workers caught on open honey comb HO
.oWorkers caught on seal_ed honey conb HS
r Workers caught on open brood ðomb B0
.! Workers caught on sealed brood cornb BS
ri{ax producing workers caught on combfoundation Fo

X

X

À

X
X

xtr-

XX
XX
XX

ø mNectar foragers entering the hive
! $eorren foralers enterin[ trre hive
IPForagers (pollen and nectar

gatherers) Ìeaving the hive
a
fuGuard bees
.q ¡'anners
$ Drones

FE
PFE

FL

n
l.¡

Fa
D

xrr
XJf
XJS

Table I " Categories
1970" 'á0n1y a
dix)"

of bees colLected
few sampJ-es were

throughout L969 and
obtained" (See appen-
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¡1s in 1969u the samples were collected throughout

the season at approximately twelve day intervals " 0n sev-

eral- sampling dates in 1969u unfavourabre weather inhibited
foraging activity to the extent that some of the field bee

categories could not be sampled.

The saniples of J0 bees each were collected from each

of the four colonies between t0;00 and tTc00 A"l{", and agai-n

from Js0O to J:00 P"¡,{" In order to avoid engorgement of
honey by the bees, aLl hive mani-pulations were carried out

without the use of smoke 
"

At each location, the individual bees selected ran-
domly were picked up with forceps and dropped into the kilr-
ing jar" Care was taken, when collecting hive beesu to
avoid those engorging on honey at the time of sampling" ¿\l-1

toKcn
workers were^as nearly as possibleu t'rom the centre of the

comb area (i,e" open honey)" It was not possibleu however,

to ensure that al-l workers caught on open brood, for ex-

amples had actually been engaged in brood-rerated activities
at the time when the colony was being opened" This problem

arose especiarly in the early surnmer and in the early fall-u

when the brood areas often were small- and intermingLed v¡ith

open cells of honey"

When col-Iecting foragers entering the hive, much

time couLd be saved by blocking the entrance of the colony"

The accumulation of both pollen and nectar foragers at the
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entranee enabled two persons to work simultaneously without
interfering with eaeh other, Ât the same time the inter-
mingling of aroused guardsu foragers 1eaving the colony,

and returning foragerse wãs avoided" since the coronies

did not remain cl-osed for longer than twenty minutes at one

time, problems caused by overheating did not arise.
One of the difficulties encor¡ntered in the corÌeet-

ion of foragers Ìeaving the hive was that of aecurately
distinguishing between foragers and guard bees. According

to Butler and Free (t952), foraging and guarding of the

entrance overlap chronologically in the age sequence of
duties performed by worker honey bees and are frequently
carcied out by an individual on the same day" rn this study,

it was often observed that field workers, whieh appeared to
be about to leave the hive u reared up suddenly to inspeet

an incoming worker landing nearbys or rnade an abrupt about-

face to fol-low a returning forager into the hive " sÍmiLar-
ryu workerse âppârently on guard dutyu sometimes suddenty

ran to the edge of the hive entrance and flew away"

The difficulty ín distinguishing between the two

groups of bees was largely overcome by partially blocking

the hive entrance u leaving only an opening large enough to

permit the passage of two or three bees at one time " Al-l-

of the foragers leaving the colony were funnelled through

the opening, ereatj-ng sueh a flow of bees outward that al1
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traffic into the colony was stopped effectively for several

minutes at a time " Guard bees seemed to avoid the congested

area; onl-y oecasionally was a worker observed to inspect

íncomíng or outbound. bees,

Aqal-yses

0n removal from the freezer0 the bees were permitted

to thaw out cornpleteJ-y before dissection was begun, Since

tissue breakd.own may occur very quickly after d.efrosting,

only as many bees as couLd be processed within twenty to

thirty minutes, were removed from storage at one time,

The abdomen was opened by teasing apart the first
and second segments with fine pointed forceps" This oper-

ation had to be performed with considerable careu since the

relatively tough eonnective tissue between the honey stomach

and the abdominal walI often did not break easil-yu resulting
instead in a rupture of the honey stomach wal-l and loss of
its liquid contents " (Figure 2)

Removal- of the honey stomach through the posterior
end of the abdomeno ås was suggested by Feng (t969), was not

attemptedu since an accidental break in the midgut or rectum

(¡otrr of which must be removed first) might have resulted in
contamination of the honey stomach with pol_len from the gut"

Each honey stomach v¿as u'eighed to the nearest 0,5

flg" on a torsion bal-ance before being placed into a receiv-
ing viaÌ" A small-¡ noistened sponge attached to the lid of
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the vial maintained the relative humidity within the vial u

and avoided a change in sugar concentration of the honey

stomach contents over the time required to disseet the re-
mainder of the sample" In all of these measurements the

weight of the empty honey stomach v¡as arbitrarily taken to

be one níllígrarn; the val-ues shown in lables 1 through

(r\ppendix) minus onee represent the mean weights of the

honey stomach contents for each sample taken" (Figure 1C)

The honey stomachs were erushed and their contents

mixed well, Sugar eoncentration was determined by use of an

Abbê refractometer ("Large lúodel"u produced by Officine
Galileo de l/iilano, ftaly)" The instrument used is calibrat-
ed for per cent of sucrose" Howeveru since the difference

between readings obtained for sucrose and for invert sugar

is less than two per cent at the same temperature, (Fulmer

et al " t934; Snyder and Hallenburg u 1963), no correetion

factor was applied"

The eoncentration of pollen in the honey stomachs

were deterrnined by using a Speneer Brightline Double Rule

Hemacytometer ( improved Neubauer type ) at a magnifieation

of t50 dj-ameters" All values are given in terms of pollen
grains per mp3 of liquid"

Singlq Bee A{rafysestt

In order to gain more d.etailed information about the

sugar concentration and pollen content of the Loads carried

')'ç "Expanded samples" - apoendix"
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by bees in different locations of the colony, the samples

colLeeted on three sampling dates each year were designated

for singJ-e bee analyses" The sampling dates ehosen were

such that one collection was taken prior to the honey flowu

another felL into the period of the main flowu and the third
collection was made after the main flow had ceased. The term

nectar flow is defÍned as a period of nectar avail-ability,
ïn the analyses of Índividual bees as in the more

general analyses (see pagel?)u the honey stomachs were ín-
dividually weighed" Then, fifteen of the thirty honey

stomachs per sample \Â¡ere individually measured for su.gar

coneentration and fifteen were inspected for polIen" If any

load was large enough, both sugar concentration measurement,

and a po11en count were obtained from it" Howeveru in some

of the groups eolteeted (e"g" outbound foragers), many bees

carried such smarl loadsu that neither the sugar concentrat-

ion nor the pollen eontent could be measured. rn such samples

it was frequently impossible to obtain 1_J measurements"

Because many of the honey stomach loads obtained were

too smalL to fill both sides of the hemacytorneter and 0,5
.)

mmr of liquid was used as the stand.ard quantity in which

pollen v;as counted" The values obtained were multiplied by

two, in order to make them equivaì-ent to the values obtained

in the general analyses"

Because of the great variation in honey stomach
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weights, the mean sugar coneentration was determined. as fol-
lows¡ The sugar concentration obtained for each honey stom-

ach was multiplied by its corresponding weight" The sum

of the products was then divided by the sum of the weights"
rn making this correction for volumeu the weight of the

honey stomach was used in the place of voLume" The increase

in volume of a sugar solutíon, caused by increasing its corl-

centratÍ-onu is very small and the d.ifference may be disre-
garded"

To obtain the pollen load weíghts, the indívidual
pollen loads were carefully rernoved from the two eorbicula
of the pollen foragers with fine-poínted forceps" The loads
were weighed to the nearest 0"J mg" on a torsion balancei

the values given in the Appendix Tables represent the weight
of po1Len (two pollen pellets) carried into the hive by one

pollen forager"



C}ÍAPTER IIT

ENVIRONI.,IENTÂL FACroiìS, ADULT t\ND BR00D ESTTIúATES

f,ntrgduction

Iviost of the activities occurríng within the honey

bee eolony are in some way reÌated to the gatheringo pro-

cessing and storing of food (Free, tg6?", t96B) " In the

summer u when both pollen and nectar are freely avaíl-abl-e in
the fiel-d, much greater quantities than can be irnmediately

utilized by the eolony are gathered and stored by its work-

ers" llowever, when no food is available outsid.e of the

colonyo the beesu unJ-ike most other insectss âr€ able to re-
main active u Living on food supplies stored in times of
plenty.

The food gathering behaviour of the honey bee has

been compared to the hoarding instinct of the white rat; in
honey bees this instinct has been intensified through breed*

ing (Louveauxu t95g) " In both animals the drive to hoard is
strongly infl-uenced by the environment; it is dependent on a
chronic Lack of foodu which in the honey bee ís out of pro*

portion to the actual requírements of the colony, This

hoarding instinet holds for both po1Ìen and for nectar" In

the case of nectar, it results in large stores of earbohy-

drate reserves (honey) u v¡hile in the case of polten it re-
sul-ts in increased brood rearing and an Íncrease in the
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adult population (Louveaux, 1959) 
"

In order to understand more fully the food inter-

relationships occurring among the members of the honey bee

community, it was necessary first to examine a nurnber of tÏre

environmental factors influencing not only the individual

bee, l¡ut also the eolony as a whole " The factors investi:
gated. more closely includei (a) environmental temperaturee

(b) the daily amounts of both pollen and neetar brought into

the hives, and (c) the amor.mt of brood reared, and the re-

suLtant i-nerease in population of each of the experimentaÌ

colonies" These faetors were recordedE ând their relation*

ships to each other and to the bees are discussed in this

chapter 
"

The Effect--o:L-Temperatr.lre on H-glrey Bee Activity
Environmental temperature influences honey bee ac-

tivity in several ways. Although individual- honey bees alîe

able to raise their body temperature above that of the en-

vironment (und.er some conditions by as much as 20 degrees C"

Himmer u 1925; Esch 0 t96O) tfrrough muscular activitye they

are able to do so only as long as they carry sufficient
carbohydrate stores to meet their metabolic needs (Farraru

t932) " tliorkers Lose the power to fly when their body tem-

perature reaches approximately J0 degrees F. u and at about

l+5 degrees Fu they chilt and die (Hiramer n L926¡ Haydaltu

L96j) " The effects of low temperature are avoided by the
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corony through the formation of a heat conserving clusteru
v¿híeh forms at a temperature between 6J d,egrees F" and 5Z

degrees F, (l¡Vitson and ttrlilumu L7ZT; Haydak, Lg63; Farraru

1963) 
"

The upper lethal temperature for caged worker bees

is between 118 t22 degrees F. and varies to sorne extent
with re'rative humidity and access to water (Free and spencer-

Booth, L962). ;\lthough isolated instances of honey bees¡

continuing to forage at or near these temperatures have been

reported (Lensky u 1963), workers generaÌly eease normal ac-
tivities and remain idle within the hiveg or cl-uster list-
lessly on the outside when the temperature reaehes about j.Oo

degrees Fu This, according to Dunham (L93ta), is not due to
an effort on the part of the bees to control the temperature

within the hive u but rather is probably a direet response of
the bees to the high temperatureu

fn a colony which is actively rearing brood, a tem-

perature of 93"5 degrees F" is normalry maintained in the

brood nest (Dunham, t93Lae Lg3tb) " Although this temperature

usually is very constant¡ a sharp ehange in external temper-

ature may be followed by a corresponding ehange in the tem-

perature of the brood nest centre; this ehange can be as

much as r"5 degrees F, (Dunhan, LÇ)La)" rn the sarne series
of experiments, Dunham also found that high external temper-

atures may reduee the rate of ovípositi-on"
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The temperature of the outeru marginal area of the

brood nest is generally somewhat lower than is that of the

centero ârrd i-s more subject to fructuations induced by ex-

ternal temperature ehanges" The ternperature in the broodless

area- of the colony shifts (trre extent depending on the stren-
gth and condition of the colony) with the rise and faLr- of
the external temperatures (Ðunham, t9Z9), Dunham (LgjLb)

suggests that the much lower temperatures of the area su.r*

rounding the brood, together with the eonstant interehange

of worker bees with different body temperatures take heat

from the marginal brood ateau resulting ín the reduced.

temperature there"

A very high brood nest temperature is counteracted

by the bees through the evaporation of water and by increas-
ed fanning (Dunham, L)JLa), This, in turn leads to an in-
crease in the numbers of bees foraging for wateru or neetar

of verV low concentration (Líndaueru L955), On the other

hand, decreasing temperatures result in the formation of a

heat eonserving cluster in the brood areau and possibly in
increased heat production through muscular activity (Hinrmer,

1925) " Decreased external temperatures e over an extended

period of times ilây result in the eessation of brood tear-
ing in the marginal brood areas ând if continued long enoughu

in a gradual reduction of the total brood area untiL brood

rearing ceases altogether (Dunham, L93Lb),
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EnvÍronmental temperature aLso influences honey bee

ac'civity indireetlyu through its effeet on the growth rate

of nectar and pollen yielding plants" In generalu cool

weather retards plant gror,vth and delays flower opening and

pollen presentation" Warm weathero on the other hand, stim-

ulates the rate of plant growth and l-eads to an earlier
flower opening and dehíscenee of anthers which in turn leads

to earlier foraging by the 'oees" (Synge, L947; Percivalu

I9t+7; Parker, L926) " Percival (I94? ) observed that on any

given day the peak of pollen eolleetion coincided with the

peak of floweríng in the main crops"

The effect of air temperature on neetar secretion

has probably been studied more than any other factor"

NevertheLess u the results obtained by various authors con-

flict probably because of the difficulty encountered in

separating the effeets produced by temperature aLone from

those produced by other environmental factors, (Shuelu t96?).

Thus, while Beutler (tg3O) found air temperature to have

little inftuenee on neetar secretion by @gg sp, and

Aselepias spo o LoveLl (t963) and shuel (tg6Z ) found that

temperature is an important factor affecting the seeretion

of nectar in many other plant speeies, This was also eon-

firmed by Beutler (tgsl) 
"
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Resul_ls an_È Qigeuss :!on

A comparison of the temperature data for L969 and.

t97O (Figures 4 and J) shows the following trends: (Tabl-e

lr)"

_!,[ean of maximum tem'oeratures 1_969 L9?0

June

July

August

65,?oF 
"

75"5

8L"2

42 "7

55 ,0

<") o

7B"ooF,

79 "B

7g "4

53 "g

57 "g

52"5

I¡iean of minimum temperatures
---_

June

July

l\ugust

0vera11 !¡lmperature means

June

July

August

54 "2

65"j

69,6

66 ,0

68 "g
66.0

lable ff" Comparison of mean temperaturesu by month, for
L969 and L97o 

"

Table Ilshows that both June and Julyu 1.970, had.

higher mean temperatu.res (¡ot¡r minirnum and. maximum temper-

atures ) than Oi¿ the corresponding months in Lg69" lhe

greatest temperature difference occurred between June, L96g
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and June u t970, with June u L970 shov¡ing a mean maximum

temperature of 78 degrees F" The reverse situation held

true for August, ie" August of 1969 was warmer than was

August in L970"

Temperatures elose to the lethal high tenperature

of honey bees did not occur during either !969 or 1970"

Except during l4ayu and in L969, the early part of June,

flight * limiting temperatures oceurred only at night or

very early in the morning" It was noted, howeveru that
occasionally on cool- mornings a southerly breeze tended to

retard development of ful-l flíght activity from the A-colo-

níes while hardly influencing the B-eolonies which v,'ere

protected by trees frorn the south side of the apiary" ,Sim-

ilarlyu the A-eolonies u whích were protected from the north

by trees, tended to fly somewhat earl-i-er in the day when the

breeze came from the north"

ttectar and PgLtgIr PJa4!9

During the months of June, JuIy and August of both

L969 ana L9?0, p€riodic tours $/ere made over the Campus of

the Uníversity of I'[anitoba and the suruounding area in order

to determine the sources of pollen and nectar availabl-e to

the bees" Some of the more important plant species, together

with their aporoxi-mate flowering datesu are shovm in Figures

6 and 7" The d.ifference in the number of pl¿pf, species

listed for both years is due to the l-aek of information on
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fl-owering dates in 1969u rather than to the absence of some

of the species" Detail-ed records on bee visitation and the

type of forage obtained (i"e" pollenu nectars oF both) were

not kept" llowevers â brief discussi_on of some of the ob-

servations made, may be ín order" I,;lore detailed information
on the reLative nerits of i,,ianitoba honey and po1len plants
may be obtained from Ïuiitchener (fgte9) and Petlett (t947¡"

i{hil-e most of the plant species listed were observed

to be actively worked by bees at some time during their
period of bloome consíderable differences in apparen-b at-
traetiveness anong those blooroing at any given time could be

observed" This may have been due either to competition from

other species i"e" greater attractiveness to bees because of
higher sugar concentration or greater nectar flowu or Tnore

attraetive pollen (Ribbands, tg49; Free , Lg6j), or it may

have been the result of previous fixation on the part of the

bees to another crop (Ribbands Ig4g; Ribbands LgSj) " In

additionu not all of the plant species were equally attract-
ive over the whole of their floi,\iering period"

Thus, dogwood (Cornus sp"), widely planted on the

campus as an ornamentar shrubg and which arso occurs wil-d in
waste areas along the banks of the Red. Rivere was heavily
util-ized as a source of pollen for the first two or three

weeks of its flowering period, but was largellr ignored by

the bees thereafter" During this time, ûiany bees actively
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'oscrabbl-ed" for pollen (Free and Spencer-Boothu Lg64), but

only an occasionaL bee was observed to be probing the flor-
ets for nectar, Çornug species are reported by Pellet'u
(tgSf ) to be of minor importance as a source of nectar"

Three other early sources of both polÌen and nectar

are dandeLion (Taraxacum officinale ), el_m (Ulmgs amer:þgla),

and wi-llow (Satix sp" ) in d.eereasing order of importance
(l,{ítcheneru Lgl+B) " DandeLion was visited. by bees for both

pollen and nectar; it is reported to be one of the most im*

rrortant plants to the beekeeperu particularly since it blooms

at a tirne of rapid popuration build-up in honey bee colonies
l,{itcheneru L94B; PeJ-lettu L9S?) " Both wilLow and elms aI-
though reported to be good sources of pollen and nectar,
díd not appear to attraet many foraging honey bees"

Fbuit bloomu a good source of both pollen and nectar,
consísted of a variety of species, including apple (I¡atus

sp" ), plum and several- wild speeies of eherry (prunus sp" )u

hawthorn (Crataegus sp" ), raspberry (Rubus sp" ) e goose-

berries (lìibes sp, ), curuants (Ri¡es sp, ) and strawberry

f ¡V"æra sp" ), In Lg?O the period of fruit bloom was eon-

siderably reduced, when compared to L969" This was probably

due to the coolu r,vet spring of 1970u which retarded plant
growth and flower developmentu and which was followed by a
period of considerably higher temperatures ín Juneu result-
ing in an intensification of fl-owering and a subsequent
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shortening of the flowering period."

l-loneysuckle (Lonicera sp" ), Cp_Lsneaslers ând C?.rAgana

(not risted) each were intensively worked. by bees for brief
periods of time" c-agagana yielded both pollen and nectaru

cg-LolLeasler yielded nectar only and the honeysuekre yielded
nectar; whether pollen nas also col-lected frorn itu is not
knovm" ¡\l-1 three species were reported to be of value to
beekeepersu especially in the l'/innipeg, iüanitoba area by

Pel-l-ett (t9+77, though t\rtitchener (fç+A) considered both

ctraq".tu. and honeysuckre to be of minor importance as honey

plants; he made no mention of Colge_geS!9.q"

hlustard (Br?ssica sp" ) started to bloom during the

first vueek of June in both years s ând continued throughout

the season" \t/hether one or several specíes were involvedo

is not known" rt appeared to be a source of both pollen and

nectar, partieularly during the first half of the season.

Vúith the exception of red cl_over (Trif.q1-iu.m prãtQJleq)o

the )-egumi-nous forage crops are the principal sor¡.rces of
surpÌus honey in Central lianitoba (Hitchener, tgl+B), These

include white sweet clover (t'tetitotu,s _al-ba)u yerÌow sweet

cl-over (I¡" of€iginalig) u v¡hite Dutch cl-over (Trifolíun ,EepeåE ),
aLsike clover (I" hvbrj¡lum), and. alfalfa (t¿edicagq ga]¿ye).

l\11 are sources of both nectar and pollen" ln additionu
smal-l experimental plots of sainfoín (Onobrychis sa_bivg)

atttaeted bees readily. Birdsfoot trefoil (l,otus; corniculatus )
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appeared to be somewhat l-ess attractive" Although large

numbers of bunible bees coufd usually be found on red clover,
this legume was unable to compete with other plants for
honey bee visits 

"

Both rape (Brassica naÞus) and flax (tinl¿m sp" )

were groum by the Departrnent of Pl-ant Science in experiment-

al field plots" Differences in the flowering periods of

both crops over the two years are due to the number of var-

ieties used and to differences in planting dates " Rape was

a very attractíve source of both pollen and neetar u and

volunteer plants continued to furnish some nectar and pollen

urell into Septenber of L969 " Hovrever, flax was worked only

lightly; neetar and some pollen were gathered" In vøorking

on fLax blossoms, foragers frequently tried to obtain nee'úar

from the stem end of the fl-ower, by inserting the tongue be-

tween the petals and sepals,

Very tittle honey bee activity was observed on bass-

wood (Tilia americana) in either year" According to Pellett
(t94?), neetar flows from this speeies are very irregular,
Sow thistle (Sonehus sp" ) was regarded by lv1itchener 119A8)

as a good source of nectar" Although this species was common

in both L969 and. in 19?0, few bees were observed to visit it.
Although sunflowers (Helianïhus annuus) are reported

to be a very good source of pollen as wel-l as nectar (Pel1ett,

1947; Bitkolov, t96L; .Frree u L964)u only a few foragers worked
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on sunflovrers in L969 and Lg?O " Of these, most collected
pollen; v¡hether nectar Til¡as obtained as wel_l, was not ob-

served" cucurbitss oTl the other hand0 were highly attract-
ive to bees " The cucurbits gro\,lri,t included several- species

of melonsu pumpkins and eucumbers" Partíeularly the rarge

flowers of pumpkín (cucurb_ita pepo) were highly attractive;
often as many as 4-6 bees crowded into one blossom" Both

pollen and nectar were obtained"

Rhubarb (RnegnÌ sp" ) proved to be very attractive as

a source of porren" vJhether nectar was obtained from it as

well, is not known.

0f the various plant species listedn dogwood was

probably the most important single source of pollen onLyg

while the dandetions were the most important early source of
both pollen and nectar" The main nectar flow came primarily
from the elover, including the sweet cloverso alfalfa, white

clovers and some alsilce"

Poll-en Coll-ection

fn the previous section it was shoum that there were

no great differences in the sources of nectar and pol_len

availabl-e to the bees over the two years of the experi-ment"

In order to determine whetherg âs was reported by Louveaux

(tç59), there existed a seasonal trend in the amount of
pollen col-l-ected in a given location, from year to year,

OAC pollen traps (described by Smith, Lg63) were placed
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under two colonies " The daily amor.mts of po1len obtained

throughout both seasons are shown in Figures I and 9 " Al-
though it appears that the greatest daily returns were ob-

tained in the beginning of the season in both 1969 and L9?0u

and that relativery greater amounts of pollen were colrected

daily in August 1969 than were collected during the same

period in t970s T'ro seasonal trends could be establishedu be-

cause of the large fLuctuations in the daily amounts of
pollen obtained, Similarly, seasonal trends are not apparent

in the mean weíghts of single pollen load.s in the daily col_-

lections (Figures 10 and l-L ) " This su€çgests that the v,reight

of single pollen l-oads is independent of the plant speeies

from which they are collected"
The col-lection of pollen by honey bees is subject to

a variety of influences, solÌte of which are environmentalu

and others inherent ín the bees themselves" Thus, the a-

mount of pollen gathered by a colony was found to be roughl_y

proportional to the amount of its brood (lodd and Bishopu

L940; I{irschfelder, I95La Lavie and Fresnaye, Lg63; Freeu

L967a, t96?b) ø under some eonditions eggs and" larvae stim-
ul-ated pollen foraging to a greater extent than did sealed

brood (Ilree , \96?b). Similarlyu the absence of the queen

resul-ted in a reduction in pollen foraging, before there v/as

a reduction in the amount of brood present (Free , L96Za) 
"

Although strong colonies tend to collect and to store more
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pollen than weaker ones (Todd and Bishop e 1940; Jeffree and

;\11en u Ig57) u they l:ecorne 'ndi-scouraged" more easily under

marginal foraging conditions, and send- out fewer pollen for-
agers in relation to their population (Free and Preece u

1969)" Queenless colonies, although gathering less pollen

tend to aceumulate more pollen in the eombs, because l-ess is
used (Jeffree and Allen, L957) 

"

The genetic background of a colony influences the

col-l-ection of pollen by its foragers both quantítatively

and qualitativel¡r" Some colonies gather and store pollen

in far greater quantities than they require (Louveauxu 1959).

ft has also been found that different races store different
relative amounts of pollen throughout the season; this ap-

pears to be related to the time of maximum brood in the

colony, but is aLso dependent on genetic makeup" Thus, raees

which develop early in the seasons tend to gather pollen more

extensively than they do l-ater Ín the season (Louveaux, 1959)"

Strains have been developed through breeding, which show a

marked preference for the pollen of alfalfa (l'{ackensen and

Nye, t969; Cal-e, L9?0; Nye u 19?O) 
"

Although many plant species are utilized as pollen

sourcese most of the pol}en col-leeted by bees is derived

from a rel-atively few major crops available at any given

time (eg" Percival u L94?; Syrige, L94?; Jaxtheimer, L949a

Louveaux, L959; Louveaux and Albisettiu tg63), and peaks in
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po1len colleetion usually occur during the peaks in the

blooming aeriods of the rnajor species (Percival u L94?) 
"

Nevertheless, coloni-es díffer from each other in the per-

centage of each species eoll_ected, and to some degree ín the

pì-ant species util-ized (Jaxtheimer, Ig4g; I\,iaurizio u !949a

Hírschfelder, L95t; Free u 1963) " This, aceording to Louveaux

(L959 ) is due u in part to the genetical-Iy determined prefer-
ence of the bees for pollen of certain plant speciesu but

it rnay be due arso to the speeific area covered by the bees

of a given colony and the plant species avail_abte, their
flowering times n physíological conditione a.rd attractiveness
to the bees " The tendeney of colonies to collect both pollen

and neetar from a variety of plant species, characteristic
to each colony, is responsibl-e for the corony odour roy l^rhich

the members of any colony can distinguish hive mates from

intruders from other coLonies (Ka1mus and lìibbands u t95Z)"
i,{hil-e more pollen eame in during a major nectar flow

than at other times, a definite relationship betq¡een pollen
and nectar foraging coul-d not be established (Hirschfelder,

t95L; Louveaux, 1959)" Nevertheless, FÞee and Spencer-Booth

1196r) fouird that the feeding of s¡rrup wÍthin the corony re-
sulted in increased pollen collection; presumably returning
foragers were abl-e to relieve themselves of their loads only

with difficulty, and many of them foraged for pollen instead"

Similarly, Iarge quantities of stored pollen in the híve
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reduced the collectíon of additional pollen (Free , Ig6?b) 
"

Unlimited quantities of nectar at very high concentration

caused honey bee workers foraging in a å acre cage to switch

from pollen to nectar foraging aLmost exclusively (Soehngenu

unpublished ) 
"

Weather factors exert a eonsiderabl-e effect on 'ooll-en

collection" The effect of temperature on pollen presentation

and on bee behaviour has been discussed in a previous sec-

tion" wind, especially when coupred with high temperaturese

often dries out fLowersu thus influencing pollen present-

ation, In additíon¡ a wind strong enough to hinder bee

fl-ight (i.e. approximately 1J mites per hour), reduces the

collection of pollen by foragers (Todd an¿ Bishop, t9402

Percival e L94?; Lavie and Fþesnaye u I96j) " A change in lisht
intensity reduces bee flighte especially among foragers worl<-

ing ín the open and at a distance from the colony (Pereivalu

191+7)t even a very light rain resul-ts in a temporary cess-

ation in pollen foraging"

The effect of the trap itself on the colleetion of
pollen has also been investigated" Tn many cases, po1len

foraging is reduced during an initial period. of several days,

untíl the bees becone accu-stomed to passing through the

screen (Eckertu 1942)" Thereafter, pollen eol-lection occurs

to a greater extent Ín the trap colonies than in the con-

trols (¡,{oriya, L955; Jordan, 1958) u presunably as an adaptation
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to the reduced amounts of pollen brought into the hive 
"

Free, (t963) however, noted that col-onies frorn which por-J-en

Ís removed by trapping tend to reduce pollen foraging, It
is of interest io note that the trap appears to have littLe
immediate infl-uence on the behaviour of the pollen foragers

within 'Ghe hive" Foragêrso whose pollen loads are removedu

stil-l go through the usual routine of searching for a suit-
able eell, then "depositing the polÌen" into it (I,,{cDonaldn

Lg6B) 
"

Pollen traps varying in efficiency between t0.Ifo to
43"0'/, have been used by Eckert (tg+z), Smith (t963), Hirsch-

feLder (t95t) , Jord.an (L958) , and others, to determine the

amounts of pol-]en col-lected by normaL colonies during the

season and. to investigate the factors influencing pollen

col-leetion by honey bees" Pollen trap efficiency is influ-
enced by u,riformity of the openings in the screen used Ín

íts manufacture, differences in the size of the foragers,

which may be considerabl-e among different colonies (and even

within col-onies (Kerr and Heblirg, L964), and by the sizes

of the pollen Loads (Eckert, L9+2) " In additionu Jordan

(fgsA) found that reduction of the number of holes in the

trap through which the bees cou.ld enter, increased crolvding

of the retu-rning foragers o and thereby inereased the eff ie-
ienc¡r of the trap,

It is apparentu therefore, that each colony*trap
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combination determi-nes its olv:e pollen coll-ecting efficieneyu
which varies with changes both in colony and in foraging

conditions" It seems that one determination (as has been

used by previous workers) of one colony-trap eombination is
insufficient as a basis on which to draw accurate conclusions

regarding quantitative aspects of pollen foraging" Howeveru

a pollen curve, such as the one presented here (Figures I
and. p ) is of value e even without the determination of trap-
ping efficiencys âs an estimate of the relative amounts of
pollen colleeted over the whol-e seasons ând therefore as a
means of determinÍ.::g the capacity of an area to support

strong colonies"

\ec.tat FloW

Graphs were constructed, shovuing the relative daily
net gaÌ-n or Loss in v¡eight of each experimental- coJ-ony

throughout the season (Figures LZ to 17) " The vreight changes

were recorded each morning before large numbers of foragers

had left the hives for their fírst flights of the dayu and

before signifieant amounts of watere nectar and poll-en had

been brought in" The data show the relative amounts of

"green'o honey (nectar from which the bees have removed much

of the water during the night; Park, L925u I9??, L933) and

polÌen that had been brought into eaeh hive during the pre-

vious dayu l-ess the amor¡rt required by the colony for its
ov¡n maintenance (Ribbands, L952) " Thus, if the foragers of
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a colony had brought irr three pounds of neetar with a sugar

concentration of thirty per cents and that this had been

reduced to one and one-half poi-rnds of green honey by the

bees (at a concentration of 60 per cent) " If the colony had.

used, during the same periode one and one-half pounds for

its own requirenents u the seale v¡ou1d shov¡ a net gain of

zero pormds for the tvienty-four hor.lr period"

Although honey bee colonies may eollect an estimated

25-65 pounds of pollen, depending on colony strength and

pollen availabilitye over a season lasting up to five inonths

(Todd and Bishop e 1"9t+O; Eckert, 1942; Jordan u I95B; Louveauxu

L959) ' the average daily amount of pollen brought into the

hive is relatively small when compared to the amount of

nectar brought into the colony during a flow" Therefore u

the weight of potlen eol-Lected by the bees will be disre-
garded in the folLowíng discr-rssion"

A comparison of the graphs presented in Figures Lz

througlr tU and Figures L5 through t? shows that the honey

fLows (here defíned as the collection of nectar by bees in
quantities sufficient to obtain a net gain over a period of

at least three conseeutive days) in L969 anA in ry70 díffered
marlcedly ivith respect both to intensity and duration" t\l--

though in both years the florv began during the first weel<

iiT July, in 1969 it continued into the fourth v¡eek in Augustu

whil e in 1970 the bees col-Lected very little nectar after L+
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August, fn both years the flov¡ was v¿ithin the limits ob-

served by l,{itchener (7955) 
"

Although shorter, the L970 honey fl-ov¡ lvas of much

greater intensity" ilv'laxirnum daily gains of 24"J fb" u ZA Ib" E

18 fb"u and 2L lb" made by colonies A-lu A-3, A-4 and B-lu

respectivelyu occumed on 26 Ju1y. Colony A- 2, having

swarmed earli-eru gaíned only 2 lb" on that day" Tn tg69

the maximum gains of some colonies were 7 Lb" u L0 lb", Lj
lb" L3 lb, ârrd 1,5 l-b" and were made on 1-2 Juty and on z
August 

"

tVith the exception of colony A-2 in t9?0s the ex-

perimental eolonies used in both years were of nearl-y equal

strength; differences in weather appear to be primarily
responsibLe for the differences in the amount of nectar

gathered; both by influencing the amount and quality of the

nectar and by their effect on honey bee actívity" Although

the teinperatures in April and iviay of L969 appeared to be

norrnal for the time of year, the mean temperatures in June

and July v¡ere relatively lovr and were accompanied by fre-
quent rain showers" This probaìrly resulted in a retardation
of plant growth and of fl-owerings ând hence reduced the

amount of nectar seereted (Beutler, L953; Lovell u 1963;

Shuel, L96?) " îhe inereasing temperatures of Augustu to-
gether r,,'íth the rains received during the previous monthsu

undoul¡tedly stirnulated the plants to continue growing and
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flowering and resulted in an extension of the honey fl era

until- the onset of eool-er teinperatures at the end of August"

fn L970, the months of Âpril and Iilay were cool 
"

They were fol-l-owedu howeveru by relativeì-y hi,gh temperatures

in June and July, through mid-t\ugustu when the temperatures

began to moderate and the honey frow deteriorated." This

confirmed the observations made by tdoffett and. parker (Lg53),

and by Demianowicz (tg6z), who foi.¡nd that a cool l,'iay and

June was almost arways associated with a good honey florn¡

year" They further reported that the maxi-mum daily temper-

atures most favourable for nectar seeretion v,'ere 90 to gLt

degrees F" in June and JuJ-yu when sweet elover v¡as the major

crops and 85 - 89 degrees F, in August, when alfalfa was the

main source of nectar, Like i\,Titchener (tgZf ), they found

\,varm days and cool nights to be favourable for neetar se*

cretion,

Arthough rain dr.rring the night often stimulates the

secretion of nectar on the folloviing dayu a sholver during

the dayu especía1ly if associated with a sudden drop in
tenperaturee often brings a honey flow to an abrupt halt
(Lovell , 1963)" Rain has been knou¡n to wash nectar out of
flowerss especially if they are of the 'nopeno' type (Lovell,
1963) ' and the high rel-ative hurnidíty often associated v¡ith

thunder showers may dilute the nec-bar (Beutler, 1953; Rib-

bands , L953) u possibly rendering it Iess attractive to
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foraging honey bees 
"

Unless the crop is highly attractive to bees u rain
will inhibit foraging (Ribbands, L952) as does low light
intensity (ttelson and Jayu f967; I(efuss and I'tye u tgTA),

During unsettled weather o or v¡hen the crop becomes less

attraetiveu foraging hone¡r bees tend to remain cLose to their
hives, l-eaving many areas of theír overall range untapned

(Ribbands, 1952; Lee, t965) " tr/hen working under poor for-
aging conditions v¡orkers u returning frorn the fíelds u tend

to remain longer in the hive between trips than they would

under favourabl-e conditions, thereby cutting dovm on the

number of trips rnade per day and the total amount of nectar

collected (Par'k, L926; L92?; Nüñezu 1966), In additionu

marginal foraging conditions reduce the numbers of nectar

and pollen gathers leavíng their colonies for the fiel-ds
(Taranove Lg61-i f96t+; Fbee and Preeceu t969) 

"

Thusu during a cooLu wet summeru su.ch as occurred

during t969s â vâriety of factors may combine to reduee the

amount of nectar collected by honey bee colonies. It has

been reportedu however, that after a wet season in which

the nectar-prod.ucing plants are especially well developed,

a good honey yield may occur ín the following year (Jorgen-

sen and lìilarkham u L946) . The resul-ts obtained. during the

summers of L969 and I9?0 seem to confirm this view"
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Throughout both years the ,grolvth and development of
each of the fou.r experimental colonies \\ras monj-tored in
order to gain an insight i:rto the seasonal development of
honey bee col-onies in Ì,ianitoba¡ â_rrd to try to relate the

data obtaiired froin the studies of honey stornach contents to
the current developmental- status of each colony, To this
end, each of the three brood stages (i"e" eggsu larvae and

pupae) was measurecl (in square inches of comb surface) and

the adult population of each colony was estimatedu approxi-

mately ever)¡ tv¡elve days" (Figures 1-B through ?7 )" The

foll-owing brief discussion will cover some of the seasonal

trends evident from the graphs and will- ou.tlj¡re a number of

factors influencing brood produetion by honey bees andu

r¡¡here possible, will relate them to the data obtained, It

should be pointed outu howeveru that the first brood read-

ings and popui.ation estimates ¡/vere obtained approximately

one and one-half months after the packages had been hivedu

and that the seasonal brood curves obtained from them ivill-
not shor¡¿ the very steep initial Íncrease obtained from colo-

nies that were hived recently" (See Smir1, t969).

