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Abstract — Newly-emerged honey bees were placed in cages and fed sucrose syrup and one of the fol-
lowing single-pollen dietdlalus domestic8orkh.,Brassica campestris., Phacelia tanacetifolia

L., Melilotus officinalis(L.) Pall.,Helianthus annuuk., Pinus banksiand_amb.), artificial supplement
(Bee-Pr®) or nothing. Hypopharyngeal gland protein was determined at intervals of 0, 3, 8 and
14 days and ovary development was visually scored on day 14. The development of hypopharyngeal
glands and ovaries varied with diet and, collectively, proved to be sensitive measures of protein uti-
lization and pollen quality. For workers fed 1-year-Blaaceliapollen, protein was utilized in a
differential fashion, promoting the development of ovaries over that of hypopharyngeal glands.
Development of glands and ovaries was strongly correlated with the amount of protein workers con-
sumed from pollen diets, and to a lesser extent, the crude protein content of diets. Storing pollen for
1 year by freezing did not affect gland or ovary development.

Apis mellifera/ hypopharyngeal gland / ovary / nutrition / protein / pollen

1. INTRODUCTION studies have evaluated the quality of bee-
collected pollen by direct measurement of
Pollen is the only source of protein in thenutritional factors [1, 14, 21, 24, 30, 32, 43,
diet of the honey bedépis melliferaL., and 50, 53, 54, 56, 59, 60, 65, 66, 69, 76, 78,
it also contains all of the lipids, vitamins 82, 85, 86, 90, 93, 94, 97, 101, 103], or by
and minerals necessary for normal growtlsuch parameters as: brood production; the
and development of the colony. Numerougirowth, longevity, survival or protein
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content of workers; or the development of37]. Therefore, the protein content of the
hypopharyngeal glands and ovaries [6, 1thypopharyngeal glands is an effective phys-
22, 23, 25, 28, 29, 31, 42, 45-47, 49, 52iological parameter for evaluating the qual-
57,59, 62, 77-79, 81, 87-89, 95, 99]. Thity of pollen consumed by newly-emerged
direct measurement of nutritional factorsworkers.

alone, may be misleading, as the importan_g A second physiological parameter used to
of the non-protein components of pollen isg\4jyate the quality of a pollen diet is the

not well understood [58, 91, 97]. extent of ovary development in newly-
Evaluating pollen quality by measuring emerged workers. Pollen that is protein-rich
colony growth and development would prc,_usually promotes ovary and egg de_velop-
vide the most pertinent information aboutMent in workers that are caged without
its potential impact on honey bee fitnessdueens [42, 51, 57, 62, 63], and a lack of
However, the collection of large quantitiesPollen protein can retard or prevent ovary
of pollen for use in studies on full-size development [26]. Pollen protein promotes
colonies is not feasible at present. Measui@rowth of the fat body [57], and haemo-
ing factors that are related to the workerslymph vitellogenin titre has been linked to
ability to utilize pollen, such as hypopha-the level of pollen in the diet of workers [3,
ryngeal gland and ovary development, could2], thereby_ establishing the importance of
address any inherent differences in the effipollen protein for egg development. Hence,
ciency of pollen digestion and its relativeovarian development is another direct mea-
assimilation into tissues of young workers oisure of pollen protein utilization by workers,
brood. Because young worker bees arand could indicate the potential for devel-
responsible for feeding all castes and agopment of ovaries and production of eggs
cohorts within a colony [7-9, 11], mea- by queens.
surements of hypopharyngeal gland devel |n honey bee workers, the question of
opment could also provide informationwhether different physiological systems
about the amount of protein potentially dis-have different nutritional requirements has
seminated to the rest of the colony, relativinot been adequately studied. Maurizio [57]
to a particular pollen source. Furthermoreshowed similar trends in the hypopharyn-
by feeding similar groups of caged work-geal gland and ovary development for bees
ers single pollen diets, relative consumpted different pollen diets. Haydak [28], using
tion can be measured and the palatability csimilarly designed tests, showed that the
pollen diets may be evaluated. development of hypopharyngeal glands was
more sensitive to reductions in pollen qual-

influenced by the quantity and quality of Y than that of mandibular glands. If unequal
protein ingested by workers [25, 28, 35, g7Partitioning of protein between developing

57, 59, 87-89]. The size of the m”OOph‘,cl‘hypopharyngeal glands and ovaries exists, it

ryngeal glands, as measured by acinal dian/uld affect our judgement of how these

eter, is related to their total protein contenIndlcators should be _used in making assess-
[5]. In nurse bees, the protein content of thMeNts of polien quality.

hypopharyngeal glands can also be used i Ambiguity also remains over the value
an indication of gland activity [37, 68]. of stored pollen as a protein source for honey
Examination of the hypopharyngeal glandsbees. Most studies examining the nutritional
from caged newly-emerged workers is evalue of pollen after periods of storage are
reliable measure of dietary protein assimiconfounded by the use of diets with mixed,
lation, because these glands will develop iland often unidentified, pollen species. In
the absence of brood and their total proteiaddition, poor descriptions of the techniques
content is unaffected by brood quantity [10used to store pollen, and incomplete

Hypopharyngeal gland development is
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information about the conditions maintaineddrying and freezing is important, as pollen
during storage are common. Thus, it is difstored by freezing is less adequate for long-
ficult to assess the effects of specific storaggerm brood production than pollen that is
parameters on pollen quality, and whethefirst dried and then frozen [15]. However,
such effects are consistent among speciesirying pollen may not adequately prevent
The age of pollen used to feed honey bed§e degradation of lipids that are nutritionally
can influence worker growth and developimportant for honey bees, or prevent changes
ment, or the production of brood by ain those lipids influencing the palatability
colony. Workers fed dried pollen that isof pollen [73]. Freezing pollen, in combi-
1-year-old or older have smaller hypophanation with storage in an oxygen-reduced
ryngeal glands and lower rates of weightnvironment, might prevent degradation of
gain than workers fed fresh pollen [28, 57]pollen protein while simultaneously pre-
Colonies fed diets composed of 2-year-old/enting the oxidation of other non-protein
dried pollen rear less brood than coloniegonstituents.
fed freshly-dried pollen [29]. The amount
and age of pollen in formulated diets also A nutritional comparison between fresh
can affect its utilization by workers. Hage-and 1-year-old stored pollen, using several
dorn and Moeller [25] determined thatidentified pollen species would provide a
newly-emerged workers, fed pollen sup-precise and meaningful comparison of the
plement containing small quantities of driedquality of pollen following storage and its
or frozen 1-year-old pollen, have similarutilization by different physiological sys-
hypopharyngeal gland development to thoseems. This would provide useful informa-
fed supplement mixed with fresh pollen.tion for beekeepers, who typically use the
When fed supplements containing pollerprevious year’s pollen to feed colonies, as
stored for more than 1 year, however, workwell as for researchers interested in aspects
ers have smaller glands. The rate of thoracief pollen nutrition and consumption.
weight gain in workers fed supplement con-
taining dried pollen also decreases when the In this study, we evaluated the quality of
pollen component has been stored foseveral single pollen diets and one pollen
extended periods. substitute for honey bees. The parameters

