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Flower election by honeybeeand floral morphology

María Pilar de Sá Otero, Emilia Díaz Losada & Sandra Armesto Baztán (*)

Resumen:De SáOtero, M. P., Diaz Losada,E. & ArmestoBazián,5. Elecciónfloral porabejasy su relacióncon la morfologíaco-
rolina. Lazaroa25: 113-123(2004).

El objetivo deestetrabajofue determinarcuálessonlaspreferenciasdeApismell(feroL. ensueleccióndefuentespotinicas.Sees-
tudióla importanciarelativadel colory laforma de lacorola,presenciao ausenciadenectariosenlasfloresvisitadas,y laabundancia
relativadclas plantaselegidasen colmenaslocalizadasalNO. de España.En estetrabajodeinvestigaciónseestudióel potencorbi-
culartransportadoporlasabejasa la colmena.Los resultadosdelanálisisde polenfuerontestadospormétodosestadísticosno para-
métricos.Se cunfirmó queelcolor amarillo fueel preferidojuntocon elblanco, tanto porladiversidaddeespeciesvisitadasconéstas
característicascomopor lacantidaddepulenrecogidodesdeellas.La presenciadenectariosfloralesno esun factor decisivoenla se-
leccióndeplantasfuentede pulen.

Abstract: DeSá Otero,M. P.,Diaz Losada,E.& ArmesioBazián,5. Flower electionbyhonevbeeandfloral morpholog~Lazarna25:
113-123(2004).

The aim of ibis researchwas tu determinewhicb areiheApis mellifera L. preferencesin iheirchoosingof pollen sources.The re-
lative imporíanceof ihe curollacoluor audshape,presenceor absenceof floral nectariesin ihe visited flowers,and ihe chosenplaní
speciesrelativeabundanceweresiudied in hiveslocatedin norihwestSpain.Thecorbicularpallencarriedtu ihe hiveby ihehoneybee
wassiudied in ibis researchwork.The resulísof pollen analysistesíedthrougbnon-parameiriestaíisíic studies.Yellow wasconfirmed
asthe preferredcolour togeiherwith whiíe,both by ihediversity of ihe visitedspeciesihat haveihesecharacteristiesandthe amuoní
of pollen collecíedfrom íhem. The presenceof floral nectariesis noí adecisivefactor in ihe selectiunof planísourcesfor potíen.

INTRODUCTION

Honeybees,Apis mel/ifera L., collectthe pollen
necessaryfor the luyefromthe floweringplantsthai
grow aroundtheapiary. Thebeeavoidscertainspe-
cies and collectsdifferentamountsfrom the selee-
ted speciespresentin the area. If the surrounding
vegetationis rich and attractive,the trips thai it ma-
kes to look for pollen are usually short (within 2
km),but if necessary,thebeescanfly from 5 to 13.5
kmlooking for themostselectpollen (SCHUA, 1952;
O’NEAL & WALLER, 1984).

Honeybeesuse the flowers asa sourceof pollen
and necíar,and thebeebehavesasanyother insecí
visitor. lo the speciesof entomophylicpollination,
inparticularApis me//ifero,the corollashapeandits
colour, morphologicalcharactersthat the honeybee
perceivesasa whole (WASER & al., 1996),and the

nectaraccessibilitydeterminetheclassofpollinator
insect that visit the flower. On the other hand,the
honeybeeneedsthat ihe flower form to permit the
landing,thecolourandtheshapeof ihe flower to at-
tractits atíentionandthesmellof pollen tobeeasily
identified (PROcTOR, 1973).Moreoverotherworks
studiedthe importanceof the corolla colours (Os-
CHE, 1983)and shapesasanelemeníof attractionto
the pollinating insects.

In this sense,it’s consideredthatthebeechooses
the polleo sourceplants firstly for visual stimuli
and,after landing; the beewill harvestpollen if its
smell and taste are acceptable(voN FRíscH, 1984;
WADDINGToN, 1983). The identification is innate
aod servesasareferenceto thebeeto find the food
sourceagain (RIBBANDS, 1951;PELLIN & al., 1990).
It is also importaníthat the polleo presentscertain
characteristiesregarding its chemical composition
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and its nutritive value, namely that it has a high
quantity of protein (Bosí & RICCIARDELLI, 1975;
RICCIARDELLI & D’AMuRoslO, 1979).