¡\ eomparison of the total brood curves obtaíned for
al-l eolonies shows an initiat steen ascentu r,^rhich either
ri-ses to a peak directlyu or l-evets off before rising to a

peak; this occuryed in Jirne in al-l- colonies but one (¡x*tp/øg)
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The initial peak is follov¡ed by a decline, which, in tur-nu

is fol-l-ovred either by one rnajor peak or several of varying
magnitude for the remainder of the season, rri ttrree out of
the four co'i onies in L969, the major peak of the season

(indicating the greatest amouet of total brood) ral:-s eíther
within the l-ast week of July or lvithín the first week of
August" The fourth colony (^-Z/69) maintained a rel_atively
steady Level of brood, sl-ightl¡r below the ínitial peaku but

with only minor flu-ctuationss

In two out of the four coLoni-es

peak l-iker,vise oect¡rred in the last week

l-n

of

L970 the major

July, Iiowever u

in A-2,',vhÍch had swarmed on 4 Julye ä.rrd which v¡as 1eft to

rear its ovün queene al-l brood had emerged bV ? July, and the

young queen had not yet begi-rn to 1ay and in r\-l the queen

was superseded during the last week in JuJ-y, (¡\n indication
of the impending supersedure was gíven by the steadily de-

clining oviposition rate" Figure ?l+ ) " The virgin queen

was replaced with another laying hybrid queen¡ two frames of
brood (and accompanying nurse bees ) resulting in an upsrving

in the total brood curve o

îhus, the folLovuing pattern emergess an iniiial
steep increase irr totaL brood is folfovred by a peak in June

in seven out of eight colonies in both years" The major

peak of the season oceured in the third week of July or the

first vseek of Âugust in three of the 1969 col_onies and in
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two of the L970 colonies, Although the last brood measure-

ments of the season were carried out on the 2p August in

1969u and on the 2J August in 1970, frecluent inspections

during the autumn of L969 revealed that brood rearing de-

clined steadily dr.iring September and had ceased entirely

by the second week of October " Similar observations were

made by Jeffree (t959) 
"

A compari-son of the individual- brood eurves obtained

in both years further shov¡s that the arnount of sealed brood

present ín the colonies was considerably higher in 1969 than

in L970 " Al though one of the two "normal" colonies in L970

showed a somewhat recuced oviposition rate in comparison to

that of the L969 colonies o this woul-d not account for the

trend which also occurred in the colony not shou¡ing queen

problems, I'ieither brood diseases nor a shortage of pollen

(or pollen suppl-ement) were factors in either year" Simi'lar

observations were made by ltlelson (tçZO) in an apiary 5 mii-es

from the present site E ând in which different strains of

bees were useds suggesting that sone factoru inherent in the

seasonE and operating over a wide areas mâV have been re-
sponsible for the differences observed"

The adult populations for 1969 show the pattern of

íncreases âs described b¡i Nolan (tgjZ) and Faryar (t969)"

The initial steep increase continued v¿ith only small fi uc-

tuations to rnid-August, rvhen pealc populations between 42uA00
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and 52ø000 bees were reached" A decline foìlowed in all
colonies, untíl- 2p r\ugust, when the brood readings and adu.It

esti-mates were disconti-nued"

ïn I970 the initial period of rapid popuJ.ation build
up continued ix three of the four colonies through June

until- the first weelc in Ju1y, when the rate of increase be-

gan to leveL off " An initial peak betv'¡een 391000 and 441500

adult bees in mid-Ju]¡r 1a/¿s fol l6y¡s¿ by a sJ-ight decrease in
colony growths ând by a further increase until the 2J Augustu

u¡hen brood measLrrernents and adul-t estimations were discontin-
ued 

"

The fourth colony (ty-Z) (Figure 23 ) rvas found to
be queenless on 25 June, At that ti-rne more than thir.ty
queen eell-s had been construeted, and it was assumed that the

queen had been lost during the last brood reading" In order

to determine what changes might occur in the honey stornach

contents of the bees as a resul_t of the imbalance in colony

population, the queen cel-l-s were left intact and the cotlss¡-
ion of bees from the various rocations lvithin the eolony was

continued as had been planned, with the exception that cate-

gories not represented at the timeu such as B0 (after al1

brood had been sealed) were omitted" fnstead of mating and

beginning to ovipositu the virgin queen left v¡íth a s!\¡arm

on ¿lth July" The swarm was not reeovered " By 31 Julyu vrhen

the colon¡r had reaehed its lowest population (4 r600 bees u
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covering approximately three frames ) young bees $/ere start*
ing to emerge and the population of col_ony A- 2 again in-
creased 

"

irlany faetorsu operating both within and outside of

a honey bee eolony influence its development throughout the

seasonu and determine its rate of gror,vth, as we1l as the

urtimate numerical size it may attaín" Each of these has a

multiple effectu that ísu rvhile it may influence the eolony

directly, it also rnodifies the effects produced by other

factors " As a consequence of these interrel-ationships u it
is frequentl-y diffieul-t to evaluate the direct relationship
between a given factor and the coJ-ony" In the following
discussion the effects of some of the factors knor¡rn to in-
fl-uence the development of a coJ-ony and its activities will
be reviewed, and possible applications to the present prob-

Lem will be discussed.

Although the potential egg laying ability of the

queen ultinately determines the numerical- size which a co] o-

ny rûay attain (Jebsen u L95?; Nolan, 1925; I,1oeller, tg6t;
Farrar , 1"968) , the nurnber of bees present in the colony

determines the actu.al amount of l¡rood v¡hich that colon¡r s¿¡

support (l'ierrill, 1925; Nolan, 1925; A]len and Jeffree u L956;

Farrar, L968), Farrar (7968) stated that the average daily
rate of egg laying increases with a rj-se in population up

to 40r000 bees" i,ierril-I, (tgZ+At ß25) found that the
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rei-ative number of emerging adults depenfr not on the nurnbers

of eggs laid, but on the conditions exisiing within the

colony, He observed that during periods of incl-ement v¡eath-

er s rvhen the bees were conf ined to the hive, the amount of

open brood i-ncreased, but that when the weather improvedu

many of the foragers deserted the broodn ãrid the relative

amount of brood reared by the colony remained more or less

constant" i'{errill (tç25) further found that the ratio be-

tween the numbers of eggs l-aid and the numbers of adul-ts

reared from them varied from colony to colonyu but remained

rel-atively constant for any given eolony, This he termed

its t'brood rearing pov.ler""

In generalu the ratio between sealed brood and colo-

ny population decreases ten to fourteen per cent for each

increase of L01000 bees (Farrar,1968), so that while a

large colony stilL rears à larger totaL amount of brood

than a much small-er colony, relatively fewer of its bees

are engaged in brood rearing, and a higher proportion of its
workers is available for field duty (i','Toeller u L961) " Free

and Racey, (tç6A) suggested. that the decreasing proportion

of bees participating in the rearing of brood in growing

colonies, may be due to a decreasing amount of pheromone

received by each worker"

This tendency was observed when the brood and aclult

populatíon curves of the experimental colonies were compared"
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ilere s âs the amount of sealed brood and the numbers of adult
bees increased the amou:rt of open brood increased ínitially
and then levelled off"

the arnourit of comb space a''¡ail-able to the queen ma)¡

limit oviposition (Farrar u L93?)t" Nolan (L925) observed

that the use of brood cornbs for the storage of nectar re-
sulted in a liniitaiion of comb space availabl-e for brood

reari-ngu and Farrar (t927¡, observed. a tendency for smaller

packages to place nectar into and around the brood nest,

thus restrictíng egg laying by the queen" Similarlyu f have

frequentflr observed that the storage of pollen in cells
vaeated by emerging bees, results in a lack of empty cells
for ovíposition" Simpson (L969) found that in a cool elim-

ate, such as that of Great Britain, a "mature" honey bee

colony requires three ten-frarne Lanr*stroth hive bodies in

order to coni;ain all of its bees c and conctuded that con-

finement of the queen to one hive body did not constitute

a restrietion in brood area availabLe to her" He staied,

holvever, that during a neetar flows or in warrn climates,

r,qore space $/ould be required." Nolan (t925), hoivevere con-

cluded that less brood vrould be reared if the queen were

confined to a single hive body rather than to'rwo híve

bodies 
"

The age of a queen may influence the amoi.¡nt of brood

reared by her colony" Resul-ts obtained by Nolan 11925)

1*¡'arrare uo lJ¿

prod-uction, J"
L937. The influence of colony
agric, Res" 54t945*95t+"

lopulations on honey
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suggest that one year old queens, as a rul-e ¡ âre more pro-

tific than are tr^¡o year oid queens" Ii'lerrill (t9Z4A) for-ind

that old queens ceased egg laying earlier in the falI than

d-id youns queens s and that colonies headed by old queens

frequently reduced brood rearing dtring a flow, vrhile colo-

nies with young queens did not"

Poll-en is utitized by honey bees in various rvays"

Young bees feed heavily on pollenu especially durÍng the

first two u¡eeks of ad.ult l-ife" (llagedorn and ldoel-ler, 196?i

t',,laurizio u L959; Haydak, L970). This resul-ts in the devefop-

ment of the hypopharyr,geat glands, fat bodiese wax glands

and other organs q and lengthens the life of the individual-

bee (I,{aur izio, 1959 i 796L; Standifer , 196? ) " That pollen

i-s essentiaL for brood rearing, has been demonstrated by

Haydak (t%5) , who found that colonies maintaíned on a pu.re

carbohydrate diet were unable to rear brood for longer than

tv¡o weeks. Bees reared during that time vrere found to be

l-ow in protein, particularly in the abdomenu when compared

to bees of the same ãBe s that had been reared norrnally"

A simi}ar dependence of brood rearing on the avail--

ability of pollen has been found by other workers (Nolanu

L925; Parker , 1926; Spencer-Booth u L960) " A direct relation-

ship exists betr'veen the amount of stored pollen and the a-

mount of brood reared (Farrar u L934; All-en and Jeffreeu

t956) " The aniount of brood reared during the spríng and
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summer is diree'cIy related to the amount of pollen coll-ecied

by the colony (Todd and Bishop,- L94L) " The reverse relation-

ship also hol-ds: the greater the amount of brood present in

a colony, the more polIen ís coll-ected by its foragers

(Louveauxu L959; Spencer-Booth u L960; Free e 1,96?a). Not all
pollens are of equal nutritive value to honey bees (Louveaux,

1959; Spencer-Boothu t)60a Standifer, L96?), and a diet con-

sisting of pollen from only a few plant species may give

rise to nutritional- deficiencies which could l-ower the re-

sistance of brood and make them susceptible to certain brood

diseases (Louveaux and Al-bisetti, L963) " A lack of natural
pollen can be circumvented by the beekeeper through the

feeding of other t¡rpes of proteins, sueh as soybean flouru

dríed skim milk or dried yeast (tlaydak, L95B; Speneer-Boothu

t960; Farrar, L96B), either as part of a pollen substitute
or as a supplement to which poì-len trapped during the prev-

ious season is added,

Brood rearing is al-so influenced by the amount of
carbohydrate food avaitabl-e to the colony (t'tolan , 1925;

Farrar u L92?î L968; Free, L96?a L96B) " irierrill (tgZi+au

1924bu 1,9?4c) found that col-onies with l-ow stores of honey

su.poorted rnuch less brood 'chan did col-onies with an abr.md-

ance of honey" He observed that the latter can maintain

brood rearing even during short periods of incl-ement weather,

while colonies v¡ith insufficient stores reduce the amount
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of brood reared" In the present experiment this becarne

evident during the early spring of L969u when one oí the

experirnental- colonies supported mu.ch less brood than did the

other three u despite the presence of several combs of sealed

honey along the outside i¡¡alIs" It was aLso noted that no

honey lvas stored in the celLs directly above the brood"

When sugar sJmup r//as given, the amount of brood reared by

the colony increased"

In experiments done by Free and Spencer-Booth (1967)

the feeding of sugar syrup resul-ted in an increase in brooc.r

rearing when natura] pollen was available; no such effects
were noted ii: the absenee of pollen" Similarly, Farr'ârs

(tglø) found that colon¡r populations, during the spríng

flow, inereased approxirnately in proportion to the pollen

reserves" llovre¡/ers Todd and Bishop (tg|t) pointed, out that

nectar flor'vs are not always related to pol-l-en income g ând

that nectar flows fy'om orange are associated with a decrease

in arnount of pollen collectedu and a reduction in brood rear-
ino¿¡rt) 0

The net infl-u-ence of temperature on brood rearin.g

is not clear" Àecording to ilierrilt (1924d) brood rearinge

in the spring, is initiated by a 'brief period of temperaiures

high enou-gh to perrnit a general flightu follovied by a sharp

temperature decrease, The reformation of the cluster is
thought to resul-t in a temperature higher than r¡rould have
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occurred, hacl the bees not flov.rns and this in turn stimulates
the rearing of brood" In generalu during cool_ weather a

colon¡r of bees reinains ìTrore or less tightly clustered (wilson

and i[i]r¡rn, 192?), and on]y a litt]e brood is reared." De-

creased temperatures occu-rring after brood rearing had been

started resul-ted in a reduction in the amormt of brood rear-
ed (t'lol-an u 1925; Pankir,v u tg6}) , ì,Iith the approach of rvarmer

weatheru the cluster expands, r'esulting in an expansion of
the brood nest and an increase in the amount of brood reared"
,$arm weather also stimul-ates plant grovrth, and the increase

1n both pollen and nectar brought into the hive stímulates

brood reari^gu as v¡ell ( Todd and Bishop, tgl+I; Free, L96?a),

Ilowever u Farrar (tgzZ ) stated that as a resul-t of the increas-

ed forage available in the field at a time when the colony

is still smaLl-¡ the desertion of brood by foraging bees may

curtail the amor;rrt of brood reared b}r the colony" Sinilar
observations were mad.e by lìilerrill (tgZs)" The role of en-

vironmental temperature in the regulation of the amount of
pollen and neetar brought into the colonys ând thereby its
inffu.enee on brood rearing, has been discussed" A direct
influenee of summer temperatures on brood rearing has not

been observed, however (itibbands, L953) .

The effect of day length on brood rearing has been

studied by several authors" Pankirv (ry69) using package

coLonies 0 trvas uueabLe to determine any effect of the lengih
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of day on the amormt of brood reared" 0n1y those colonies

r^¡hich had been maintained in complete darkness u showed a

significant reduction in the amount of brood reared" How-

ever u Cherednikov (t96A) , for.¡nd the reduction in brood rear-

ing in the autumn to be a reaction of the worker bees to

the decrease in day length" I(efus (tg6Z)' working v¿ith ob:

servation hives i:r control-l-ed environment roorns u for-urd that

decreasing day length resulted in a decrease in the amount

of brood rearedo and that an increase in the length of the

day resulted in an expansion of the brood nest,

The relationshíps existing between the environmental

temperaturee supply of pollen and nectaru the amoirnt of

brood present in a eolony, and its popul-ation calr

probably best be expressed j¡ the form of a flow ehart

ada"oted frorc Free (tç62)¿

Avail-ab1e food
,"Supp1y

ldeather factorÉ î i

\*Amoüht of poll
lcollected E

---------+fncreas ing
------+Decreasin,o*_-o

of eggs laid1/l\um0er ol
foragers

Number
bees 

"

Amount of brood

pollen

flumDer

\

\
\I,r'r*b""

nurse
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It is evident from this flor,v chart thai one of the

primary faetors influencing the activities of honey bees

within the colony is ihe availability of both pollen and

nectar u which in turn is influenced by the prevaíIing en-

vironmenial- temperature o In general a change in one of the

factors listed in the chartu '.oriII Þroduce a change in one

or more of the others. Thus E àTt j-ncrease in the amount of

nectar and the arnourtt of pollen collected., u'ill r'esul-t in

a greaier number of eggs laid u which rnay 1 ead to an increase

in the amount of brood reared and a corresponding grolvth of

the colony population" I{olvevere rnore brood requires more

nurse bees, i,rihich possibly reduces the number of you-nger

foragers avilabl-e for field. v¡ork and the potentÍal amoun'6s

of pollen and nectar that may be gathered. îhís may limit
i:rood rearing" Sirnilarly, the collection of large quantities

of pollen and nectar within a short time s ilâV l-ead to a-

shor'tage of co¡ab space and a red-uction in brood- rearing"

Thus, the various factors operating ',vithin the honey bee

colony are so interrelated, that a change in any one seetor

of the colonlr v'¡ilI ultiinately influence all parts of it,



CHAPTER TV

ANALYSES OF HONEY STOMACH CONTENTS

Tntroduction and Revíew of Literature

One of the most interesting, and at the same time,

one of the most important phenomena oeeurríng in the honey

bee eolony, is that of mutual food exehange or "interfeeding"

among its bees" The eonstant exchange of food by al-l mem-

bers of the colony serves both to supply the earbohydrate

needs of eaeh beeu thereby maintaining a relatively high

level of nutrition within all sections of the comrnunity

(Ribbands, t953) and to inform all bees of the needs of the

colony at the moment, coneerning the resources available in

the field (Lindaueru L955; Free, L96?e L9?0)" In addition,

mandibuLar gland seeretions produced by the queen are passed

among the workers with the food, informing them not only of

the presence and physiological status of the queen, but aLso

reguJ.ating the rearing of young queens and ínhibiting ovar-

ian development within the worker bees (Butler u L954a f956a

Pain u L96L) " The development of an odour common to all
workens of a eolony, by whieh hive mates ean be distinguished

from strangers, is a further result of the constant food ex-

change between the bees of a eolony" It is thought that the

colony odour eonsists of volatile waste produets derived

from the eatabolism or- the footi eireuiaiing within the hive'
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and thats sinee the eomposition of food stores varies with

eaeh eolonyø the odour produced by each is also different
(Kalmus and Ribbands u L952), Expeniments d.one by Ríbbands

(L953) eonfirmed that the food of the eolony is the souree

of eolony odour,

Although the rapid distribution of both liquid food

and water among large numbers of workers in honey bee colo-
nies has been observed by various researchers (Park u Lg23a

L925; Lindaueru L952s L955e Nixon and Ribbands u L952; KiechJ_e,

L96L) and tr¡e influenee of isolated faetorsu sueh as àg@ø

on food exchange has been investigated by Pershad (t966) 
u

Lensky (tg6t, Lg6Lþ)e and Istomina * Tsvetkova (t953), only

Free (,L9568 L957 ) fras done a detaiLed analysís of the vâ.p-

ioue faetors i.nfluencing the transfer of food from one bee

ts another" In general, there is a tendency for food to
pass from older to younger bees" Nevertheless, there ís
eonsiderable food passage 1n the reverse direetionu and a-

mong the members of any given age group (fþee, L957) " The

tendeney of food passing from older to younger workers rough*

ly parallels a similar trend existing in the divísion of
labour among honey bee workerse 8-s wâs deseribed by Rösch

(t925¡ , Lind.auer (L952) ø and Free (Lg6? ) " The foragers u

whieh eomprise the oldest gror¡p of workers in the eolonyu

deliver their l-oads of neetar to the younger hÍve bees, who

proeess anc! store it" The nurse -oees' whieh eonstiiute ihe
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y@ungest group 6f Rrorkerse reeeive the neetar needed for
brood rearing from them" lVhile drones are frequently fed

by the workerss they have never been observed to reeíproeate
(Mindt, L962; Free, t967)" Queens, Iikewise, are normally

fed by the workers; there is evidenee, however, that under

some eondítions a queen may feed workers (ivlindte L962),

It has been suggested that eontínuous food exehange,

among the workers of a eolony, quickly results in a homo-

genization in the eoneentration of food carried by most of
its workêrs o E'xceptions oeeur only in those workers whieh

are aetive in Limited areas of the hÍve, where temporary

deviations from the "normal'o situation existu in€" ovêr-

heating in a pant of the brood area (Kíeehle e L96L) " Aceord-

ing to Kíeehleu it is in this way that foragers are Ínformed

of the concentration of food requireds even before 1eaving

the hive on their first flights of the day, Li-ndauer (rgSS)

investigated the honey stomach eontents of foragers leaving

their híves and of hive bees taken fron the top bars (iuê"

frorn the feeder hole built Ínto some German bee híves), and

fot¡¡td eonsiderable differenees in sugar eoncentration among

individual workers of eaeh group, vrhieh he presumed to be

due to the dutíes performed by eaeh bee prior to its eapture"

However, the aean coneentrations of the honey stomaeh eon-

tents were for¡nd to be very similar in both groups¡ Lindauer

therefore eoneluded that foragers ehoose the forage eol-Ieeted
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ín the field at l-east i-n part on the basís ef the co3lcêrl*

tration of the food reeeived ín the hive"

ïn general, the sugar coneentration of honey stomaeh

eontents appears to be elosely related to the duties per*

formed by the bee at any given time" Thus, Pank (t932)

for.rnd that the sugar eoncentration in the honey stomaeh of

a foragÍng bee approximates that of the neetar ín the fLow-

ers on whieh she has been working" Water foragers and ure*

servoin beesu (Park u L923) tend to have honey stomaeh con-

tents of very low sugar eoneentration, whÍle hive bees pro-

eessing nectar may eontain sugar soltrtíons varying in eon-

eentratÍon between that of incoming neetar and nearly ripen*

ed honey (Park' L925a L92?e L928). fn addition to pollen

and honey, eonsiderable quantities of water are required for

brood rearing (Lindauer, L955; llaydak u L97O) " It seems

reasonabLe to assume that the honey stomaeh eontents of

nurËe bees are relativeJ-y high Ín water eontent and relative-
ly tow in sugan eoncentratisn" It may be concLuded therefore,

that the sugar eoneentration of worker bee honey stomaeh coñ-

tente may vary eonsiderably, subjeet to a variety of faetorsu

ineluding the dutíes performed by the individual beess the

amount of brood in the eolony and the avaiLabiLíty of food.

and water in the field" ALthough a few studies have been

done on honey stomach sugar eoneentrationu data on the sugar

eoneentration in thre honey storûaehs of -pees taken from
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various loeations withln the same hive and at the same time,

are not avai-Lable 
"

A detaítred study of the amount of food earríed by

honey bee workers perforrning a variety of tasks in the same

hive at the sarne time has only been done by Feng

Department of Entomology, University of Manitoba,

(1969) ,

He con,-

cluded ¿

l'Regardless of tíne of day or season the gradatíon
of honey stomaeh weights can be expressed gener-
ally as followse honey eomb) brood eomb> neetar
gatherers > po}Len gatherers > leaving hive" Bees
on open eells had heavier honey stomaehs than those
on sealed ones and. bees returning to the híve
(poll-en and nectar gatherers) had heavier honey
stomaehs than those Xeaving it" The heaviest loads
of neetar and pollen were eolleeted at L700-1-800
and 1-300-L¿+00 hours respeetively" The honey stom-
aeh weight patterns of both nectar and polten
gatherers followed closely the honey flows" The
honey stonaeh weights of bees on honey and brood
combs varíed considerably throughout the day but
they had patterns similar to each other throughout
the season with two peaks oecurring, one in JuIy
and one in August"

It is concluded that the weíght of honey stomachs
of bees is affeeted by the time of day and season
when they are foragingo âs well as by their }oeat-
ion in the híve at these timesnoo

the effeet of environmental factors on honey stom-

aeh weight has also been investigated, As in most biologí-
cal reaeti-ons s ¡xo one factor appears to govern the amount

of s¡rrup or neetar carried by índividual bees" Ratheru a

bee reaets to a complex of influences, eaeh of which inter-
aets with the others, Thuse von Frísch (t965) found that
under the eonditions of his experiment, f,oraging hees took
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greater quantities CIf coneentrated than of dilu.te sugar

soh.rtion" Nrg-ñez (L966) was able to confirm the resul-ts ob-

tained by von FT^ischu a-nd found in addítion that inereasíng

air temperature (but not syrup temperature) resul-ted in an

increased uptake of sugar syrup" The "quality" of syrup or

nectar strongly influenced the amount of s¡mup taken back

to the hive by a forager, in experiments done by Nüñez (L966) 
"

He found that by increasing either the sugar concentrationu

the rate of flow or both (i"e" by increasing the "quali-tyuo

of the syrup) ne could induce a forager to take a greater

amount of syrup back to the hive" However, Wells and Giac-

chino (tg6ï) were unable to find any correlation between

sugar concentration and the amount of s¡rrup taken. They

did find, however, that the size of a bee was posítively
correlated with the amount of s¡æup taken; the capacity of
the honey stomach appeared to be the determining factor"

The distance between the hive and the feeder also

seems to i:rfluence the amount of s¡mup taken. schuå (tgsz)

observed that at distances greater than approxinately L000

metersu foragers tended to increase the load taken at the

feeder" The extra amount was found to correspond to the

amount of sugar used on the flight to the feeder, Schuå

also reported that changes in the electropotential- of the

air during unsettl-ed weather appeared to be related to
changes in the amount of syrup taken at the feeder"
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Both Free (tgsf) anA Feng (tç69) found previous êx-

perienee to be of importanee in determining the amount of
food retained in the honey stomaeh, Thus, bees whíeh had

been fed eonstantly retajned smaller quantS-ties of sugar

solution in thein honey stomaehs than did bees whieh had

been fed j-ntermittentlye oF whieh had been starved for sev*

eral hours, Bees whieh had been starved for 2l.l' hours and

then offered sVrup of dífferent eoneentrations netained more

of the eoneentrated s}mup than of the dilute (Fþee u L95?).

An improvement or deterioration of a natural crop had sim-

ilar effeets" Although bees about to give food generally

eamied more in their honey stomaehs than did bees about to

reeelve food, there was eonsiderable overlap in the relative
amounts carried by both groups (Fþee, L957)a not infrequently

the donor retained less food in its honey stomaeh than did

the bee about to be fed,

Most of the work done on the incídenee of pollen ín

the honey stomaeh eontents of worker bees has been confined

to studies of the fíltering actlon by the pnoventrieulus

and the meehanism of pol}en digestionu and on the ídentifi-
eation of pollen grains found in honey and neetar, with

referenee to the ídentifieation of the floral- sources of

honey, For a revíew of the pertinent Iíterature, see Chap-

ter Vu

i{lthough little work has been done to determine the
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eoneentratíon of pollen j"n worker honey stomaeh eontents

relative to the divieion of laboun among bees, it may be

worthwhí}e to review what is known about some of the faetors

influeneing the arnount of pollen found ín the honey stomaehs

of worker bees" It has generally been assumed that pollen

is pushed or shaken into the nectar of a flowers âs the in-
sect brushes against the anthers in its attempt to reaeh

the neetaries (Mararizio, 195L; Pritsch, L95?; Demianowi.ez,

t96t+) " The quantity of poJ-len reaehing the nectar in this
fashion is further influeneed by a number of factorsu ir1-

eluding flower stnucture (Fbee ø L960E t962) u the positíon

of the flowen, íue" whether ít is upright or pendant (wlaur*

izio, Lglrg), manner of reproduction (monoecious or dioeei-ous,

Melvi.lle n L945), time of anther dehiscenee in relation to

firet fLowering (Synge u L9t+5)u and the amor¡nt of pollen pro*

dueed by the plant species being worked (lviauriziou 1"9,+8)"

A bee aetlvely *serabbling'o for pollen (Iþee and Spenc€F-

Boothu L96l+) would tend to force more pollen into the neetaru

partåeularly in a flower that is upríghtu than wouLd a bee

gathering neetar on1y" Throughout the time during whíeh a

load of neetar ís being eoll-eeted by a foragerr pollen is
removed fnom its honey stomaeh through the aetion of the

proventrieul-us (Todd and Vansella L9t+2). The same aetivity
also oceurs within the hive bees who proeess the neetar be-

fore storing ft in the eombs as honey,
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Very young workers and nurse bees engaged. in brood

rearing activities frequently consume large quantities of
potlen (Moelter and Hagedorn u L96?; Haydak u L9?0), Although

workers of these age groups usually receive food more often

than they feed others, the feeding of older bees does oceur

(Free , L96?) " It may therefore be assumed that some poLlen

is transferred to the older workers alsou including those

engaged in the processing of nectar" It has been shown that

not all pollen graÍ-ns are removed from the honey stomach be-

fore its contents are stored in the comb (e,g" Berner u L952g

I\,laurizio u L95B; Ðemianowicz u L96l+) 
"

Thus, it seems that there are two sources of pollen:
(a) that whieh has been aceidentally pushed into the nectar,

before being gathered by beess â.ild (b) pollen derived from

that stored within the eolonys and eaten by young bees and

nurses" Although the proventricuLus is highly efficient in

the removaL of pollen from the honey stomaehe rareLy is al-I

pollen removed from the honey stomach contentso âDd therefore

some pollen is almost always transferred to other bees ai-ong

with the lÍquid food"

Method

In this study worker bees (and some drones) were

collected twíce daity from various locations within four

honey bee eolonies approximately every twelve days through-

out the summers of L969 and L970" The mean honey stomach

weighta the sugar eoncentrationo âfld the concentration
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of pollen of the honey etomach contents were determined for
eaeh eategory of bees eoLleetedg the results obtained for
eaeh of the five major eategories (i-"e" those whieh h'ere

colleeted throughout both seasons) are shourn in Fígures 28

through 45 , The results obtained for eategories of wnich

only a few samples were eolleeted (in L969), are not pre-

sented gpaphicallyg howeverø the mean values obtained for
eaeh J0-bee sampleu @f all eategories colleetedu are given

in the Appendíx Tables I through XIX " The diseussion

of the resÌålts will be divided into three sections, i,e"
(a) honey stomach weightsu (b) sugar eoncentratisnø â.rrd (e)

polLen content" These wíl} be followed by a brief summary

and eonelusion"

&esults a$d Diseussisrn

åloney,stomaeh !ileiehts

Figures 28 through 33 e ârrd Table III s show

the mean horeey stomaeh weights of bees colleeted ín various

loeations within the four experi-mentaL eolonies, In the

eurves eaeh poínt represents the mean weight obtaíned from

the four sample means (A"i!I" or P"l\{" ), Using the t-test,
intereolony díffereÌ?ees were fswrd to be non signifíeant at
the 5% Level"

Igqaggsg enteríng hives - Figure 28 shows the

horeey stomae?r weights obtaineci fnom neetar foragers returning
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L969 Lg70 Lg6g Lg?o L96g t9?0 Lg69 Lg?o Lg69 Lg?o
AM PM AI4 PM AM PM AM PIYI AiVl PM AII{ PM AM PM AM PM AM PM I\M PM

June vs /\ugust +rs +#' +áe +'þ ++e +'t+ +*ê +r+ +*$

JuJ.y vs August +++ {+4 +++ +fi" +# ++ê

Table IfIa" Statistieal comparison of honey stomaeh weights, by monthu withín eaehyear" Statistic useds Studentus t-test"
SymboI

Lu
2u
3,
4"
5"
6"
7"
B.

òo

FE = Foragers caught entering their hives"
PFE = PolLen foragers caught entering their híves"
FL = Foragers caught leaving their hives,
BO = Worker bees caught on open brood"
HO = Worker bees caught on open honey"
4 = Difference is signífieant at the assigned level of 5F""ø E Difference is not signifieant at the assigned level of 5%"* = Position of asterisk Índicates whieh of the two months eompared had

higher vaLues"

Lg69 L9?0 L96g
AM PM AM PIVI AM PM

June +

July

August

Tab1e III b, Statistical comparison of honey stomach weÍghtsu by time of day"
Statistic useds Studentus t-test, S¡rmbolst As above" + plaeed
aeeording to time of day at whieh heavier honey stomaehs were col-leeted"

For statistíeal analysiso the values obtained from the 26 Mayu t969u colleetions were
combined. with those oi June u L9690 ârid. values obtained in September with those of
August, L969,

Lg70 Lg6g
AM PM AM PM

+

L970
AM PN/]

L969 Lg?0
AM PM AM PM

L969 Lg?0
AM PM AM PM

\o
o\



97

l,oeation Month Time Statistieal Signif ieanee
WeíEht CHO PoIl,

HO

BO

FL

PFE

Jr¡nc

July

August

June

July

August

June

July

August

June

JuIy

August

Jur¡e

July

August

AM
PM
AM
P¡iI
AM
PM

AM
PM
AM
PM
AM
PM

+*å
+tÉ'
+*å
+J+

*F+

+{r
++$

Lg

ts

"L8

J-

++ç
+*

+'*
J1-.*

.{-B

TÈ

*i
Y€+

AI.{
Pn¡i

AM
PM
AM
PM

AM
PM
AM
PM
AM
PM

FE

+n
+#

.n+

#

fld

+#
+*

+#
+Ê
+å

AM
PM
AM
PM
AM
PM

+*
+ã.

Tabl-e rv " statistieal eomparison of honey stomaeh eontents,
by month, Lg69 versì¡s Lg?A"

Synbols e

+ DÍffere¡eee is significant at the 5% leve]-"
Differenee is not sígníficant at the 5% Level,* Posítion denotes the year in which the higher values

were obtained (i"e" *4 = 1969, 4# = tg?Oj"
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to their eoloniese througho¡¡t both L96g and r9?0, A seasoyr*

al- trend whieh is similan for both years is apparents rel-
ativeJ-y small load.s were bnought in during June in both

years; there was an i-nerease irt the amount of neetar gather-

ed by eaeh bee during the first week of July, i"e" in the

begÍnning of the maín neetar flow (afso see Fengu L96g)"

The largest average loads were brought into the hives in
mid-Julyø ard agaín duríng the seeond week in August" This

was followed by a deerease in the average amount carried by

the foragers during the fj¡ra] two weeks in August, when the

main neetar flows eeased, The reduetion in honey stomaeh

weights measured in bees collected in the mornÍ-ng during the

second week in August, L97Oo mây have been due to decreasing

temperatures (also see Feng, 1969) " In L96go ârr extended

autumn period whieh enabled the bees to forage on sunflowers,

eucurbi-tsu mustard and some volunteer rape, probably account-

ed for tne slight inerease in the mean honey stomaeh weights

whieh oeeurred duríng the fírst two weeks in September,

0vera11 differenees between the flows of both years

are refleeted in the mean honey stomaeh weights measured dur*

ing both seasons, As is shown in the graphs, the mean honey

stomach weights measured through the L969 season are lower

than those obtained Ín L970" For a statistieal- eemparison#

*In this and the foltr-owing
honey stomaeh weíghts that
are mentioned,

diseussionsu only differenees in
were signifieant at the 5% Level
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between 3rears e s@€ Table I V.