In contrast, other studies show that th&/€ chose to measure were physiological
age of pollen fed to bees does not affect dfidices of pollen utilization in newly-
least some of the physiological measure§merged workers: i.e., the development of
indicative of pollen quality. Ovarian devel- the hypopharyngeal glands and ovaries. We
opment of queenless workers fed dried/So determined whether the pattern of
1-year-old pollen [62], and the lifespan ofhypopharyngeal gland development differed
caged bees fed dried 2-year-old pollen [23]from that of the ovaries, to ascertain whether
is similar to that found in bees fed freshone parameter was a more sensitive indica-
pollen. Dietz and Stevenson [15] showedor of pollen protein utilization, or whether
that drying and freezing pollen can extend it$he hypopharyngeal glands and ovaries uti-
nutritional value for bees to some extentlized protein in a differential fashion. In
Brood production in colonies fed freshly-addition, we examined the relationship
collected dried pollen does not differ frombetween the quality of a pollen as a food
that in colonies fed dried frozen pollen.source for bees, and its protein content.
Dried frozen pollen can support limited Finally, we evaluated whether freezing
brood rearing even after 11 years; withoupollen and storing it for 1 year in an oxy-
freezing, similarly-aged dried pollen is com-gen-reduced environment would cause a
pletely ineffective. The combination of reduction in its quality.
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2. MATERIALS AND METHODS pound microscope at 400to confirm the
_ identity of the pollen species [13]. Fresh,
2.1. Pollen collection undried pollen that was not immediately

used for the preparation of pollen diets was

During the summers of 1993 and 1994readied for storage by placing it in glass
pollen was collected from blooming treesvials (26 by 60 mm, 23 mL). After vials
and field crops using honey bekpfs mel- were filled with pollen, any air remaining
lifera) colonies fitted with OAC pollen traps Was displaced with nitrogen. Vials were
[83]. Four colonies, housed in standardmmediately sealed with teflon-lined screw-
Langstroth hives, were placed in isolatecaps and kept frozen at 30 °C.
plots containing the following species:
Malus domesticaBorkh. (mixed var.)
(apple), Brassica campestrid.. var.

‘Goldrush’ (oilseed rapehacelia tanaceti-  The experimental design consisted of two
folia L. var. ‘Angelia’ (phacelia)Melilotus  factors that were tested: the age of pollen
officinalis (L.) Pall. var. ‘Norgold’ (yellow  (or pollen substitute) fed to bees, and its
sweetclover), antelianthus annuuk. var.  species. The age of pollen was defined as
‘Sigco 954" (sunflower). Pine pollen was peing 1-year-old or freshly collected. One-
obtained by collecting male cones from pingsear-old pollen (or pollen substitute) was
trees Pinus banksiangLamb.) (jack pine), collected during the previous summer and
drying them at 35 °C for 1 d, and then shakstored frozen, using the previously-described
ing the dried conesdaluspollen was col- protocol. Freshly-collected pollen was taken
lected from the orchards of the Agricultureand used immediately, or was temporarily
and Agri-Food Canada Research Centre ifrozen until needed. This short period of
Morden, Manitoba. Pollen from field crops freezing was necessary to preserve early-
was collected at the University of Manitobaseason specied@lus, Pinu$ under opti-
Glenlea Research Station, or on co-operamal conditions until late-season species
ing producers’ farms in southern Manitoba(Helianthug could be collected, at which
Pinuspollen was collected from the Sandi-time all diets were evaluated simultaneously.
lands Provincial Forest in eastern ManitobaEight different pollen diets were tested, each

The following protocol was observed for formulated from a single pollen species or
the collection, handling and storage of aIP?yﬁg ;u%Slrgﬁtsi'épsdg;'?#glst;ﬁ: Cgﬂ:'r']staede
pollen samples fo preserve th? Integrity -Ofed to bepes for a duration of 14 dg S Triaglls
extt_arnal pollen !|p|d$, and to minimize oxi- ere performed concurrently b st}; : erin
dation and desiccation of pollen. Surface%‘: tprt' Untes at 2.day | %’ yI g.g : dg-
of OAC pollen traps were rinsed with 1€ Starting dates at 2-day intérvas. six nci

n-pentane, and the pollen collection tray idual trials were performed, er]abling all
of the traps were lined with tinfoil, to ensure reatment combinations to be replicated three

that pollen only came into contact with lipid- MeS-

free surfaces. All laboratory tools and sur-

faces used for the handling and sorting of 2.3, Bioassay cages

pollen were also carefully cleaned so that

they were lipid-free, and care was taken to Worker bees were confined in bioassay
avoid contacting pollen by hand. Pollen wagages and provided a single diet. Cages
separated from non-pollen debris manually(12.7 by 17.5 by 6.4 cm) were constructed
and corbicular loads were sorted on the basaf 1.3-cm thick spruce plywood, and were

of pollen load colour [33, 44]. Pollen from covered on one face with fibreglass screen-
each colour cohort was mounted in glycering (1.1 mm openings) (Fig. 1). Each cage
ine jelly [19] and examined under a com-contained a piece of plastic comb (10.1 by

2.2. Experimental design
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14.9 cm) (Perma Comb SystétVood- tray for feeding bees, and a 125-mL feeder
land Hills, CA, USA), which formed the bottle which provided a 2-M sucrose solu-
rear interior wall. Cages also contained dion. Both the pollen diets and sucrose solu-
small (1.6 by 1.6 by 8.9 cm) plexiglass diettion were fed ad libitum.

| Syrup Feeding
Bottle (125 ml)