With regardto the corolla shape,the visualor-
gansof honeybeesdo notperceiveclearforms, but
rathertheyperceiveoutlinesandespecially,colours
(NEESE, 1968) with more diversity of tonesthan
the humaneye—. lo some situations,certainas-
pectsof thepolleo morphology,suchasthe echina-
ted polleo of the cotton plant (VAISSIÉRE & VíNsoN,
1994).determinethe refusalor the selectionof par-
ticular sources.

The olfactory relationshipbetweenplants and
pollinator insectsraisesioterestingreflectionsboth
as in the caseof honeybees(BERGSTRÓM & 0/.,

1995)asof solitary bees(DonsoN,1987).It will not
be treatedin this studybut, thoughthe olfatory gui-
desare very interestiog,it’s a landexcessivelyam-
píe andits researchdeservesa study’s own.

The presentstudy wasdesignedto contributeto
the knowledge of xvhat vegetationrelated factors
conditionthe flora electionprocessby Apis me/li-
fera. The collection of honeybeepolleo in the area
wasstudiedfromMarch to October,this is themost
intensive foraging period in the Iberian Peninsula
NW (DÍAZ & al., 1997;DIAL & al., 1998).Thereía-
tive valueof eachcategoryof eachcharacter— co-
lour, shape,flowers aba~d~~.~1dfloral nectartes
presence— wasdetermined.This ranking wasbased
on the amountof the polleo collected from each
speciesand the knowledgeof the local flora, the
characteristicsof the corolla(form and colour) and
thepresenceor absenceof nectaries.

A studyhasbeenmadeof the relationshipthat
exists betweenthe perceotageof polleo from each
saurcespeciessuppliedto theluyeby the honeybee
and certainfloral characteristicsthat couldbe reía-
ted to foraging: the degreeof local coverage(reía-
tive anundance)of the different species,the morp-
bological characteristiesof the flower (shapeaud
corollacolaur),and the productionof floral nectar.

MATERIAL AND METHODS

Therhythmof honeybeepolleo collectingiscon-
ditionedby thephysiologicalfactorsof the hive. the
meteorologicalcondiíionsand the availability of
polleo (BXrrAGLINI & RtCCIARDELLI D’ALBORE,
1970;O’NEAL & WALLER, 1984;BARROS, 1985; SA-
BATINI & al., 1985: BRANDT & GOTTSBERGER,1988;
GoonwíN & TEN HOUTEN. 1981: MONTENEGRO &

al., 1992; MONTERO & TORMO, 1993; LAVERTY &
HIEMSTRA, 1998). lo theareasstudiedhere,foraging
activity begiosatile winter eodandbecomesinsig-
nificant in October; this coincideswith the spring
and summer floweriog of the local flora (DiAL &
al., 1995). Samplesof polleo loads carried by the
honeybeeApis mel/ifera L. were obtaioedbetweeo
March and Octoberduring severalyears, by insta-
lling polleo traps in beehivesin different locations
tu SpainNW. Thetrapusedliad a verticalgrid, with
round boles (4 mmof diameter)of 10% efficiency
(LOUVEAUX, 1958), which was situated in tle luye
entrance.TIe trap was kept active from dawo to
duskduring every dayof tle survey— twice in the
month —. It was assumedtlat polleo loads of dif-
ferent size liad the samepossibility of being retai-
ned (O’NEAL & WALLER, 1984). Eachsamplewas
analysedseparately.One gram,catchto the chance.
of eachsamplewere acetolysedaccording<o ERDT-
MAN’S method(1960).After. it’s madeIhe prepara-
tions for the microscope; 1200polleo grains were
countedby sampleand thepercentagesfor eaclve-
getal specieswas calculated.