As ean be seen from Table TII B-s in L969 the bees

eollected in the afternoons duri¡'lg July had heavier honey

stomaehs than did those eol]eeted on June afternoons, while

in t9700 all- eolleetions made in July had signifieantly
higher mean weíghts than those made in June,

Pollen forasers causht returninE to their hives *

The mean honey stomaeh weights of pollen foragers eolLected

in L969 and L9?0 are shorry:,r in Figure 29 , Unlíke the

eurves obtained from the mean honey stomaeh weights of

neetar gatherersu whieh show a similar seasonaÌ trend for
both yearss rlo such tendeney is apparent here" Thusu in

L9690 the highest poLlen forager honey stomaeh weights were

obtained j-n the beginning of the season" Pollen foragers

caught during the first week in Jr¡ne earried mueh less food

in their honey stomachso A graduaJ. inerease irr the honey

stomaeh weíghts oeeurred through June and the first three

weeks 5n Julyu followed by a deerease, with fluetuationsu

for the remainder of the season, However, i-n L970u the

pollen foragers eolleeted during the fírst two weeks in June

earríed very tittl-e in theír honey stomaehs on returning to
the hive, Through the remainder of June and r¡ntiJ. mid-July,

the amount of neetar earried inereased rapidlys ín míd-July

the mean hor:ey stomaeh weight of the pollen foragers coLleet-

ed in the afternoon was t+0"2 ñg"rapproximately 6 mg, more
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than was reeorded. for neetar gatheners at any time during

the L97A season" The rapid i-nerease was followed by an

equall¡r rapid decrease for the nemainder of the season@

For a statistieal eomparison between yearsø s@@

Table IV" A eomparison of the honey stomaeh weights be-

twee¡l months withÍn either year (Tabte III) shows that
in L97O the honey stomach weíghts of the pollen foragers

were signifíeantly higher Ín the afternoons of JuIy and

Ategust, than in the morningso âtrd that they were signifieant*
ly higher in July (both A"M, and P"M") than in either June

or August,

The neasons for the differences in the results ob-

tained in L969 and L970 are not knov¿n, It ís possible that

under the margína} foraging eonditions frequently eneounter*

ed in t969u only those bees foraged for polIen, whieh aet-
ually nospeeializeduu in this task (Ribbands, L952), but that
under the much better foraging conditions of Lg70 nectar as

weLl as pollen were gathered by the sarne bees"

Although the nectar flow did not start until the

first week 5:r JuIy (Figures tZ through L? ) u an increase

in Ïroney stornaeh weights of trlollen foragers was already

found in the bees eolleeted during the third week of June,

L970" fhe term ouneetar flow* (as defíned on page 53 u)

signifies a net i¡rcrease in eolony weight due to neetar

gathered by its foragers over a period of several eonseeutive
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days, Although the scaLe eol-onies díd not show sueh net
gains t¡retil approxiruately two weeks later, suffieíent nectar

may have been available in the fíeld in late June to aeeount

for the inereases in honey stomaeh weight observed"

Iqsegers_ra.ueht Leavíne their þives - As ean be seen

from Figwe 30 u foragers earried very smalr loads j-n their
honey stomaehs when leaving their hives to return to the

fields" Although minor fluetuatj-ons did exist, the guant-

ities earríed were very similar i-n both years and thror.eghout

both seasonsn NevertheLess, a statistieal analysís shows

some signifíeant differenees" (Tables IfIa and IIIb ),
These differenees ean probably be explained as follows"
Aceording to von Friseh (t905) foragers reaving their hives

take with them enough food to meet their metabolíc needs or1

the flight to their foraging areas" The amount of food taken

is dependent on the energy expend.itureå the differenees in
the arnount of food taken rnay be due either to differenees in
dístanee flowns oF to sone other factor, sueh as wj-¡rd. resíst-
anee, whÍeh requires an inenease in energy expended"

The small degree of variation i.n the amou¡rt of food

taken seems to indieate that throughout both years much the

same area was eovered by the beess and that the distanees

flown between the erops and the hives dÍd not vary by mueh"

Ëeeg_le]¿gh'E_on open honey - Although subjeet to eon-

siderable flr¡etuationsu the seasonal trend.s indieated in the
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graphs (Fígure 33 ) follow those of the neetar flows both

in L969 and in t970" In the two years worker bees eolleeted.

on open honey earried Less food in thein honey stomaehs in
J¡-¡ne than at any other time during the seasonn A sharp in-
erease in mean honey stomach weights was noted during the

first week in July; the i.ncrease in mean weight beeame more

gradual through the remainder of JuIy and the first week jrr

August, L969 u and was then followed by an overall decrease

in mean honey stomach weight" In L970u howeveru a sLow in-
crease was still apparent at the time of the last eolleetÍon;

it is possible that, had the colleetion of bees been eontin-

ued, a deeline in the amount of food held in the honey stom-

aehs would have oceurred through the month of September Ín

L970s âs weLL"

TabLe ÏV shows the statisticai- eomparison between

years" ft should be noted that the honey stomaeh weÍghts

of bees caught on open honey were signifieantly higher in
June and July of L970 than in the corcesponding months in
1969" Howeveru ín August of L969 the honey stomach weÍghts

were higher in the mornings, than they were in the mornings

of August, L970" A eomparison of honey stomaeh weights of
bees eollected in the mornings and in the afternoons (Table

III b") shows that a signifieant difference ocer¡rred only

in August, L970; the honey stomaehs were heavier in the

afternoons 
"
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In L969u the honey stomaehs of bees eaught on open

honey were heavier in August (4"M" and P"M") than i:t Julyø

and Ïreavier in July than i-n Juneu However, ín Lg?Ou the

weights were greater ín July than in Juneu but no sígnifieant
differences existed between August and July (Table rlra )"

Worker bqes-caught on open brood - As in bees on

open honeyu the amount of food carried by nìrrse bees (i"e"
those ear.aght on open brood Figure 3L ) appears to be re-
lated to the amount of neetar brought into the colony by the

foragers (Figr.re ZB ) " An initlal period of low average

honey stomaeh weightsu whieh l-asted through June of botþr

years 0 was followed by a gradual. ínerease, through Jr,lly and

the first week in August" For the remainder of the seasone

the bees tended to retaiyr deereasing amounts of foodu whieh

appear to be eorrelated to the deereasing amounts of nectar

available to the foragersn ^ In general, the amount of food

re,tained by the nurse bees at any given time throughout both

years was eonsiderably less than that held by workers eolleet-
ed o¡r open honey, on the same date, Simítarlyu the fluet-
uations in the mean weight of the honey stomaehs obtained

from nurses over both seasons were eonsiderabj-y Less than

were thoee of honey stomaehs ebtained from workers found on

open honey"

l\s ean be seen from Table IIfa u significant differ-
enees between yeaps were only for.ind ín June, when the honey
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etornaehs were heavier ín L97a " Table f rra shows that in Lg6g

the honey stomachs of ni¡rse bees were signifíeantly heavier
in July and August (A,FI" and P"M") than in Jt¡nea årrd that
i*r L97aø the nurse bees eontai-ned sÍgnifieantly more honey

in JulV (4,M") than in June (4"M"),

Workers eol*leeted on sealed brood - Honey bee work-

ers were eolleeted on seal-ed brood only during the summer

of 1969 (see Chapter III)" !{ith the exception of one major

peak whieh fall-s into the fírst week of August, the seasonal

eurves obtaíned from the mean honey stomaeh weights of bees

eaught on seal-ed brood (Figure 32 )u eJ-osely resemble those

obtained from bees eolleeted on open brood (Figure 3L) 
"

The relationships of the peaks obtained from workers corleet*
ed on ?Ç JuLyu t969u to the remaining data is not elear"
These are the híghest mean honey stomaeh weíghts reeorded

f,or any grÕups sf workers driring the entire two year study"

They do not appear to be linked to any of the environmental

faetors studied"

In additíon to the eategories listed above u whieh

were eolleeted throughout the suTnmers of L969 and Lg70u

isoLated samples of several other groups of bees were eol-
l"eetedp âs tÍme pernritted" wïth the exeeption of the drone

samplesu not enough samples were eoLl_eeted of any one kind

to establish seasonalu or even daily trendse oF to form any

definite eonelusi.ons from them" They are presented hene i.n
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order to give the reader further ínsight, however slightu
into the f,ood rerationshíps ôeeurring røithin the honey bee

eolony"

ÐrgpgE - studies ovl the life and food eonsumption of
drones were dsne by Fbee (tgs? ) , r,evenets (tg56aa t956b) u

Morse et al {tg67¡, and MÍndt (rgOZ)" 0f these only Free

(tgsz) investigated the amounts of food retaíned by drones

in the honey stomaeh; his findings showed that the quantity
retaj-ned depends orx the actívity of the indivíduaL drone at
the timeu Thus drones about to leave the hive earyied a

mean amount øf 20"0 mg" of honey, drones returning from a

flight eontai-ned 2"5 mg" on the aver*gêø and dronee eolreeted
within the eolony held an average amount of 3"6 mg,

rn L969 the following j0-drone samples v¿ere eolleet*
ed from eombse (Appendix tables V, VIII, X, Xf)"

Sont4 No. of Sgrmples l{ean Honey Stomaeh Weisht

JuLy

August

September

L+

B

L6

ll" 
" 3 rng"

Lþ ,9

6.2

Tabte V I'ilean honey stomaeh weíghts of drones eolleeted
on combs in Ju1yu Augusts ând September, Lg6g.

The overall mean honey stomaeh weight of 5,J mg"

d.iffered only srightly from the average value obtained by

rbee f,or drones oeeurri¡rg within the eorony" Dífferenees
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in environrnent, strength of eolonies and raee of beee rlsede

aJ-l may aeeount for the differenee fou¡rd"

The average value of 6.2 mg" of food eontained by

drones eoll-eeted in September u ãt the tÍme when drones were

being dríven from the eolonies by the workersu eonfírms the

observation made by Mindt (tg6Z), that drones are not starved

by the workers prior to their removal frorn the eolony,

Qther eategorie_s of workers - The average honey

stomaeh weights of other categories of workers are reeorded

in the folLowing tablec

Category
Month
Collected

Number of
Samples

Mean Honey
Stomaeh Weight

Guards

Workers "rest-
ing* i:r hive
entranee

Wax produting
workers eaught on
for¡ndation

Fanners

July

August

July

July

August

I
l+

4

B

t
3

5"5 mg"

L,5

5.0

25 "2

L"5

2L.7

Table Vf " Mean honey stomach weÍghts of "minor" eate-
gories of worker bees collected in L969"

Little or no previous work has been done on the

relationships of any of the groups of bees listed above

food

and
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much more research is needed before i¡atid eonelusions re*
garding the ínterrelationshíps between these and othen groups

of bees within the eolony can be made" Howeveru a few eom:

ments regard.ing the "work*relationships* of these bees to

other groups may be in plaee.

Guard bees are closeJ-y related to foragers in the
u'age-dutyuu seEuenee of honey bees" Afthough guard duty is
norrnally performed by workers which have more or less termj-n-

ated their period of hÍve duties and are about to beeome

foragers (R$sehø L93O; Butler and Freeu Lg526 Lindauer, L952s

Ribbands, t953E ete")u I har¡e frequently observed foragers

whíeh were about to leave the eolony turn sudd.enly and i-n*

spect ineomi-ng foragers, instead"* The mean honey stomaeh

weÍghts obtained for guard bees eorresponded elosely to
those obtained for foragers leaving their hives (Figure )O ),

The uubees resting" (Table VI ) were eaught in the

entranees of the experímental_ eoLonies during a period of
low flight actinity, Sinee there was l-ittle guard aetívity
at the tinnee I assume that these bees were foragers which

were temporarily out of work,

iviost of the workers eaught on foundation appeared to
aetive in the prod.uctÍon of wax" Considerabl-e quantities

sugar are r@quired for wax produetíon (Ribbandss L953g

be

of

*SÍmíIarly,
experiments
alternated

Butler and Fþee {tgsZ) coneluded from their
that nany guard bees were foragers as wello and

between these duties,
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Grout u !951+ ) an¿ eetimates of the amount of honey used by

bees to ,produee one pou¡1d of lqax have varied between five
and 2J pounds" Howevers the mean values obtaíned for wax*

produeing worker bees are somewhat l-ower than expeeted"

This may have been due to the conditions of poor honey flow

whieh frequently oeeurred duri-ng the sunmer of L969, result-
ing in sporadic production of wâxs lflany of the workers

eollected in this experiment eontai::ed little or no honey"

Very little information is available regardíng the

place of fanning withín the age-duty sequenee of honey bees"

I have frequently observed bot?r nectar and pollen foragens

returníng from the fields to join the bees fanníng in the

eolony entraneeu and assume that most of the fanners were

either foragers or of near-foraging*age" The two val-ues

Listed show the extremes ín mean honey stomach weights found

in this grorrp of bees"

Sugar Congentration of Honey_Stonaeh_Contents

Fígures 3t+ through 39 o ã.rd fabLe VII show the

mean sugar eoncentration of the honey stomaeh eontents ob-

taíned from bees eolleeted in various loeations within the

four experimental eolonies, As in the eurves showing honey

stomaeh weightse eaeh point represents the mean sugar eon-

eentratíon obtained from the four sample neans (4"M" or P"M");

using the studentes t-test, ÍntereoLony dífferenees were

found to be non signifíca:rt at the assigned level of 5%,
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tg6g tgTg t96g 1g?0 tg6g Lg?o Lg6g Lg?o t96g Lg?o

m
June vs August

Table VIIa o

Symbols a L"
2u
3"
l+"

5"
6"
nlo
B"

Statistical- comparÍson of honey stomaeh sugar concentration by monthur¡¡ithin each year" statistic uáeds studenEus t-test,
FE

PFE
FT
BO
HO
+

J¿

Foragers eaught entering their hives"
lollen foragers caught entering theír hives"Foragers caught 1eaving theír ñives"Idorker bees caught on open broocl"
Worker bees eaught on open honey"Difference ís signifieañt at thé assigned l_evel of 5f",Difference is, not significant at the ãs*ienua-ru"ãr-ã t sø"lvlonth in whieh ËYgar eoncentration **"-rriãnu"r--*i+-ín¿ieates Juneor Jul-yo +{i indieates July or August"

¿r+ {ç+

L?62 tç?9^_ \?62 r9?o Ls6s L??g rs6s rsTo Ls6s LsTo
June+++++++
Jul;y

Augt'ist

+t+ *-9.

Tab.Le VIIb

++ç +r,F

Statistical eomparison of honey sugar coneentration by time of day"statistic used: student I s t-IÞ=-t" - symbols, À* u,u".rä, + plaeedaccordi-ng to time of day at whieh neciar of highe" *rgr* eoncentrationwas eo]leeted"

+rF +.1É +tÊ

Þ
H
\rr
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.Foragens eaught entering_their hives - The eurves

obtajned for the mean sugar eoneentration of the honey

stonraeÏ¡ eontents brought baek to the hives by foragers re*
turning frem the fíelds (Figure 3u ) indíeate that a sim*

ilar trend occurced throughout both seasons " After a31

initial eoneentration whleh varied, between 35% and, b5fr in
late l{ay and ear}y Jr¡ne e a eoncentratíon decrease oeeurred

ín mid*Junee whieh was followed by a gradual. increase through
the first two weeks of July" rn Lg6g the highest eoneentra-
tÍon of neetar Eras eolleeted by the bees during the third
week of JuJ.y; this was followed. by a steady d.eeline in sugar

eoncentration for the renajnder of the season" rT? Lg?oc

however, the períod between míd*July to mid-August was ehar*

acterized by eonsíderable fluetuations j:r the mean sugar

eoneentration of the food brought in by the foragerss thís
was follswed by a rapÍd deerease in sugar eoneentration"

The raean sugar concentration of the honey stomaeh

eontents withi-n any given group of worker bees is determined

by a baranee between the voLume and eoneentration of neetar
or honey avaiLable to them and the relative quantity of v¡ater

to whieh they have aeeess" water is required partieularly
by the llurse bees for the elaboration of brood food (Lindauen,

1955; Kieehle, Lg6t) and on very hot days for the temperature

regulation Ín the brood area (Ribbandsu Lg53; Kíeehleu Lg6r)"
The aetuaL amount of water requirecl by a eolony of bees
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depends on the amount of brood present, and on the temper-

ature eonditíons oceuming wÍthin the brood nest (Lindaueru

t955), However, the relative quantities of nectar and water

required are híghly interdependent; less water is needed by

the colony when large quantities of nectar of low sugar

concentration are collected in the field"
The effect of weather on the secretion of nectar

has already been discussed (chapter rrr) " sinee the weather

conditions change from day to dayo and even from hour to
houre eonsiderable fruetuations in the amount and eoncen-

tration of the neetar gathered u and therefore also in the

amount of water colleeted by the foragers at any given time,
can be expected" such fluctuations are apparent in the d.ata

presented here,

The conditions indicated by the eurves may be êx-
plained as foll-ows" The initial high sugar concentration
recorded for returning foragers may be due to nectar gather-
ed from the l-ast of the dandelion bloom" Throughout mueh of
June of both years only small quantities of nectar were

availabLe to the bees and even these may have been of row

quality" Thíso and the rel-atively high quantíties of water

required for brood rearing (see expanded Appendíx Tables),
resulted in a deerease in the overall sugar concentration

of forager honey stomach contents. Toward the beginning

of July inereasing temperatures resulted in
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inerease in qulantity and quality of neetar seereted by the

major honey plantsu sueh as the legurnes and nape, and eon-

tinued until- mid-August, when such factors as, aging of the

plantsp and deereasíng ternperatures resulted ín a deterior-
ation of the nectar flow"

A statistical comparison of the mean sugar eoncen-

trations found in neetar foragers enteríng their eolonies

in 1969 anð, i¡ L97O is presented in Table IV " Cornparísons

by time of day and by month within eaeh year are given in
Tables VIIb and VIIa s respectively, It should be noted that
in 1969 sugar eoncentration was signifieantly higher in the

honey stomach contents of foragers eol-]eeted in the afternoons
of JUJ-y and August than in those eollected in June at the

same time; in L970u however, foragers eollected on July rnorfl-

ings carried food of higner eoneentratÍon than did. bees

caught at the same time in June" Neetar gatherers eorLeeted

on August mornings also carried supplies of higher sugar cori-

centration than did those eollected on JuIy mornings"

Foraqers_caught leavinft their colonies and pollen

foragsrs caught as they entered their hives - A forager

leaving the hive usually takes with her a sufficient quant-

ity of sugar (in the form of dilute honey) to meet her

metabolic needs during the flight to her fonaging area (von

Friseh, L969; BeutLer, L936), Results obtained by Beutler

in her siLloies on the comparative biooci sugar levels of
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nectar and pollen gatherers suggest that beeause of their
sustained hígh level- of aetivity in the field, pollen for-
agers require greater quantities of sugar than do neetar
gatherers for the same amount of time spent ín the field"
fhe food reserve is obtained either from other workers in
the immediate areas otr it may be obtaíned direetJ-y from eells
of open honey (Lindauer, L952) " How much nectar is retained
from the previous foraging trip is not knoum, but results
obtained by Park (tg3Z) indieate that "carryover,, of nectar

from previous foraging trips is so l-ow that little infLuenee

is exerted on sì.rgar concentration of nectar colleeted on a

subsequent foraging trip"
The relatively high sugar eoncentration of the honey

stomach eontents obtained for both groups in the fírst two

weeks of June probably was due to the earbohydrate reserves

taken by the foragers on leaving the hives, Since ít was

difficuÌt to dÍstinguish between pollen foragers and nectar
gatherers among bees leaving the hivesE r1o attempts were made

to determine dífferences in amount or sugar concentration in
the honey stomach contents of pollen and nectar foragers

leaving for the fietd"
During July of Lg70 the pol1en foragers eol_l_ected

considerabre quantities of neetar" This ís indieated by a
peak in eoncentration (Figure 35 ), whieh coincides with
simÍIar peaks as shov¡n in Figure 34 (neetar foragers) and
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in Figure 29 (honey stomaeh weights of pollen foragers),
ïn L969u however, the pollen foragerso and the foragers

leaving (:¡r both years) appeared to depend primarily on

stores obtained in the hive " The reason for the slight de-

crease in the overalL sugar eoncentration observed ín both

years, is not known" It ís possible that the foragerso uu.-

]ike the hive bees living in the "controlled envíronmen.to'

of the colony require more water for the regul-ation of body

temperature under field conditions and therefore food of
lower eoneentration is taken at increasingly higher environ-

mental temperatu.res (Free and Spencer-Boothu 7959),

As ean be seen from Figure 3+ , the mean sugar eon-

centration of honey stomach eontents obtained from foragers

leaving their coronies and from polren foragers returning to
them was signifieantly hígher in the bees colleeted in July
(P"uJ and August (A,lvl" and P"M") of Lg?0, than ít was in
bees eolleeted in Lg69 during the correspond.ing period (Table

rv ) " A statÍstieal comparison by month within eaeh year

(TaUle VIIa) shows that in foragers leaving their hives the

sugar eoneentration was greater duríng the early part of the

L969 season than it was later in the year, but that in Lg?O

the differenees between months were mueh less pronouneedu

with differenees onl-y between June and July and July and

August being signifieant" For poÌlen foragersu significant
differences in i969 existeci -between June and July, between
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June and August (P"M") and between JuIy and Atigust (A"M")"

I¡r t971p the sugar eoneentration was sígnifícantly hÍgher

in the afternoon of July than in either June or l\ugust"

Workers ea$ght on open honey - Figure 39 shows the

mean sugar coneentration of honey stomaeh eontents reeorded

for worker bees colleeted on open honey" Heree eonsid.erable

fluctuatíorsoecumed through the month of June in both years;

the fluetuations deereased with the advent of the honey flow
and eontinued to a much lesser degree for the remaínder of
both summers" The overall seasonal trend for both years was

one of i-¡rcreasing sugar coneentratíon until approximately
mid-July, when it held steady for the remainder of the sêâ-

son o

The trends observed may be expJ.ained as foLlows u As

can be seen from the honey flow data presented Ín chapter

rÏr, very líttle neetar was brought into the colonies in
Jr.¡ne, Thuso many of the worker bees collected. on open honey

probably were engaged in rewonking honey stored during the

previous seasonu mueh of whieh had crystal-lized during the

winter" consÍderable quantíties of water are required to
relíquefy erystallízed honey and the bees eorleeted on open

cells of honey probably eontained honey in varíous stages

of proeessing, thus aecounting for the differenees in mean

concentratíon observed at this time" Because of the rerat-
ivety great homogeneity observed in the honey stomaeh
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eontents of workens colleeted on open honey during July and

part of August, Ít is apparent that they were engaged in the

proeessing of neetar eoming into the eolony at thís tÍme"

Tabl"e rv shows signifieant differences only between

August of L969 and L97oe âl,rd ín the morning eolfeetions taken

in June of both years" Signifieant differences oeeurred also
between rnost months of 1969 but only between June and July
(P.M. ) in L9?0" The morning eolLeetions contained signifi-
eantJ-y higher mean sugar eoncentrations than did the after-
noon ones (Tables VIIa and VIIb" ) 

"

Workers cauEht on open brood - The mean sugar eon-

eentration of nurse bee honey stomach contents (Figure j? )

followed a seasonal trend similar to that observed for the

bees eolleeted on open honey (Figure 39 ). Although there

were wid.e fluctuations in the val-ues reeorded throughout

both seasonsE the general tendeney was toward an increase

in sugar eoncentrationc âs the season progressed,

As was explained (page Bz ), eonsiderable quantities
of waten are reqxríred by honey bee eolonies both for brood.

rearing and for the eontroL of the brood neet temperaturee

Hence, bees engaged in d.uties related to brood rearíng are

the primary recipíents of ¡nueh of the water brought into the

eol ony (Li:rdauer, Lg55) " rt is not surprisi*g, therefore,
to find eonsiderabre variations in sugar coneentration in
the fooci retained by workers found on open honey" rt should
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be notedu howeveru that probabry not arl workers eaught on

open brood were directly engaged in the care and feeding of
Larvae" Aeeording to Lindauer (tgsZ), worker bees spend a

eonsíderable amount of time o'patrolling" through the hj"ve"

These beesu which are not aetively engaged in any given

tasks a.pê reeeptive to stimuri presented by tasks that need

to be performed, i,êu they are "look5_ng for workuu, Sueh

bees may have eome frorn outside of the brood &rea'teould have

been collected as nurse bees ø â.ild hence eould have influ-
enced the results obtained" Water foragers and perhaps even

some nectar foragers eou-Id have been eoLleeted along with
nurse beese especially on combs close to the entraneeo add-

ing to the varÍation observed"

As ean be seen from the gfaphs, the sugar concên-

tratíon of the food held by bees on open broode rvas usually
more eoneentrated in the mornings than in the afternoons"
This differenee, whíeh ís signifÍcant at the 5% Level (Table

vrr b" ) u was likely due to the evaporation of water from the

nurse beee' honey stomach eontents at night when no addition-
al water could be brought into the hives (Lind.aueru L955a

Kiechle, L96L) " By the time bees were agaÍn eoLleeted in
the afternoonu suffieient water had been brought into the

eolonies by the foragers, to alLeviate the ]ack of water and.

to reduee the sugar eoneentratíon of the honey stomaeh cofl-

tents,
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Tabfe IV shows that the strgar eoneentration was

signÍfícantly highen in June of 1920 than in June u L969"

However, a hígher eoneentration was for.md in bees eoLlected

in the afternoons of July in Lg6gn A comparison by month

within eaeh year (Table vrra) shows that in Lg6g the sugar

eoneentration generally ínereased as the summer progressed"

However, in L970, only the bees collected on JuLy afternoons
eontained food of higher eoncentratíon than did bees eollect-
ed in June"

Workers eol_leeted on seA]eg brood - Sinee areas of
sealed brood are frequently found on the same comb and are

adjacent to open brood and/or open honey, the workers col-
lected from sealed brood probably ineluded bees from several

different categories, Aside from emerging bees (whieh ean

easily be differentíated from older workers, but whieh were

not eolleeted)u bees with v'elativery heavy honey stomaehs

were frequently encountered; it was assumed that these were

workers engaged in the proeessíng of neetar (park, L9Z5) 
"

Alsoe espeeiai-ry at the margins between open and seaLed broodu

nurse bees were probably often eoll-eeted, rn additionu some

of the bees may have been workers patrolling through the
colony, whieh were eaught as they were o'restingu' oÌ1 the

sealed brood (Líndaueru t95j),
The curves obtained from the mean sugar eoncentratíon

of bees colLeeted on sealed brood in tg6g (Figure 38 ) are
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very similar to those obtained from bees eolleeted on open

brood, and fro a lesser degree, to those eolleeted on open

honey. The same seasona] trend is apparent; frorn an ínitial
coneentration of around l+Q%s there was a general increase in
sugar eoneentration with the advance of the season" the

fLuetuations in these curves are very similar to those in
the eurves of workers eolleeted on open brood; it is possíble

that in these eolleetíons nurse bees predominated" Here toou

the eurves i-ndíeate a higher sugar eoneentration in the morn-

ing eolleetions than in bees which had been eollected in the

afternoons 
"

Drgnes * Drering the f irst fevr days after emergenee e

drones are almost exelusively fed by worker bees (Levenetsu

L956ba Fbee u t957; ivlindt, L962)" As they become older, the

drones pass through a period of transition in which they

eome to rely on honey taken from open eells" Although work-

ers of any age may be solieited, most of the workers observed

to be feeding drones were between one and two and a half
weeks old (Fr ee , L957 ) 

"

The honey stomaeh contents of flying drones, ie" those

over eight days of agee were found to be very similar i.n

sugar coneentration to that of the honey stored in the combs

(Free, t957; Ulindt e L962), Ln young drones, hovreveru the

honey stomaeh eontents most closely resembled the rnixed food.

offered to the older worker larvae" The honey stomach
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contents eonsísted of several díff,erent fluids whieh fre-
quently eontained considerable quantities of pollen (i,,tÍndt,

L962), and. were thought to be derived frorn the honey stomach

contents of the workers e possibly mÍxed with glandular se-

cretions" The sugar coneentration of' this material- varied
between tZ and 48% (Míndt u 1962) 

"

The sugar concentration in the honey stomach of the

drones co]lected in the present study is sholvn in the fol-
lowíng tables

Month Non of Samples l,{ean Sugar Coneen-
tration

Jufy

August

September

4

B

16

46.27;

53"L

66.?

rable vrrr " 
ffiT:_iå"*ã:rä;:åi3Ë:rig,;:'::fiil""åffi;ä 

3;ï;,

Althor.lgh the number of samples taken ís too smalL to
perrnit the formuration of any firm eonclusíonse a seasonal

trendu similar to that observed in workers on open honey,

appears to exist"
The inerease in sltgar eoneentration may have been

due either to an inerease in the eoncentration of the food

eirculating among the wonkers with the advance in seasone
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oF ít may have been due to a shift in the mean age and henee

a shift Ín the feeding pattern of the drones eolleeted"

Other eategqr:Lgs of þges eollected - The sugar cori-

eentration obtained from the honey stomaeh eontents of the

"minotr" eategories of bees collectedu are shovrn in the foL-
lowing tabfe;

Category Il{onth No" of Mean Sugar
Samoles Concentra.tion

Guards

Bees "resting"
entrance

Bees colleeted
foundation

Fanners

July

August

July

July

August

August

B

4

l+4 
"ZF"

23"5

36 "L

66"j

2L+ ,0

65,3

on

4

I
L

3

Table

Beeause of the smaLl number of samples involvedp iro

daily or seasonal trends are apparentu and no obvious relat-
ionships between the data presented above and those presented

in the "major'u eategories appear to exist" Howeveru it seems

that most of the bees workS:ng on theuuoutsideo'of the colony,

i"@u the guards, feragers "restÍ:tg" in the entraneee and

IX " Mean sugar eoneentration of honey stomaeh
contents in the "mi-noro' eategories of workers
eolleeted in L969,
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the ene group of fanners, alL earry reLatively small quant*

ities of food of low sugar eoneentratíon" Iulueh more re-
seareh is needed to elarify the relationshíps existíng be*

tween these and the other 'uwork groups" of bees wÍthín the

eolonyu

Pollen Coneentration in Hongy Stomaeh lQgntents

Fofaeers eaugh'E_en-Egr:infutheir eolonies - As was

indicated Í:r the introduction of this ehaptere xrery little
is knov¡n abor¡t the i¡reidence of pollen in the honey stomaeh

eontents of v¡orker bees under normal eond.itíons, with the

possible exeeption of polJ-en that had been íngested by very

young workerso 8F by those engaged in the rearing of brood,

It has generally been assumed that pollen grains in nectaru

brought baek to the hive by foragsrse have been ooaecident-

a}ly" pushed into the neetar by the ínseet (or by some other

faetor) and that the pollen has been taken up from the flow*

er along with the neetar by the bee as she gathers her load"

Thus, the amount of pollen present in the honey stomaeh €orr*

tents of a forager returning to her eolony is determined by

the relative quantity of pollen ínitia1ly present ín the

nectar before it was eoLleeted by the beeu less the amount

of pollen removed from its honey stomaeh by the filtering
aetion of the proventri-eulus"

Figure ¿10 shows the eoneentration of pollen (per
?

mm/ of fluid) in the honey stomaeh eontents obtained from
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t969 L9?0 tg6g 19?o tg6g 1g?o tg6g Lg?o tg6g Lg70

m
June vs n{ugust

Table Xa

Symbols a

ls+

1-" FE
2" PFE
3" FLI+" Bo
5" HO
6. +
7"
B" J{'

Statistical eomparison of loney stomach pollen eoneentrationu by monthuwithin eaeh year" Statistie usede studentss t-test"
= Foragers caught entering their hi-ves"
= Pollen foragers caught entering their hives"
= Foragers eaught leaving their hives"
= V{orker bees caught on open brood"
= Worker bees caught on open honey"
= Difference is signíficant at the assigned level of 5%,= Difference is not sígnifieant at the ãssigned level_ of 5%"= l'{onth in which pollen content was greaterã +å.9 indieateÁ J*r.tn orJuly, f* indieates Juty or August"

)-l t

L969 r9?g L969 L9?o Lg69 LgTo Lg6g L9?o Lg6g 1g?o

July

Tab-l-e Xb

it¡

Statistieal eomparison of
of day" Statistic used¡
+ plaeed aeeordíng -bo time
obtained 

"

*s4 +É+ .'s+ ;ß.

honey stomaeh pollen coneentration, by time
student I s t*test " Syrnbols: As above 

"of day at whieh larger pollen eounts were F
UJ
\¡(
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nectar foragers retr-rníng to their hivesu both in L969 and

in L97A" fn both years the greatest rel-ative quantíties af
pollen were brought ínto the eolonies during June and Jtely;

a slight reduetíon in pollen coneentratíon occurred in Aug-

ust and September" Although eonsiderable fluetuation re*

sulted in some overlap o the highest pollen coneentrat j-ons

were generally found in the norning colleetions" Neverthe-

Lessu the differenees were not statistically significant
(Iable x b")"' A eomparíson between years (Tab1e IV )

shows that significantly higher pollen coneentration oceur-

red only in foragers co]leeted in the mornings of June u

L969,

Although it would have been of interest to deter-

míne whether there exists a relationship between the corr-

centration of pollen j-n the honey stomach contents and the

plant speeies in bloom at the same time through pollen iden*

tification, this was eonsídered to be outside the seope of

the present project and an analysis of the pollens found ín

the neetar was not attemptedn However, eonsiderable work

has been done on this sr.lbjeet, particularly with referenee

to European plant speeies (e,g" I,{aurizio, L9t+9ai L955a L956a

1958; Pritsehs L957; Maurizio and Louveaux, Lg60aa t96Obs

Lg65) 
"

Pollen forageqq_çêgght enterinF their hives - Figure

+L shows the pollen concentration measured in the honey
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stomach eontents of pol len foragers caught as they returned

to theÍr eeloníes, Although the seasonal trend shovrn here

is sÍmilar to that of the nectar foragersu (i"e" a gradual

deerease in pollen eoneentration over the season) there is
& eonsiderable difference in the values obtaíned"

Thusu while the greatest mean concentration obtained from

neetar foragers was J6 pollen grains p*r **3 of nectar, that
obtained from pollen foragers was 2L? potrLen grains per *m3"

The other values differ proportionately"

TPre observed differences are largely due to the

foragíng behaviour of the bees, PolLen gatherers aetively
'oserabble" for pollen (Free and Speneêr-Boothu L964)ø using

their mouth parts and forelegs to gather pollen whieh is
then packed into the corbieula" This forces much pollen

doumward between the stamens and into the nectar" Ehe @polJ-en

enrichedu' neetar is frequently gathered by the sane bees and

taken baek to the eolony,

A monthl-y comparison (Table Xa ) shows that in
L969 and in L9?0 the pollen coneentration in the honey stom-

aeh contents of pollen foragers was higher both i:r June and

July than in August; j-n L969 higher eoncentrations were

gathered in the morningsu while in Lg?O the afternoon read-

ings gave the higher values"

Foragers caught leavinå their hives - The coneen-

tration of pollen in the honey stomaeh eontents of foragers
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leavíng their colonies throu-ghou"t L969 and L970 is shor¡¡: j-n

Figure 42, With the exception of two reLatively high

readings, obtained ín the afternoon of 26 Mayu L969p and in

the morning of 1- Jr¡ne, L970u respeetively, the values obtain-
ed over 1¡oth seasons \¡úere quite low" This is not unexpected,

since foragers about to leave their colonies usually take

with them a eertain amount of foodu obtained either from

open eells of stored honey or from other workers, In either
ease, the food materÍal has been at least partial-ly process-

ed by other bees g a.nd mueh o1' the pollen inítialIy present

will have been removed through proventrieular filtration"
Worker bees are highly flexible in the performanee

of duties related to the maintenanee of the colonyo ârrd caJ'rs

if neeessarye revert to the exeeution of tasks at whieh they

worked when mueh yourlger" Thus u at a time when there are

insuffieíent numbers of nurse bees to care for the brood,

many of the younger foragers may return to nursing duties,

often aLternating between foraging trips and the feeding of

larvae (Lindaueru L952; fbee , L96?), Such conditions oecur

most frequently in the springs when the ratio of adutt bees

to brood is low" It is likelyu therefore e that many of the

foragers eollected at this tirne also were engaged in the

reari-ng of broodu ât least on a "part-timen'basiss ând that
these nurse beesu which requíre large quantities of pollen

for the produetion of brood foodu account for the high pollen
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coneerl'õrations found in the honey stomaeh eontents in early

June 
"