/ 0.9 Diameter Hole
ok _7[
/ B
34 —7/
/
1.3 /z
Plastic Comb
14.9 J—
17.5 250
i <,
e :
e !
[N ot :
~~ |
e A J
famms -
J | FH -
Fibreglass Screening// e e -
(1.1 mm openings) '//
-~
127 gad Diet Tray
aad (3 mm plexiglass) 25
A0 f =1 J/
~
16 /I
8.9

q -

Figure 1. Bioassay cage used for experimental treatments, constructed from 1.3-cm thick spruce
plywood and fibreglass screening. Not shown is T&rdedpery lining material (20Qm openings)
stretched across neck of sucrose feeder bottle. Plexiglass diet tray was inserted into opening at bot-
tom side wall of cage. Unit of measurement for all dimensions is centimeters.
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2.4. Diet preparation Hypopharyngeal glands were removed
from randomly selected bees on days 0, 3, 8

previously described pollen species; oné&stablish gland size. Hypopharyngeal glands
was prepared from a commercial honey beBecome large and biosynthetically active by
pollen substitute (Bee-PPo Mann Lake the time workers are 3 days old [5, 27, 36],
Supply, Hackensack, MN, USA), and thebut decrease in size and activity with age
final diet contained nothing. To simplify [10, 38, 48]. Onday 0, 80 bees were selected
descriptions, the pollen substitute Bee®ro from the pool of newly-emerged workers
W|”, hereafter, be referred to as a po”erfo establish the extent of their gland d-eVel'
diet. Honey bee-collected pollen was for-Opment. On days 3, 8 and 14 of each trial, 10
mulated into diets by mixing pollen with bees were removed from each bioassay cage,
water to obtain a paste-like consistencykilled by crushing the thorax, and then
Each diet was prepared from a pooled sanflecapitated. Decapitated heads were imme-
ple containing equal amounts of pollen fronfliately bisected with a razor blade (from the
each collection date. For Bee-Prand ocelli to the mandibles) and both hypopha-
Pinuspollen, sucrose (30% w/w dry mass)fyngeal glands were removed by dissection
was added before mixing with water. Thisin Phosphate-buffered saline (PBS), pH 7.3
amount is equivalent to the total weight ofl18]. Glands were then placed in microcen-
sugar normally found in bee-collectedtrifuge tubes (1.5 mL) containing 0.1 mL
plant species [60, 74, 85, 94]. analysis.
On day 14 of the trials, ovaries were dis-
_ sected from 25 bees, randomly selected from
2.5. Bioassay protocol each bioassay cage. These bees were used to
establish a mean value for ovary develop-
Frames ofA. melliferacapped brood ment per treatment. Bees were killed by
were collected and incubated overnight atrushing the thorax, pinned in a dish con-
30 °C to obtain newly-emerged adult work-taining Apis saline [5], and dissected.
ers. Cohorts of 150 newly-emerged adulDvaries were examined using a binocular
workers, collected within 12 h of emergencedissecting microscope, and their stage of
were then placed in bioassay cages alondevelopment was visually scored using a
with weighed portions of prepared diet mix-5-point scale, modified from Velthuis [96].
tures and were incubated at 30 + 1 °C and single, whole number score was assigned
70% RH. To estimate the percentage oper ovary, after determining the stage of
water lost by diets to evaporation, equal pordevelopment to which the majority of its
tions of the same diet mixtures used in bioawvarioles belonged. Ovaries were classified
say cages were placed in an additional set efs: 0: undeveloped (completely resting
diet trays. These trays were placed in thevary, small ovarioles close to each other);
same incubator as the respective hioassdy oogenesis starting (cells swelling the top
cages. All diet trays were reweighed,of the ovariole and descending); 2: slight
cleaned, and subsequently replenished witievelopment (eggs distinguished from
a known mass of freshly prepared diet mixirophocytes with the nutritive follicle vol-
ture on days 3 and 8. On day 14, the conime not exceeding that of the egg); 3: mod-
clusion of the experimental trials, diets wereerate development (egg volume exceeding
not replenished. The mortality of honey beeghat of the nutritive follicle); 4: highly devel-
within treatments was evaluated by removeped (eggs fully elongated —‘sausage-
ing and counting dead bees from cages oshaped’ in appearance, with only a remnant
days 3, 8 and 14. of the trophocytes behind the eggs).
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2.6. Hypopharyngeal gland protein samples were read immediately in a
microplate reader (Model 450, Bio-Rad Lab-

Hypopharyngeal gland development wadratories, Hercules, CA, USA) set to 595
assessed using a modified Bradford dye-bind2™M- APsorbances were plotted against the
ing assay for total protein [4]. Reagents for thdn€ar portion of the standard curve for cal-
Bradford dye-binding assay were prepare&“'at'on of protein concentrations in the
using Coomassie brilliant blue G-250 dyeUnknowns.

(Pharmacia LKB Inc., Uppsala, Sweden)
according to the protocol outlined in Peterson 2.7. Protein determination
[64]. A bovine serum albumin (BSA) pro-  of pollen diets
tein standard solution (0.56 mg/mL) was pre-
pared from lyophilized crystals (Sigma-  puplicate samples of fresh and 1-year-
Aldrich Canada Ltd, Oakville, ON, Canada)old pollen, as well as Bee-Ftowere ana-
and double-distilled water. This solution|yzed to determine total crude protein. Sam-
was prepared with 1 mg/mL of sodium azideples were weighed before and after drying in
(Mallinckrodt Specialty Chemicals Canada,an oven at 70 °C for 24 h, to ascertain dry
Inc., Mississauga, ON, Canada) and wageight and water content. Dried samples
kept frozen in 15-mL aliquots until used. were ground with a mortar and pestle to
achieve a powder-like consistency, and then
8tored in a desiccator until analyzed. Total
nitrogen content of the samples was deter-
mined using an elemental analyzer (Model
FP-428, Leco Instruments Ltd., Mississauga,
ON, Canada), calibrated against known
itrogen standards. To determine total crude
ﬁrotein, nitrogen values were multiplied by
a conversion factor of 5.6 [65].