The 22 beehiveswere locatedin the NW of tle
Iberian Peninsulawhere the Eurosiberianbiogeo-
graphical regioos meet (RIVAS-MARTÍNEZ & al.,
1987: IZco. 1987) laodscapesvery influenced by
humanpopuiatíu¡¡saud also smaiihoidíogstypicai
of this region. Cvtisusmultifloros (L’Hér.) Sweet,
Cytisus scaparios (L.) Link and Genistapalvga-
liphy//a Brot. form the degradedthicket observed
today. The heathlandhere is composedof Erica
ausíra/is subsp. oraganensis(Willk.) Cout, Erica
cinerea L., Ha/imiurn a/yssaides(Lam.) C. Kocl,
and Genistatridentata L., aoddependingon tle to-
pograply can includeRuscosacoleatosL., Arbutus
unedaL., PistaciatherebinthosL., Phillyrea angos-
tifalio L., Cisrus sa/vífaliusL., Cistuspsi/osepa/us
Sweet,or Cistos ladanífér L.. Thymusrnasti¿h¿há
L., GenistahystrixLange,andLavando/astoechas
subsp. sarnpaianaRozeira.

The proposalmadeby DIAL (1995) has beenta-
kenas the databaseof flora that is potentiallyavai-
lable in the SpainNW. Foreachof <he considered
species,dierearepoteotialsourcesof pollen,the de-
gree of floral coverage in tle area, the corolla co-
lour and shapeand thepresenceor absenceof nec-
tar production in floral nectaries has been
determined(MUELLER & ELLENBERG, 1974).

A datamatrix that groupsthe categoriesof eacl
characterof alí ideotified specieswas constructed.
A valuewasgiven to eachof the taxa inaccordance
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with the percentageof polleo collectedby the ho-
neybee:«4» in frequenciesof between25-45%;«3»
for thosebetween5-25%; «2» for frequenciesof 1-
5% and avalueof «1» for thosewith frequenciesof
lessthan 1%.Threecategorieswere establisledfor
thedegreeof local coverage:«3» for ahigh degree;
«2» for a mediumdegreeand «1» for a low degree.
Fortle colourof thecorolla: «1»white, «2» yellow,
~<3ssblueaudviolet, «4» rosecoloured,aud «5» ot-
lers.Forthe shapeof thecorolla: «1» for freepetals
síape,«2» papilionaceous,«3» urceolate,«4» cam-
panulate,«5» tubular, «6» apetalous,and «7» two
lipped shape.Forfloral nectaries,«1» presení,«0»
absent.

TIe frequency of alí establishedcategoriesof
each character corolla colour aud síape, pre-
senceor absenceof floral nectariesand,degreeof
local coverage(Waddington,1983) (tloughthe vi-
sual observation of each species relative abun-
dance)— wasdeterminedwith regardto thecorbi-
cularpolleo percentageharvestedby thehooeybees.
Also, eachestablishedcategoryof corbicularpolleo
percentagebroughtby thehoneybeeto thehive and
for the different degreesof coverageor relative
abuodanceof specieswere confrontedto the fre-
quenciesof corollacoloursandshapes,and to visi-
ted flower frequencieswithin or without floral nec-
taries

RESULTS

The results of tle palynologicalanalysisof tle
luyes studiedareshown in Table 1, tíerethe most
importaottaxa(high percentagesof harvesting)are
in italies.The contingencyTables2—8 show the re-
latino betweendifferent charactersof floral morp-
lology.

TIe flowers of tle papilionaceouscorolla and
the apetalousflowers supplied high quantitiesof
polleo to the beehive (frequenciesbetweeo 25-
45%). lo 8 of 13 visited specieswith flowers of pa-
pilionaceouscorolla, higí quantitiesof polleo have
collected;in 4 of 11 visited specieswith apetalous
flowers,polleo in higí quaotityhasbeenharvested.
Theplantsof papilionaceouscorollarepreseotedthe
rhird place io speciesdiversity, alí of them cootri-
buteda high quantityof polleo to the luye and alí
liad a higí coefficientof local coverage.Apetalous
flowers plantsrepresentedthe fourth rankiog in or-
derof importancewitl regardlo thepresentspecies
diversity; in the four speciesthat contributedhigh

quantitiesof polleo were found in higí local cove-
rage.