Beeause ín a good honey flow large quantities of
nectar mu-st often be processed by the workers within a short

time, nectar is frequently stored in the eombs before it is
properly ripened (Parf, L925) " As a resultu less pollen is
filtered from itu resulting in honey with a relatively high

concentration of pollen (Chapter V)" Foragers leaving the

colony therefore would obtain honey with a higher pollen

content under eonditions such as were encountered in L970u

than under poor honey flow conditionsu as occurred in L969,

A comparison between years (Table IV ) shows that

signifieantly higher concentrations of pollen were found in

the honey stomach contents of foragers (FL) eaught in the

afternoons of Julyu and in the mornings of August, in L970u

than were found in t969 at the same time"

Table Xa shows that in L969 the overall seasonal

trend was one of reduction in polLen coneentratíonu while

in 19700 Ðo significant differences were observed,

Worker bees eaught _.cn open þrood - Pollen supplies

most of the proteinsu vitamins and ninerals requíred by

worker bees for the produetion of brood food (HayAat, L935a

L970; Svoboda, L9t+0; Standifer, L96?), and eonsiderable

quantities of it are consumed by workers actively engaged

jrr the care and feeding of larvae (Farrar, t93t+8 L96B; Todd
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and Bíshops L94L; Fþee u L96B)" It is not surprisingu there*

fore that by far the highest coneentration of poIlen found

in the honey stomaeh eontents of any eategory of bees eol-

l-ected, oecurred i:: workers eaught on open brood (Figure

fi)"
As jrr the other eategories of bees collected, the

eurves indieate a slight deerease in pollen eoncentration

from spring to ar¡tumnu for both years" This seems to be

overshadowed by a very high mean eoneentration of 2BZ gtrains
âper mmr of honey stomaeh eontents, obtained from nurse bees

eol-lected in the afternoon of 29 August, L969" This high

coneentration may have been due to the inclusi-on among the

workers collected of numerous young bees, which normally

feed heavily on pollen during the first week of their lives
(lvlauriziou L95os L96L; Moeller and Hagedornu L967; Haydak,

Lg70) 
"

StatistieaL eompari-son by years shows, howeveru that

the only signifieant differeneeË oecumed between the values

obtaj-ned from the morni-ng eolleetions in both years (Tab1e

IV ) " Table Xa shows that the mean val-ues obtained in

June (4.M, ) were significantly higher than those obtained

in Augrist (4"M, ) in Lg69u and. that the same relationship
holds for the aftervroon colLeetions made in June and Augr.lst

af L970"

Worker bees eaugh'L_s¡r_sea,led brood * The graphs
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shosm in Figune 44 are very simil-ar in eonfiguration to
those in FÍgure 43 " This appears to indieate that eon-

siderabl-e mixing and interfeeding between workers on open

brood and those on sealed brood takes pLaee"

Worker bee$__eagglrt on oEren þonev * The eurves pre-

sented in Figure 4J show the potlen coneentration found

in the honey stomach eontents of worker bees collected on

open honey and indieate a seasonal trend resembling that
observed i-n bees colleeted on open brood" The highest mean

pollen eoneentration was found during June of both yearsg

this was followed by a períod of deereasing potlen contentu

and an inerease duri-ng August and September of L969 and

L97Oe respeetively, The main dífference between the results
obtaíned from bees eollected on open brood (Figure L8 )

and frorn those eol-l-ected on open honey lies in the range of
the fluetuatÍons in pollen eoneentration observed. through-

out both years" Thus, while the nurse bees eontained up to
2Bl pollen grains per mm3 of honey stomaeh eontents, bees

whieh were proeessi.ng nee tar, eontained LB5 poLlen grains

per mm3,

The hígh val-ues obtained in June of both years were

probably due to the participation of many of the beese eol-
leeted on honey, irl. aetivities ielated. to brood rearing"

It is assumed that ]ater in the seasons âs the ratio of adult
bees to brood inereased, fewer of the workers eaught on open
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honey had reeentLy been aetive in feeding larvaeo and the

mean values of pollen Ín the honey stomaeh eontents deelined"

vïith the approaeh of the fall periodu large numbers of young

bees e ar€ knovne to feed heavii-y on pollen stored in the

ceLlso ârìd many of these were probably also among the workers

colLeeted on open honey, resulting in an increase of the

vaLues obtained (See Chapter V) 
"

In general, the similarity between the eurves ob-

taj¡red for workens colleeted on open honey and those eolleet*
ed on open broode seems to indieate that considerable inter-
mingling between workers on open honey and nurse bees on

open brood existso s.i?d. to eonfirm the observations made by

Lindauer (t953), Free (19ó0, Lg6L, 1968)u Furgala and Boch,

(t96L) and other researchers, that a clear delineation be-

tween workers performing different tasks cannot be made"

Table IV shows that signifieant differences ín
pollen coneentration between years exist only in bees eol*
leeted- in June (P"M") and those collected in August (4,M")"

In 1969 higher eoneentrations were found to oceur in June

than in either July or August (Figure Xa ), while in L9?0,

morning eolleetions of bees contained signíficantly higher

coneentrations of pollen in June than in Julyu and Ín Jrlly

than in August, and in the afternoon eoLleetions the pollen

coneentration was signifieantly higher in June than in
August,
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Drones- * As was obserr¡ed by ftlindt (t962), eonsid.er-

able quantities of pollen are often found in the honey

stomaeh eontents of drones" The pollen eoncentrations in
drones eolleeted in JuIy, Augusto âfld Septemberu are shor¡r,'r

ín the following tables

Month Nou of Sanples i\{ean Poflen Coneen*
tration

July

August

September

l+

B

L6

L00 per **3

51-5

57

Table Xf o iÍIean pollen eoneentration of honey stomach
eontents in drones eoLlected on combs durÍ:ng
Julyu Augustc and September of L969"

Aeeording to llaydak (tg|A), droness like worker bees,

requíre pollen for maturation and growth" Thus, drones

were found. to inerease j.:r weight by 28% within the first
four days of their livesn Howeveru rel-atively little appears

to be knov¡n as yet about the feeding and nutritional requíre-

ments of droires, and mueh more researeh is needed Ín order

to be able to eval-uate data sueh as those given above,

9tþers - The pollen concentrations found in the honey

stomach eontents of the "minoroo categories coLleeted in Lg6g

are shoum in Table XfI 
"
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Category ivlonth No" of
Samples

No" of po1len grains
per mmJ

Guards

Workers ourestíngo'
i:r hive
entranee

Wax producing
bees eaught on
foundation

Fanners

July

August

JuIy

July

August

U

l+

L3

L

t5+

I
4

Table XII" Pollen eoncentration of honey stomaeh eontents
in "minor'o eategories of workers eol-leeted in
Lg6g 

"

Beeause of the srnall nurnbers of samples collectedu

and beeause so littÌe is knov¡r about the food rerationships
of the above groups s rlo eonelusions ean be drawr from the

data at the present time"

Pollen load weights - During both L969 and L97O the

polJ-en loads, earried by pollen foragers returnÍng to theír
hivese were earefull-y removed from the corbieulae and weish-

ed" The mean weights of the "bee loads" eaeh consisting of
two pollen pel}ets, obtained. throughout both seasonss ârê

shown in Figure

Under optimal eonditions the size of the polJ-en
'l ^^-? 1 ì ^^.¡-^-l ¿^ 1^^ a ---^a-- l^-^--l--À !ì^^r-t.lazuÞ u\r¿¿çr, þË\r. cllJlrsiat Èi uv uç -Ld.r-åsry L¿spstItJgM uJ! ulte p¿atr G

speei.es from whieh the pollen was gathered by the bees
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(Parkø L922; Parkere L9266 Lukosehus, L957)" lloweveru it
seems that vreather factons also infl-uence the amount of
pollen brought baek to the eolony from any foraging trip;
I have frequently observed that r:nder eonditions of incle-
ment weatheru pollen loads gathered from almost all plan'ø

species were eonsiderably smaller than normalu In these

studiese the weights of the pollen loads obtained ranged

from Less than one mg" to Lv6"J mg, llowever, the mean weights

obta j-ned during the months of June u July and August of both

years varied between L}"l mg" and i.9,0 mg" whích is in agree*

ment with the results obtajrred from previous authors (Gill-
ette u tB97; Park e t922; Parker u L926; I'/iaurizîou t953) 

"

Figure 46 shows the follovring seasonal trend for
both years: Relatively heavy pollen }oads were brought into
the eolonies in early June, This was foLlowed by a perrod

in which the mean weíght of pollen }oads deereasedu and a

period of gradual j¡rerease j¡c weíght throughout July" A

deerease in mean weight oceurred during August" Although

these curves resemble those obtained for honey stomach weights

in lroth L969 and L970 (both for FE and PFE), the peaks in
pollen load weight followed, rather tha¡ coineíded withu

those obtained for honey storoach weight" A. comelation be-

tween honey stomach weight and pollen load weight was not

apparent 
"

The statistieal eomparison between years (Table lV )
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shows that the pollen loads collected in L970 were heavíer

for the following months and time of dayc June (4,M"),

July and August (P"M,), Heavier pollen l-oads were also

collected in the afternoons of August Lg69 than in the morn-

ingsu while in August of L97A pollen foragers carried heav-

ier loads in the morning, In June u L9?00 the mean pollen

load weights were heavier ín the afternoons than in the

mornings (Table XIII), Tabl-e XIII shows that significant
differences in pollen load weight were obtained only between

June and Julyo and between June and August, L970,

1969 L970

June (A "M" )June (P "M" )

July (A"lvt" )July (P,M" )

August (4"M" )
August (P "M, )

+

+

+

Table XTITa" Comparison of pollen load weights obtained
in L969 and L970" Statistics stuGentes
t-test ' 5% Ievel of significanee " Position
of + indicates the time of day and the year
in which signifieantly heavier loads were
collected 

"
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Year lvlonth Tíme Month SignifÍeance (5%)

L969

L970

June

Jrily

June

JUJ-y

June

July

Ju::e

JUJ-y

A "l{" July
August

August

P nM" July
August

August

A" M" July
August

August

P ,I,1" July
August

August

J.

+

Table XIIIb, StatÍstieal eomparison
by monthu within eaeh
studentss t-test. g =at the assigned Level

of pollen load weightsu
year" Statístie used¿
signifies s ignifieanee

of 5%"

Month
L969

A"M" P"YI .
1970

A,M" P "liil"

June

July

August .L
¡

-Laþle xf lf e 
"

Statistieal
by time of
time of day
eolleeted,

eompari-son of pollen load weightsu
day, + is placed aeeording to
at whích heavíer pollen loads were
Statistic useds as above"
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Summary eryL_Cone lus ioilg
l{earf}¡ alf aetivities of honey bees u both within the

colony and in the fiel-ds â.rê related either direetly or in-
direetly to the eolleetion, proeessing and storage of food,

whieh thus serves as the basis for eolony eohesion" The

eonstant transfer of food among all members of the eolony

makes possible the rapid distribution of pheromones emanat-

ing from the queen and possibly the broodø ârrd. ínforms each

indivídual of the availabitity of food in the field, there*
by regulating sueh aetivities as foraging for water and

nectar, brood rearinge wax production and. eomb construetion
(Fbee , L9?0), Interfeeding usually starts with the oldest
groupo the foragerse who bring nectaru water and potlen into
the eolonyu From these the food generally passes through a

suecession of progressively younger bees to the nurse bees

in ttre brood nest"

fn this study, the honey stomach contents of various

eategorÍ.es of worker bees, eaeh performing specific duties

within the eolonye were investigated" For eaeh group the

mean honey stomaeh weightss a.nd mean sugar and pol-lêfl con-

eentrations were determi¡red throughout two consecutive

seasonsu in order to establish the influenee of the envi-ron-

ment on the quantity and quality of the food retained in the

honey stomaehss ând to determine, if possÍbleu food reration-
ships exisiing -oetwee¡r the various groups of workers within
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the Ïrive. The honey stomaeh eontents of drones eolleeted in
Julyu August and September of L969 have also been investí-
gated 

"

ïn generalu the data obtaíned in this study confirm

the trends observed by Feng (7969), on honey stomaeh weights

of worker bees" Thus, workerseaught on open honey usually

carried the greatest quantity of honey; those caught on open

brood contained smaller quantities of food, but still- con-

taíned more food (in L969) than did the neetar foragers

caught as they entered their col-onies; pollen foragers re-
turning from the fields generally carríed less nectar i:r
L969 than did the neetar foragers" The smalfest honey ston-

ach weights were obtained from foragers leaving their eolo-

niesu under all eonditions, fn L970e a very good year for
honey produetion, neetan foragers earríed more food than díd

workers caught on open brood throughout the en'rire seasone

and pollen foragers eontained greater quantities of neetar

than did the nurse bees during the month of July"

Although the L969 and L970 seasoyls differed consid-

erably with respeet to neetar flow, the seasonal trends for
both years were very simil-ar as to the mean weíghtse su.gar

and pollen eoncentrations of honey stomach eonten-bs in eaeh

of the five major eategoríes of worker bees col-l-eeted, In
neither year were there eonsistent differences between the

mean honey stomach weightse âñd the sugar and pollen
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eoneentrations of the honey stomaeh contents obtained fronr

tsorkers collected in the rnorningss ând those eollected in
the afternoons; differences betlveen eolonies were not sig-
nificant at the 5% Level"

As is shovøir in Figures LZ through L7 (Chapter ITT)

the neetar flow in both years began during the first week

in July and lasted until the fourth week of August in t969,

and until the seeond week of August t97A" This is aLso in-
dicated by an i-ncrease i-n the mea::l honey stomaeh weights

and the meaT? sugar eoncentrations obtaíned from foragers

returning to their hivesa afld by corresponding deereases as

the flows wanedn No such trend is apparent, horvever, in the

mean pollen eoncentrations found i.:r the honey stomach eon-

tentsu indieating that the bees did not forage extensively

on plant species that produeed little or no polleno or on

speeies that produeed an excess or it,
A different situatíon is indieated by the data ob*

tained from the pollen foragersn During the L96g seasone

little neetar was gathered by these bees, However, jJl

L97Ou the pollen foragers brought ín large loads of neetar

throughout July and part of August, surpassing in mid.-July

even the Loads brought into the eolonies by the neetar for-
agers at this time. In contrast to that of the neetar for*
agers, the sugar eoncentrati-on of the honey stomaeh eontents

of pollen foragers remained at a hígh level- (between
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approximately 4O anA 60%) throughot¡t the season, Although

there vras a slight deerease in eoneentration throughout the

L969 seasosl, the sugar coneentratíon remained at more or

less the same levet (with fluetuations ) in Lg?A" Arx ex-

eeption to this was the rise fu eoncentration to approxí-
mately 65% ln mid-July; this coincided with the peak in the

weight of the nectar loads brought into the eoronies at this
time " The coneentration of pollen in the nec'bar brought i:r
by the pollen foragers \,vas more than four times as high as

that found in the nectar gatherers I a stead.y decrease in
pollen concentration was found to occur as the season ad-

vanced" The high values observed were presumabty due to

'nscrabbLingonu a behavioural pattern in whÍeh the mouth parts

and forelegs are actively used in the colleetion of pollen,

and which tends to force pollen grains downward into the

nectar, The high values obtained here, in eomparison to

those obtaíned for neetar foragersu ì-ends support to the

h¡4pothesis that most of the potlen brought Ínto the hive in
nectar is accidentatly pushed into the nectar by the aetivity
of the bee itself"

Aecording to Beutler (t%A) and ¡¡on Iþisch (t969),

foragers leav5-ng their hives take with them suffieient
earbohydrate reserves in the honey stomach to meet their
metabolie needs on the flíght to their foraging area; the

amotint of Sroney or neetar taken is proportional to the
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a¡ûount of energy required to reaeh the area" The small

amounts of food in the honey stomaehs of foragers caught

as they were leaving their eolonies seem to indieate, there*

fore, that '6he foraging areas of these bees were relatively
close to their eolonies; the Ìaek of variation in the quant-

ities earríed throughout the season suggests that the same

foraging areas were utílized. by the foragers over the entire
surnmer of both yearso ând that these must have eontained a

good balance Ín erops in os'der to be able to hold the work-

ers for that time" This interpretation seems to be substant*
iated by the presence of large numbers of neetar and porren

yielding plants within a hal-f mile radius of tne eolonies

throughout the season in both yearso

Although a resembLanee in the eurves obtained for
the mean honey stomach sugar coneentration of foragers leav-
ing tneir coloníes and of pollen foragers returning to themu

suggest a eorlurnon origin of the food earried. by both of these

groupse â eoffiparison of the pollen coneentrations found in
the honey stomaeh eontents of both groups does not eonfirm

this" ft is possible, howeveru that the initial quantity of
food brought to the field by the pollen foragers is supple-

mented by nectar taken from plants utilized by -i;hese beesu

and that this cou-ld account for the rel-atively high sugar

concentration recorded for poll-en foragers throughout the

entire seasone âs lvel-] as for the hish concentration of
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pollen found ín their honey stomach contents,

As was expeeted, the pollen eoncentration found in
the honey stomach contents of foragers leaving the hives

was very low in L969. Howeveru in L9?0, when large quant-

ities of nectar were proeessed daily, the removar- of pollen
from the nectar was less effieient and workers reaving for
the fields, obtained greater concentrations of pollen with
the nectar,

Although differing in magnitudeo the honey stomach

weights obtained for workers collected on open brood and

those collected on open honey show similar seasonal trends,
which comespond eLosely to that of the honey frow" rn both

groups the lowest honey stomaeh weights oceurred during
June; howeveru with the beginning of the nectar flow in
early Julye the mean honey stomaeh weights increasedu and

remai.ned at a relatívely high LeveL untit rnid:August of
both years" ALthough generally carrying the largest quant-

ity of foodo the workers which had been collected on open

honey also showed the greatest fluctuation in mean honey

stomach weight throughout the season" These fluctuations
were not unexpected, si-nee most of the workers caught on

open honey presumably were processing nectar received from

the foragers returning from the fieldsp ârd may therefore
have been more sensitive to changing conditions outside of
the hive than were those workers which were feeding brood.,
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Viíth reference to mean sugar ccncentration of honey

stomach contentsu both groiìps were al-so very similar, ín

that the sugar ceneentration inereased r.rntil approximateJ-y

mid-July, and for the rest of the season remained at a level
varying between 50/o and l0%ø and. between 60% and ?O/" for
workers caught on open brood and those eolleeted on open

honeye respeetively" The greater fluctuations in mean sugar

coneentration were found in workers eaught on open brood"

Sinee considerable quantities of water are utilized by work-

er bees in the brood area, it is assumed that the fluctu-
ations observed were due to variations in the amount of
water in the honey stomach eontents of these beese â.Dd theseu

in tr¡rnu depend. on eonditions oceuryÍng ín the brood nest at
the time"

Large differenees in the relative quantities of
pollen in the honey stomach eontents of both groups were

observed, since workers feeding brood are known to eonsume

pollen heavilyu the high eoncentration of pollen found in
the honey stornaeh contents of nurse bees is not surprising"
The honey stomaeh eontents of workers eaught on open honey,

howeveru eontained unexpeetedly high coneentrations of pot-

len" Beeause relatively low pollen eoncentrations were

found to oeeur in the foragers entering their eolonies, and

very little neetar was brought in by the polIen foragers

except during tne neetar flow af tjl1, it is assurned that
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most of the pol-len fou¡.d ín the honey stomach eontents of
workers colleeted on open honey v;as derived from workers

engaged in lrrood reari"ng" If true, this v¿ould indíeate the

oecurreRee of eonsÍderabl-e interfeeding partieularly among

these two eategories of bees" The frequent proximíty of
the area of open brood to areas of comb in whieh honey is
stored, further supportsthís eonelusion"

Throughout the L969 seasone samples of workers

v,¡ere also eolleeted from areas of seal_ed brood" These were

also investigated for honey stomach weightse sugar coñcêTl-

tration of honey stomaeh eontents and pollen concentration"

ïn generalu the results obtained for this group are so

similar to those obtai:T ed for workers eollected on open

broodu that no separate discussion is presented*

During Ju1yu Auguste ârrd September of 1g6ge a number

of samples of drones, as well as of several "mi-noruucate-

gories, sueh as guards, foragers resting in the hive entraneeu

fannerso añd workers caught on foundation, were colLected"

Due to the small numbers of samples obtainedø ro conelusions

ean be drawn from the data"

The following generaLizations ean be made o ort the

basis of the few samples available" The mean honey stomaeh

weight obtained for drones varied from ll"3 mg. to 6"2 mg"

and the mean sugar eoncentration between L+6"2% and 66"7%"

ïn both honey stomaeh weights and sugar eoncentrations of



L57

honey stomach eontents u the highen val-ues Ìvere obtained. ín

August a¡rd the lov¡er vaLues in Ju.ly" Because drones were

being driven from the eolonies at the time when the final
collections were made o the data obtained. here indieate that
drones are not starved by the workers prior to being driven

from the colonyu as has been suggested (Grout, Lgsl+)" The

meaTì pollen coneentrations foi¡nd in the honey stomaeh co],l*

Howevers rto

tents varies between 5L5 pollen grains per mm3 to as low as

5? grains pu* **3 of honey stomach eontents"

seasonal- trend eould be found"

ïn general, the workers colleeted outside of the

colonies, i"e" guardsu "resting" beesu and fanners, contain*

ed very little food (l-ess than 6"0 mg" )" The only except-

ions were the fa¡ners eol-l-ected in Late August; these had a

mean honey stomaeh weight of ZLn? mg" The mean honey stom-

ach weights of workers eaught on foundation was 2J"? mg"

With the exception of the last g"roup of fanners

colleetedu whose honey stomach contents had a mean sugar

concentration of 65,3%, al] of the workers colleeted in the

colony entrances earried honey stomaeh contents varying in
eoncentration between 4l+"2% and 32"5%" As was to be ex*

peeted.ø the honey stornaeh eontents of workers eollected on

found.ation had a high sugar eoneentration (66,3/4" The

pollen coneentration of all of the u'minor categories" was

very ]ow * less than L5 grai:rs per mni of honey stomach
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contents 
"

The size of a colony and the amount of brood cared

for by its lcees did not appear to influence the mean weights,

sugar and pollen eoneentration of honey stomach eontents of
workers in any of the categories of bees ínvestigated" A1-

though relatively hígh concentrations of pollen were fre-
quently found in the honey stomaehs of workers colleeted in

June, when the ratio of aduLt bees to brood in the still
growing eol-onies lrras smalLE a statisticaj- comparison of
colony A-2/70 (whieh through swarming had reduced íts popu-

lation to approximatel;r that of the i.nítiat package ) to the

other three experi-mental eoloni-es for the remainder of the

season showed that no differences between eolonies existed"

All of the sanples of bees eollected during both

years showed much individual variation in honey stomaeh

eontents, in honey stomach weíghte sugar eoncentrations ancl

the amount of poJ-Ìen present" The variability observed did

not seem to follow any definite patterns within the samplesu

nor did ít appear to ehange eonsiderabl¡r with the seasons"

The causes underl¡ring the differenees for-u:d are not known;

it appears likelyu howeveru that they are based on inherent

differenees jrÌ the response of individual bees to the same

stimuti" A study of the factors underJ-yíng variations in

the behaviour of individual honey beeso âfld of means by

whiehr the behavioural responses of individuals can be modified
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in any desired directíon, seems to be a most promísing field
into r'¡hích to direct future researeh i-n apículture " Although

at present v¡e are able to modify the responses of entire
eolonies to eertain stimu-lí to a l-imited degree, ít should

be possible to greatly increase the effieieney of eolonies

used ín pollination or honey produetion if means were found

to present appropriate stimuLi to their indivídual members"



CHAPTER V

POLLEN FTLTRATION

¡ntro_Auetion ane n

Fþom the results obtained in the fieLd stud.Íes, it
is apparent that relatively large quantities of pollen often
oeeur in the honey stomaeh contents of worker bees for all
eategories of beee in the eolony, Yets despite eonsiderable

reduetion in volume of the neetar, resuLting from the evap*

oration of water durÍng the processíng of nectar - whieh

should Lead to an inereaee in polleTÌ eoneentratíon - simílar
quantities of poLlen are rarely found in fully ripened honey

(Maurizio, L955s Ðemianowiez e L96L+),

The decrease ín the amor¡nt of poJ-len present ín the

worker bee honey stomaeh ís primarily due to the aetivíty of
the proventrS.euJ-us, whíeh is l-oeated in the anteríor end of
the ventrieulus and protrud.es lnto the honey stomaeh (Trapp-

mann ø L923; lVhiteomb and Wilson ø L929; Baitey u L95La L952a

Snodgrasse L956; Dad.e s L962), The proventrieulus appears to
resemble a mouth witl¡ four lips whieh surround a lumen"

Withín the lumen and along the edges of eaeh líp are fine
hairse eaeh about L5A n tong and spaeed about 2"5 m apart,
forming delieate eo¡nbs, directed posteriorly; longer bristles
ar@ Loeated at the tip of each Iip" A ventricul-ar poueh is
between the bascs of the iíps (Baiieyu L95La ig52) 

"
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ProbabJ"y the most detailed description of the prov-

entrieular aetíon was given by Bailey (t952) " while the

honey stomaeh eontinually vmithes and pul-sates vigourouslÍ,

maintainíng a homogeneous míxture and arl even distribution
of the pollen graíns wíthin itø (this was not observed by

Whiteomb and Wilsonø L929) u the proventr j.eulus makes gulping

movementsu aLternately fillång with honey stomach eontents

and foreing the f.iquid baek into the erop" The Iípsu movi.ng

as¡mehronously, rapidJ.y snap open and close, They appear to

pernit the po}J.en Euspensíon to enter the proventrleulus dur-

lng its expansion phase, but seem to greard against the ejeet-

ion of pollen grains baek into the erops

PoLlen aeeumuLates first in the ventricular pouehesu

and when these are filledr in the lumen of the proventriculus.

As the proventríeulus becomes inereaeingly fulLs the amp}í-

tude of its movements deereasess ãÍtd eventuaL}y the whoLe

mass passes as a bolus dou¡n the neek of the proventrieuLus

lnto the ventrÍeuluse where digestion takes pLaee (Trappmannu

'19239 Bai}eya 1952s Schreiner n L952)" A ehort, tubular ex-

tenslon of the proventríeulus ínto the ventriculus probably

prevents regurgitation of ventríeular eontents into the honey

stomaeh (Dade ø L962) "e

*l\Ithough tender most eonditÍons very little neetar passes with
the pollen fi.ltered from the honey stomaeh eontents (Whiteomb,
and Wilson, L929e Maurizío s L9t+9¡ Sehreíner, L952), Bailey
itgíZ) found that oeeaeíonally, if the bees had been starved
for Long period.s of tímeo i"ên four to five hoursø two or
three "boluses* of lÍquid eontents would be passed to the
ventrícu1us at once, before any filtering took place' This
oeeumed whether the slrrup eontained pollen or not,
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An aeeumul-ation of poll-en near the mouth of the

proventrier¿h¡ss âs had been desenibed by t{hiteomb and Vdilson

(tgZg), \sas never observed by Baíley" He did fÍnd, however,

that oecas5.onally on disseetåon a partly fu1l proventrieulus

eollapsedu expetrlíng ite eontents into the honey stomaeh"

SiniLar oceurrenees may have been responsible for the ob*

servations made by t{hiteonrb and Wílson"

Some of the faetors influeneing the rate at whieh

poL3.en filtration oeeurs have been investigated" However,

in many easess the samples used in the experÍments were very

smallu only 2 to 6 bees being used for eaeh sarnple (MaurizS-ou

L9t+2a I9Lþ9b; BaiLey u L95La L952a Sehreiner , L952) , and fre-
quently the resul-ts sbtained by varíous workers were contra-

d5.etory"

Balleyes findings (L95Lu L952)s whieÏ¡ were eonfirmed

by the results obtained by l{hÍteomb and Wíleon (tgZg) showed

that at an lnitial eoneentratíon ef ó u550 per eu, filllr6 e aLL

partíeles between J u and 50 u in síze were removed from

0,01. mI, of fLuid wÍthin 25 to JJ minutes" Howevero Maurizio

(tgt+Zu L9t+9) for¡nA that when pollen suspensiorrss with init-
ial eoneentrations varyfurg between &J0 and 750 graÍns per eu6

mmøe were fedrl6 te J0 mlnutes were required to fiLter out

two thirde to three fourths of the pollen in the honey stom-

aehu She also noted that pollen grains rvere removed most

napidS.y díreetly after feeding but was r.¡nabLe to explaÍ.n the
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means by whieh a relativeLy large quantity of polJ.en had been

removed from the honey stomach wíthin a very short time,#

After the initial reduction, the rate of pollen removal de-

ereased with decreasing eoneentration in the honey stomach,

This is in direct eontrast to the results obtained by Bailey

(tg5ts 1952)ø who found that higher eoncentrations of pollen

were filtered out less efficiently than were l-ower concen*

trations, and that small pollens were filtered out more

efficiently than were large pollens. These observations

were explained by BaiJ.ey on the basis of the number of times

the ventricular pouches were fil}ed and emptíed per unit of

time - the process of emptying the pouches apparently result-
ing in a temporary work stoppage" Demianowicz (tg6t+) stated

that J.arge pollen gtrains stimulate the proventrÍculus to
greater aetivity than do emall ones; neetars eontaining

smalL polJ.en grains are 'eleaned* to a lesser degree, nesult*

ing in honeys with a higher pollen eontento A elear-cut

discrimination between pollen grains of different sizes ín

the same suspension was not observed"

From his investigations into the effeet of age of

the experi-menta] bees and of the envinonmental temperature

*The initial high rate of pollen filtration found by Maurízio
may have been dueu as was suggested by Bailey (L952) ' to
failure to ensure that honey stomachs were completely empty
at the time of feeding, and that the apparent pollen reduct-
4^- å* ^A€^-+ "."^^ Ä.'* +^ ¡¡ilr'+i¡* -'d+L l i^"";/S -+;11 {* 4taaJ-lJ¡¡9 ¿!¡ gJ.rsri U wiLÐ (¡u\t t,U \¡JJ-uu¿U¡l w¿ (,it ¿ÁLlqÅu Ð U¿ÁÅ ¿¡¡ e¡le
honey stomach"
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as factors influencing the rate of pollen firtration from

the honey stomachu schreiner (L952) concl-uded that the rate
at whích pol]en passes into the ventriculus is índependent

of both age and environmental temperature in all but very
young bees, rn seven hour old bees eight to ten hours were

required to clear the honey stomaeh of alr pollenu while
older bees required only one hour"

Similarlyu the sugar concentration of the potlen
suspension did not have any measurable effect on the rate of
pollen filtration (l¿aurizio e t94g]o) " However, Maurízio test-
ed only eoncentrations between L0% and, t+O%a it is conceivable

that sugar solutÍons of higher eoncentration and higher vis-
cosity might reduce the rate at which porren Ís filtered
from the liquid contents of the honey stomach"

on investigating the effect of honey frow eonditions
on the rate of pollen filtration, Demianowiez (tg6t+) foun¿

that the greater the volume of nectar which ís processed by

a given number of beess the less efficient is the filtration
of pollen from itu and concluded that honey produced during

a fast flow retains a relatively higher number of pollen
graíns per unit volume than does honey produeed durÍng a
slow fIow" These observations were supported by the resurts
obtained by Bailey (L952), who found. that with different
vorumes of the same coneentration of particles of the same

size, the higher voLume of liquid will be filtered more slowly"
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Thus, while ít is elear that a variety of faetors
influence the rate and effieieney of pollen filtnatíon by

the proventrÍeurus of the honey beeu the evidenee obtained

to date is ¡rot conelusive, espeeíalLy when the small numbers

of bees used m the individual samples are eonsidered." The

following experiments were done i-n the eNpectation that by

using larger samples a more preeise determination of the

effeet produeed by some of the faetors lísteds on the rate
of pollen filtration, eouLd be obtaíned"

wiethq¿s an¿ ¡viateSials

Starline hybrid worker bees (a yellow strai.n) were

permitted to emerge j-n an íncubator, They were marked wíthin
24 hours of emergenee, (they were eonsidered to be one day

old at thie time), and were introdueed into ful-}-strength
eoLonies of blaek Caucasian bees, from where they were eol-
Lected when they had reached the desired age"

In these experímentsø five of the factors which are

thought to influenee poJ.len fíl,tration were investigatedu

iraeluding (a) length of time dunÍng whích filtration pro-

ceedsu (b) age of the beesu (e) temperature at whieh the bees

are he1d, (d) pollen eoneentration of the mixtr¡re fed, and

(e) sugar eoneentration of the poJ-len suspension fed" AI-
together ten experimente were performed; several were used

to test more than one factor, The sample size 1¡1=J0)o age

of the beesu and the general- teehnique usede vrere símilar
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for alL testg age and teehilique were sraried onJ-y as nequired

by the faetor under study"

Prior to eaeh test the experimental_ bees were held

at room temperature in a eommunity eage wíthout eíthen food

or water, until a smatrI number of the bees showed signs of
starvatíon: íne" loss of eontrol over J.eg movements in walk-

ingu and inability to fly nore than a few inehes along a

level surfaee (See Lauffliegen * Beutler,- L936) " Prelimin-

ary experÍmentso âs well as work done by prevíous authors

(Fþee, t957 s Feng, L969) fraA shorffir that worker bees of the

same age and held t¡nder similar eonditÍonsu differ greatly
ín the amount of honey they hold in their erops at any given

time o ârrd that the time reqr.lired by individual bees to starve
(even in the same cage) may \¡ary from less than three hours

to more than twenty four hours" A standard starvation timeu

sueh as was used by liiaurizio (t9t+9¡, was not used in these

experiments, si¡rce this teehnique is insufficient to ensure

eomplete removaL of alL erop contents whieh could dil_ute the

pollen eoneentration of the mixture fed and give ríse to
erro¡xeous reeults,

fn feedingu eaeh bee was held by both wÍngs so that
her mouth parts and forelegs could readil-y reaeh the tip of

the mieropipette (r¡isherbrand, 100 à ) eontaini-:rg the süs-

pensi.on of pollen (of knovør eoneentration) in a SOf, suerose

soLution,
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Beeause of diffieulties eneountered in dupl.ieating
the pollen eoneentrationu thís varied. sLíghtJ.y fron sample

to sample" Throughor.at eaeh feedingø the poJ.J-en was kept in
suspensÍon by use of a magnetie stirrer, set at the lowest

setting' stratification of poltr-en withjn the pipette was

avoided by eompletery refítring the pipette for each bee fed"

The tests were eonducted at room temperaturee and. no atternpt

was made to regulate the temperature of the pollen suspension"

The bees were permitted to feed freely for r,lp to one

minute and fÍfteen seconds or until they had taken forty ò

of the pollen suspension" Most bees took between twenty and

thirty ¡\ s those taking less than twenty ò were discarded"

After feedinge the bees were placed individually into víaLs

and were held for a standard time of twenty mÍnutes" The

bees were kiLled by quíek*freezing, as in the trlrevious @x-

periments, and were stored in frozen condi'bion until they

could be dissected,

ïn general"u readiness to feed from the pipette appear*

ed to depend on the nutrítional and physioxogieal eondition
of eaeh jndividual bee " Thoee whieh were E!_qÊg to but ng& Ag

the poj¡rt of starvatíon, fed most readily" Bees whieh were

stÍlL \rery aetÍve when pieked up, often fought the pípetteu

biting and trying to sting i.t, Vühether a bee fought or fed

readily seemed to depend both on índividual temperament and

on previous treatmentc workers whíeh had been squeeøedc oF
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held by one wing, rrsuaJ.ly fought for some time before sta^rt*

ing to take syrup frona the pipette" On the other hand, those

bees whíeh had reaehed that point of starvation at whieh they

were barely able to erawlu usually took syrup \¡ery slowlys

such bees sometimes require.d up to half an hor¡r to reeuper*

ateu after whíeh time they usr¿aLty fed at the normal rate,
For analysis, both pollen counts and sugar coBC€Tr-

tration measu.rements were madea âs before" The sampJ-es were

processed in lots of five bees eaeh, resuLting in ten poLlen

eounts and ten sugar eoneentratÍon measurements for eaeh

fifty bee sanrple" The results are shown in Tables

through

The tests were earried out as follows¡

A) Tíne s

Ðr.rring a good neetar flow, a given lot of neetar may

be aetiveJ-y proeessed by the bees for only a short tíme be*

fore be5ng plaeed i¡rto a eell" However, when nectar is

scaree, it may be held in the honey stomach for a mueh longer

time before being deposÍted in the comb (Park, L9256 Demian-

owiez ø L96Lþ), In orden to test the effeet of the J.ength of

tíme a pollen suspensíon Ís held in the honey stomaeh on the

removal- of pollen from it, three hoJ-ding times were arbitr*
arily ehosens (a) 0 minutee - the bees were ki}led immediate-

ly after feeding, (b) 10 minutes the bees were kíIled ten

mínutes after feedingo and (e) 20 minutes tlre bees were
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kiJ-led twenty minutes after feeding" (Tabl-e XIV),

e) Aæc

Before neetar is completely proeessed into honey, it
passes through several bees u each of which may filter pollen
from it" Thus, a nectar forager (which is generally more

than fifteen days ord) on returning to the corony, distri-
butes its neetar load among two or more of the generarly

much younger hive bees (Park u L925; Röseh s LgZs; Lindauer,

L952; Free u L96? ) whieh, in turne rnay pass pant or al_l of
their load to a number of workers of varyíng agesu To d.eter-

mine the effect of the age of a bee on the rate at which it
filters polÌen from the nectar in its honey stomachu bees

three days old, eleven days oldu and twenty five days old.