For protein determination, the frozen
hypopharyngeal glands were thawed an
mechanically ground in their microcen-
trifuge tubes using a pestle. Twenty-five
of 50% (w/v) aqueous-octyl-B-D-glucano-
pyranoside (OG) (ICN Biomedicals, Inc.,
Costa Mesa, CA, USA) was added to eac
sample to solubilize membrane-bound pro
teins [20]. Individual samples were then
mixed by vortexing, and were centrifuged
for 10 min at 8 85& g. A 10uL aliquot of 2.8. Calculation of diet consumption
the supernatant was then diluted 10-fold in
PBS (pH 7.3), or by an appropriate value The net weight of the pollen diet con-
so that the concentration of the each sansumed within treatments was calculated for
ple fell within the range of the standardeach treatment and time interval by weigh-
curve. An appropriate amount of OG wasing diet trays before and after bees con-
added in diluted samples to reach a finabumed the diet, and then correcting for the
concentration of 0.2% (w/v) in the dye amount of water lost between time inter-
reagent [20]. vals. Water loss between time intervals was
estimated using a duplicate set of diets

Two 104uL aliquots of each diluted sam- y2 a4 inside incubators, which were not

ple were pipetted into separate wells of
microassay plate. Standards, ranking in cors
centration from 0.05 to 043g/uL of BSA,
were prepared and added to the microass
plates, along with reagent blanks. Dilute
Coomassie dye reagent (200) was then
added to all wells containing samples and 2.9. Statistical analysis

standards. The microassay plate was then

agitated on an orbital plate shaker, and incu- Analyses were conducted on mean values
bated at 20 °C for 5 min. Optical densities obf hypopharyngeal gland protein, ovary

ollected pollen diets (sugar is added to
;g)gllen during its collection by bees), was
sumed to be equal [74].
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score and diet consumption for each bioas- 3. RESULTS

say cage rather than for each individual bee,

to provide comparisons based on the cor- Consumption of experimental diets was
rect experimental unit. D_|fferenqes Inindependent of any interaction between diet
hypopharyngeal gland protein and diet cong pe and ageH(= 1.74: df = 6, 12P = NS)
sumption among treatments were exarmine ig. 2). For all diets, ’consur'nption differed
using a spI|t—pI_ot design .ANOVA W'th with the age of pollen usel € 9.20; df =1
pollen age, replicate and diet as main facy,. p < 0.05), with workers coﬁsumiﬁg

tors, and time as a repeated measure [7Qsny more fresh than 1-year-old pollen.
Honey bee mortality was analyzed using the s hreference continued to remain evi-

proportions of the initial pOpUlation.. Pro- F=541;df=1, 10P < 005) The quan-
portions were then transformed using a'%ity of diet consumed also varied with the
angular transformation [84] prior to analy-; pe of pollen fedk = 62.44; df = 6, 12;
sis. Ovary development was analyzed as g< 0.0001), as workers ate substantially
factorial ANOVA, with pollen age, repli- mqoreMalus Melilotus, Phacelig Brassica

cate and diet as factors. For all analysegngHelianthuspollen than that of Bee-Pfo
comparisons between means were madg pinus

either with single degree of freedom con-
trasts or least-significant difference tests Temporal patterns of pollen consump-

(LSD) [70]. tion were influenced by the type of pollen
. Fresh Pollen 1-Year-Old Pollen
2 5 I T
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Figure 2. Pollen consumption for worker bees fed freshly collected and 1-year-old pollen. Values
represent the mean amount of pollen consumed within treatments per worker bee per day. Mean num-
bers of bees in treatments were calculated from the populations in cages at the midpoint of each exper-
imental time interval, corrected for sampling loss and mortality, and weighted by the duration of the
interval. Significant differences between diets are indicated by different letters@LSD.05).
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diet fed to workersK = 26.51; df = 12, 36; relationship between the crude protein con-
P < 0.0001), but not its agé € 2.58; df = 2, tent of a pollen diet and its consumption by
36; P = NS) (Fig. 3). Over both ages of worker beesr€= 0.054;P = NS). Estimates
pollen, the consumption tMalus Melilotus  of the actual amount of protein consumed
Phacelig Brassicg Helianthus and by bees in treatments were also calculated by
Bee-Pr& differed among time intervals converting consumption values to dry mass
(F = 679.61; df = 2, 30P < 0.0001). For quantities and multiplying by the appropri-
these diets, maximum consumption occurredte crude protein conversion. The con-
during days 0-3, exceeding values for thesumption of dietary protein was influenced
remaining time intervalsH = 1237.99; by the interaction between diet type and age
df = 1, 30;P < 0.0001). Consumption during (F = 4.96; df = 6, 12P < 0.01) (Fig. 4).
the 3-8-day interval substantially declinedWorkers consumed greater quantities of
relative to the 0-3-day intervat € 623.30; protein from fresiPhacelia(F = 29.79;

df = 1, 30;P < 0.0001), but was greater thandf = 1, 12;P < 0.0001) or Bee-PRF = 7.14;
that for the 8—14-day intervaf & 121.23; df = 1, 12;P < 0.05) diets than those that
df =1, 30;P <0.0001). The consumption of were 1 year old. However, protein con-
Pinuspollen did not vary with timeq= 1.81;  sumption fromMalus Melilotus Brassica

df = 2, 36;P = NS). Within each time inter- HelianthusandPinusdiets did not differ
val, Bee-Pr8 andPinuswere consumed between ages of polleir € 3.08; df = 1,
less than other pollen diets, over both ages df0; P = NS).

pollen. _
Temporal patterns of protein consump-

Table | shows the total crude protein contion varied with the type of pollen diet fed to
tent of each pollen diet and its accompanyworkers F =23.51; df = 12, 24?2 < 0.0001),
ing water content. There was no linealbut not its ageR = 2.68; df = 2, 24P = NS)

Fresh Pollen

1-Year-Old Pollen

i —=— Malus |
! —a— Melilotus ‘

—+— Phacelia

—x--Brassica

—o— BeePro

—— Helianthus

—o—Pinus

T

Pollen Consumption (mg/bee/day, mean + se)

T [T r‘—"f"]" !
3 4 5 6 7 8 9 10 11 12 13 14 15 3 4 5 6 7 8 9 10 11 12 13 14 15

Day Day

Figure 3.Pollen consumption during each experimental time interval for worker bees fed freshly col-
lected and 1-year-old pollen. Values represent mean consumption per bee per day, based on populations
in cages at the midpoint of the time interval, corrected for sampling loss and mortality.
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Table I. Protein and water content of pollen diets.