Plantswitl free petalsshape,campanulate,ape-
taly, urceolate and papilionaceouscorolla, lave
suppliedmoderatequantitiesof polleo to the luye
(frequenciesbetween5-25%).In 8 of 46 speciesvi-
sitedof free petals corolla, mediaquantitieswere
harvested.Freepetalscorolla categorypresenteda
higí diversity of speciesin thesurroundingsof the
hive,two of tíesespecieswere a higí local cove-
rage(it was consideredthat Pronos andRobosliad
mediumlocal coverage).

The planrs of tubular corolla contributedlow
quantitiesof polleo althoughthis categorywas the
secoodin speciesdiversity. Alí of tbem were found
in amediumlocal coveragerankiog.

With regardto tle corolla colour (Table 3), the
yellow or the white corollaflowers aretle onesthat
contributed witl high quantity of polleo. High
quantitiesof polleo lave beenlarvestedin 9 out of
36 visited speciesof yellow corolla.And in 1 outof
30 visited speciesof white corolla, the honeybees
harvestedhigh amountsof polleo.

Specieswith blue or pink flower’s corollawere
hardly visited and they contributedmedium and
low quantitiesof polleo to the hive. SCHEMSKE&
BRADSHAW (1999) showedthe Apmsme/lifera las
low preferencefor corollas of petals with higí
conteotin anthocianandcarotenoidpigments.TIe
honeybeeis capableto distioguishsíadevaría-
tions in the petalscolour, producedfor tle diffe-
rentproportionsof pigmentcompositionat the se-
pal and petal plastids (PROCTOR, 1973). lo their
interestingstudyaboutgenetieinfluenceto thepo-
llinatorsand biology processof flowersevolution,
SCHEMSK& BRADSHAW (1999)concludedtlat the
final allele, that increasespetal carotenoidpig-
ments, reducebee’s visitation by 80 %. Tlose
plants representedtle third and fourth source in
speciesdiversity; an important numberof these
werefouodwith higí andmediumlocal coverage.
This is the caseof Echiorn volgare L., blue and
campanulatecorolla, harvestedas main speciesin
one of the luyes.This specieshasbeenconsidered
in this category,specieswith flowersof campanu-
late corolla, for the slight irregularityof its corolla
with regardto tle othersspeciesof the samecate-
gory. Echiom vulgare has a big corolla, witl an
easyaccessto the bees,blue colour and tle me-
dium local coveragein theregion.Theseplantsare
foundin bloom for long times (springandtle be-
gioningof summer).
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Table 1
Relationof thepercentagesof thecontributedpolleo in thehives,referredto five class:

1, < 1%; 2, 1% - 5%; 3, 5% - 25%;4, 25% - 45%; aud+, presence.
1, degreeof cover(3, high; 2, mid aud1, lowí. II, colourof corolla (1, white; 2, yellow; 3, bíne; 4, pink and5, other).
III, form of corolla (1, freepetalsshape; 2, papilionaceousshape;3, urceulatesíape;4, campanulateshape;5, tubu-

lar shape;6, apetaluusshapeaud7, two—lipped shape).IV, exisíenceof necíaries(0, 00 aud 1 yes)

T
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II tíl IV

12345123456701
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CalaminrhasvlvaíicaBromf.
Ca/lunavulgaris IL.) Hall
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ChenopodiumalbunzL.
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Table 1 (Coot.)

1 II tít IV
TAXA

32112345123456701

+ +LavandulastoechasL. +

Lepidiumheíerophyllum 3
Litbodora prostrato
Lotus corniculatusL. 3
Magnolio grandiflora L. +

Malva sylvestnisL. +
MedicagosatívaL.
MenthaaquaticaL. 1
Menrhapulegium L.
OxaliscorniculataL. +
PlantagocoronopusL.
Plantago lanceolataL. 3
Polygonumaviculare L. 1
PolygouumpersicariaL. +