were tested" The results are shown in Table XX,

C ) Iempefê-tUrgs

fn their daily activities adult honey bees often
encounter Ìarge varj.ations in temperature both withino ârrd

outside ofu the hiven As i.:n other inseets, the temperature

of a resting bee approaches that of its environment (Ribbandsu

L953), rt appears Iike1y, therefore e that the environmental
temperature is an important factor in the regulation of the

rate at which pollen is fil-tered out of the honey stomach

contents 
"

In this studye one lot of 50 bees was subjected.,

after feeding, to a temperature of )2 degrees F" which
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approximates the normal brood nest temperature (Dunham 
s

L929a L93Laa t93Lb; Ribbands, L953)" Another lot of J0

bees was held at 6O degrees F" o which approaches the temper-

ature at which honey bees begin to form a heat conserving

cluster (Ribbands, L953)" .A1though the bees were starved

at room temperatureB they were held after feeding in pre-

heated (or prechilled) via1s, in the incubatoru for twenty

minutes" The results are shown in Table XVI,

Ð ) Polle-g -Oonqgulqäb:Lon s

In the honey stomach contents of bees taken from

normal colonj-es e considerable differenees in the amount of
poÌlen per cubic millimeter of liquid were noted" In this
testo the effect of two eoneentrations of pollen (463 grains/

mm3 u and 2LV0 gtains/mm3 ) in 50/o sugar syrup o on the rate of
pollen filtration was studied" Table XVII shows the results
obtained"

E) Sugar Concentrationå

Pollen may be found not only i-n nectar at widely

differing concentrations, which may vary from as low as 2"I/o

to as high as ?6.6% (Beutler and Sch8ntag, L94O; Beutler,

L953) but also in honey and its intermediary products (Todd

and Vansell-, L9Lþ2; MaurizLou Lgþ9ar t9558 L956s L95B; Berneru

L952r Pritschu L95?). In order to determine the effect of
sugar coneentration on the rate of pollen filtration,
polien suspensionsu rna{ie up from ihree different sugar
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solutions (20,0%, 50 "0%u 7I "0/") were fed" Since it was not

possíble under the present conditions to prevent the crystal-
lization of sucrose ín solutions at concentrations greater

than 62"0%e honey was used to replace sucrose in preparing

the ?L"0% solution, See Table XVf[ for the results obtai-ned,

@sEietl
The results of these experiments show that pollen is

actively removed from the honey stomaeh contents of worker

honey bees, This process, which oeeurs through the aetíon

of the proventriculuse appears to be Ìargely independent of
the activities in which the bees are engaged" Pollen is
filtered out of the honey stomach contents of forager bees,

even while they are gathering nectars ârrd out of the crop

eontents of hive beesu which process the incoming nectar and

perform other routine hive duties (Todd and Vansell u L942a

Maurizio, L9Lþ9b) " Neverthelesse pollen filtration is influ-
enced by a variety of factorsu some of which are inherent in
the bees (i"e, age), and others, whieh are environmental"

In these studies the influence of five faetors on

the rate of pollen filtration was investigated" It shoul_d.

be noted that in all cases the amount of pollen reduction

which oceumed was significant at the L% LeveL"

Time e

Table XïV shows the results obtained when bees which

had been fed a pollen suspension of kno$¡n eoneentration were
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permitted to retain tfre pollen-sråcrosê solution mixture in
the Ïroney etomaehs for Oø 10, and 20 mínutes" Thc data show

that the fittering aetion of the proventriculus oeeurs aI*
ready at the time when a bee is aetivel-y feeding" In the

one and one quarter minutes required by the bee to obtain

its l-oads the coneentration of pollen was redueed from an

initial 488"3 grains pur **3 to 42t+ grains put **3" This

represents a reduetion of L3"o% (see table XIV )" Si¡nilar

fÍndíngs were reported by Todd and Vansell 119t+2) u who con*

pared the pollen eoncentration in honey stomaeh eontents of

bees eaught while foraging to the pollen eontent of nectar

taken direetly from the flowers of the plant speeies on whieh

the bees had been workj.ng" Maurízio (tgUgV) also observed

that pollen is filtered out of the nectar earried by a for-
ager on its neturn flight to the colony"

In bees held for L0 nrinutesu the pollen eoneentratlon

decreased from an ínitial 4?1 grains per mm3 to 2J2 grains

pu" **3u a reduetíon of t&6"0%" The difference between this
value and that obtained at 0 minutes was signlfieant at the

L% Level, Bees held for 20 minutes redueed the pollen @orl-

tent of the honey stomaeh by 67,0%, that ís* from 1v62,7 gtrains

pu* **3 ts L5L.2 grains per mm3" The differenee between this
and the previsus vaLue also is signifieant at the L% LeveL"

The data obtained in this experiment fit an exponent-

ial- eurve" fhey ane in agreement with the findings of Bailey



t75

(L952), whose curves are "less steep than exponentíal curves

at first"u but gradually approach the shape of an exponential
curve' This was probably due to Bailey's feeding of much higher
initial concentrations of porl-en in suspensi-ono some at eon-

centrations of one part of pollen to two parts of sugar

solution, itÏauri-zio (L949) reported that, after an initial
sharp dropu pollen reduction in the crop is gradual and that
within the first L6 - l0 nrinutes of feedingu the pollen con-

tent of syrup is redueed to t/z or r/i (rarely less) " aLl
of these findings are in direct opposition to those of whit-
comb and V/ilson (tgZg), who found that pollen rarely remained ín
the honey stomach for longer than 20 minutes"

Age ¡

The data obtained in the second experiment suggest

that age does influence the rate of pollen filtration (raule
xv)" Here, three day old bees (a) reduced the pollen coi,r-*+

centration of the suspension they were fed by UB"0f, within
20 minr-rtes; within the same time eleven (b) and twenty six
day old bees (c) reduced the pollen concentration of their
honey stomach contents bv 67,o% and 62,ofou respeetivery" The

differences are significant as foltowsa (a) vs (b), p< 0.01;
(a) vs (c)u p< 0.05"

Atthough both Bailey (tgSZ) and. Schreíner (tgsZ) ob_

served that the rate at rvhich pollen passes through the
ventriculus into the reeturn is rnuch greater in foragers i¡air
in hive beesn prêsrJrnably because of the greater activity and.
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higher body temperature of the older bees (sehreiner, L95z) u

only sehreinen nelated age to rate of poJ-len filtration by

the proventrieuLusu He eoneluded thatu exeept in bees whieh

were seven hours old or younger, the rate of pollen passage

fronr the honey stornaeh into the midgut is independent of age 
"

However, with the exeeption of the seven hour old. beesu

sehreiner's youngest age group eonsísted of six day ord bees"

rt ís possible that bees of intermediate age míght have given

different results"
Tempergture;

As ean be seen from the data presented ín Table XVI e

the environmental temperature strongly influenees the rate
at whieh pollen grains are filtered from the honey stomaeh

contents of worker honey bees, rÌx this experiment, two groups

of workers were held at p0 degrees Fu and at 60 degrees F"

respeetively, WhiLe the bees heLd at the high temperatrrre

removed nearLy 2/) of the pollen from their honey stomaehs

ín twenty ní-nutes u those held at the low ternperature removed

only about L/l of the pollen in the same time" The d.iffere¡rce

is signifícant at the L% JeveJ."

Although no previous work appears to have been done

on the effeet of temperature on the rate of pollen fÍltration,
the results are not unexpeeted" Honey beesu when at rest,
take on the temperature of their environment (Hinmer , Lg?S),

Preirj.ous studies have sholør that poti-en passes froru the
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\rentrieÌ¿lus to the reetum at a grcatly redueed rate at Low

temperatures (Senreiner ø Lg526 Jerdan e Lg66) " ït may be

assumed. that J-ow temperatures also slow dovin the aetivity of
the proventrÍeulus,

PolLen Çsneen_tration s

At the two eoneentratíons of pollen in 50F" sucrose

solution used 5:r Experiment lt, no definite effeet of pollen

coneentration on the rate of pollen filtration was found,

(Table XVII), SimilarLy, Maurizio (f9+9U) for¡nA pollen con-

centration to have Litttre effect on the rate of pollen fil-
trationr when suspensions eontaining between þ50 and 7¿e0

pollen grains pur *3 v/ere fed" Outside of these J.ímitsu

there was "some" effeet, However Baitey (t952), on feeding

pollen suspensions of much higher eoneentration, found polJ-en

eoneentration to have a signifieant effeet on filtration,
Aeeording to his findings, the effieíeney of filtration is
inversely proportionat to the eoncentratlon"

Sugaq _lQqnceqþrat ion a

The effect of sugar eoneentration of the polJ-en süs-

pension on poJ.len filtration was investÍgated in Experiment

5 (Tab1e XVItr), At low (20"0%) and intermediate (,O"OF") con-

eentrations the pollen was redueed by 64 "Ofo and 6Z "O/o re-
speetively; the difference i-s not sígnifíca¡rt at the L% IeveL"

At the high eoneentratíon (71,,0%) u the rate of pollen fil-
tnatien was greatly nedueed, and only L7 "0% of the pollen
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wa6 fíl-tered oqrt" The differenee between thís vaLue ayrd those

obtained at the lower eoneentratiocts is signifieant at the

L% Level" SimilarLyø Maurizío (tg+gø) forrnd no sigrrifleanr
differenee in the rate of polJ.en fiLtrationu when pollen was

fed in sugar solutions varyíng in eoneentration between 10"0

artd t+0,0%, Sugar solutions of higher eoneentrati-on were not
tested 

"

The reason for the reduetíon ín the rate of polJ.en

filtration from the 7L% sugat solution is not known" AI*

though it ie eoneeivable that honey nay exert an effeet on

the activity of the proventrieulusu different from the ef-
feet produced by a suerose solution, this does not appear to

be J.ikely. Betts (L92?, L934) suggested the i.nereased vis-
eosity of suerose solutj,ons above 50% to be the eause of a

reduetion in the rate of food uptake at those eoneentrations"

It is possíble, that the greater viseosity at high eoneentra-

tion also has a retardÍng effect on the aetion of the pro-

ventriculus.

Throughout all of these experiments, mueh variation
between different 5-bee groups within any given sample was

noted" Thus, whíIe some of the bees filtered out rel-atÍveJ-y

large quantitåes of pollen withín a ver¡r short time (Experí-

ment l)u others had removed little or no pollen from the

honey stomaehu er¿en after the standard holding tirne of

twenty minutes" Similar variaiions among inciivitiuaL bees
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were also found by Bailey (tgsZ) and by Maurizio (rg49b),

who eoneLuded that pollen reduetion within the honey stom-

ach depends on i-¡rfl-uences existing in the individual bee at
the momentu and ts that extent, is independent of the êrr-

vi-ronmental faetors 
"

It is evident from the data presented in the prev-

ious ehapteru that pollen normalÌy oecurs in the honey

stomaehs of worker bees in eoncentration from 0 to approx-

imately 50% of the total honey stomaeh load" The pollen is
removed from the liquid portion of the honey stomaeh contents

through the aetion of the proventríeulus and. passes into the

ventriculusu where it is digested (Trappmann, L923; Whiteomb

and Wilsonu L929; Baileyu L952s Schreiners L952ç Dadee L962)"

A vari.ety of faetors, ineluding environnental and physío*

logieal factorso ñrâV influenee the rate at whieh po1len is
romoved from the honey stomach (lvlaurizío e t9l+9; Bailey, L95?s

Schreíner u L952) 
"

fn this study five sueh faetors have been investi-
gated, Among them only age appears to have no effeet on the

rate of pollen filtratiorr - exeept in the ease of very young

beesu whieh fílter poJ-len from the honey stomaeh eontents

much more slowly than do older bees under the same eonditions
(Schreiner u L952) " SimÍlarly, the eoneentrationø åt whieh

pollen oeeurs in the honey stomache appears to have little
or no influenee on the rate at whieh it is removed from the
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honey stomaeh eontentsu H@weveru this seerûs to have been due

largely to the low eor-leentrations used in these expeníments;

the results obtai-ned by Bailey (t952) elearly show that the

rate at whíeh pollen ís filtered from the honey stomaeh

varies eonsi-derably with eoneentration, and that at very

high eoneentratíonss the actual number of pollen grains re-
moved per unit of time is higho However, the effíeieney of

the proventriculus appears to be relatively low beeause of
the number of times filtration must stop in order to pass

the aeeumulating pollen baekward into the ventríeulusu

ït was sho$,n in these studies that the temperatr.are

of the environment, at least under some conditions, ean

eNert a eonsiderable influenee on the rate of pollen fil-
tratíon" It may be eoneluded, thereforeu that nurse bees

openating under the influence of brood nest temperatures (gZ

pJ degrees F, ) would show a hígher rate of pollen filtrat*
ion than wouLd bees processing neetar jn a eooler part of

the hivep or foragers working under field eonditions, where

they rnay be subjeeted to mr¡ch lower temperatures than m the

brood nest" Although individual bees may raise their body

temperature eonsiderably above that of their sr.¡mor¡ndings

(Himmer u L925) n the main temperature difference is in the

thorax, the site of museular aetívíty, rather than in the

abdomen,

The longer a gÍven }ot of neetar ie retaåned in the
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honey stomachs the more pollen is fii-tered from it (Table

XIV ), Park (L925, L9??, tgZB) observed that during a

strong nectar flowu when much nectar is brought into the

hive within a short timeo ârrg given }ot of nectar may be

proeessed by the bees only partiarly before being deposited

into cells" under such conditions the nectar is heLd in the

honey stomaehs of the hive bees for a shorter period of time

than it would be under poor nectar frow eonditions, rt is
to be expeetedu thereforee that less polLen wourd be filter-
ed from nectar at the height of the flow, than under margin-

al conditions, when onry small quantities of nectar are gath-
ered" similar observations have been made by Ðemianowicz

(tg6t+) 
"

Pollen is filtered out of suspensi-ons containing
high concentrations of sugar (?t"0%) less readily than it
is fiLtered out of suspensions contai:ring only between Lo"0%

and J0 ,O% sugar " lfhether there is a gradual reduetion in
filtration with íncreasi::g sugar concentrationo or whether

the abirity of the proventríeulus to filter pollen out of
suspension is reduced drastically at certain eoncentration
of sugar, has yet to be determined" The data do suggestu

however, that highly coneentrated neetar may be eleared. of
pollen to a lesser degree than dilute nectar partly because

eoncentrated nectar requires less o'handling tiure' on the

part of the beess ånd partly beeause such nectar would.
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require less time to reach the eoneentration at whieh pollen

ís filtered out witn inereased diffíeulty"
The faetors díscussed above are only a few of those

whieh may influenee the aetÍvity of the proventricuLus" As

was suggested by Maurizio'- l]*gtq.gb), the infl¡¿ence exerted

by the physieal faetors of the environment are sometimes over*

shadorped by the nutritionaL and physiological eondition of

the indivídual bee" Thus, the effeet of ehanges indueed by

the feeding of broods or the Laek of brood feeding durÍng

the l-ifetime of a bee (i,en summer bee vs" winter bee),

presenee or absenee of queens oF the avail-ability or non-

availability of pollen in the previous diet of a worker bee,

eteu, need to be ínvestigated if the activity of the prov*

entrieulus and its biologieal signifieanee are to be fully
understood"

EUmmary

L, Experiments were performed to determine the effect
of various factors on the rate at which pollen is filtered
out of suspension in the honey stomach eontents by the

proventriculus of worker honey bees,

2" The length of time which a pollen suspension is
retained in the honey stomach and the environmental temper*

ature both signifícantly affeeted the rate of pollen fil-
tration, Sugar concentration affeeted the action of the

proventrj-culus only at a very hieh (TL%) coneentration"
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3" Po]len eoncentration did not signifieantly affect
the rate of pollen filtration under the conditions of the

experiment; it is suggested, however, that at higher con-

centrations pollen may exert considerable influence on the

activity of the proventrieulus,

4" The age of the worker bees had o significant
effect on the rate of pollen filtration, ât the three ages

tested 
"

5, Biologieal- ramifications of the above resuLts are

discussed,



CHAPTER VT

SU}1MARY

tn Throughout the summers of L969 and L97A l0-bee

sanrples of worker honey bees were eollected from various

locations within four coloníes situated on the Campus of the

University of S4anitoba" The bees were killed inrmediately by

quiek-freezing, and qrere stored in a freezer until they

eould be disseeted"

2. The following data were also eolleetedc (a) neetar

flow, (b) polJ.en ineome, (e) maximum, minímum temperatures,

(d) flowering periods of poJ-len and neetar yielding pJ.ants

availabl,e to the bees, (e) tfre amount of brood present ín

eaeh eolony throughout the summero and (f) the numbers of

adult bees in eaeh colony throughout the summerø

3, The honey stomaehs of the bees cslLeeted durÍng

both suÌffners were disseeted out and Ínvestigated for the

followinge (a) honey stomaeh weight' (b) sugar coneentrat*

ion of the honey stomaeh eontentsp ârrd (e) polten eoneen-

tratÍon of the honey stomach eontents, The weights of

pollen l-oads earried by po}len foragers were al-so determined"

¿+" In L969 the followi:rg honey stomaeh weíght rel,at-
ionships were obtai-¡neda workers eaught on open honey.>

workers eaught on open brood) neetar foragers eaught

entering their eolonies> polJ.en foragers ear.lght entering
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their eolonies> foragers leaving theír hiveso

5" In L970 the rel-ationships were found to be similar,
with the exeeption that neetar foragers carried more food

in their honey stomaehs than did bees eaught on open brood,

but less than those caught on open honey" Pollen foragers

carried ryeater quantíties of food than did those eaught on

open brood duning the month of Julyu L970.

6" In both years the following seasonal trends beeame

apparente The lowest honey stomaeh weights i:r all bees

oceurued i:r June, The amount of food earried by field v¡ork*

ers returning to their hives inereased in the beginnÍng of

the neetar flow (first week of July) and deereased when the

flow eeased in mid*August" The amount of food retained by

híve bees ínereased at the begÍnning of the nectar flow and

remai.ned at a high level for the remainder of the seasost n

The heney stomaeh weights of foragers leaving their eolonies

rernained eonstant throughot¿t the season.

? u The seasonaL trends obtajned for sugar coneentration

of honey stomaeh eontents varied with the Loeation from

whíeh the bees were eolleeted, Ïn neetar foragers the sugar

coneentratÍon reaehed its highest l-evel during the neetar

flow, and decreased when the fl-ow eeasedg in both pel}en

foragers and foragers leaving their eolonies there was a.

slight deerease in sugar coneentratíon over the seasoÌls In

workers caught on epen brood and on open honey the sugar
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eoneentratíon of the honey stomach eontents inereased in
JuIy and remained at a high level for the remaínder of the

seasono

B" For the eoncentration of pollen in the honey stom*

aeh eontents a definíte seasonal trend was not observed,

Ïn generalu the pollen concentration was highest j:r the

springu but tended to fl-uetuate at lower levels for the re-
mainder of the season" Usuallyr the highest values were

found in bees caught on open brooda followed in descendi-ng

order by pollen foragêFSe bees caught on open honey, nectar

foragers returning to their colonies, and foragers leaving

their hives"

9, Ibom these studies it has been coneluded that the

honey stomaeh weighta and the sugar and pollen eoneentration

of honey stomach eontents are i¡rfluenced by the Location

relative to the eolony and by various environmental faetors;

time of day and size of eolony appear to have little effect"
L0, The pollen load weights did not show any seasonal

effeet,
11" Experirnents were also performed to determi.ne the

effect of various factors on the rate at which pollen is
filtered out of suspension in the honey stomaeh eontents by

the proventriculus of wonker honey beess

â.ø The length of time whieh a pollen suspension is

retained in the honey stomaeh and the environmental
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temperati.rre both sigpifieantly affeeted the rate of

pollen filtratíon, Sugar eoncentration affeeted the

aetion of the pnoventrÍeulus only at a very hígh (ft%l

eoneentration 
"

bu Pollen eoneentration did not signifieantly affeet
the rate of pollen fíltratíon under the eonditions of

the experímentg it is suggestedu however, that at higher

eoneentrations pollen may exert considerable influenee

on the aetivity of the proventrieulus"

e" The age of the worker bees had o sígnifieant
effeet on the rate of pollen filtration, at the three

ã.ges tested"

du The biologieal significanee of the above results

is diseussed"
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Colony

Cate
HOts
BO
BS
FE
FL
PFE

Wei
l_1"

Pol"Ld" 17.5(29)

3"7
3,3
7"0

L0.0
Lt, R

A*L
Sugar
Conc" Pollen

j{0*s#
BO
BS
FE
FL
PFE
Pol 

" 
Ld"

R8"
57
5+
29
52
32

,5
u0

"0
"5
"5

L5,6 6t+ 
" 5L2,7 49 
" 

B
6 "4 39,5
t+ 

" 5 ?4,0
4 "3 4z,o

B
L38
6t
92
L3

:::

APPENDIX TABLE I a" Analyses of rloney Stomach Contents of Worker Bees Coll-ected on 26 lvtay
L969 and 2l \fiay Lg6g,

(4"M"# and PuM"+$+&u Syrnbols: H0 = Bees éolteeted on open honey; B0 = Bees eolleeted on
open brood; BS æ Bees colleeted on sealed brood; FE = Returning forager bees eaught
en'bering their hives; F{, = Foragers eaught leaving their hivesl pne i Pollen f,orãgers
caught entering their hivesa Pol" Ld, = Avenage weight of one pollen load" Parenthesis
signífy the number of bees used to obtain the mean, if less than 30" )

h/e i
A-2
Sugar

ht Cone " Pollen
12"9m9" 57.
5,L
7"0
9,L
5.L

73 "62L 
" 5(2? )

1Bl+
t5
1B
L2
4L

48" 5 5242"L ?39Ltg"S ?
50"5 4r
55 "3 L35

L7.g
3,3
l+ 

"9
7,5
5,9

23,3
16"5(B)

L5
Wei

52"5 tgz
20"5 113
3t+ " 5 207
45,0 Bt+5,S 1L1
49 "e 1i.o

A-3
Sugar

t Conc" Pollen
L9 " smg,
8"0

10"8
25 "3

5 'l+8"6
L5 "T

14"8
L5 "l+13" 1
L3,0
5"L
9"6

13,8 ( 20 )

APPENDIX TABLE f b" I¡lean values obtained from (A*f u A*Zu A-3n /\*4)u morning and 4fterno-on"
(Symbols as in TabLe la" Parenthesis signify the nurirber-éf samples used to obtaín the
meán, if less than 4)"

A "lYJ" P 'MuSugar Sugar
Category Weight Cone" Potlen _Wgiqht"_Cone" Pollen

3B0 5"5 4'3"0 rr5 9,5 35"2 234BS 7 ,2 47 "6 253 ? "3 33,B r55FE L5"0 4? "3 30 !2"? 32"8 BFL 6 "9 L¡g,r 29 5 "L 39 "3 95PFE 8"6 4? "8 L?B L7 "4 4B,o LzB
Pol" Ld" L? "l+ L6.7 3)

22"0 L5
47.5 L6
56 "3 11t+s.i 3?
55,O 2L6

9/mm

lVe i

58"0 220
33"5 83
3t+.Q LzB
35"5 5)2"5 L77
3B"B 53

g.?mg,
5 "l+
7,9

1B"4
?"0
7"4

L5 "3

LO.2
O")
4"8

25"5
5.r

L9 "2

A-4
Sugar
Cone 

"

5A"5
4t+ 

" 
j 255

¿p6 
" 
B Lg6

5l+ ,0 B,+8"0 20
48"5 zz3

Pol-l-en
335 ñm3

t+z

37
27
27
37
56

2? "7 
(29 )

5
0
3
2
0
)

LL+ 5
594
269

11
50

220

N)
O
O



Factor
0ategory Measured

HO

BO

Weight(mS) Lt+"2
Sugar(%) 69"2
Pollen* 3"L

lveight(mS) 4"8
sugar (%) þ4 

" 
o

Pollen'å 0

Weight(mS) ? "4sugar(%) 63 "?Pollen+Ë I
Weight(mS) L2"t+
sugar (%) 63,Z
Pollen#' 0 

" 
6

Weight(ms) 6"6
Sugar(Ø) 66.1+
Pollen# 2,l+

weight(mS) 2"5
susar ( %) 53 "zPollen'É 26 "O

vveight(me) LL,z

BS

Mean S,D"

FE

FT,

L6.B 1" o
9"7l+"5 o

6"L 1
a,5

00
T2.O L

7,0
L"0 0

L2"2 L 
" 

0
7 "010

7"6 L
a/JøA

3"A 0

3"0 1
27,2

34.0 2.0

5,4 L"0

Range

PFE

Pol-f en
Loads

53"0.lb ?

l-ó"0

20"5
? 5.6

0

5L"5
77,4
2"0

Factor
Category Measured Mean S"D" Range

Appendåx Table fI a, Expanded analyses (see
texto Þage 18) of honey stomach eontents ob*
tained from bees eollected in the morning of
7 June u L969u from eolony A - L"

S¡rmbols s

i; Pol.Len'É = number of pollen grains per mm3
of honey stomach contents,

2u HO '= Worker bees eaught on open honey"
3" B0 == Worker bees eaught on open brood"
4" BS = Worker bees caught on sealed brood'

HO

BO

lve ight ( ms )
Su+ar(%)
Poll-en*

Weight (mg)
Susar ( % )
PoIIen*

weisht (mg)
Susar (%)
PoLlen¿t

we ight ( mg)
Sugar ( %)
Pollenå'

vüe ight ( ms )
sugar(%)
Pollen#

ltleight (ms)
Suear(f")
Poll-en*

Weight(mS)

5L.5
72 "72"0

35"0
7j"4
8,0

L3"0
69,4
50"0

23 "0

BS

FE

7 "4 12"6
I+l+ 

"4L0"3 23"0

7"7 8"5
6L "400
5"5 5,6l+5,t
4"0 Lo"o

1_0" 0 g" 0
69"0
0.3 0"7

5.0 5 "7
53,7o"B L"5

FL

PFE

Pollen
Loads

1""0 5L,00 * 75"5
0 * 62"0

1"0
ro")
0-
1"0
l-"0
0*

Appendíx Tab1e II b, Expanded analysis (see
texte page 18) of honey stomaeh eontents ob-
tained from bees colleeted in the morning of
? June u 7969, from colony A 2o

5. FE = Neetar foragers eaught on returning
to their hives"

6" FL = Foragers eaught leaving their hives"
? " PFE - Potlen foragers eaught returning to

their hives"

3¿e" o

72,5
0

20"5
70 "L
26 "o

34" 0
76 "02.0

2L "0
70"0
4.0

20" 0
39 ,0

0

1"0
54,0
0-

5"2 5,3 1_"0
28"3 4"5 *
000

L"0
12" 5

0

None eoLl-eeted 
"

N)
O
F



_
Faetor

Category illeasured lllean S o D, Range

HO

BO

i,Veight(mg) 9,6
Suçar(%) 63,L
Pollen# l- " 

0

Weisht(mg) 8"9
Suear(%) 68 "2Pollen* 3 "3
weisht(ms) 5,6
sugar (Ø) 55 "0Pollen# L2"6

lveíght (mg) Lg "6sugar(%) 1"6 "oPollen# 2"5

Weight(mS) 5.5
Sugar(%) 66 "LPollen* L"L

lveight(me) 3.6suear(%) 60" o
PoLl-en# 5.2

tgeight(mg) L6 "9

DÞ

FE

FL

L2"2 1_"0 *
1-"0 -L"5 0

PFE

Pol]en
Loads

13"8 1
1"8

1" I 2,0

8"9 l_"0
2,0

20"7 o

L5"3 L,0
0

3"2 0

5"L 1,0
32"53"3 0

2"8 L"0
3t+'5

?,6 o

4j "o
7l+ "?&"0

5L,5
?6 "66"0

Category l,/ieasured Mean S u D" Range

l\ppendÍ-x Table ÏÏe. Expanded analyses (see
text, page 18 ) of honey stomach eontents ob-
tained from bees eol-leeted in the morning of
? June u L969, from Colony A - 3,

S¡rnboJ"s s

!-^ Pol-l.ens = rxumber of polten grains per mm3
of horaey stomaeh eontents"

2" H0 =' Worker beee eaught on open honey,
3" BO * Worker bees eaught on open brood'
4, BS * Worker bees eaught on eeai.ed brsod"

HO

* 44,5
77 "B
5l+ "o

- 40" o
58"B
10" 0

L6.5
72 "7
1_0

L?"0
7r "2i.8"0

BO

Weight(mS) 10"4
suear(%) 54 "oPoLlen'Á 3 "6

Weight(*s) 3"5sugar(%) 5? "2Pollen* 5"0

BS

6,9 4"0 * 26.0

FE

We ight ( ms )
Susar(Ø)
PoIlenåÊ

We ight ( mg)
Sugar (%)
Pollen#

FL

L3 "7
LL?

6,3

o)

PFE

Pollen
Loads

1"0
0-
0

,1

5"0
0*

2a
42 "46"0

t5"Q
40 "32"3

weight(ms) 4"7
sugar (/") 6L ,t+
Pollen# 1,0

58"0
?6 "214"0

)Lu ).7ry '7T I OI

l_6"0

11"0
7A.5
12" 0

)4" )
6j"o
8"0

31" 0
7t+.3

?ô

ou)
69"s

2"5 X."0
25"0

8,5 0

we ight ( mS)
sugar (%)
Pollen#

Appendix Table IId, Expanded analyses (see
text, page 18 ) of honey stomaeh eontente ob*
tai.ned from bees eollected ín the monning of
/ June u L969u from Colony A * l&,

5. FE = Neetar foragers eaught on neturning
to their hives"

6, FL = Foragers eaught-leavíng their trives'
? " PFE = Pol}en foragers eaught returni-ng to

their hives"

LT "6

3"0

o"5

;;4
L"4

v.¡eight(*s) 15" o

L"0
2.0
0

L,0
26,6

0

1_"0
48. 2

1"9
58 "2

6,3 5,0 28"o

N)
O
N)



Faetor
0ategory Measured

HO

BO

Weight(*e)
Sugar(Ø)
Pollen{*

Weight(ms)
susar(%)
Pollen*

Weight(ms)
Sugar(/,)
Poï1en#

BS

Mean SuDu

FE

9"9
2l+,B
t7 "L
6"5

13"8
19"8

3"5
3t+,3
2"0

FT

8,L 1"o 23"0
L"0 70,B

57 "g o *226"0

Weight(mS) 9"1sugar(Ø) 39,8Pollen* L,B

Weight(me) 3 "2Sr¡sar(%) 53,6
Pollen# 0

Range

PFE

Po11en
Loads

6,1+ 1"0 * 28"o
L"5 * 63"5

35"5 o -106"0

3"2 L"0 13"0
2'5 - 67"1*

2"0 0 ¿+" 0

Weight(*s)
sugar(Ø)
Pollene

Append5"x TabLe If e " Expanded analyses ( see
texts FaB@ 18) of honey stomaeh contents ob-
tained from bees eolfeeted in the afternoon
of 7 JrLrne u L969u from colony A - 1

S¡rmbols e

1: Pollen# = Nurnber of pollen grains per mm3
of honey stomaeh eontents"

2" H0 '= Worker bees caught on open honey"
3, B0 '= Worker bees eaught on open brood"
4, BS '= Worker l¡ees eaught on sealed brood"

Faetor
Category Measured Mean S"D" Range

HO Weight(ms)

9"5 1.,0 * 36"5
0 ^ 62"0

2,5 o 6"0

3,3 L"0 * 1l&"0
zL"O * 69,9

000

weight(mg) 20 "L

L,6
50 "2

BO

Sugar(%)
PolLen&

lrreight(me)
Sugar(/,)
Pollen#

Weight(mg)
Sugar(Ø)
PolLen#

Weight(mg)
Sugar(Ø)
Pollene

Weisht(me)
Suear(Ø)
PolIen+&

Weíght(me)
Sugar(Ø)
Pollen#

L"2 1"0 -
e0"0 *

BS

?,L

FE

2L" 5
6?,B

5.1+

3.5
49, B
4.5

6"5
63.:3

33,07,0

FL

15"0

15"4

5,3

x"0

PFE

Pollen
Loads

1"0
o,2
0

x."0
0
0

L"CI
L"0
0"0

L"0
0
0

tr"0
0"5
0

8" 0 tr"l, t
6L,6
6,2 Lj "6

L3,9 LL.g
29 "23"6 l+"5

4¡,"t+ S" s
l+L 

"32"0 2" 5

7 "2 8"8
5Lþ "L
? "6 9"2

52,0
76 "?
58"CI

26 "068 "z2,0

le6"o
76"5
¿þ¿þ 

" 
o

39"0
7L,5
12, 0

Appendlx Table fI f" Expanded analyses (see
texto ÞaBê 18) of honey stomach eontents ob*
tained from beee collected in the afternson
of ? June u L969, from eolony A * 2u

5" FE = Neetar foragers caught on returning
to their hives"

6, FL = Foragers caught leavíng their hives"
?, PFE = Pollen foragers caught returning to

theír hi-ves 
"

weight(me) LS"g 6,9 6"0 - zg.o

x."0 -
39,5 *

0

27 "56L "z6.0

33"t
6? "o
30"CI

lùo
\¡)



Factor
Categor:y Measured

HO

BO

we ight ( mg )
sugar (%)
PoIlen#

we ight ( mg )
Sugar ( Ø)
PolIen*

We ight ( mg )
Sugar ( %)
Pollen+r

Vrle ight ( *C )
suear (%)
Pollenr$

viie ight ( mg )
Susar ( Ø )
PoIlen*

\{e ight ( mg )
sugar ( Ø)
Pollen*

weight ( ms )

BS

ivlean S. D"

FE

13 "? t3 "423 "3
5 "6 LO.2

FL

7 .L L0.5
44"0
1,3 2"r+

LA "6 L6 "O4j "9L"8 3"5

2L,5 L4" o
8,7

L3"5 52"2

Range

PFE

Polfen
Loads

L"0
2"?
0

L"0
L"0
0"0

0
l_"0
0

1""0
0"0
0

1". 0
7"5
0

31, 0
72,0
34.0

Appendix Table ïI g" Expanded analyses (see
texte page 18) of honey stomach contents ob-
tained from bees colleeted in the afternoon
of ? June, t969u from colony A * 3,

Symbols:
1; Pollen* * Number of pollen grains per m¡¡3

of honey stomach contents"
2" H0 * Worker bees caught on open honey,
3, B0 * V{orker bees caught on open brood"
4" BS * Worker bees caugh-b gn sealed brood"

Factor
Category Measured

5L,0 BO

80" 0
6"0

5.9 5"6
56 "B9,3 L7 "t

HO

* ó1"0
76,4
L0" 0

50"0
7r,0

-202,0

2L.5
7l+ "o48"0

1l_"0
6o, B
L6"o

28 "0

)"J )'5
48"6
8"0 LL.3

L3"B 6"5

We ight ( mS )
Suear(%)
PoIlen+$

we ight ( me )
Suear(%)
Pollen#

We ight ( *S )
Sugar (/")
Pollen*

we ight ( mg )
Susar(%)
Poll-en#

t{e íght ( mS )
Su+ar(%)
Pollen*

we ight ( mg )
sugar (Ø )
Pollen{t

We ight ( mS )

Õù

Mean S"D"

1,0
34"5

0

FE

16"2 14"0
39,0
39.7 L36"2

7.7 9.7
59 "L
35 "L 96 "B

9.5 1x- "¿|
38 "300
L5"L 11,4
49,z
1_"1 r,7
4. B Lt, .4

45 "6l_"8 L"2

4"5 6,1
59 "0
TLt "3 r7tþ 

" 
j

L7"7 B"oB,o

FL

Range

PFE

Pollen
Loads

L"0 43.5
a"5 76,Oo *530,0

i."0 J7"00.6 ?7"50 -j2¡+"0

1"0 43.5
o * 63"7
0-0
1"0 54"029,o 66,6
0 * 6"0

Appendix Table II h" Expanded analysís (see
texts page 18) of honey stomach contents ob*
tained from bees collected in the afternoon
of 7 June, L969u from eolony A * 4"

5" PE = Nectar foragers eaught on returnïng
to their hives"

6" FL = Foragers caught leaving theír hives"
?, PFE = Pollen foragers caught returning

to their hives"

L,0 17,0r"5 63,5
0 4"0

L"0 23,0
4j .7 ?i, o
0 *230" 0

2"5 ^ J6"o

t\)o



Category
HO
BO
BS
FE
FL
PFE
PoI" Ld"

A " I'iI"
Sugar

Weight Conc " Pollen hieight
0 

" 
4mg"

6"2
5"4
4,3(É
)o)

),)
4,4(3)

Appendix Table ïI i" l,{ean values obtained
A-3, A-4) u morning and afternoon"
Page 201. Parenthesis signify the. used to obtain the mean, if less

58 " Lfo Sl^ã- tS
58.2 2 6
52"0 6 ?
37,2 t L462,4 r 4
50,4 10 4

3mg"
2
9
9
6
2
2

P.lui"
Sugar
Conc.