Pollen diet Age of pollen % Protéin % Water,
Mg/100ug dry  ug/100ug
mass wet mass
Species Common name
Malus domestica Apple Fresh 25.12 10.71
Melilotus officinalis Yellow sweetclover Fresh 24.15 23.48
Phacelia tanacetifolia Phacelia Fresh 30.10 14.56
Brassica campestris Oilseed rape Fresh 25.72 29.53
Bee-Pr& Bee-Pr& Fresh 29.92 5.89
Helianthus annuus Sunflower Fresh 14.86 17.66
Pinus banksiana jack pine Fresh 14.03 7.50
Malus domestica Apple 1-year-old 24.29 11.50
Melilotus officinalis Yellow sweetclover 1-year-old 23.92 13.88
Phacelia tanacetifolia Phacelia 1-year-old 26.02 18.43
Brassica campestris Oilseed rape 1-year-old 24.67 19.99
Bee-Pr& Bee-Pr& 1-year-old 29.89 5.80
Helianthus annuus Sunflower 1-year-old 15.00 23.94
Phacelia banksiana jack pine 1-year-old 14.00 7.31

aprotein determination for Bee-Ft@nd jack pine was performed after the addition of 30% (w/w dry mass)
sucrose.
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Figure 4. Protein consumption for worker bees fed freshly collected and 1-year-old pollen. Values
for consumption were calculated using the protein content of each diet. Mean numbers of bees in treat-
ments were calculated from populations in cages at the midpoint of each experimental time interval,
corrected for sampling loss and mortality, and weighted by the duration of the interval. Significant
differences between diets are indicated by different letters (@SD0.05).
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(Fig. 5). Over both ages of pollen, the conP = NS) and between different time peri-
sumption ofMalus, Melilotus, Phacelia  ods F = 2.38; df = 2, 94P = NS). The
Brassica Helianthusand Bee-Pr8differed mean cumulative proportion of dead bees
among time intervalsH(= 531.10; df = 2, at the end of the experiment was 3.6 + 0.5%,
20;P < 0.0001). For these diets, maximumwith values ranging from 0-16%.
consumption occurred during days 0-3, sig-

nificantly exceeding values for the remain- The overall analysis of samples from
ing time intervalsE = 964.46; df = 1, 20; 1 600 newly-emerged workers clearly shows
P < 0.0001). Consumption during the 3-8-that the type of pollen consumed by bees
day interval declined relative to the 0—3-dayhad a pronounced effect on their hypopha-
interval ¢ = 481.88; df = 1, 20 < 0.0001), ryngeal gland developmenf = 23.22;

but was greater than that for the 8-14-daylf = 7, 14;P < 0.0001) (Fig. 6). Further-
interval F=97.74 ; df = 1, 202 < 0.0001). more, these effects were consistent between
Protein consumption frofinuspollen diets  freshly-collected and 1-year-old pollen diets
did not vary with timef = 0.64; df = 2, 24; (F = 0.54; df = 7, 14P = NS). The age of

P =NS). Within each time interval, less pro-pollen used to feed bees did not affect the
tein was C.OI"ISUmed frOHellanthUS Bee- degree of hypopharyngea| g|and deve|0p_
P_ro® or Pinuspollen than from all other ment € =0.28; df = 1, 14P = NS). For
diets, over both ages of pollen. both ages of pollen, diets composed of

Overall worker bee mortality, analyzed asMalus, Melilotus PhaceliaandBrassica
the cumulative proportion of bees dying petpollen promoted greater hypopharyngeal
cage, was similar in bees fed different agegland development than diets prepared from
of pollen F < 0.01; df = 1, 14P = NS), Pinusor no pollen, with Bee-Pfvand
different pollen dietsK = 2.27; df = 7, 14; Helianthusdiets being intermediate.

Fresh Pollen 1-Year-Old Pollen
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Figure 5. Protein consumption during each experimental time interval, for worker bees fed freshly
collected and 1-year-old pollen. Values for consumption were calculated using the protein content of
each diet. Mean bee numbers per cage are based on populations at the midpoint of the time interval,
corrected for sampling loss and mortality.
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Figure 6. Hypopharyngeal gland development for worker bees fed freshly collected and 1-year-old
pollen. Values for hypopharyngeal gland protein represent mean development, averaged over the
time intervals ending on days 3, 8 and 14. Significant differences between diets are indicated by
different letters (LSD¢t = 0.05).

Temporal patterns of hypopharyngealpeaking in size during the 3—8-day interval
gland protein content changed with the agéF = 68.64; df = 1, 12P < 0.0001). For
of pollen fed to workersH{= 18.27; df = 2, workers fed Bee-Pf&) Pinusor no pollen,
74;P < 0.0001) and were also dependengland protein did not vary significantly over
on the type of diet consumeB € 2.64; time (F=3.71; df = 2, 12P = NS). Within
df = 14, 74P < 0.01) (Fig. 7). For workers individual time intervals, workers feédalus
fed freshly-collected pollen, the hypopha-l\/lemotus, Phaceliaand Brassicapollen
ryngeal glands contained an average ofonsistently developed larger glands than
44.5 + 3.2y protein on day 0, with values bees fed other diets; workers féthusor
ranging from 14.2-80.A. Workers fed fresh Nno pollen showed the least development.
Malus Melilotus Phacelig Brassicaand For workers fed 1-year-old pollen,
Helianthuspollen developed glands that hypopharyngeal gland development showed
varied in protein content among time Inter-shghﬂy different temporal patterns (Fig. 7).
vals = 35.86; df = 2, 16P < 0.0001). The hypopharyngeal glands from these bees
Workers consuming/alus pollen diets contained an average of 38.9 + R 9ro-
developed glands that were largest duringein on day 0, with values ranging from
the 0-3-day interval{ = 8.94, df = 1, 28; 14.1-67.3.. For all diets, the mean values
P < 0.001). However, those feédelilotus ~ for gland protein were greatest during the
Phacelig BrassicaandHelianthuspollen  0-3-day interval; however, only those for
developed glands that were smallest duringylalus, Melilotus Bee-Pr& andHelianthus
days 0-3F =59.37; df =1, 122 < 0.0001), showed significant changes over time
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Figure 7.Hypopharyngeal gland development during each experimental time interval, for worker bees
fed freshly collected and 1-year-old pollen.