Prunella vulgaris L. +

Pruuusaviu,n L. 2 +

PrunuscerasusL. 2 +

PrunusdomesticoL. 2 +

PrunusspinosaL. 2 +

PvruscommunisL. 2 +

QuercuspirenaicaWitld. 3 +

QuercusrobanL. 3 +
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Ranunculusficoria L. 2
RanunculuspeltatusSchrank
RanunculusrepeusL. 1
RaphanusraphanisrrumL. 3 +
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RabasspL. 3
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SedumacreL. 3
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SeneciosvlvaticusL. 1 +

Seneciovulgaris L. 1 +
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Stellaria media(L.) ViII. 2
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Taraxacumofficinalis Weber 1
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Tilia píaryphvllosScup. +
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Ulex europaeusL. 4 +

Ulex minarRuth 4 +
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VerbascumpulneruleutumViII. 1
Vi burnum unu»L. +
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Zea maysL. 2 +
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Table 2
Representatiunof thecorolla shapeof flowersvisited by Apis mellifero in relationtu the perceníageof harversted

pallenfromeachspecies.The numberof speciesclassifiedhy categoryis indicated in brackeís

Contributed
polled in —.

hive FreePetals
COROLLA SHAPE

Papilion. Urceola. Campan. Tubular Apetaly Lipped

-45%-25% - 7%(8) - - - l.7%(2)
25% - 5% 7% (8) 0.9% (1~ 0.9% (t) 1.7%(2) - 1.7%(2) -

5% - 1% 16.6% (19) - 3.5% (4) - 2.6% (3) 2.6%(3) -

< 1% 16.6%(19) 2.6%(3) 0.9% (1) 0.9% (1> 20.2% (23) 3.5% (41 8.8% (10)

Table 3
Representatiunuf thecorollacolourof fiowersvisited by Apis mellifero in relatiuntu theperceotageuf harvested

pallen fromeachspecies.TIc numberof speciesclassifiedby categoryis indicatedin hrackets

Contributed
polled in ——

hive White

COROLLA COLOUR

Yellow Blue Pink Oíher

45%- 25% 0.9 % (1) 7.9%(9)
25% - 5% 1.7%(2) 7% (8) 1.7% (2) 1.7% (2)
5% - 1% 12.3% (13) 2.6%(4) 1.7% (2) 6.1% (7) 2.6% (3)

< 1% 11.4% (13) 14%(16> 9.7% (11) 10.5%(12) 7.9%(9)

Although in the studiedplaces,thediversiíy of
specíes and ile variety of slapesandcoiourswere
veryhigí, thehoneybeelarvestedhigí quantitiesof
polleo from a reducednumberof species— this
supportstle ideaof tIc honeybee’sfidelity 10 the
speciesof tIc usefulplansfor it (FREE,1963;WAD-

DINGTON & HOLDEN, 1978: O’NEAL & WALLER.
1984; WEBER EL GHOBARY, 1984; MONTENEGRO&
al., 1992;MONTERO & TORMO. 1993) which are
chosenin fuoctionof the memberscoverage,with
available flowers, of one same speciesfor area
uoity.

lo this experience,the loneybeeharvestedhigí
quantitiesof polleo (frequenciesbetween25-45%)
from planís with flowers without nectaries (Table
4>. Accordingto PROCTOR(1973), in tle honeybee
case.tle necíarfunclion is necessaryto íle stigma
pollination, but that is indifferent al the polleo bar-

veshingprocessaí the protandryfloxvers. lo thiscase
(protandry flowers), Ihe bee larvests the polleo
wlen thestamensarematured,beforethat the nec-
tanes commeoce tofunction,this lappeoswhenthe
stigma is receptive (CRESSWELL & ROBERTSON,
1994). Howeverthe numberof visitedflowers with
necíarieswas more that the plantswhlouí floral
nectaries;83.4% wiíh nectariesand 16.6% ithout

tlem, suchas Adenocarpuscamplicotos(L.) Gay,
Cytisosscaparios,(~ytisu.smultifloros, Genistatri-
dentotaL., U/ex eoropaeosL.