39
42
45
32
4g
53

t7

)70
2
0
1"
o
O

5

PolIen

from (tt-1 , l\-2,
(Symbols as in

number of samples
than 4" )

1"? /nm
2L

2
3
3

20

iu
O\¡



Colony

Category Wef.ght

HO''s
BO
BS
FE
FL
PFE
PoL"Ld"

H04&*,
BO
BS
FE
FL
PFE
Pol, Ld 

"

10"À[mg"
5"2
6,8

L5,3
6,5
&r?
7.5

A-L
Sugar
Cone" Pollen
6O "8/" 1"9tl/nr¡.3 1J" 6mg" 66 

"O/"66,0 n9,+ 9"1 68"0L+6"5 L3 to,Z 6S,s
23 "O ?6 7 "g sll. "052"8 31 3"3 58,3

33:l ::Z ,?:2 l3:3

LL+,g 58 " 02"5 30"510.4 6t 
" 
I8"3 L3"5

-3:? 3kl

A-2
Sugar

V{eight Cone" Pollen

APPENDIX TABLE IÏÏ4" Analyses of Honey Stomach Contents of Worker Beee ColLeeted on Lp June, 1969-
(4,M.# and P"Mu##" Symbolsc H0 = Bees eoLleeted on open honey; BO = Bees collected on
open brood¡ BS = Bees eollected on sealed brood; FE = Returning forager bees eaught
enteríng their hlvess FL = Foragers eaught leaving their hlves; PFE = PoLlen foragers
catrght entering thelr hives; Polu Ldu € Average weight of one pollen troad" ) (Parenthesås
signífy the number of bees r¡sed to obtain the meanu if lese than 30" )

66
L2
27

0

--:

27,3
?"0
7,8

LO,3
t+ 

"96,L
8"r(29)

L4 S/rrrr.j
1l+1.
4g
r+g

Ll+

_2!

A*3
Sugar

Vüeight Cone " PoLlen

64l" I i5
l+2" 5 zt+
55"8 52L5,3 27

t+4 "i z
50"8 63

Lj "?mg. 6t, 5%
7"8 3g"A
7 "9 62"0
9"0 zo,3
4,t+ 57 "o
3 "3 52,0
9,6

APPENDIX ÎABLE IIEb" Mean vaLues obtained from (A*f e A-2u A*3, A-þ)u morni-ng and aftetrno@n,
(Symbols as 1n TabLe.IIIa" Parenthesis sigpify the number of sampl-es ueed. to obtain the
nxeanu if l-ess than &)"

9a:Fegory llleight Cone, Pollen Weight Cone" Pollen

BO 8"0 60"8 L02 6"3 t+6,6 2,t+

12"2 I+5"5
LL 

" 
0 53.3

5,3 36 "t+8,L 2g"8
3'9 ¿lþ"0
7 "7 55.0

10,L(8)

28/nm3
L2
79

7
3

-::
l+¿&

22
2t+
t+3

1.0

-::

A-4
Sugar

Weight Cone" PoLLen

BS
FE
FL
PFE
PoL"Ld"

15" 6mg"
9,7
6"L
bo
I+.3
3"8

LL "7

A" M,
Sugar

7"9
9"3
,.s"6

3"7
10" o

68,o% LL/nrr.3
70" o 626j"o ?56z,i gj
56"0 Bt+8.5 i65

59 "3 5Lt'

39 "g 56
56,0 LLt,

50,2 t?g

7"L
¿e" I
9"L
L8"i.
l+"s
5"0
9"L

39"5
60, o
68"0
6"0

48, 0

3?:3

P "M"Sugar

9B
36
Lvs

I
6

:2!

8"2
LL "2¿l"t+
6.3
9"1(3)

55"5
L6 "2l+6,0
l+g,g

37
18

6
9t4'

N)o
o\



Colony A * L
Sugar

Category Vüeight Cone" Pol-len

HO4s

BO
BS
FE
FL
PFE
G

Pol,Ld"

H0eáa
BO
BS
FE
FT
PFE
G

PoI 
" 
Ld"

tr 6 
" 
4mg" 66 "8%3,? 5,+" 05"5 63,0

10"2 39"Q6,2 SL,3
5"0 38"0
3"0 4x."0

zL"L @@@@

?O/nr¡¡3
L8

9
L1
3.1

L65

--:

10"3
6 

"l+3"8
zLþ,T
4"3

LL,7
2"9
7,3

A*2
Sugar

Welght Cone " PoL1en hreight

2) 
" 
jmg,

LL"L
8"2

L6 "l+
5"0
5"0
3,3
7"2

APPENDIX TABLE ÏV a, Âna]-yses of Honey Stomaeh Çontents of l{orker Bees Col-}ected on t July L969 
"(4"M"* and PuMn**o Synbolse H0 = Bees eollected on open honey; BO * Bees coLleeted ón

open brooda BS = Beee colleeted on sealed broodc FE = Returnlng forager bees caught
enterlng their hlves¡ FL = Foragers eaught leaving their hlvess PFE = Poll-en fonagers
caught enterlng their hlves3 G * Guard; PoL" Ld, = Average weight of, sne poLLen load" )

6
3
le

I
3
,+

2

2"5 0t+.5 LjLI+"5 360"8 2t+"5 3
3,0 0
8"5 0

69 
" 5% o/nt*P

6t+"5 ¿&

60"3 o
22"5 0¿e0"8 0
t+2" S zul¡1"0 o

5"7
7,9
9"L
L"7
5"2
l+ 

"33"0
3.L

5" 9mB"
7.9
9"5

16 "75"0
3"6

xg,0
L7 "3

69"s
1.8 .8
t+5"5
39,5
36 "O42"o
3r,5

A*3
Sugar
Cone" Pollen
¿þ8"8

52,1þ
t+Z"s
zl¡- "3L+T 

"o4L"o
6?,8

4
L

6o
0
0

22
3L

f, 8/nn3
22
56
27

7
?7
6o

7"2
9"9

L0"L
11" 3
2.8
7"L
7"?

x-¡+ 
" 

0

A*¿{'
Sugar

Weight Cone" PoLLen

3" ?mg"
¿*"0
4"0
7" 3.

¿'. 3
3"5
3 "I+

LLt "6

5t+,8 L5
2I+,5 3.

36,0 g0
L5,0 ¿+

26"8 0
þle" o zl+
66"0 o

63"0
50,g
l+Z.g
3L"5
3t+"0
l+Lv 

" s25"3

f, OrZm¡p3
â)
6
0

L0

3n"0
26,?
2.3,6

B"(r.
2"9

LL"5
L"B

L1"6

66"8 o
62"o i.oo
35"8 520,5 2
Lg,s g
3?,5 Lg
t+2" S o

lùo-{



A 
" 
M" P,M"

Sugar Sugar
Category Weight Cone" Pollen Weight Coñe" pollen
HO--t3

APPENDÏX TABTE fV b"
( S¡rmboLs as in

Bo6.uu 6-"7 55"5 L2 L2"7 35"0 5BS 6"8 53"1+ 18 rL"? ¿+0" q t+n$ 6 
" Þ 53 "t+ 18 LL.? t+O 

" 5 t*8
FE L2"6 29 "3 g L3"g 26 "t 2
{!_ 5"2 þ3"3 ? 3"8 29,2 3PFE 4,1 t+L"5 6o 8"6 40.,+ i,6G ? "2 4j "B L? j "g t+t+,6 BPol"Ld" Ls,L LL"s

6"7 556"8 qi

Mean values obtained from
TabLe IV a. )

55"5 L2
53 "Lþ 18
29"3 9 L3"g ?,6"5

(¿*f, A*2, A*3u A*4), mornlng and afternoon"

58
l*8

Dùo
co



Colony

Category Vteight
H0rf
BO
BS
FE
FL
PFE
D
E
Po}" Ld"

l-[Q+f fe

BO
BS
FE
FL
PFE
Pol" Ld.

30 " 3mg"
5.L
L"B

A-T
Sugar
Cone" Pollen Weight
69 "o%68"5
3t+"5

I lr,

L,7

0/nn
0

59

3?,0
L5 "7

3 'l+23.7
5"7
4"6

].8, B

20"
)Êo

5

3l*" ?mg"
23,2

33:1

/\PPENDIX TABLE V 3." Analyses of Honey Stomaeh Contents of Worker Bees Colleeted on
L4 July Lg6g 

"(A"ivi"* and P"I{"tû+r" Symbols¡ HO = Bees collected on open honey; BO = Bees colleetecl
on open brood6 BS = Bees colleeted on sealed broodg FE = Returning forager bees
caught entering their hi¡¡es; FL = Foragers eaught leaving their hives; PFE = Pollen
foragers eaught entering thein hives; D = Dr^one$ E = Entrance; Pol" Ld" = Average
weight of one pollen load" )

0

-::

A-2
Sugar
Conc" PolÌen

69"j
6L"5
þL"o
57"5
3L"5
40"o

?2 "3/" O/mm
7?"0 L

22:2 --:-

)
4

B4
2?

1_

L3

3"0

-3:3

A-3
Sugar

ltleight Cone " PolÌen Weight

7"9
L,6
3.7
3"3
6"L
8"3
9"4

56"5

1l:3

16 
" Jmg"

2L "g&1"1+

32

__:_

72"5
27"5
2?" 5
58"0
35"5
35 "O

69"s% 66/nn
7O"5 tBL
72,0 0

0
23

0
6Lt'

0
0

5"5

-3:i-
35 "2
Lg "gL2"7
L7.0
6"?
)o I

L0 "7

54,3 36223"5 0

29 "9m9"
L6 "Lt5.Lþ

A-4.
Sugar
Cone. Pollen

73,0
56"5
75"5
l+z"s
36"5
26"5

7o"o%
62"5
60, o

0
4ç

LL6
L
0

t+6

3,5
11,3

6/nm
()

0

3Lþ"5
L2 "618"3
22 "48"2
6"L

TÐ "7

53,5l*ç <.

7l+,8
55"A
62"5
28"5
35 "8
38"5

,
i.

56
LL7

B4
0
7
0

N)o
\o



A" UI"

Sugar
Category Weight Cone" Pollen

APPENDIX TABTE V
( S¡rmbol_s as

HO
BO
BS
FE
FL
PFE
D
E
PoL" Ld"

27"Bmg" ?0"2/" tB/6)
L6 "6 68 "t+ 64
20,3 59"0 t6

b" Uiean values obtained from
ín Table Va" )

-il;
5"0

PUMU
Sugar

l{eíght Cone" Pollen

,t6"ä
36 "L

34.9mg,
Lz 

"L+
9.5

L9.L
6"7
6"0

100
r5

72,l+
50 "L
50"¿s
k6 "6
3l+.8
35,0

/' L5/^^3
48

L¿+,?

(a*f u A*Zu A-3, A-4) u morning and afternoon"

7L
?2

2
L5

t\)
F
O



Category Uleasured
HO

BO

lveight(mg)
Suear (%)
PolLen#

We isht ( ms )
sugar(%)
Poll-en+Ê

Weight(mg)
Sugar (%)
PoIlen#

vtre ight ( mg )
susar (%)
PoLlen#

We ight ( rng)
Sugar(%)
Pollen'l!

We ight ( ms )
sugar(%)
PoIlen#

lVe ight (mg )
sugar(%)
PolIen#

ltù

Iflean S 
" 
D"

FE

J0"¿þ 23"9 L,0
72"L 1B"B
3"2 7.6 o

Ft

?8"5 22"7 1"0 -6t,6 o
3"6 6"5 o

Range

Fo

12,7 L3 "7 l- " 05?.5 0"5
3"6 g"z o

L5 "l+ 1l+.3 1" 0
23 "3 0,5
tL"3 ?6.3 0

2.7 1".9 1_ 
" 

o
37"5 2,4
000

lB"6 zo.4 1"0
7r"g 26"5
3"3 5"t+ o

9"4 10"5 l_"0
53,5 37 "05?.3 46"8 2"0

PFE

7L "080"0
30"0

77 "0
?6 "424 "0

36"5
72,2
36 "0
?o

56,5
84"0

7.5
54 "3

0

6 5,0
77,8
20"0

Faeton
Category Measured

PoIlen
toads lVeight(,mg) 13:lL5 B"z L"0 - 30"9

Appendix Table Vf â.s Expanded analyses (see
texto FaBe 18 ) of honey stomach contents ob-
taíned fronr bees collected in the morning of
25 JuIy u L969 n from colony A - l- 

"

Symbols:
L u Pol-Ien* = Number of pollen grains per mm3

of honey stomach contents"
2" HO = lVorker bees eaught on open honey"
3, B0 = Worker bees caught on open brood"
4" BS '= Vúorker bees eaught on sealed brood"

HO

BO

we ight ( mg )
Susar (%)
Pollen#

we ight ( ms )
Su}ar (/")
Pollen*

we ight ( ms)
Suear(%)
Pol-Lens

vr¡e isht ( ms)
sugar(%)
PolLen#

we ight ( mg )
Sugar ( % )
Pollen#

\'tle ight ( mg )
Sugar (%)
PoIlen*

lve ight ( ms )
Susar(%)
PoLLenå'

We ight ( mg )

BS

Mean S"D"

FE

25"0
74.L
3"3

20"0
72 "l+
3"8

T5.B
68,3
0"5

FL

2I.g L"0
47"5

7,L 0

2l+ "g 1" 0
45"0

L2"7 0

2L"7 1_"0
12 ?*JO Jr"7 0

lL "4 1" 0
6z,o

L"0 0

g,L 0
30" 019,0 0

17,B L"0
4L"5

00
3"4 L"0

23.5
00
eolleeted

38"5
60 

"Lv
-L32"0

Range

Fo

6s"o
'74 1
I lAL

28. 0

PFE

Pol-1en
Loads

L3,7
74,L
0"3

o
Lp7 

"64.8

73,0
78"5* 4Ar" o

Appendix Table VIb" Expanded analyses (see
textu page 18 ) of honey stomach contents ob-
tained from bees collected in the morning of
2J July, L969u from colony A * 2"

64" o

77 "76"0

45"0
?6 "4¿p"o

34,5
6L"5
72"O

56 ,0
76"5

0

l_2" 0

38"5
0

20 "37L,5
0

bô
3L "8

O

None

5" FE

6. FL
7" Fe
B " P-þ'Fi

= Neetar foragers eaught on retur"níng
to theír hives"

= Foragers eaught leaving their hives"
s Foundation"
= PoLlen foragers eaught returning totheir hives"

lo
F
H



CaEgory ftleasured iUean S.8
;0 ltleight(mg) 19 "8 20 "B

Factor

BO

sugar(%) ?! "LPol-lenår 2 "! 4,1

BS

v/e ieht ( ms)
Sugar ("/,)
PoIl-en*

we ight(ms)
Sugar (% )
Pol1en*

we ight ( mg )
Sugar ('/")
Pollen+Ê

ltie isht ( mg )
Sugar (Ø)
Pollen*

FE

FL

L9"7 27"7 1"0
69 "T 19 "or0"3 20"5 o"o

32.8 22.4 L"5
73"0 51,50"0 0"0 0"0

L5.t LJ,t l_ " 0

5L "8 2?, 50"9 2,3 0"0

i-"0
32.5
0.0

Fo

ô

PFE

BL"5
76"0
l_0"0

84" 0
.llt I
t te-¿

64"0

83"0
75"5
0"0

trie ight ( ms ) 25 "? 23 "Bsusar(Ø) ?0,3Pollen* L "3 l- 
" 

B

lveisht(me) lr,9 Lo"5
Susar ('/") 50 " oPollen* 83 "6 LL? ,9

Factor
C3rtegory li,leasured l[ean S 

" 
D. Range_

susar(%) Z? "g 33, o Z 5.2Pollen# L"2 2"1" 0"0 8"0

Pollen
Loads i{eislrt(me) L5,4 6"4 2"5 30"0

2"5
50 "r

Appendix Tabl-e VI c o Expanded analyses ( see
text, pagê 18 ) of honey stomach contents ob-
tained from bees col-lected in the morning of
25 July, L969 u from colony A - 3"
Symbols:
1" Pollen'É = Number of pollen grains per mm3

of honey stomach contents"
2, H0 = Worker bees eaught on open honey.
3, BO = l{orker bees caught on open brood"
4 " BS = Worker bees caught on seaLed brood,
5" FE = Nectar foragers caught on returning

to their hives"

2"0

BO

L"0
28"0

58. 0
6L"5
8"0

8"0
6? "o

BS

vie ight (mg)
Susar (Ø)
PollentÉ

t{e ight ( mg )
Suear (%)
Pollenii

t¡re ight ( mg )
Sugar (/, )
Pollenr'

tive ight ( mg )
Susar (%)
PoIlen*

l_"0 72"52"0 78"50"0 5,0

l_"0 3J"029"0 60"0
0"0 -448"0

FE

FL

L4.o tB"5 1,0 66"5
64"L 2"5 ?j"B
3"5 6,3 o"O 20"O

26,9 tg"? l-"0 65"0
69 "8 rt , 5 ?6,00.3 0"7 0"0 2"0

l_B"o L6"2 L"o - 48"5
37.5 0.5 55"5
3.L 6"6 O.O 22"0

3,3 3,3 l_"0 1B"0
40"4. 26"5 * 49"0
0"0 0"0 0"0 0.0

Fo

PFE

PolLen

Weight(ms) 1-8"6
sugar(%) 68"3
Pollen,ê 0 "3
\'r¡e ight ( mS ) L9 

" 
6

sugar(%) 46.6
Pollenr$ L95 "2

Loads vJeisht(meL?.ut- 5"5 60"0 16"0(10)
Appendix Table VT d" Expanded analyses (see
texto paße 18) of honey stomach contents ob-
tained from bees coLl-ected in the morning of
2J JuIy, I969u from colony ¡\ - 4"

6" FL = Foragers caught leaving their hives"
7" Fo = Foundation.
B" PFE = Pollen foragers caught returning to

their hives 
"g, (X) = Number of bees in sampleu if fewer

than L5"

rg"6 L"o
7 "0L"0 0"0

9"5 1_"0
40"5

114,B O"O

66"a
79"0
4" o

N)
H
¡ù



Factor
Catego::y Pleasured
HO

BO

We ight (mg )
sugar(%)
Po1len+ê

We ight ( me )
susar(%)
Pollen#

we ight ( mg )
Sugar (%)
Pollenå'

Weíght(ms)
sugar(f")
Pollen*

lt¡e ight ( mg )
Suear(%)
Pollenrf

we ight ( mg )
Su+ar (%)
PolLen,Ê

weight(mg)
Suear(%)
Pollen+F

We isht ( ms )

Þc

i\'{ean S 
" 

Du

FE

16, B

66"j
3,5

FL

t6"? 1"0
6"0

4.3 o"o

22.0 1"5
0"7

8"À| CI"0

9"9 l-"0
0"7

L3"0 0"0

23 "265,9
b.7

7"5
36 "B8"0

Range

Fo

54 "O
79"6
16"a

66,o
71." 0
22,0

33.0
77 "5
30"0

PFE

Po1len
Loads

20,5
57 "B
34 "1

4,5
Lv7 

"BL"7

3A "Lþ6?"5
L"6

t+,5
57,2

222 "6

rl+ ^?

Faetsr
Category Measured Mean S.D"

16"9 L"5 ^ 56,0 FE
33,8 62. 5BB"6 o,o -2gl+,0

HO

l\ppendix Table VI e " Expanded analyses ( see
textu pageL8 ) of hone¡r stomaeh contents ob*
tained from bees eolleeted in the afternoon
of 25 Ju1y, L969, from colony A * 1"
Symbols:
1--" Pollenr+ = Nurnber of pollen grains per mrn3

of honey stomach eontents"
2" liû '= Worker bees eaught on open honey"
3 " BO '= Worker bees caught on open brood"
4" BS '= Worker bees eaught on sealed brood"
5 " FE ,= Neetar foragers-eaught on returning

to their hives"

g"L L"0
25.7

t,5 0"0

L9,2 l_ 
" 

0
0"0

3"1 0"0

tl+"2 L"5
35"0270"3 0" o

8"4 5"0

BO

hreisht(mg) L?.5
sugar(%) 68 "3Pollen# 0" 0

weight(ms) 11" B

sugar(%) 73 "oPollen* L "7

lfeight(ms) 6"L
Sugar(/,) 34,OPollen* 0,5

\{eisht(ms) 13"3
Suear(%) 68 "9PollenåÈ 1- " 1

Weight(me) 5"t+
sugar (%) 5? " LPollenr¡ 0 

" 
0

Vüeieht(mg) LL"4
sugar(%) 60 "?Pollenr$ 0 

" 
6

weight(mg) 8"4
Sugar(%) 55 "LþPoll-en* 0 

" 
0

ifù

t+9"0
50"0

¿t"O

oo"5
79,4
10"0

FL

10"3 l_"0
65.0

0"0 0"0

7 "4 1-,5
/ao¿" )4"3 o.o

5.L L"O
2A"5

2"L 0" 0

9"5 1""0
62"o

¿+."L o"o

4.-" 1"0
46"5

0"0 0"0

1_4"8 L"o
4,5

L"5 0"0

6"6 l_"0
46.0

0.0 0"0

Range

35 "o(2?)64,B
*696 . o

27.0

Fo

PFE

Po1len
Load-s

39"5
74,5
0"0

26"5
?6 "a16"0

2l+"0
39.5
8,0

34"0
74"5
l-6"0

18"5
7A,6
0"0

Appendíx Table VI f" Expanded analyses (see
texts pase 18) of honey stomaeh eontents ob*
tained from bees co]lected in the afternoon
of 2J Julyu L969u from eolony A * 2,

6, FL = Foragers eaught ]earring thein hives"
7" Fo = For.mdation
8"PFE = Po]len foragers caught returning to

rbhe ir hi-ve s 
"9"(X) = Number of bees in sample, if fewer

than L5"

We iqht ( me )

55"A
75"Q
&"0

27 "56t, 5
0,0

lù
F
\^)



Cateeory Measured Mean S"Do
Ho i,lleisht(me) z!,t+ z0 "zSu+ar(%) 64 "?Pollen# 0"5 L,2

Factor

BO

BS

\,{eisht(ms) Lg,L
Sugar(%) 5T,?Pol-len* L6 "3
Weight(mg) B "?Sugar (%) 59 " 5Pollenås 0 

" 9

tueight(mg) 26,o
xtgar(%) 59 "9Pollen+e 28 

" 5

Weíght(mg) 2"4
Suear (%) 45 "2Pollen# 29.0

FE

FL

RanEe

Fo

23"4 1_"0
L"0

27.r o" 0

16"8 1"0
0"0

1"1_ 0"0

L6"l+ L"o
0"0

62,4 o"o

L.7 L"o
23.0

l_,0
3"A
0"0

?9 ,0
76,8

¿&" 0

PFE

ltle ight ( mg)
Suear(%)
PoIIen*

vüe isht ( me )
sugar (%)
Pollen*

Faetor
Category Measured illean S 

" 
D"

Pollen
Loa$s weishtfunÐ__U2"3 o"6 z"o - 36,9

llppendix Tab1e VI S" Expand.ed analyses (see
texto Pâ8@ tB) of honey stomach eontents ob-
tained from bees collected in the afternoon
of 2J Jutyu L969, from colony A * 3.
Symbols;
1; Pollen* = Number of pollen grains per mm3

of honey stomaeh contents"
2. H0 = Worker bees caught on open honey"
3" B0 = hlorker bees caught on open brood"
4" BS = lVorker bees eaught on sealed brood"
5" FE = Neetar foragens eaught on returning

to their hives"

72,5
?6 "370"0

68"o
7l+"0

2"O

Ho weight(me) 20,6 zo"5
Sugar(%) 5? "6Pollens 2"0 2"8

?L"5 19"B
5l+ "20"5 r,2

BO

5L"5* 66"?
Lg6 

"

7"5
65,o

2l-"8 L6,O 3"0
59 "9 ¿{'B 

" o
L06 "3 10o"6 B" o

BS

\rr/e ight ( ms )
Susan(Ø)
Pollen#

we ight ( ms )
Swgar(%)
Pollen#

We ight ( me )
Sugar(/,)
PoIlen*

we ight ( ms )
Susar (% )
Pollen*

L"0
0"0
0"0

FE

FL

(?)

Fo

*3

6?,o
79 ,0
4"0

LL "4 L6,)
56 "BL3"4 39"6

49"o
65"5
9l+,o

Range
1_"0 60"0
0"0 ?6"a
0"0 - 8.0

1"0 48,5
o,o 75"6
0" 0 -L26"0

13"8
6Lþ,4

?"6

L3 "3
74.5
5.6

3"5
2l+ "g

0

PFE

19 "2
:-i5"r

L0 "3
2L,7

2"8

0

weight(me) zz"5
Suear(%) 62"3
Pollen# l- 

" 3

weisht(ms) ? "BSusar(%) 4?,6
Pollen# 0

Pollen
Loads Weíeht(me)

L"0 64.
L.0 79"0"0 16"

Appendíx Tabl-e VI h" Expanded anal.yses (see
text, ÞâBe 18) of honey stomaeh eontents ob-
tained from bees eol-leeted in the afternoon
of 25 Jul-yu L969, from eolony A - 4"

6. FT, = Foragers caught leaving their hives"
7" Fo = Foundatíon
B" Pl'E = Pollen foragers eaught returning to

their hives"
9, (X) = Number of bees in sampleo if fewer

than 1,5 
"

1"0 3l+"
73"0 ?6,O"O B¿þ"

0
0
0

0
n

0

19,7 1- " 
0

tL"5
2"L 0,0

6"2 1"0âô
)0o)00

l_.0 l-l_ " 
0

8"0 l+2,5
0*0

62"5
74,8
6"0

2L "A6s, o
0

¡\)
F



Category Weight

HO
BO
BS
FE
FL
Fo
PFE
PoI" Ld"

27 "420.6
2L "gL5"5
4"3

28"B
LL.2
n.6

A"iu,
Sugar
Conc 

"

fr8"

l\ppendix Table VI i. I{ean values obtained from (A-f , !\-2,A-30 4-+), morning and afternoon" (Symbols as inpage 2L4" Parenthesis signify the number of samples
used to obtain the meanu if less than 4, )

?3.L%
6? "4
6? "?49.tt'
bbb
7L "a45"9

PoIlen

(3)

3/
5
1
4
2
T

3e3)

Weight

L9"0
13 "4
9"0

L9 "3/+"0
21.5
13"L
16 .0

P. T/I.

Sugar
Conc 

"

mg 65,0f"
64 .I
49 "4
65 "?44"j
6t "6
55"5

Pollen

(2)

z/nm3
6
2

t7
0
0

90

N)
H
\-¡'\



Colony

Category Weight
HO#'
BO
BS
FE
FL
PFE

t+T,?mg,
24,6
39 "OL3 'l+6"1

G L.3

A-L
Sugar
Cone" Pollen

PoL"Ld"

HO&{Ë
BO
BS
FE
Ft
PFE
Fa

7t+"8
77,0
77 "023,5
29 "0

t+5 
"T

5"8
L0" 0
26,7

¿e"l+

3,5

0
0
2

57
L

A-2
Sugar

!r/eight cone " Pollen

Pol 
" 
Ld. L3,2

24"5

APPENDIX TABLE VIIa, AnaJ-yses of Honey Stonaeh Contents of Vüorker Bees Collected on
8 August L969"(A'M"# and P:M.I*" Eymbolss HO = Bees õollected on open honey6 B0 = Bees eoll-eeted

on.open brooda BS = Beee eollected on sealed bnood; FE = Returñlng forager bees earaghtentering theír hlvesã F! = Foragers eaught leavlng their hives¡ PFg = Põl-l-en f,orageFs
caught entering their hives3 G * 6uard; Fa = Fannj-ng beesE Po}"Ld" = Average weigñtof one pollen load" )

32"5m9. 72"522"8 76 "o

7?-"8 06j"o o
55,0 068"5 o
3t+"5 6
38"5 20

55 "t+L3"L
B"g

L"g

?6 "B
3?"5
?7,0

?9,l+
17,0
35"6
l?"2
5,6
7'?

10n¿e

0
0
0

L3
2

32:2

We ight
5o"9mg, 77 "5

78"0
69"j
7t+"5
59 "826,8

3kJ

27 "g49 "o6"2
ji, 0

A-3
Sugar
Conc" Pollen

0
0
I

1X.

2
0

?4 "B78"024"5 3
20,5

1"6

l+0 
"?

57 "8l+z 
"922,5

6"9
4"0
L,5

15,0

0
3I
2
2

;T-"; 
*-r-

Weight
58 " 9mg"
l+5 

"?
58"6
23 

"l+
5" I

78"0
78 "O78,5
57"5
26,5
35" 5
24" 0

A-Àt
Sugar
Conc" Pollen
77 ,5%
?6,5
76.5
6\"5
29 "3

0
0
0
0
L

0
0

i."3

52"2
46 "g45 

'L+
30 "79"0
8"0

O/mm
0

27
0
0

24.5

7
6
7
6
)
)

6.
-t
)o
6"
Le

)o

t:

B

5
5
)
5
5

L6"0

0
L7

CI

0

7
r.6 I

¡\)
F
o\



Sugar Sugar
Category l{elght Cone" Pollen Weight Cone" Pollen

ILPPENDTX TABTE VIÏb"
(Symbols as in
the meanu if

HO
BO
BS
FE
FL
PFE
G
Fa
Pol"Ld"

4T " smg"
30" 1

50"5
14"0
6"3

Mean values
Table VIIa"

Less than 4" )

75"5%
76 "L
77 "L
36 "B26,l+

L"5

0
L

9
26

L

/t

?3" 5

obtained from (A-fe A*zu A*3u
Parenthesis sígnify the number

4L 
" 9mg.

3L.g
33" 5
?3 "06,5
5"7**i

76 "t+%69,5
71" t
61, B

3Q "3
37 "8

1"5(1) 2¿e"o(t) o
L3,7

0
4,

0
3
te

5

/t

A*¿å ) u mornf.ng
of samples used

ar¡d afternoon u

to obtain

t\)
F-{



Colony

Categor
H0rs
BO
BS
FE
FL
PFE
D
PoL 

" 
l,d 

"

H0#'+r
BO
BS
FE
FL
PFE
D
Pol, Ld.

Wei

3B
26
t6
x.0

A*1
Sugar
0one, Pollen

Zmg"
2
oU
6
I+

7
9
e $7)

7"
2"
a)o
("

?0,5%
69 "B79"5
26,B
38"8
26 "B4x.,0

?l+,7
t5. L
?4 "7
2l+ "L
5"0
5,3
6"L

LL+,5

0
0

Ll,6

L
1_0

606

a/t

A-2
Sugar

Weíght Cone, Follen
JB " 

pmg"
52,0
18"9
26 "62"7
3"0
4"s
9"6

APPENDI){ TABLE VIIÏå" Analysís of Honey Stomaeh Contente of Vforken Bees Colleeted oÏ1
L9 August L969"

(A"l'¡.# Eild P"M"+åts" S¡rmbolss HO = Bees eõlteeted on open honey; BO = Bees eol-leeted
on open brood6 BS - Bees eolleeted on sealed brood; FE * Returníng fonager bees
eaught entenlng their hives; FL = Foragers eaught leavÍng their hives; PFE * Poll-en
foragers eaught entering their hives; D = Ðrone; Pol" Ld" = Average weight of one
poJ.3-en load" Parenthesis sigrrify the nurnber of bees used to obtain the m6anu Íf l-ess
than 30" )

77"5
69,B
68 "3
58"5
4L, s
l+T,o
5I+ 'o

0
0
0
0
L

LL6
LL+6t+

78 "3%

35"0 0
38"0 o
24,8 0
2g"B B

56.8 52L

20 
"Lþ

9"5
32,L
)')
Lu ,l16l

4"0
5"2

t5"0

o/mm

ltle

JB " Lmg"
ra"5
25, 5
?2,2
L,9
3,7?o

L6,5

68"8 0
59"5 1.0

70"0 0
l+2 "B o
35"5 0
l+?, 5 o
5¿þ"8 gB

A*3
Se.lgar
Cone,

69. j%
33,5
65"5
25, 5
30 "328,5
56,5

PoÏ1en

?B,6
27 "L1L"1
6"6
7"2
6"0
5,L

1"6"0

g/nm
2A
24

3
2
0
0

Weight
40 

" 
lmg"

L9,7
Lg "39"7
J.L
4"3
5,0

L0 "9

7l+ "B69.5
4L"j
39"5
35"5&l_,0 j
54, o 18

It-
Sragar
Cone 

"

77 " 0r,
68"Ð
6S, s
alu (
27 "B'à.)