(F=20.28; df =2, 12 < 0.0001). For these  The analyses of pooled ovary scores from
diets, hypopharyngeal gland developmeni 200 dissections showed similar patterns
was greatest during the 0-3-day intervato those indicated by hypopharyngeal gland
(F=27.54; df = 2, 12P < 0.001), and development. The overall analysis showed
declined as the experiment progressed. Prahat ovary development was greatly affected
tein levels from bees fed the remainingby the type of pollen fed to workers
pollen diets showed little variation over time,(F = 10.39; df = 7, 47P < 0.0001) (Fig. 8).

or possessed greater variability per timéThe age of pollen used to feed newly-
interval. The relative ranking of 1-year-old emerged workers had no effect on the extent
diets within time intervals showed some sim-of their ovarian developmerft € 0.72; df=1,
ilarity to fresh pollen diets, but fewer con-47; P =NS), and no interaction between
sistent patterns among groups of diets wergollen age and diet type existeel£ 0.34;
seen across time periods. WorkersMedus  df = 7, 30;P = NS). For both ages of pollen,
andMelilotusdiets during the 0-3-day inter- diets composed oMalus, Melilotus,

val developed larger hypopharyngeal gland®haceliaand Brassicapollen promoted
than bees fed all other diets, and continuegreater ovary development than diets pre-
to develop larger glands than with mostpared fromPinusor no pollen. Bee-Pf
remaining diets during the 3-8-day inter-andHelianthusdiets produced intermediate
val. Workers fedPinusor no pollen had low ovary development.

hypopharyngeal gland protein during the

0-3-day interval, and during the 3—-8-day The linear relationship between ovary
and 8-14-day time intervals, produced thescore and hypopharyngeal gland protein is
lowest hypopharyngeal protein of all diets.shown in Figure 9. These two measures of
All other 1-year-old diets were similar for protein utilization are well correlated
hypopharyngeal gland development, within(r2 = 0.904;P < 0.0001). The crude protein
all time periods. content of diets was also found to be
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Figure 8.Ovary development for worker bees fed freshly collected and 1-year-old pollen. Values for
ovary score represent the mean extent of ovary development for bees on day 14 of the experimental
period. Significant differences between diets are indicated by different letters@L-S0.05).

correlated with hypopharyngeal gland pro-extent of hypopharyngeal gland or ovary
tein (2= 0.471;P < 0.01) and ovary score development.

(r2=0.601;P < 0.001). However, the H h | gland and devel
strongest linear relationships were foundopm)gpnﬁpwgi)éngﬁgsgr??oragna?;/lgirg ine\tlﬁi;
between protein consumption and hypophacy 4 “ye. - ce they were considered the best

ryngeal gland development?= 0.869; >~ .
Py<%.00091) (Fig. 10a), gnd bet\S\/een proteirind'cl"’gors of how po:]]en diets ?ﬁ?Ct colonyl—
consumption and ovary scone € 0.905; evelfitness. Hypop aryngeal g and devel-
P < 0.0001.) (Fig. 10b). opment in nurse bees is positively corre-
lated with pollen consumption [35], and
protein synthesis from these glands utilizes
protein derived from pollen [8]. In a colony,
4. DISCUSSION nurse bees actively consume and digest the
largest quantities of stored pollen [11] and
The development of the hypopharyngeabecrete it as brood food from their hypopha-
glands and ovaries in newly-emerged workeryngeal and mandibular glands [80]. The
bees both appear to be reliable and sensiuantity and quality of brood food produced
tive measures of protein utilization, andby nurse bees have important ramifications
when used together provide a good indicafor the fitness of the colony as a whole. Most
tion of the quality of the pollen that is beingbrood food is fed to the developing larvae
consumed. This conclusion is supported byithin the colony; however, a significant
a strong correlation between the amount gbroportion is also fed to the adult members
protein consumed from pollen diets and th@f each caste [9]. The quality of food
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140 ! received by the brood and the queen, espe-
130 cially, has the potential to influence the over-
all rate of colony growth. In addition, the
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% 100 - Y the total amount of pollen protein consumed
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efficient production of vitellogenin in queens
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Figure 9. Relationship between mean ovary score Although the utilization of pollen pro-
and hypopharyngeal gland protein for worker beetein by the hypopharyngeal glands and
fed freshly collected and 1-year-old pollen. Valuepvaries closely paralleled each other, our

for hypopharyngeal gland protein represent meapa g jits showed that there are important
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Values represent mean development, averaged over the intervals ending on days 3, 8 and 14.
b) Ovary development. Values are the mean extent of development on day 14 of the experimental period.
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1l-year-oldPhaceliapollen developed nutritional status of specific pollen diets [2,
smaller hypopharyngeal glands than work23, 52]. Even for a species such as dandelion
ers fed frestPhaceliapollen, while bees (Taraxacum officinal&Veber ex Wigg.),
fed other diets had no change in gland sizeehich does not support brood rearing
between both ages of pollen. In contrasthecause of amino acid deficiencies [31, 52],
ovary development for workers fed fresh orcrude protein content is characteristically
1-year-oldPhaceliapollen was similar, even low (9.9%) [53]. Therefore, our results sup-
though bees consumed less 1-year-olgort the use of crude protein content as a
pollen. It is likely that decreased consumpparameter for evaluating the quality of a
tion of 1-year-old pollen limited the protein pollen diet.

available for metabolic processes in these

. Freezing pollen and storing it in an oxy-
workers. As a result, protein may have bee gp 9 y

o . . . P€€Hen-reduced environment for up to 1 year
_ut|l|zed ?‘CCOfd"."g to a physiological prior- did not degrade its nitrogen content, or
ity, or sink, which favoured the develop- .56 jts nutritional value for honey bee
ment of the ovaries over that of the hypophay,q e rs. Although workers consumed
ryngeal glands. If this is true, suchgjisniy more fresh than 1-year-old frozen
differential utilization of protein would not ollen, overall hypopharyngeal gland and
occur under queenflght conditions, wher vary aevelopment did not differ between
ovary development is naturally suppresse resh or stored pollen diets. Although the

but hypopharyngeal gland development ig.\,qe protein content among species of
ollen used in this study differed by up to

not [40, 41]. Our results suggest, that und
queenless conditions, more than one physkgo, hrotein levels for fresh and 1-year-old