41" o

(27)**^

rì

0
¿e

0
5
â)
B

Pollen
0/mm
0
0
0
0
0

879

4ó"0
28,L

6 'l+Lg"5
5"7

1&"7
5"5

r5 "t+(29)

7t
6t
41
41
?2
45
66

).104
0?.
0l+
06
0gB
8 363

t\)
F
æ



APPENDIX TABTE Wlb" Mean VaLues obtained
(Symbols as in TableVllla" Parenthesis
the mean, if less than 4" )

Category ltleight
HO
BO
BS
FE
FL
PFE
D
PoI" Ld"

38 " 9mg"
?7.L
20,L
L7 "3
3"8
3 '1+4"3

LL.2

AN M'
Sugar
Cone" Pollen
?3 "B% z/*o)
57 "t(3) 7
59"t 6
3L,2 L2
30"4 t
29"4 5
4lB 

" 
B 5oz

P "M"Sugar
Weight Cone" Pollen
29 "9m9"19, 0
18 "6LLþ.L

5"O
7"5
5,5

L5 "2

from (¿*ru A-Zu A*3u
signify the number of

73 "L%65,0
55 "2t+5,5
36 "2l8 

"g
57 "Lþ

ol^^l
4
2
L

3
6z

528

A*4) u morning
samples ueed

and afternoovr,
to obtain

N)
F
\o



Sategory Measured llean S" D"
Ho weight(mS) 28.6 20 

"LþSu1ar (%) ?I+ . LPollen+Ê 0"L 0"5

HS Weight(mg) t3"B
Sugar(%) ?a,2Pol]enrË 0

BO

BS

we ight ( mg )
sugar (%)
Pol-1en+e

lve ight ( ms )
susay (%)
Pollen+e

FE

Range

FL

L0"7 1_"0
60"o

00
8"2 L"0

69"5
00
9,5 l_,0

70"000
LLV"2. L"0

6,50,6 o"o

2,7 L"0
2L"0

00

l_.0
L.5
0,0

15.3
7+.5

0

13 "7
?6 "3

0

weisht(me) L5"L
sugar (/,;) 22 "6Pollen# 0.2

weight(mg) 3,9Sugar(%) 31+ "+Pollen# 0

PFE

Pollen
Loads

6L"5
78"5
2"0

29"5
75"5

0

32,0
77 "5

0

38"0
77 "5

0

51" 0

53 "62,0

tlt I
4o"o

0

Factor
Categoru MeasuËed Ulean_ S 

" 
D" Range _

HO

Appendix Table IX ã., Expanded analyses (see
textu page 18 ) of honey stomaeh contents ob*
tained from bees eollected in the morning of
29 August , L969, from colony A - L 

"

S]¡mbsl¡s;
1; Pol-l-eniô = Number of pollen grains per mm3

of honey stomach contents"
2. H0 == Worker bees eaught on open honey"
3" B0 == Worker bees caught on open brood"
4" BS * Worker bees caught on sealed brood"

tVe ight ( mS )
Susar(%)
Poll-enrç

ide iEht ( ms )

HS

\¡/e ight( mg) 36,7
Sugar(%) ?t+ "LPollen* 0

vúeight(mg) 33,9
Sr-rgar(%) ?o "gPollen# \"2
t{eisht(mg) l-8" l-
sugar (Ø) 72.6Pol}en* 0,4

weight(mS) 29,8
Sugar(%) ?4.LPollen* 0

weight(mg) 3.7sugar(%) 34,6Pol-len* 0

lfeight(mg) 4.6
sugar(Ø) 33.5PolLene' 0

vrreight(me) LO"4
suear(%) 2?,4
Pollen# L "6

Weieht(mE) 8"7

BO

Þù

FE

22.6 3"0
49.5

00
28"9 1_"0

2ã
2.5 0

L2"2 l_"0
6z"o

l-" l_ 0"0

19"L 1"0
7t"500

2"5 1"0
7"500

3"7 l-" o
9.500

7"1. 1"0
L7 ,5

2"0 1". 0

FL

PFE

Pol1en
Loads

7 5.0
78 "B

0

90"0
79"4

B,O

Appendix Table ÏXb" Expanded analyses (see
texts page 18 ) of honey stomach contents ob-
tained from bees eolleeted in the morning of
2Ç Augustu L969u from eolony A * 2*

5" FE = Nectar foragers caught on i:eturning
to their hives"

6, HS = Sealed honey"
? " FL = Foragers caught leaving their hives"
B" PFE = Pollen foragers eaught returning

to their hives"

48"o
75"A
4.0

7L"5,¡Lt. (
CI

9,CI
45"5

0

L6"5
45"s

0

29,0
32,0
6"0

i.2 3"5 * 12"5

N)
iv
O



Category Measured
HO

HS

Weight(mg) 26 "4Suçar(%) ?t+ "6Pollen{' 0 
" 

B

weight(*s) t_B"o
sugar(%) ?5"5Pollen* 4,0

lreight(mg) 33.Lsugar(%) ? 5 "6Pollen# !"2
weight(*s) 23,6
Su+ar(%) ?4 "gPollenrÉ 0.9

vueieht(me) 6"5
sugar(%) 32 "8PoL1en# L"3

BO

l,{ean

BS

FE

?L.5 L"0
26"A

2,! 0" 0

23"7 1_"0
i.l_"0

tt"5 0"0

2Lþ"? l-"0
70 "o2"0 0"0

23"6 1"0
0"0

r"g 0"0

8.2 L,0
L6"0

2"7 0"0

Rnnge

FL

7L "0
77"5
8"0

PFE

We j.ght(mg)
sugar(%)
Pol1en*

we ight ( *s )
Sugar ( Ø )
Pollenrå

Pol-len
Loads Weieht(me)

Category Measured

78"0
78.4
4o"o

75"5
78.?
6"0

6o"o
77.L
6"0

27 "0
60 "L6"0

HO

Appendix Tabl-e IX e" Expanded analyses (see
textp pâSe 18) of honey stomaeh eontents ob*
tained from bees eolteeted in the morning of,
2p August, L969u from eoJ-ony A - 3"
Symbols r

l- " Pol-Len+r = I\umber of pollen grains per mm3

HS

Weíght(me)
Suear(/")
Pollene

we ight ( ms)
Sugar ( %)
Pollen#

\{eight ( mg)
Sugar ( % )
Pollenåt

We ight ( ms )
sugar (%)
PoIlen+$

we isht ( ms )
sugar(%)
Pollen*

inle íght ( mg )
Sugar(%)
PollenÀ'

weight(ms)
sugar(%)
Pollen*

2
3
l+

BO

H0 ==

HS ==

B0*

l/lean

of honey stomaeh eontents"
Worker bees eaught on open honey"
Sealed honey"
Wonlcer bees eaught on open broodn

BS

38,7
7 5.3

O"B

36,?
75"3
t"7

25"8 2,0
73"0L"3 0"0

28"2 l_"0
64" o

2"7 0" 0

20 "g 1"6
rg"0

3"7 o"o

19"0 L"0
12

L355"1+ o" o

8,6 L"o
8,5

5"1 0"0

4"5 1"0
¡1 t4ea)4,7 o"o

FE

Ranee

FL

2l+.2
73.L
3"7

L6 "Ll'
7L "7

35A "4

9,7
L7 "4)")

5"0
53 "g2"8

PFB

86"0
79.0
4"0

gB"5
78 "7L0,0

6B"o
??,6
l-6"0

Pollen
Loads Weieht(me)

Appendix Table IX d" Expanded analyses ( see
texto page 18) of honey stomaeh eontents sb*
tained from bees colleeted in the morning of
2p Augustu L969u from eolony A - 4"

5" BS = lVorker bees eaught on sealed brood,
6" FE s Neetar foragers eaught on returning

55" 0

77 "B* 5250 
"

7"
B"

to their hives"
FL s Foragers eaught leaviilg their hives"
PFE * Pollen foragers caught returníng

to their hives"

26,5
50, 0
l-6"0

tg"0
69,5
16"0

t\)
N)
l+



Sategoey_ Measured Mean SuDu Range
H0 l,Veisht(ms)

Suear(%)
Pollen'¡Ê

HS

BO

We ight ( mC )
sugar (% )
Pol-Len#

lt¡eíght(*e)
suear(%)
Pollen#

we ight( ms )
susar(%)
Po1len*

BS

FE

FL

lVeight(mg) ?,6 T "?sugar(Ø) 27 "BPollen# 5"7 L6 "2

PFE

Weight(me) 5"8Suear(%) 4L,L
Pollen* 0,5

Cp.tesoru._þAÊgred Mean Þ.P" Rangg
HO Weight(mg) L+2 "2 29 "O t . O - 93,0suear(%) 60.3 o"o * ?T,r+Pollen* 2"1+ 3"L 0" 0 * L2"0

Fa

HS

we ight ( ms )
suear(%)
Pollens

we ight ( mS )
Sugar (%)
Pollen*

PolLen
Loads Weieht(me)

Appendix Table IX e" Expanded analyses (see
texto PaSe 18 ) of honey stomach contents ob-
tained from bees eolleeted in the afternoon
of 29 Augustu L969u from colony A - lu
Symbols:
l- " Pollen* = Number of pollen grains pu* **3

of honey stomaeh contents"
2" HO = Worker bees eaught on open honey"

Ê: H8 ; fiSfr*S$ å8åSvðausht on open brood"

L"0
L,5
0"0

¿s, 8

L,2

BO

we ight ( mg)
Sugar(Ø)
Pollene

Vrte ight (ms )
sugar(%)
Pol1en*

vúeight(mg)
Suear(%)
Po11en#

\t'e ight( mg )
Suear(%)
Pollene

weight(mg)
sugar(%)
Poilen#

weíght(mg)
susar(%)
Pollen+$

33"0
?? "664"0

1_,0
3"0
0"0

BS

20"5
?L "l+l+ ,0

FE

PFE

FL

27 "2 28,3 1" 0
65.7 13"4r
50" 0 LBa,5 o" 0

22,L 22"2
50"Àü

323"3 1227 "6

Fa

85"0
79,O

*68¿þ 
" 

o

62"o
79 ,0

-4760 " 
o

PolÌen
Loads Weisht(me)

l_"0
2.L
0" 0

Âppendix Tab1e IXf" Expairded analyses (see
texts pase l8f of honey stomach eontents ob*
tained from bees colleeted in the afternoon
of 2Ç August, L969u from colon¡r A 2"

5," BS = Worker b-ees eauEht 6p.sêalêd.broqd"6, FE = Nectar foragers"caugnt on re-Eurnlng

weight(mg) 2? "g 26,5
Susar(%) 56,6Pollen* 2"0 4.5

?"
Bu

o

to their hives"
FL = Foragers cau.gÌlt i-eaving their hives

PFE = PolLen foragers caught returning to
Fa = na\&îi1äshives"

l-"0
2,5
0"0

77 .5
79"0
i_6"0

N)
N)
lù



HS

Sugar (% )
Pollen*

We ight ( mg)
Suear(%)
Pollen+â

lveight(ms)
suear(%)
PoLlen*

tlieisht( ns)
susar ( % )
Poll-en*

Weight (mg)
sugar ( Ø)
Pol1enåË

ltje ight ( mg )
sugar(%)
Pollen'F

Weight ( rng)
Susar (%)
Po1lenåê

weight(ms)
Susar (%)
Pollen-)â

BO

crtJ
!
t mg

BS

73
0

"0
"3
"l+

FE

2r.5
0"8 0"0

FL

8"4 L2,6 l_"0
66 "? 23, a
L"5 2"8 1_"0

PFE

77 "0
2,Q

L8 
" 
0 L6.4

6o"o
LL5,6 4t6 

" 5

Faetor

Fa

- l+3"0
?6"0
10" 0

6s.5
?6,5

-l-ó20 " 
0

Pol-1en
loads Vile ieht ( me)

1,0
L.5
0"0

Appendix Table IX g" Expanded analyses (see
texts page 18) of honey stomaeh contents ob-
tained from bees eollected ín the afternoon
af 29 August, 1969u from eolony A - 3"
S¡rmbols s

L, Pollen* = Number of' pollen grains per mm3

of honey stomach contents"
2" HO = Worker bees caught on open honey"
3 " HS = Sealed honey"'Lv" 

B0 = Worker bees caught on open brood"

HS

sugar(%) ? j "gPollen# L "L

BO

we ight ( ms)
Su+ar(F")
Poll-enaâ

9"5
Á,1 ovt o J

0"0

BS

We isht ( me )
Suear(f,)
PolLen+å

9"1

0"0

FE

tde ight ( mg )
S:ugar(%)
Pol1en#

vr¡e ight ( mg )
sugar(%)
Pol-Len*

We ight ( ms )
sugar(Ø)
PollenrF

Weight( ms)
Susar(%)
Poll-enf'

we ight ( *S )
Susar(%)
Poll-enåË

2t4." 52.3 0" 0

i."0
o
0" 0

FL

32"0
7 5,0

0"0

PFE

77
6

5
0

Fa

Pol-1en
Loads Weieht(me)

App--di" T"bl- IX h" E"panded 
"""1V"-- 

(---
textp page 18) of honey stomaeh eontents ob*
tained from bees collected in the afternoon
of 29 August u 1-969, from colony Â - 4'"

5" BS = Worker bees caught on sealed brood"
6" FE = Neetar foragers eaught on returning

to their hives,
7, FL = Foragers eaught 1eaving their hj-ves"
B" PFE = Pqll-çn foragers caughi retu.rning to

_-Ene lr nLves 
"9" I'a = Fanning

27,5 23,0 L"069"6 Lz"o
0"9 1,"3 0" 0

72"0
75"6
2"0

N)
N}
u)



Category Vt/e ight
HO
nù
BO
BS
FE
FL
PFE
Fa
PoI 

"

32
25
22
20

8
l+

1_0

"6
"6
"7o

a

"4
.l+

A"14"
Sugar
Conc 

"

il,9 
"

Appendix Table IX. i. &iean values obtained from (a-t
A*3u A-4)u morning and afternoon" (Symbols as
page 223 , Parenthesis signify the number of
used to obtain the meanu if less than 4" )

Ld" 8"7(1)

?5"0%
73 "4
74"5
74 "6
27 "44r"r(3)
27 "g(t)

(3)
(r)

Poll-en

O/mn
2
1"

BB
1_

L(3)
2(L)

i{e ight
3l- " Bmg

1"7 "B(220,o(2
7,6(t
5"8(t

P 
"[,1 "Sugar

Conc 
"

O) 69 "z%(3)

2L,6(3

66,7 (z
55.7 (2
28'3(t
4t "6(t

Pollen
L/n

282
L9t

5
1

65 "2(3)

3)
2)
2)
1)
1)

i(3)

u A-2u
in

samples

N)
N)
+-



Colony

Category Vüeíght

HO¿s

HS
BO
BS
FE
FL
PFE
D
Pol"Ld"

H0åË#
HS
BO
BS
FE
FL
PFE
D
PoI, Ld"

2l .Zmg.
L2 "7B"B
rt,?

i\*L
Sugar
Cone, Pollen
?? "3f'
72 "3
70 "Ð73,5

5"7

26/rrrrr,J
3
I+

289

A*2
Sugar

Vileight Cone " Pollen

32 "428.6
t6 "L
23 "9
Ll+ "g
5"3
t"4
9,6
5,6(9)

68"1

39 " 3mg"
L3 "940"l+
2L "7

58.5
6l+,5
69"0
7L"0

5"L
3L "649.5
70"5

APPENDIX TABTE X ã.o Analyses of Honey Stomaeh Contents of Vüorker Bees eolleeted on
L5 September L969"(4"M"* and P"M"l+'t$u S¡rmbolss H0 = Bees colleeted on open honey; HS * Sealed honey;

BO = Bees colleeted on open brood; BS = Bees colleeted on sealed brooel; FE = Returning
forager bees eaught entering theÍr hives; FL - Foragers eaught I-eaving theír hives;
PFE = Pollen foragers eaught entering their hives; D = Droyle8 PoI" Ld" = Average
weight of one pollen load" Parenttresis signify the number of beee used to obtain the
mea.?xu ïf leee than 30" )

? 5"3%
70 "2
73"0
69, j

L7
0
0
L

?.5

B/mmJ
L

?6
3L

L
0
3

33 "t+4z"g
27 "027.8
L? 

"t+
3"6
6"5

10, 6
3 " 5(6)

l\_3
Sugar

Weight Cone" PoLlen

6? "j

2J"l+mg" ?4
L3 "g 732?,¿+ ?222"2 7 5

?l+"0
75"6
73 "769"s
&1,"0
¿þ2. 0
39,5
69. s

14
0
J
L

3
l+

4
0

3% ?/rwtl 30" 5mg,0 Lt+ 18"5
0 o LL"?
o 1L0 20"7

8"2

A-&.
Sugar

ldeight Csne, Pollen

45 "o
33 "L
34 "O
L5 "tt7 "3

65 "6

?t+,5 o
69"? j
72,L l+

68"5 28
28"5 2

92

L"3
lro

75"5%
73"5
6?.7
7A"5

5.9(22)

ïö

6t+ 
" 
0 L50

L/mmj
I

59
2

30"1
32.3
3L.7
28"4
L3.6
2.7

66:; TT;

7L.L L52
7t+"5 L
64 "? zr
75.8 Û

19"0 Ll+l+.5 o

<o 62, j z.?.t+

N)
lù\^



AUMU P.MU
Sugar Sugar

Category Weight Conc" Pollen VJeight Conc" Pollen

APPENDTX TABLE X

(Symbols as
the meanu if

HO
HS
BO
BS
FE
FL
PFE
D
PoL" Ld,

J0 " 6mg"
1¿l"B
20"8

1?:3

b" Mean vaLues

in Table X a's
less than 4" )

7t+ "4/"72"3
70 "7
!3:!

7.3

LL/nvx3
5

22

:::

66,B

obtained from (a-lu
afternoen 

"Parenthesis signify the

35 "2m9"
3l+ "227,2
?3 "815" B

3 "9(3)3"1(3)
7"8
5ß)

69

69"s%
7L"L
69"s
7L,2
?3.1þ
39 "t+(3)t+t+ 

" 5(z)
66,6

46/mn3
L

7I
?ß)
?
2(2)

gt+

A*Zu A-3, A-4) u morníng and

number of samples used to obtain

N)
¡\)
o\



0olony

Category ltleíght
fioåû
HS
BO
BS
FE
FL
PFE
D

29,?mgu
t9,L
6"2

10"9

A*1
Sugar
Conen Pollen

PoL 
" 
Ld.

H0*ef+
HS
BO
BS
FE
FL
PFE
D
Pol,

70"5%
70,3
64 "g69,o

3"L

L/mn)
0
3.

0

A-2
Sugar

Weight Cone" Pollen

3'+, I
L+l+ , z
22"6

íi=í

62" s

26,6mg,
l+z 

"718,3
9"3

I+ 
"7Ld,

73,7 L0
7L,5 t
66,? 39

l3:3 --:

APPENDIX TABLE XI a. Analysís of Honey Stomaeh Contents of Worker Bees Collected on
29 September L969"

(4"M"* and P"M"*#n Syrnbolss HO = Bees cotlected on open honey; HS = Sealed honey;
BO = Bees eoLl,eeted on open brood; BS = Bees colLeeted on sealed brood; FE = Returning
fonager bees eaught entening their hives; FL = Foragers eaught J-eaving their hlvess
PFE = Pollen foragers caught entering their hives; D * Drone; Pol" Ld" = Average
weíght of one po}len load, )

-:

?L " 5/"
75"3
73,2

-?:?

39,6
l+L 

"6
3L"5

22:2

å3:å --:

32/r¡m3
0
0
2

A-3
Sugar

Weight Cone" Pollen

13:l -::-

28.2mg"
L3"5
L0"L
?3"4

70"5
72"0
?0"5

!2:2

_k3

7? "?/"68"5
6s"s

13:3

I
0
0
)

-i:l

@@6@ @@@

z/nrnå
2
7

--:

13:3 ::1

A-,+
Sugar

Weight Conc, PoLlen

39 "O
3L,5
19"4
L7 "9

13:3

26, jmg"
L6.&
L0 "7
lk3

7t+ "3
67 "o6?.0
62,B

-3:3

72" 5%
69" o
69 "o69"s

0
0
)
:

5"2

6

lkr _::

0
L
6
3

/nn

37
2L
L8
26

;il? -ä;

)

¿

t
I
B

75"7 I
70"5 0
?2,3 Ble

7¿e"4 t*

-l:1
59"5 L9

N)
tü-{



Category Weight

ITPPENDIX TABLE XT

(Symbols as
the meanu if

HO
HS
BO
BS
FE
FL
PFE
D
Pol" Ld"

2l "6mg,22"9
LL "3
13:i

A, [q.
Sugar
Conc" Pollen

b" Mean vaLues

ín Table XI a"
less than 4, )

?L,8% g/
70"8 L
68"2 4
69 " sß) l+

t+" 3

Weight

58 "g

obtained from (A-1 
u

afternoon,
Parenthesis signify the

37 " 5mg"
3+ "6
23 "L26,L

P"M"
Sugar
Cone" Pollen

TT

?3,6%
70 "369 "o
70 "3

5"3

3/nm
0

4Z
3

6o"r

A*2, A-3u A*4), morning and

number of samples used to obtain

5?

w
¡\)
æ
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CoLony

Category Vüeight

H0+$
BO
FE
FL
PFE
Pol"Ld"

H0åses

BO
FE
FL
PFE
PoI"Ld"

15" Bmg"
L7,7
2,6
4"0
3,'L

2L "2

A*L
Sugar
Cone" Pollen Weight

68 
"0%67,o

39"5
5l+,o
49 "o

22,9
L7.B
L5 "9
3"6
4,l+

2L,4

96/nm
7Lt'

r9
7

6zz

ÄPPEI\DÏX TIIBLEHTa" Analyses of Honey Stomach Contents of Worker Bees ColLected on i. June Lg?O(A"M"s and PoM"+fr*u S¡rmbolse HO-= Bees eoLleeted on open honey; BO = Bees eolleeted on
open brood.; FE = Returning forager bees eaught entering their hives; FL = Foragers
caught leaving their hives; PFE = Pollen foragers eaught entering their hives; Pol" Ld"
= Average welght of one pollen Load" ) (Parenthesi"s signify the number of bees used to
obtain the meanu if less than 30" )

?9"0 7
33,5 5A45"5 4
29,5 L3
5L"0 L02

28 
" 
Bmg"

L5,7
9"6
?,6
4"8

L6 "L

A-2
Sugar
Cone " Poll"en Weight

70 "}Fo
58"0
l+Z,3
55. 5
33 "O

30"0
1B, 0
27 "04"5
4"8

tg"B

20/mn
L

3
l&

3t+

58.5
49. B

50 "246.7
53.L

6"4mg.62,0
5"8 58"5
g 

" 
B l+t,s

I+ "3 5L "z3"7 33"5
L.5

A*3
Sugar
Cone, Pollen

APPENÐIX TABLE XTÏb,
(Symbols as ín

2n
147

7
¿+

6z

Ca-begory We Íght
HO
BO
FE
Ft
PFE
PoL"],d"

L3 "4
1.8 "228"0
5"0
3,9

20 "6

% 3to/rrrnt
3220

7
366

-,-2

Weight

47 "5 ?
I+? ,5 L6B
5L"5 5t+Lr,5 Lg
4T "7 Lza

2L, Jmg"
LZ,Ltt

B"B
5"2
3,8

20 "L

2j"Lmg"
10"¿+
L3 "05"L
3,6

2L.5

IVIean values obtained fnom
Tab1e XIIa" )

A"M"
Sugar
Cone" Pollen

It*Àt
Sugar
Cone" Poïlen

65.L%
59 "9
36 "Q
54,2
l+0,5

60
56
20
56
46

3r"
1.

5
1_

5

23 "B16"0
2L,4
3"8(?

22"0

tL5/nn')
816

B

97
2L7

32/mmj

P"M.
Sugar

Weight Cone" Pollen

(zt+)I+B "6 40
t+6, j I

(r9) 3o"o 5
45" 0 B

50"5 54

1q
4
9

B9

22 " Jmg"
L7 ,5
23.L
lL)
l+,6

20 "g

t+5"glJffi3

(a-r u A^2, A*3u A-4), morníng and afternoon,

44"3 921v4,3 541"4 t1

13:Í -2!
N)
¡o
\o



Fac-bor
Category l{easured Mean S n D" Range

HO

BO

vveight(mg) 19"5
sugar(%) ?5"0Pollen* 3"I
lge ight ( ms ) 1.6 "Bsugar(%) ?4,9Pol-l-en* 2 "2

t've ight ( me ) zj .4
sugar (%) zo "3Pollenls 0 

" 
8

Weight(mS) 4.4
Suear(%) 3?.8
Pollen*t 1"7

FE

FL

PFE

Poll-en
Loads

1?,0 1_"0
tB"58"3 o"o

19"0 l_"0
50"0

3,2 0"0

L2"7 1"0
r"6

1"3 0"0

5"6 1"0
17 "03,2 o"o

we ight ( ng )
Susar (%)
Pollen*

We isht ( ms )

.t\ppendix Table )üIla" Expanded analyses (see
texts Þa.ge 18) of honey stomach contents ob-
tained from bees col-lected in the morning of
LZ June, 1.970, from colony l\ - 1"

52" 5 HO

?8.6
32.0

65"5 Bo
77 "B8.0

+z,o FE
59"0
4.0

'-':'."'-.:..',.'''....'..'-:
Factor

Category Hieasured ùlean S 
" 
D. Ran6çe

Symbols;
1- " Poll-enlr = Number of pollen

of honey stomach
2, H0 = Worker bees caught on
3, B0 = Worker bees caught on
4" FE = Nectar foragers caught

to their hives"

6"9 Lo"6 1"0
36"5 25"0
3"0 ¿t"B 0"0

g"L 6"3 l_"0

weight(mg) 2T.j
sugar(%) ?2 "BPol]en* 4.4

We ight (mS ) I+ ,1.
sugar(%) ?2.5
Pollen+ç 2 "9

26"0 FL
?3 "6B"o(6)

40" o PFE
6?.?
10" o(4)

Poll-en
18.0 Loads

We ight ( mg )
Su1ar(f,)
PoLl-en#

\{e ight ( ms )
sugar(%)
Po1len*

L7"5 1"0
5r"0

7,0 0" 0

14,9 L"5
54 "g6"L o,o

13"5 l_"0
0"5

0,7 0,0

grains per mm3
contents 

"open honey"
open brood"
on returning

r5, o
23"5
0,3

Weight(mg) 2"9
SuSar(/") 68 "2Pollen+F 9 " 5

lreight(mg) g"L

Appendix TableXIlTb, Expanded analyses (see
text, page 18 ) of honey stomach contents ob-
tained from bees collected in the morning of
tZ June, L970, from colony A 2"

5, FL = Foragers caught leaving their hives"
6. PFE = Pollen foragers caught returning to

their hives 
"7" (X) = Number of bees in sampteu if fewer Sthan t5. o

6t"o
oÉ (
()o)

20 .0

50"0
77 "0
22"0

46"0
75"0

2"0

2"5 l_"0
6i_"0

5"4 36"0

6,3 1,0

8"0
72.0
92"0

27 ,5



Faetor
Category Measured Mean S"D"

H0 vùeight(mg)
sugar ( Ø)
Pollens

Bo lgeight(mg)
Sugar (Ø)
Pollen*

FE l¡leíght(mg)
susar (Ø)
Pollen*

FL Weíghr(mg)
susar(%)
Pollen*

PFE Weight(mg)
sugax(%)
Pollen

Po1len
Loads Weight(mS)

2L "6 L7 "3
73 "L20"B 69.o

?..8 3"3
5L,O0"0 0"0

L2,2, 14,0
23 "l+L"3 l_"8

4"3 5,9
6L"o
2,0 2.8

2.8 2,9
50,g60"o 59"6

g"g 6"2

Range

1"o - 48"5
28.5 * 7B"o
0"0 -2¿&0"0

1"0 * xB"5
L"5 - 62"5
0"0 0"0

l_"0 - 45,0
L'5 * 70"8
0" 0 ¿1" 0

l_"0 * ?7"5
19"0 7l+"L
o,o - 4"0(2)

l_ 
" 
0 LL.5

30"0 73"2
l_o"o *L26"0(3)

2.0 22,0

Appendix Table HTIe, Expanded anaLyses (see
texto ÞâBe 18) of honey stomach contents ob-
tained from bees collected in the morning of
LZ June u L970 u from colony A * 3"

Faetor
Category Meaeured

Symbols:
l- " Pollen* = Number of pollen

of honey stomaeh

HO

2"
3"
ù.

1{0 = Worker bees caught on
B0 = Vúorlcer bees caught on
FE = Nectar foragers caught

to their hives.

BO

weight(me) 28 "6Suear(Ø) ?3 "LPollen& 3 "2

weight(me) 1L,4
Suear(%) 65 "?Poll-er¡* X.0,6

Weíght(mS) 24"5
sugar(%) 24"7
Pollen* 2"5

weíght(me) 5"6Sugar(Ø) 63"0
Pollen# 3"L

weight(ms) 6"I
susar(%) 3t+ " 5Pollen# 4? "2
weight(mg) 9,6

FE

Mean SnD"

FL

PFE

Poll-en
Loads

L5"7 2"0 50" 0
59 ,2 77 .7

3,1+ 0"0 L0"0

LL"7 1"0 - I+8"5
29,o 76 "217"8 o"o 58"CI

L2,5 l-"0 40"0
1"6"8 60"-5

6"2 o"o 24"o

5.3 l_"0 rg"5
29"2 ^ 68"84"L o"o i.o"o

L0"0 l_"0 3L"5L5.5 75"0
52"7 o"o *LzB"o(5)

5"9 1"0 ?2"0

.3gral-ns per mm-
eontents 

"open honey"
open brood"
on returning

Range

Appendix Table )fiIId" Expanded analyses (see
texts Þage 18) of honey stomach contents ob*
taíned from bees collected in the morning of
12 June n L97Q, from colony A - 4t"

5" FL = Foragers caught I-eaving their hives
6, PFE = Pollen foragers caught returning

to their hives"
?" (X) = Number of bees in sampleu if fewer

than L5"
lo
u)
lJ



Factor
Category l'/ieasured

HO

BO

we ight ( mg )
Sugar ( % )
Pollen*

We ight ( mg )
susar(%)
Pol1en*

We ight ( me )
Su+ar(%)
Pollen*

We isht ( ms )
Sugar(%)
PoIl-en+ô

We ight ( *s )
Sugar (%)
Pollenlr

FE

Mean S"Du

FL

25"5 19"5
?I "6
L3 "B 47 "?

6"6 ? "5l+Lv"j
22 "2 66.?

L6"? L5.L
30"80"4 t,6
7,5 8"4

35.4
0 "2 0,7

2.9 3"8
48"L
5.3 3 "L

PFE

Pollen
Loads

Range

1-,5 * 66,5 HO
8"0 80"3
o" 0 -186" 0

26"0 1"0 BO

5,? 69,L
o"o -200"0(g)

2"0 46"0 FE
L5"5 4?.0
0"0 6"0

L.0 28"0 FL
20 "3 74 "80"0 2.0

1_"0 20"5 PFE
24"0 69"5
2"0 8"0

Appendix TableXTlIe" Expanded analyses (see
texto Þage 18) of honey stomach contents ob-
tained from bees collected in the afternosn
of L2 June u L970u from colony l\ - l-"

lveight(mg) Lg"6 5"6 11"0 zB"5

Factor
Category ivleasured

Symbo}s;
L u Pol-lentÊ = Number of pollen

of honey stomach
2. H0 =3" Bo '=4" FE '=

we ight ( mg )
sugar(%)
PolIen*

\{e ight ( mg )
Sugar (%)
Po1len*

we ight ( mg )
Susar(%)
Pol-Ien*

we ight ( ms )
Susar(%)
Pollen{Ê

}{e ight ( ms )
Su+ar(%)
Pollen+e

Worker bees caught on
Worker bees eaught on
Neetar foragers caught
to their hives"

Mean S"D"

L8 "2
63 "3
34"5

L0"2
59 "8

LB"8
L7,L
0"5

5.Ll'
62"5
4.5

2.7
62 "BL65"0

14"6 2u
1

TI2.L O"

-jgrar-ns per mm-
eontents 

"open honey"
open brood.
on returning

Range

Pol-l-en
Loads

L7"3 l_"0

"R

L4,2 1" 0
0" 0

4"9 0"0

5"6 1"0
30" 0l+"5 0"0

o - 43"0
L * 75.0
o *434.0

Appendix Table XIIIf" Expanded analyses ( see
textp page 18) of honey stomach contents ob-
tained from bees eolleeted in the afternoon
of L2 June, I970u fnom colony A 2o

5^ FL = Foragers eaught leaving their hives"
6" PFE = Pollen foragers caught returning

to their híves"
?" (X) = Number of bees in sampleu if fewer

than 15"

!{eight(mg) t? "? 7,3

12 n

79,8

41" o
62.6
2"0

18 " 069"5
to"o(B)

1_"8 l-"0 6"0
J9.5 7L "a

3"0 33.0

tu
\f,)

¡\)



Factor
Category IUeasured

HO

BO

We ight ( mg )
sugar (%)
Pollen*

we ight ( mg )
Sugar (%)
Pollens

l'Veight( mg)
Svgard%)
Pollenr+

vrte ight ( mS )
sugar (% )
PolIen#

We ight ( me )
Su+ar (%)
Pollenr$

Weight (mg)

FE

I',{ean S, Du

FL

Lg"B 9"6
óB. Bl+"5 9,6

14 " 0 L4,g
47"5
3"3 5"3

t9 "lt 17 .0
t7 "B0"5 L"2

3 "4 3,5
4) "o0"0 0.0

2"8 3"3
56"0
37 " 5 59.0

22"2 6"0

PFE

Pollen
Loads

Range

9"5 - 45"5
14.L ?? "7o"o 34.0

r"5 * 4g"o
L2.0 73,80"0 t6"o

Appendix TableXIIlg" Expanded analyses (see
texts page 18 ) of honey stomaeh eontents ob-
tained from bees collected in the afternoon
of l-2 June, L97Ou from colony A * 3.

Faetor
Category llleasured

Symbols;
l- " Poll-en+å = Number of pollen

of honey stomach

L 
" 
0 50,1L,0 64"0

0"0 4"0

l_"0 15"5
4"5 * 68"8
0,0 0"0

HO

2" H0 =3" Bo =4" FE =

BO

we ight ( mg )
susar (%)
Pol1en*

we ighi; ( mS )
Susar (Ø )
Pollentå

we ight ( ms )
Suear(%)
Pol-l-en#

we ight ( me )
Sueay(%)
Pol-lenrê

we ight ( mg )
Susar ('/')
Pollen*

we ight ( mS )

Worker bees caught on
Worker bees eaught on
Nectar foragers eaught
to theïr hives.

1_"0 LL"0
23 "B 67 "Bo,o *124"0(4)

8"5 - 30"5

FE

lviean S 
" 

D"

FL

37 "g 20 "3
?3 "63"2 3,8

27.3 L5"6
72 "2L0,B Lg,7

15"6 LLl"9
34 "28"7 r5"5

4"3 i"9
35,r
2"A 2" 5

2"9 2,9
68"4

l_08"0 83"2

14"g 5"L

PFE

Pol-Ien
Loads

grains per mm3
contents 

"open honey"
open brood"
on returning

Range

1.0 72.0
20.5 78 "g0,0 l-0_0

1_ " 0 50.5
37,0 78 " 00"0 80"0

1, 0 l+4,0
3"6 ?0 "40.0 -1"00.0

Appendix Table XIïn1" Expanded analyses (see
textE page 18 ) of honey stomaeh contents ob-
tained from bees colleeted in the afternoon
of L2 June u L97Ou from colony A * 4"

5" FL = Foragers caught learring their hives"
6" PFE = Pollen foragers caught returning

to their hives"
7" (X) = Number of bees in sampleu if fewer

than 15,

1"0
0" 5
0"0

1"0
62 "444" o

14"5
aÉ É( )o )
6"0(6)

t2,0
nÉ t( )ot-*202,0

6"0 26"o

N)
u)
u)



Category Weight

HO
BO
FE
FI
PFE
Po}" Ld"

24 " 
jmg.

LT "3
LB "74"8(3)
4"7
9,5

Appendix Table XIUi" l4ean vaLues obtained. from (A-1,
A-3, 4:t)u morning and afternoon" (Symbois aspage 233 . Parenthesis signify the number of
used to obtain the meanu if less than 4" )

A"I{.
Sugar
Cone u

73,5%
66"a
23 "0
53 " o(3)
t+? 

"5

Pollen

8/nnj
4
L
2(3)

-::

We ight
2J,l+mg"
14"5
1? "65.L
2"8

LB, 6

P"M"
Sugar
Conc 

"

69 "i%
55 "g25"0
l+6.8
58"8

Pol1en

14/nm3
9
3
2

L20

[\-Z u

in
samples

i\)
u)



Colony

Category Vrreight

HO+s

BO
FE
FL
PFE
Po}"Ld"

HO#n
BO
FE
FL
PFE
Pol 

" 
Ld"

1- J .l&mg "
23 "?L4,6

7 'l+t2.l+
Ll+ "3

A^L
Sugar
Cone" Pollen
70
7?
23
5B
53

o/" 33BB2
53L0ß4

35,O
16 "l+
26 "L4"4
L5,A
17"0

APPENDIX TABLEXIVa" Analyses of Honey Stomach Contents of Worker Bees Cotleeted on Zl+ June Lg?e"(4"M,# and P"M"#s" S¡rmbols¿ HO = Bees colleeted on open honeyí BO = Bees eolLeeted on
open broods FE = Returning foragen bees eaught entering their hivesi FL = Foragers
eaught leaving their hives; PFE - Pollen foragers caught entering their hives; PoIu Ld"
= l\verage weight of one polLen toad" )

A*2
Sugar

Weight Conc" Pollen
/^

68"o
62,5
3¿+'" o
l+7.4
5t+ "3

6"Bmg " ?2"Ofo 64/n

Lg.5
6.9
9"6

15 "7

12"3?
LL
23
L0
27

lpo 
" 
j Laz

40.g L?
53"L 87

1g"B
3,7

14"5
t3 "B

l\_3
Sugar

\tre ight Cone , Pollen We ight

6L,

14" lmg"
L2"5
L7 "4
5"8
9"6

19 "8
L0,2
6.7

1_L"L
t+"5
7.5

L9 "L

APPENDIX TABTEKVb" Mean vaLues obtained from (A*1u A*2, A-3u A*4)u morning and afternoon"
(Symbotr-s as i-n Table XIVa" ) (Parenthesis signify the number of samples used to obtain
the mean, if fess than 4" )

:
54 "6l+8,2
5l+.0

A"M" PuM"
Sugar Sugar

Category Weight Cone" Pollen Weight Cone" Pollen
3Bo Lz .z(3) 69 "z(ì ajß) LL "L(j) 5Lþ "3 

(3) 58 (j )FE l_8"1_ z?"5 )8(3) 22.L 3Lþ"9 22FL 6"9 53"9 L6 ¿Þ"6 4?,4 LLPFE 8"4 55"9 110(3) LL.g 52"2 t+5
Pol"Ld" t7"3 L7"5

1

55
L6
6S

62,?%
6l+ "l+L5"5
58"4
55 "3

9L/nrrJ
409

9
6

1_L0

44"5
55,3
3L ,0
50,5
55 "L

22 .3mg 
"

L5 "g2L"0
7.7
2"0

Lg 
"l+

LL,5
l_0" 2
3L.3
6"0

i.0,6
20,3

A-4
Sugar
Conc " Pollen

6a
50

L

7
53

73 "8
71"0
L0"5
57 "762, o

f" 6/mm
132

1_L

38 " B 4¿+.