ological index of protein utilization sho_u_ld conspecific pollen differed by less than 1%
be used to evaluate honey bee numt'.orgexcept folPhaceliaat 4.1%). These results
Such measures should include ovarian . i, agreement with studies that have
development. reported little change in the content of pro-
The significant positive correlation teins, minerals, carbohydrates, and lipids in
between the crude protein content of pollepollen after storage by freezing [14, 103].
diets and hypopharyngeal gland or ovaryHowever, this is in contrast with reports of
development in workers indicates that, inreductions in digestible proteins [93], dete-
the absence of conducting a nutritionatioration or lowered availability of proteins
bioassay, crude protein content could b§29], decreased vitamin content [24], or
used as a general guideline for evaluatinqicreased mortality and loss of brood-rearing
pollen quality. Although most species ofcapacity [15] of stored pollen. Our 1-year-old
pollen that have been quantitatively anapollen samples may have benefitted from a
lyzed exhibit similar amino-acid profiles lower storage temperature (=30 °C) than that
and contain the minimum levels of essenused in other studies, and also the presence
tial amino acids [23] necessary for normabf an oxygen-reduced atmosphere. The
honey bee growth and development [14, 21pollen species chosen for this study may
23, 59, 66, 85, 102], protein content isalso have inherently influenced the nature
important. The developmental rate of theof our results. Lack of proper taxonomic
hypopharyngeal glands in workers is noidentification of pollen species confounds
related to the essential amino-acid compaothe interpretation of results from many other
sition of the pollen consumed [59], but isstudies, as mixed or unidentified pollen
correlated with the level of protein in thesources have often been utilized. Our find-
diet [59, 88] and the amount of protein thaings with pure pollen samples of known ori-
is ingested [59, 89]. Furthermore, the addigin indicate that the use of 1-year-old frozen
tion of essential amino acids has ofterpollen for use as feeding supplements in
proven to be unsuccessful at improving theolonies could be nutritionally equivalent
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to that of fresh pollen if improved storageprotein [66]. Low protein values among var-
protocols such as those used in this studipus species d?inus(1.9-12.1%) have also
were followed. been reported for bee-collected and hand-
- collected samples [14, 23, 45, 66, 85, 93,
Reduced palatability of stored pollen forga) pyplished values for the crude protein
worker bees may be responsible for thegntent ofPhacelia tanacetifolimollen were
slight reduction in consumption of 1-year-pqt found: in our study it contained the high-
old pollen r_elatlye to freshly coIIected. pollen gst level of crude protein (28.19%) of all nat-
observed in this study. The attractivenesga| pollen diets. Although variation in pro-
and palatability of pollen is affected by itStejn content occurs between geographic
lipid composition [16, 17, 34, 39, 55, 73, 78,|cations and with different collection tech-
92]. Although_ the lipid composition change_'sniques [53], our reported values compare
when pollen is stored in the hive [54, 98], ittayourably with other studies. The polylec-
has not been demonstrated whether suc_tn: nature of honey bee foraging may be an
changes occur under other storage condigaptation to prevent colonies from becom-
tlons..Changes in poII_en lipids could explaming dependent on a small number of pollen
the slight reductions in pollen consumptionggrces lacking in protein, and lessen the
in studies such as ours, where protein contefihpact of vitamin, mineral or lipid defi-
has been shown to remain stable in storaggjencies, or toxin overloads [72], associated
Reduced palatability of stored pollen occursyith individual species.
when pollen has been dried and stored con-

tinuously at room temperature [15, 95]. An interesting finding in this study con-

cerns the lack of relationship between the
The species of pollen we examined incrude protein content of the diets tested and
this study, with the exception Binus are their relative consumption by newly-
usually collected in large quantities by honeyemerged workers. This lack of relationship
bees. The relative differences in protein consuggests that young worker bees, particu-
tent among these species show that foragirigrly nurses, may have no inherent mecha-
honey bees collect pollen that varies greatlyjism through which they can discriminate
in quality. Our mean crude protein valuesthe protein content of the diet that they are
for Malus domesticg24.7%),Melilotus  consuming. If workers could discriminate
officinalis (24.0%),Helianthus annuus this aspect of pollen quality, it would be
(14.9%),Brassica campestri@5.2%) and expected that larger quantities of some
Pinus banksian§14.0%) are comparable pollen species, such &telianthusand
to other studies that have analyzed bee-coRinus would have been consumed to com-
lected pollen, after standardizing their datgpensate for their low protein content [100].
for the protein conversion factor of 5.6.In colonies, large increases in pollen con-
From these studies, it is apparent that proteisumption occur when the level of pollen
may vary within a particular species, or aprotein decreases by 10%, in an apparent
closely related group of species. Reportedttempt to meet protein requirements [46]. In
protein values for appleMalus pumila our study, which used caged queenless
Mill.) range between 22.7-24.6%, while workers, consumption did not increase with
those forTrifolium species vary between a decrease in pollen proteidelianthus
17.6—18.4% [59, 87]. Oilseed rape pollen ipollen, which is low in protein, was con-
reported to contain between 19.4-22.7%umed in the same proportions as higher-
protein forBrassica campestri87, 94], protein pollens, anBinuspollen was con-
24.3% forBrassica napus. [66], and sumed in small quantities. In contrast with
21.6% for an unidentified mixture of both our findings, Schmidt and Johnson [75]
species [86]. In additiotjelianthus annuus showed a weak positive correlation between
pollen has been described to contain 15.8%vorker feeding preference and the protein
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content of pollen diets. Their results arePhacelia tanacetifoliaHowever, honey bee
however, consistent with our findings incolonies restricted to foraging éfelianthus
showing that workers do not increase pollemnnuusduring its bloom period may suffer
consumption to compensate for reductions ia slight loss of fitness. Pollen supplements
dietary protein. Schmidt and Johnson’s worknade from Bee-Pfmight benefit from
also suggests that consumption may be inflithe addition of pollen, or phagostimulants
enced by physical or chemical cues that arfom pollen, that bees normally prefer to
unrelated to pollen quality. consumePinus banksiangollen is nutri-
Factors other than protein may be impor_tlonally deficient, and is not palatable to
tant in determining the amount of pollenP€€s. Although sometimes marketed as a
consumed by individual workers. The Pollen substitute, it should not be used as a

amount of polien consumed is, in part, als¢€€d supplement for honey bees.

a measure of how attractive and palatable In conclusion, the development of
a dietis. Bee-Pf a pollen substitute con- hypopharyngeal glands and ovaries in
taining no natural pollen, is as high in pro-newly-emerged honey bee workers is
tein content aMalus Melilotus Brassicaor  strongly correlated with the amount of pollen
Phaceliapollen. However, Bee-Pfocon-  protein consumed from diets, and to a lesser
sumption was low relative to natural pollen.extent, with the crude protein content of the
This may have occurred because Be€2Pradiets themselves. For certain pollen diets,
lacks phagostimulants normally associatedvorkers physiologically allocate protein in
with the lipid components of pollen [67, a differential fashion, promoting greater
73]. The lack of phagostimulants or the preseevelopment of the ovaries over that of the
ence of repellents iRinuspollen, an hypopharyngeal glands. Over the species
anemophilous species, may also explain itg/e have tested, the consumption of pollen
low level of consumption. Many anemophi-by workers appears to be unrelated to its
lous species of pollen are readily collectedutritional content, and may be more influ-
by bees [61], but others remain unpreferreénced by the presence or absence of phagos-
or contain toxic compounds [77]. Our studytimulants or repellants. We also ascertained
demonstrates th&inuspollen is not read- that pollen quality remains unaffected after
ily consumed by workers, and confirms thestorage for 1 year, following our protocol
poor value ofPinuspollen for honey bee of freezing in an oxygen-reduced environ-
development and longevity [23, 93]. Its lackment. Although pollen quality is best eval-
of nutritional value does not appear to bgjated in single-pollen nutritional bioassays,
the result of deficient amino-acid composi+the crude protein content of pollen can be
tion as the supplementation of amino acidgsed as a general guideline for evaluating

that are absent, or present in low concenhe quality of pollen collected by foragers.
trations inPinuspollen, do not improve its

quality [23]. Therefore, the existence of com-

pounds that reduce the palatabiliyRdfius  Resumeé — Qualité de différents pollens

pollen likely influence its utilization by monofloraux, frais et d’un an, comme

honey bees. nourriture pour les ouvriéres d’abeilles
Modern agricultural systems entail thedomestiques Apis melliferal.). Des

use of large monocultures, severely limit-groupes de 150 abeilles naissantes ont été

ing floral diversity for bees. Our findings placées dans des cages en bois, nourries

suggest that the colony performance ofvec une solution de saccharose a 2 M et

honey bees is not likely to be adverselyavec I'un des six pollens suivantMalus

affected if bees are limited to foraging ondomesticaBorkh., Brassica campestrik.,

monocultures oMalus domesticaMelilo-  Phacelia tanacetifolid_., Melilotus offici-

tus officinalis Brassica campestrisr  nalis (L.) Pall., Helianthus annuug. et
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Pinus banksiangdLamb.). Un succédané von jeweils 150 frisch geschlipften Honig-
commercial de pollen, Bee-Pfpet un bienen Apis melliferal.) wurden in hél-
régime sans pollen ont également été tezernen Testkafigen mit 2 M Zuckerlosung
tés. Le pollen fourni aux abeilles encagéesersorgt und mit jeweils einer der folgen-
etait soit du pollen fraichement récolté, soitlen Pollennahrungen gefiittévtalus dome-
du pollen congelé & -30 °C pendant un an eticaBorkh., Brassica campestris., Pha-
conservé dans des récipients en verre sogslia tanacetifolial., Meliotus officinalis
atmosphére réduite en oxygene. Au débyt ) Pall., Helianthus annuug. und Pinus

de I'expérience, puis aux jours J3, J8 et J1hanksiana(Lamb.). Weiterhin wurden
dix abeilles ont été prélevées dans chaqugusatzlich die kommerzielle Pollenersatz-
cage et leurs glandes hypopharyngiennesahrung Bee-Pféund eine pollenfreie
extraites. La teneur t_otale en protélnes deErnahrung untersucht. Den gekaﬁgten Bie-
glandes a éte déterminée par le test de Bragen wurde entweder frisch gesammelter Pol-
ford et utilisée comme mesure du dévelopten verfiittert oder Pollen, der ein Jahr lang
pement et de la taille des glandes. A la fin dggj —30 °C in Glasgefen in einer sauer-
I'expérience (J14), 25 abeilles de chaqueyoffreduzierten Atmosphére gelagert worden
cage ont ete disséquées et leur développgrr. zu Beginn des Experiments, nach 3,
ment}ovarien classe visuellement de 0 a 4 nd 14 Tagen (dem Versuchsende) wur-
Le développement des glandes hypophayep jeweils 10 Arbeiterinnen aus jedem
ryngiennes et des ovaires a varié en fonG sfig entnommen und die Hypopharynx-
tion du régime et s’est comporte, dangyysen herausprapariert. Zu jedem dieser
lensemble, comme une mesure fiable et sery gy nkte wurde die Nahrungsaufnahme
sible de I'utilisation des protéines et de | emessen, der Roheiyigehalt jeder Nah-
qualité du pollen. Pour les ouvrieres nourrie ung wurd’e mit einer Elementaranalyse

e P e o i %estimmt. Anhand des Untersuchungsver-
téines ont été utilisées differemment : eIIe§ahrens von Bradford wurde der Gesamt-

ont plus favorise le développement deg, qinqenhalt der Driisen bestimmt und als
ovaires que celui des glandes hypopharyr- aB fiir den Entwicklungsgrad und die

giennes. Le développement des ovaires ﬁréﬁe der Drisen benutzt. Weiterhin wur-

des glandes était fortement corrélé avec . ;
qguantité de protéines consommeées issu g?é‘r\]pzrr?eittnT(?gligeEsnltEv)\(/E:irlmznche rngB;ﬁgﬁn
du pollen et, a un moindre degré, avec | isuell in 5 Stufen eingeteilt. Der Entwick-

teneur brute en protéines des pollens. L .
conservation du pollen par congélationungSZUStand der Hypopharynxdrisen und

durant un an n'a eu aucun effet sur le dévede’ Ovarien war bei den verschiedenen
loppement des glandes ni des ovaires. L rnahrungen unterschiedlich und erwies

pollen de tournesol et le succédané BeediCh als zuverlassige und empfindliche Mess-

Pro” devraient étre complétés par d’autrejréBe fur die Eiwefnutzung und die Pol-
espéces de pollen lorsqu'ils sont donnés lgnqualitat. Bei der Verfltterung von ein

nourrissement ; le pollen de pin devrait étre/2N" 1ang gelagerteRhaceliaPollen wurde
GVité. das Eiwe allerdings abweichend genutzt

und forderte die Entwicklung der Ovarien
starker als die der Hypopharynxdriisen. Die
Entwicklung der Drisen und der Ovarien
war stark mit der Menge von Eivekor-
reliert, die die Arbeiterinnen mit der Pol-
Zusammenfassung — Qualitat von lennahrung aufnahmen, zu einem geringeren
frischem und ein Jahr altem unifloralen  Grad hing sie mit dem Roheiviggiehalt der
Pollen als Nahrung von Honigbienenar- Nahrung zusammen. Die tiefgekuhlte Lage-
beiterinnen (Apis melliferalL.). Gruppen rung des Pollens uber ein Jahr hatte auf die

Apis mellifera/ glande hypopharyngienne /
ovaire / nourrissement / protéine / pollen
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