45 
" 
o 1_rz

20"L g
t+3"S i.o
t+5. 5 i6

N)
u)
\r(



Colony

Category Vüeight
HOrÊ
BO
FE
FI
PFE
Pol 

" 
Ld"

H0*s*s
BO
FE
FL
PFE
Pol 

" 
Ld"

l1, Bmg.
t3 "L
1.8"8
6"2

18"6
tl+.9

39 "0
9 "l+23 "6l+.6

20 "3LI+.5

A*L
Sugar
Cone, Pollen Weight
69"0
64 "o
38,5l$,5
43,5

APPENDIX TABTE XVa" Analyses of Honey Stomaeh Contents of Worker Bees Co]leetod. on 6 July L970.
(4"M"* and P"M"årtÉ" S¡nnbols; HO = Bees eol-lected on open honey; BO = Bees eoLleeted on
open broodg FE * Returning forager bees eaught entering their hives; FL = Foragers
eaught leaving their hives; PFE = Pollen foragers caught entering their hives; PoI"
Ld" = Average weight of one pollen load" Parenthesi"s signify the number of bees used
to obtain the mean, íf less than 30" )

6/mmt
9
I
3

30

64 "z6o"o
52,g
l+6 

"o64"0

35 "2m9"

2l+ ^62"7
18"5
L2"2

48 "7

A-2
Sugar
Cone" Pollen

6
L5L

L9
t7
58

7t.B%

L+?,3
36 "g
13:1

L6 "L4"7
18,3
L?"7

7/mmt

A-3
Sugar

lVeight Conc " Pol-Ien Weight

35
2T

_22

2

20
35
55

72"

20 
" lmg,

LL.9
L4 , o (2L)
5"8

22.6
g"B

:
56.8
39,0

22:!

APPENDIX TABLE X\ib" Mean values obtained from (¿-fu A-2, A*3u Ä*4)u morning and afte*rr"**"S'O\(s¡rmbols as in Table XV a." ) (parenthesis signífy the number of sampJ-es used f,6 obtain
the mean, if less than 4" )

70"5%
65.0
45"5
4L.L
4.1_,0

Category Weight
HO
BO
FE
FL
PFE
Pol 

" 
Ld"

JB"B
L5"5
?6 "64"L
?7 "gL5.5

24/nn)
L5
40

3
5o

6L"a
63 "B
37 "2l+L. s

Í3:I

J1" Lmg"
L4 "9(3)].8.8
4"8

2L 
"1_L3 "7

37 " omg,
L9 "7L7 "Bhh
24 "g
1_B " l_

2L.L
7"7

ß "6(n')Lr9
3L "218"9

AuI{n
Sugar
Cone" Pollen

A*¿+
Sugar
Cone" Pollen

4
4

20
t+6

-22

70,L%
64 "43¡lpL"o
)+L 

"44?"8

69,o%
64 "z
37 ,5
I+4"0
Lu]¿ (

L0/mmJ
eß)

L9
L2
39

2/mm'
4
L

2L
4a

P.MU
Sugar

Weight Conc" Pollen

60" t rz?,
33 ,0 ¿{.

t+9 "3 T
43 "3 3L
64. j to4r

36 "9m9"
ll'euot

LL lr
2l+ "Lt'
15. ¿s

64 
" SF"

5u$".7ttl

l+z"s
60, s

34/nn)
53ß)
L7
32
6l



Faetor
Category Measured

HO

BO

Weight(mg) 2? "osugar(%) 70 "3PoIl-enåF I "6
Weight(mg) 2a "BSugar(%) 62"8
Pollen+* LZ, 5

Weight(mg) 3L"gsugar(%) 5? "5Pollen* 7 "B

vùeight(nS) 3"8Sugar(%) 55"LPollen# 0" 0

Weísht(me) 2? "tSuear(%) 60.3
PoLlen# 66"o

Weight(mg¡ 22."1þ

FE

Mean S"Du

FL

PFE

PoIlen
Loads

22,9 1_ 
" 

0
4B"B

2"2 0"0

23"2 1"0
L3"5

Ll+"7 0"0

24.9 1" o
3L,4L7,9 0"0

Range

Âppendix Table XVIa" Expanded analyses (see
texto page 1S ) of honey stomach eontents ob-
tained from bees eolleeted ln the morning of
L6 Julyu 19?0, from eolony l\ * L"

Symbols e

1; Pollenå$ = Number of pollen grains per mm3- of honey stomaeh eontents"
2, HO = Vr¡onker bees eaught on open honey,
3" B0 * Worker bees eaught on open brood"
&" FE ,= Neetar foragers eaught on returnïng

to thein hives"

7L,O H0
??,6
4"0

Factor
Category Measured

oo"5
6T.o
38"0(B

66"0
64. o
58"0

6,7

0"0

t!:!

L,o - 37'o
?"0 * 6?"0(?0"0 o"o(2

BO

Weight(*S) 5t"L
Su+ar (/") ?2 " 6Pollen* 3 "2
Weíght(mS) ?.7
Sugar ( l, ) 6a "gPo}len* 37 "0
weight(mg) 22"8
Suear(f') 58, oPollen* 20.5

weight(ms) 3"j
Sugar ( Ø) Å¡.0 

" 
4

Pollen* 2.0

weíght(ms) 26.s
Suean(Ø) 6x"L
Pollens ¿eB 

" 5

Weight(mg) ?0 "?

1. 0 * 59.5

B"o 12"0 - 4L,5

FE

Mean S"D.

FI,

PFE

Pollen
Loads

25"3 I+"5
5\.5

7"7 0"0

L6"3 l""O
4" o

77 "7 0" 0

Range

Appendix Table XVIb" Expanded analyses (see
texte page 18 ) of honey stomaeh contents ob*
tained from bees eolleeted i-n the morning of
t6 Jutyu L9?0, frorn eolony A - 2"

5, FL s Foragers eaught leaving their hives,
6. PFE = Poll-en foragers eaught returning

to their hlves"
7" (X) = Number of bees in sampleu if fewer

than 15"

76"0
77 ,7
30" 0

2O.A L,5 * 62"5
39 "o 66" o( r4)

32,r 0"0 g0"o(B)

7L.0
7 5"4

*1_94" o

2,0 1"0
2L "32"8 0"0

3.8"0 1""0 60,0
38. o 64. r

53,6 4"0 *22?"Q

g,l.+' 3"0 38"0

Q rvø)
53 "9(61¿{."0(z)

N)
u)\)



Faetor
Category IVleasured

HO

BO

Weight(mg) 22.2
suear(Ø) 6t+.5
Pollen* 0,9

lÂ¡elght(mg) 10"0
snear(%) 60.5
Pollene 6 "6

weíght(mS) 46"2
Sugar(%) 5? "oPollen* 2"5

Weíght(mg) 2.2
Sugar(Ø) 1Y3"5
Pollen* Z,Q

FE

Mean SuD.

Ft

PFE

PolIen
Loads

22,3 L,5
20.5

2"3 0" 0

14&,0 L"5
L0"0

8,9 o" o

?2"3 L,5
L?,0

7,7 0"0

Range

l,veight(ms) zg"z 16"0 t"sugar(%) 55,t+ j5 
"Pollen* LL3.L L05,? 2"

tveisht(me) L9.g 8"6 6,

Appendix Tab_19 XVI c, Expanded analyses (see
texto page L8 ) of honey stomaeh eontents ob-
tained from l¡ees eolleeted in the morning of
L6 July, t9?0u from colony A - 3"

65.5 Ho
76 "68,0

6L"o Bo
68"5(e)
24 "0(?',)

Faetor
Category Measured

Symbols:
Ln Po}len# = Number of pollen

of honey stomach

3,L 1.5 -
18"3 -

2" H0 =
3" Bo =
¿{," FE =

75"5 FE
6t "6
30"0

l{e ight ( ms ) 49 "4Sugar(Ø) 6? "6Pollen* 0"9

We ight ( mS ) Ì+2 .2
Suear(%) 6? "9Pollen# 0"7

weight(*S) 30" ISugar(/,) 53"0Pollen# 7 "7

Weíght(mg) 4,&
Sugar (% ) t+9 ,?
PolLen* 2l+,3

Worker bees eaught on
Wonker bees caught on
Neetar foragers eaught
to their hives"

10" 0
54 "l+

o 57.00 60"8
0 -?22"0

-*( t

Mean S,Dn

FL

)

PFE

Pol]en
Loads0 * 26.0

?2"6 2,0
3"02"L 0" 0

28 "g L,5
50"5

L,7 0. 0

L7"5 2,0
25,6

20"6 0"0

l+,5 L,o
32.Q

3!"9 o.o

gtrains per mm3
contents 

"open honey,
open brood"
on returning

Range

weight(ms) 29 "z t6 " 1Sugar ( /, ) 55 .t+Poll-en* L05.7 L13" 1-

Weight(me) Lg "g B 
" 

6

Appendix Table XVId" Expanded anai-yses (see
texts page 1d of honey stomaeh eontents ob-
tained from bees eolleeted ín the morning of
L6 July, t9?0u from colony A - (È"

5" FL = Foragers caught l-eaving their hives"
6 " PFE - Pollen foragers eaught retur.ning

80, 0

78,0
6"0

86,5
75"0
6"0

6? "o
55 "780"0

to their hi-ves"
7" (X) = Number of bees in sample, if fewer

than L5"

l_"0 57"035.0 6o,B
2.0 ^222"0

16"0
68"5
Bo"o(6)

6"0 26"o

t\)
UJ
co



Factor
Category Measured

HO

BO

weight(mg) ?6 "?susar(%) 66 
" 5Pollen* L2"0

weïght(mg) L4"o
sugar(%) 63 "?Pollen* I 

" 
1

\{e ight (mg ) 3L ,B
sugar (Ø) 4? .5
Pol-len# 0.9

lveisht(mg) 3,2sugar(%) 52 "3Pollen# 0" 0

weight(ms) 38"0Suear(%) 66 "8Pollen* 96,5

weight(ms) L4 "L

FE

Ivlean S, Du

FL

PFE

PoIlen
Loads

?2"8 1" 0
33 "O27"L 0"0

Range

rg "4

!,9
27,B

l_"8

Appendix Table XVIe" Expanded analyses (see
textu page i.B ) of honey stomach contents ob*
tained from bees col-leeted in the afternoon
of t6 July u t9?0 u from eolony A - 1 

"

80"5
79,5
84" 0

65"5
72" 5
6"o

70" 0
oo, o
6.0

1"0 -
2"5 *
0"0 -
l-"0 *
0"0 -
0"0 -

Faetor
Category l'{easured

Symbols a

L u Pollenì$ = Number of pollen
of honey stomaeh

3" ]- 1"o * !3"5
?o "L 6t,g

0"0 0"0 - 0"0

L7.5 L"5 * 63.0
6t"B 68"2

70"8 22"0 *261,,.0

5"9 4"0 * 26"0

HO

2"
.7

t",

H0 '= Worker bees caught on
B0 '= Worker bees caught on
FE = Nectar foragers caught

to their hives"

BO

weight(ms) 26,5
Suear(%) ? o "6Pollen# B" 0

weíght(mg) ? "4Su+ar(%) 53 "0Pollen# 2,3

Weight(mg) 3)"2
susar (%) 59,t+
Pollen# 8.7

weight(mg) 4.9
xtgar (%) 50 " 

o
Pollen,t 5 " 0

weight(me) 3t+"3sugar(Ø) 6t+"2
Pollen* 2L 

" 5

Weight(mg) 2L"5

FE

iviean Su D"

FL

PFE

Pollen
Loads

2l+"? 1_"0
¿a)"oL3"5 o"o

LL"3 1"5
0,5

2"0 0"0

22"5 1""5
2L .0

1_1"8 0"0

6.5 1" o
17 ?sl o!

5"A 0"0

IL,g 2,0
6L.5

6.2 1o"o

-3gral-ns per ïnm-

contents 
"open honey"

open brood"
on returning

Range

Appendix Table XVI f" Expanded analyses (see
texto page 18 ) of honey stomaeh contents ob*
tained from bees collected in the a-fternoon
of 1"6 July, L970u from eolon¡r A * 2o

5, FL = Foragers caught leaving their hives"
6" PFE - Potlen foragers caught returninq

to their hives"
?" (X) = Number of bees in sample, if felver N)

tha"n L5 " B

70"0
77 "7
50"0

)) "
?0,

6"

DD

6l+,
4.0 

"

0

5
0(e)

0
0
0

34"5
59 "B
12 " 0(4)

6.2

56.0//oo")
*128"0



Factor
Category ivleasured

HO

BO

we ight ( mg )
sugar ( %)
PoLlen*

vve ight ( mg )
Susar (%)
Poll-enrt

we ight ( mg )
Susar(%)
Pollen*'

vúe ight(mg)
sugar(%)
Polf enr$

We ight ( mg )
Suear(%)
Poll-en*

v'Je ight ( mg )

FE

Mean S"D,

FL

L6 "g60"5
0"8

PFE

Poll-en
Loads

2t "7
t Lt.

L2,6 19"8
63 "B2"3 4"L

4r.r 26.B
6t,5
28"5 45"0

3"9 3,3
5L "23"0 Ll"z

l+8,3 t2,g
63 "g78.5 49 "4

6 "4 l+.9

Range

1" O 64,5
6,5 * 66 "8(r3)0"0 - ¿1."0(to)

Appendix Table XVI g" Expanded analyses ( see
textu page 18 ) of honey stomach contents ob*
-baíned from bees colleeted in the afternoon
of t6 Julyu t9?0u from eolony A - 3"

x_,0 -ôA
0"0

Faetor
Category I\'{easured

Symbols:
L " Polïen* = Number of pollen

of honey stomach

55,0 BO

78 " 5(13)
L0"0(7)

2.0 68"0
4"5 - 6T,o
0"0 - 59,o

HO

2

3.
4"

L"0
32,5 *

0"0

HO = Worker bees caught on
B0 * Worker bees caught on
FE '= Neetar foragers caught

to their hives"

we ight ( ns )
Sugar ( 7á )
Pollen+e

tve ight ( mg )
Sugar(%)
Pol-lenrt

tlte ight ( mg )
susar (%)
Pollenrs

We ight ( mg )
Sugar(%)
Pollen+r

We ight ( mg )
sugar (%)
Poll-enrr

We ight ( rng )

19"o - 60"5
59 "B 67 ,6
32"0 -l-80" 0

1" 0 - r5,5

t5"5
60"9(B)
2"0 (2)

FE

Mean S, D"

FL

46"5 zB"T
69 "B7"5 13"8

28"5 30"8
6? "?r5 "g 36,4

25,5 25.3
60.g
22 ,0 45 "7

5"1+ j"6
54 .66"0 Li-"2

40"4 rg"z
65 "T146"0 96,0

L3,6 6 "6

PFE

PoIlen
Loads

, - __jgråIns per mm-
eontents 

"open honey"
open brood"
on retu.rning

Range

r"5 82.0
6.t+ ?? "o0"0 50"0

Appendix Table XVI h" Expanded analyses (see
texte page 18 ) of honey stomaeh eontents ob-
tained from bees collectecl in the afterncon
of 16 Jul-yu L9?0u from eolony A - 4"

5" FL = Foragers ea-ught leaving their hirres"
6" PFB = Pollen foragers eaught returning

to theír hives"
7" (X) = Number of bees in sample, if fewer

than L5"

l-"0 83"0
23,5 73"0

0" 0 *Ll+z"0

l_"0 81_"0
5,? 66 "30" o -160" 0

l-"0 17.5
20"5 * 64"5

o" o * 26,a(5j

1_,0 - 7L"0
59"2 * 66,6
28"a -Jll6"o
4"0 ?6"5

N)
to



Category ltieight

HO
BO
FE
FL
PFE
PoI" Ld"

37 "4m9"20,2
32"8
3.7

?9"5
1g"B

Appendix Table XVTI" Mean values obtained from (n-f u A-Zu
A-3u A-4)u morning and afternoon" (Symbols as in
pagq 240. Parenthesis signify the number of samples
used to obtain the meanu if less than 4" )

A"I\4" P"M"
Sugar Sugar
Conc " Pollen l"/e ight Conc 

"

68 
"B%63 "t

56"5
4T "z
57 "4

z/nnj
56
37

7
73

29 
" Lmg"

t5 "6
32"9
4"4

40 "2
L3 "g

66 
"8%62"t

57 "3
52 "!65.2

Pollen

? /^^3
5

t6
Lþ

9t+

N)
-tr-
lr



Colony

Cate
H0#'
BO
FE
FL
PFE
Pol 

" 
Ld,

HO#-*Ê

BO
FE
FL
PFE
Pol 

" 
Ld"

ory Weight

5o " 9mg"
47 "g
L3 "65,7
7"4

26,6

2? "L28.L
L5 "3Q3)l&"8
L6,6
20"0

A*L
Sugar
Cone 

"

?1+ "r%
74"0
34 "232,3
6L"5

Pollen

APPENDIX TABLE${a" .Analyses of Honey Stomaeh Contents of lVorker Bees Colleeted on J0 Ju}y Lg?A(4"M"# and PoMu*#u Symbots¡ HO = Bees collected on open honey; B0 = Bees eol]eeted on
open brood; FE - Retr¡rning forager bees caught entering their hives; FL = Foragers
eaught leaving their hives; PFE = Poflen foragers eaught entering thelr hives; -Pol"
Ld" = Average weight of one pollen load" Parenthesis signify the number of bees usedto obtain the meanu if less than 30, )

0

5
4

o

Wei

?L"o 96T,0 o
43"0 L
l+z"s
52 "6 30

40"3mg. ?3"3% 5/nm
1B"0
22"3
3"9
5,6

25,r

2L.7
L5"5
30 "77,3
L7,O
tg,7

ht

A-2
Sugar
Cone, Po1len

69"5
48"5
44.9
4 5,9

42
5

6g
46

We ight

59"5
63 "9¿þB"L
l+l 

" L49" o

35 "6m9.Lg,5
38 "g5,9
L3 "7L5.B

29 "2L5 "L35,L
6"0

29 "9
20 "3

A-3
Sugar
Conc 

"

I\PPENDIX TABLEXvllb" Mean values
(Symbols as in Tab1e}S/II a" )
the meanu if less than 4" )

26
3
L

7
35

AUM"
Sugar

Category Weight Cone" Pollen

?t "2%
6? "L
3Lþ,o
33 "64L "3

HO
BO
FE
FL
PFE
PoÏ. Ld.

PoIlen
9

L4
L

32

62"5
58"1
53"5
45"0
54.6

Weight

4l&" omg"
28,6
2l+,L
5"5

LL.3
2r "9

4Ç,0rng"
28, B
2L "46"4
18,5
t9.9

57 "225 "L?r "27.0
28 "2Lg.5

A*4
Sugan
Cone 

"

69
6

L0
L0

:2

?2 "g/"70,L
þ0"3
36,5
48"L

73"1% L/mm
69 "6 n4
l+l+ ,6 ?
35"0 L3

ii:Í -::
74 "B L2
68"0 3
51"0 LL
52"0
50"0 81_

Pol]en

obtained from
( Parenthe s is

4/nn
?t+

l+

4L(?)
36

33 " 
Bmg"

2.L "025.6
ouJ)ro

L9 "g

(A-l-, A*zu A-3u
signify the number

6?,0%
6t+ "3l+B 

"945.2
5L,6

Po1len
29/nn3
)
6
g(,2)

,+B

t\)
A-4) u morníng and afternoo¡ F
of samples ueed to obtaín 'n¡\)



Colony

Category Weight

H0{ô
BO
FE
FL
PFE
Pol- 

" 
Ld"

t
3
L

4" 9mg"
8"6
3.0
9"L
6"2
0,6

A*L
Sugar
Cone" Pollen

HO*f *' 24 
" 5B0 t7 "0FE 3B"l+Fr t+,5

PFE 14,3
Po1"Ld" L2"L

73.6
74 "630,5
59 "B
55"5

/" 66/nn
40
3t+
40

703

APPENDIX TABLEXtrItra" l\nalyses of Honey Stomach Contents of l{orker Bees Colleeted on
tt August L970,

(¡\"M"# and PnM"+&+çn Symbols¡ HO = Bees eolleeted on open honey; BO = Bees eolleeted. on
open brood; FE = Returning forager bees caught entering their hivesã FL = Foragers
caught }eaving their hives; PFE = Pollen foragers eaught entening their hives; Pol"
Ld, = Average weight of one pollen Load" )

6j"t 45
39"6 28
6t,5 5
53 "0 2t+

Í33 :2

![eight

)Z " ?mg"
L6 "29,2
5"9
6"4

23 "4

A-2
Sugar
Conc" Pollen

7r
68
4g
57
57

o%

5
U

0
6

56 "?
5"2

44,9
7,5

L3 "6
L3 "L

52/nrrt
70
L2
L5
1+z

WeÍght

7L.0
59.5
57 "O38"5
50 "6

2
2
3

7 " omg"
3.8
2"0
3.7
5,9
5,L

A*3
Sugar
Cone" Pollen

/\PPENDIX TABLEX\ntrb, Mean values
(S¡rrnbols as in Table XVrre," )
the meanu if less than 4" )

2
L3

1

A"M"
Sugar

Category hreight Conc " Pollen

7I+"0
72"6
58"5
53,Ð
62"L

¿'0

lL< LL

22"?
L? "l+L2" 5
Lg,7
L3"0

HO
BO
FE
FL
PFE
Pol 

" 
Ld"

50/nn
)

30
32
B3

6t+,3
6L"o
59"5
48,7
49 "6

Weight

24 ")mg"26 "?20.0
6"3
5"2

2A "r

2
2
2

5 "7m9"8"1
5,8
6.6
2"5
r.2

l\*4
Sugar
Cone" Pollen

4
6

20
5

?0

?3.2% 54/nrr"1
70,4 40
tp3" o L9
58, B 35
58 "4(À ?6(3)

74 "0%66"0
34"0
6s"s

37.7
36 "2
35 "210"3
L3 "L
16"1+

obtained from (A-1 
u

(Parenthesis sig¡rify

46/nm
t+6

0
53

P 
" 

lúi"
Sugar

Weight Cone " PoLl-en

66,0
64"0
63"L
LþT 

"T
58 "g

4L 
" Lmg,

20 "2
34"0
8,7

t5 "2L3,7

3
7
)
6

L7

6Ç:9"--T47,r'rr.3
56"0 L46o.i ?
4? "o(Ð tz55,0 27

A-2u A-3u A-4), morning and afternocn,
the number of samples used to obtain

\)
\¡)



Factor
Category IVieasured

HO

BO

vrleight(mg) zg "jSuear(%) ?o " oPollen* 5 "9
Weight(mg) 5.2sugar(%) 56 " 

j
PolLents 0 

" 3

weight(mg) Lg "?susar(%) zB,3
PoLlen+s L "7
Weight(mg) 5"9
Susar (%) 55 "6PolLen# l_ 

" 
B

Weight(mg) j"o
Su+ar(%) 48 

" 
6

Pollen* L5"L

weight(mg) L5"L

FE

lVIean S" D"

FL

PFE

PoLlen
Loads

2l+"5 1"0
2"0

t5.t 0" 0

7"0 1,0
2"0o,B o"o

L6,3 1.0
0"0

2.3 0"0

4.2 l_"0
30"02,7 0. 0

3"6 1"0
37 ,55"6 o"o

5"6 5" 0

Range

AppendÍn Table XIXa" Expanded analyses (see
texts Þage 18) of honey stomach contents ob*
tained from bees col-leeted in the morning of
2& 1\ugustn 1970 u from eolony A - l-u

75"5
78,7
60. o

Faetor
Category Nleasured

Symbols e

I " Pollen* = Number of pollen
of honey stomaeh

33"5
73,3

l_"0

50"0
56 "B6,0

1l_"0
oou)
4"0

HO

2

3"
4"

H0 * Worlcer bees eaught on
BO * Worker bees caught on
FE = Neetar foragers caught

to their hives,

BO

we ight ( ms)
Susar (Ø)
Pol-l-en,r

Itle isht ( ms )
sugar (%)
Pollen*

lve ight ( ms )
susar (Ø)
Pol-Lenrs

we íght ( ms )
Sugar(/")
Po1len#

Weight ( ms )
Sugar ( %)
Pollen*

we ight ( mg )

FE

r5"0//oo, J
1"0(2)

Mean S.D"

FL

2b2 ?",b* t ø þ *J a I

69.4
9"5 29"L

L0,7 Lg,B
6l+,2
28 

" 
B 81."3

13"8 L2,Lt
45.t
70.5 L9 "t

9 "7 5.9
58,7
5"9 5,8

2"L 2,8
46 "42.0

L5"3 6"?24 "0

PFE

Pollen
Loads

grains per mm3
eontents 

"open honey"
open brood"
on returning

Range

1_"0 59"0
2"5 * 78"5
0" 0 -l_14" 0

l-, 0 81" 0
l_"0 78.6
0" 0 *230" 0

Appendix Table XïXb" Expanded analyses (see
textc pase 18) of honey stomaeh contents ob*
tained from bees eoLleeted in the morning of
24 August, L970u from eolony A - 2n

5" FL = Foragers eaught leaving thelr hives"
6, PFE = Pollen foragers eaught returnlng

to their hives"
? " (X) = Number of bees in sample, if fewer

than L5"

1"0 56"A3"5 67"5
0" 0 ?2"0

L"5 24.0
32,0 69.L
0.0 l_l_ 

" 
0

L,0
27.3
2,0

13"0
58 ,2( 5)
2"0(2)

6.0 26"o

lù
-tr



Factor
Category Measured

HO

BO

we ieht(ms)
Su*ar(%)
Fol-Ien*

![eíght(mg)
Sugar(%)
Pollen&

lveisht(me)
sugar(%)
PoIlen#

weight(me)
susar(%)
Pollen*

Weight(*S)
susar(%)
PoLIen*

weight(mg)

FE

Mean SoD"

FL

/+6"¿+ jz"z
74 "aL"7 3,1-

20 
" 
B 23,?

7?,2
? "g 6,8

PFE

Pollen
Loads

Range

1".0 * 98"0 H0
23"0 * 76"0
0"0 - Lz"o

l-"0 * 69"0 Bo
L?,6 - 76,?
0"0 - 20"0(13)

1,0 - 55"0 FE
0"0 - 7I.5
0. 0 *i- 230 ,o(LL')

L"0 - 27"5 FL
l+l"o - 7L"o
0"0 * &2"0

1,0 * ?0,5 PFE
36"6 - 69"o
0"0 6"0

Pollen
l-"0 - 29"5 Loads

18"4 19,4
L5"5
BB"7 328"5

Appendix Table XIX e" Expanded analyses (see
textp page 18) of honey stomach contents ob*
tained from bees collected in the morning of
24 August,- L9?0, from eolony A - 3"

S¡rmbols e

Lu PolLen* = Numben of pollen grains per mm3
of honey stomaeh eontents"

2" H0 '= Worker bees eaught on open honey"
3, BO = Worker bees caught on open brood,
l+, FE '= Neetar foragers eaught on returning

to their hives"

L2"t 9 "t6L,4
9"2 LL"3

Lþ"6 4"8
56 "g2"0 2"3

L7"6 ?"8

Factor
Category Measured

weight(ms) 5t "6sugar(Ø) 7 5"LPollens 5?.9

Weight(mC)
sugar(%)
Pollen#

We ight(mg)
Sugar(%)
Pollen*

vve ieht ( ms)
sugar(%)
Poll-en#

Mean S,D"

2t+"9 10"5
10"6

Lg6"? o"o

L?"l+ 3. " 
0

0"5
0"9 o" o

1_8" l" 3_" 0
0.0

4"0 o"o

5.5 1"0
31.56"3 o"o

3"5 1"0
27 "B2"5 o"o

6"5 2,5

9"3
65 "L0"5

L7 "9
20 "4L,9

B"4t
59 "3L+,3

Range

vùeight(mS) 3 "t+susar(%) Lv?,4
Pollen* 3"5

t,tleight(mg) 18"tr

Appendix Table XIn, Expanded analyses (see
texts page 1-B ) of honey stomaeh eontents ob*
tained from bees eolleeted in the morníng of
2l+ August u L970u from eol-ony A * l!'"

5, FL = Foragers eaught leaving their hives"
6, PFE * Pol1en foragers eaught returning

to their hives"
?" (X) = Number of bees in sample, if fewuer

than L5,

gg"o
79,O

^?6Lr,o

l+1" o
78 "?2,t(7 )

58,5
68"o
8"0

rg"5
70"0
24"0

15" 0
65"2
6"0('&)

32.0

N)È
\¡t



Factor
Category illeasured

HO

BO

Weight(mg) 52"2sugar(%) ?1.,3
Polleni+ 0 

" 
¿l

Weisht(ms) 28 "6sv,gar (%) 72 "?Pol-}enå' L,7

weight(ms) 22"9
susar(%) Lo"4
Pollen* 2"5

weíght(mg) 2 "?Susar(%) 47 "2Pollen# 0" 0

weight(mg) t+"5
Suear(%) 33 " 5Pol-l-en* 20 "4
lVe ight(ms) Lz "4

FE

Mean S"Du

FL

PFE

Pollen
Loads

22.L

0"8

24,7

9LL

Range

5,0
'J-"5
0"0

1"0
5.5
0"0

Appendix fable XIXe" Expanded analyses (see
texts page 18) of honey stomach contents ob*
tained from bees coltected in the afternoon
of 24 August, t9?0, from colony A - 1"

84,5
80"3
2"0

2L"? 1,o
0"0

2"3 0" 0

2"9 1" 0
3L"5

0"0 0"0

4"0 1"0
25 "038"0 o,o

Factor
Category I'/leasured

Symbols;
L u Pollen+É = Number of pollen

of honey stomach
2, H0 = Worker bees caught on
3 " BO = Worker bees caught on
4, FE = Neetar foragers eaught

to their hives"

72,
80"

6"

64"
68"
6"

L1- 
"É.11

0"

HO

0
0
0

0

5
0

0
5

0( 1)

BO

vleight(mS) 20"6
susar(Ø) 56.1
Pollenåt 3 " 3

VfeiSht(mS) 9.Lsugar(%) 5L,3Pollen# 1- " 0

weight(mg) L)"6
sugar (%) 29 , o
Pollen+r B 

" 
B

weisht(mg) B" 3sugar(%) 5? "LPollen* 7,L

4"5 5"0 - 2!"0

FE

L3"0
- 46 "l+BB. O

lilean S 
" 

D"

FL

PFE

Po1len
Loads

z?"7 1"0
0" 0

5"9 0,0

13"1 L"o
0"0

1"5 o"o

L6.2 1" 0
0"0

L0"-L 0"0

6"9 l.o
23"0

20"8 0"CI

r,3 l-"0
26"L

grains per rnm3
contents 

"open honey"
open brood"
on returning

Range

we isht ( mg)
Sugar (% )
Pollen*

Appendix Table XIXf" Expanded analyses (see
textg pagê 18) of honey stomach eontents ob-
tained from bees eolleeted in the afternoon
of 24 Âuqust, Lg?Ou from colony A 2,

5, FL = Foragers eaught leaving their hives"
6" PFE - Pollen foragers eaught returning

to their hives,
?" (X) = Number of bees in sampJ-eu if fewer N)than 15" &

85"5
?6 "320, 0

lVeight(mg) LLt'" 5

42"o
77 "B4" 0

44"5
7L"0
56^0

27.0
.t Ir

82"0

2"!
39.4

?o

5"0
53 't+

6"5 * zo,o



Factor
Category l.{easured

HO

BO

\,Veisht(me) 50 "4Sugar (%) ?6 "2Po1lenf" L.2

weieht(ms) g "4susar (%) 5t.1Pollen';r I "7
lveight(mg) ?.+susar(%) 53,3
Pollen{s 0 

" 
¿P

FE

VIean S" D"

Ft

PFE

PoLlen
Loads

26,9 3"0
38 "72,0 0" 0

L6.5 L"o
l_"0

3"2 0"0

L4"5 l-"0
0"0

0"9 0"0

l+.L l- 
" 

o
2"0

10"6 0"0

2,4 1"0
30.41"4 0"0

4"6 8"5

We isht(mg)
surgar ( Ø )
Pollenrr

Range

Appendix Table XIXg" Expand.ed anal-yses (see
textu page 18 ) of honey stomach eontents ob-
tained from bees eollected in the afternoon
of 24 Augustu 1970, from colony r\ 3.

Symbols;
L n Poll-en* = Number of pollen grains Þer mm3

of honey stonach contents"
2, H0 = Worker bees caught on open honey"
3" B0 = lVorlcer bees caught on open brood"
l+ " FE = Nectar foragers caught on returning

to their hives"

Weisht(ms) 3"3
sugar (%) 48 

" 
4

Pollen# L 
" 

0

We ieht ( mg ) L6 .?

90"0
79 "B6,0

7O"O
77.3
8"0

?6,o
7Lv,o
2.0

17"0
65.8
30"0

1_0. 0
72"0

2"0

28"0

5"0
46 "z

5"8

Faetor
Category ùleasured

HO

BO

we ight ( mg )
Susar(%)
Pol1en*

we ight ( mS )
sugar ( %)
PollentÉ

weight (mg)
sugar ( Ø )
Pol-1en*

lVe ieht ( ms )
Suear(/,)
Pollen#

we isht ( ms )
Susar ( Ø)
Pollenrr

lve isht (ms )

FE

Mean S"Do

FL

,, "o
73 "B
3"6

PFE

Pollen
Loads

22,7

!0.2

23 "2 2l+ "2
53,222"3 79 "2

9"2 1-4"8
L1"4r
2"8 4.0

4"9 3"5
4a "4L"4 L"g

3"3 5,9
40 "zz,? +,6

1¿t"o 4"8

Range

1_"0 80"0
3"0 ?9,6
0"0 - lpO"o

L"o 82"5
L"7 ?6,5
o"o *308"0

l_"0 59"ao"o 69"5
o" o 12" o(8 )

1,0 13"5
L2,4 64," 0
0"0 ¿{.,0(7)

1"0 27"0
20.L 59"5(,5)
3.5 23"0(3')

3"5 23"0

Appendix Table XIXh" Expanded analyses (see
textu page 1-B ) of honey stomach contents ob-
tained from bees coll-ected in the afternoon
of 24 August, 1970u from colony A - 4,

5" FL = Foragers eaught leaving their hives.
6. PFE = Pollen foragers caught returning

to their hives,
?" (X) = Number of bees în sampleu íf fewer

than 15. N)¡-
-{



Category llle ight
HO
BO
FE
FL
PFE
Pol. Ld"

37 "9m9,tr.5
L7"5
9"0
3.3

L6"5

Appendix Table XIXI" [{ean values obtained from (A-f , A-2,
A-3, A-4) u morning and afternoon, (Symbols as in
page 2Lþ?, Parenthesis signify the number of samples
used to obtain the meanu if l_ess than 4, )

A"M"
Sugar
Conc 

"

72 "t/o64"5
27 "3
58"8
49,B

Pollen

tB/nnj
L0
26

5
2

Weight

44 "7mg"
L? "6L3.3
5"2
3"3

14.4

P"l'rl .
Sugar
Cone 

"

69,4%
57 "t26"0
4?.?
l+0,5

Pollen

z/nn3
7
B
4
B(3)

lù
-Þ
@