There is an important relationshipbetweenthe
local populationcoverageof available plants and
íhe possibilityof beingselectedby the hooeybees
(Table5). Highestcontribuíionsof polleo wereob-
tainedfrom plaotsof densepopulation. However,
no alí the specieswith a high degreeof coverage
were usedastle main sourceof polleo. The20.2%
of the selecíedspecieswhich involved mediumcon-
tribuíions of polleo to the hive (1-25%), were found
in low local coverage and, lowever, a 1% of species
of densepopulationsinvolved the contributionsof
less than 1% of total beehivepolleo.

Howeverthelocal coverageappearedasan im-
poríaotcharacíerin íheexteroalfactorsof thepo-
lleo harvesí.Tíen, it’s interesíioglo analysethe
relation beíweentIc harvested polleo percentage
aod the studiedmorphologicalclaracíers,main-
tainiog tle coverageof eachspeciesas fixed va-
riable. The tables 6-8 slow the resulís of ihis
analysis.

lo tableVI is showedílaí Ihe specieswith papi-
lionaceousand apetalousflowers andhigí local co-
veragein íhesurrouodiogof thebeehives,contribu-
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Table4
Representationof thenectarproductionof theflowersvisitedby Apis mellifero in relation tothe perceníageof

harvesíedpolleofrom eachspecies.Thenumberof speciesctassifiedby categoryis indicatedin hrackets

Contrihuted
polled in

hive

NECTARIES

Absíení Presení

45% - 25% 7% (8) 1.7% (2)
25%- 5% 2.6% (3) 9.7% (11)
5% - 1% 0.9% (1) 24.6% (28)

< 1% 6.1%(7) 47.4% (54)

Table 5
Representationof ihecover of flowers visitedby Apis mellifera jo relationtu the percentageof harvastedpolleo

from eachspecies.The numberof speciesctassifiedby caíegoryis indicatedin brackets

Contributed
polled in

hive

COVER

High Mid Low

45% - 25% 8.8% (10)
25% - 5% 4.4% (5) 2.6% (3) 5.3% (6)
5% - 1% 3.4%(4) 7% (8) 14.9% (17)

< 1% 0.9% (1) 7.9% (9) 44.7% (51)

Table6
Percentagerepresentationof the relationshipbetweencorollashape,amouníof honeybeepolleocollected and

coverof local vegetationin the casestudy.Thenumberof speciesclassifiedhy categoryis indicatedin brackets

Contribured
polledin

hive

Degree
of

cover

COROLLA SUAPE

FreePeíaIs Papilion. Urceola. Campan. Tubular Apetaly Lipped

45%-25%
high
mid
low

-

-

-

40%(8)
-
-

-

-

-

-

-

-

-

-

-

l0%(2)
-
-

-

-

-

25%-5%
high
mid
low

l0%(2)
5%lt)

6.8%(5)

l

l

l.3%(l)

5%(l)
-
-

l

l0%(2)

-

-

-

-

10%(2)
-
-

-

-

-

5%-l%
high
mid
low

3

30%(6)

17.6%(t3)

-

-

-

15%(3)
-

l.3%(l)

-

-

-

5%(t)
5%(l)
l.3%(l)

5

5%(l)

2.7%(2)

-

-

<1%
high
mid
low

1

10% (2)

23% (17)

1

10% (2)

1.3% (1)

5%(l)
-
-

1

1

1.3% (1)

2

20.% (4)

25.7% (19)

5

5

5.4% (4)

5

5% (1)

12.2% (9)

ted with high quantitiesof polleo. The speciesof
free petalscorollaand higí coverageinvolved me-
dium contributionsof polleo.

Witl regardto the colotir (Table 7), tle species
of yellow or white corolla, andhigí local coverage

representedhigí contributionsof polleo. The spe-
cies of pink corolla, some of yellow corolla and
higí coverage,contributedwith mediumquantities,
aswell asthe speciesof yellow, blue or pink coro-
lía and medium degreeof local coverage.
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Table7
Percentagerepresentationof therelaíionshipbeíweencorullacolour, amountof honeybeepolleocollectedand

local vegetatiunin ourcasestudy. The numberof speciesclassifiedby caíegoryis indicatedin brackets

Coníributed
polled in

hive

45% - 25%

Degree
of

cover

COROLLA COLOUR

Whíte Yellow Blue Pink Other

high
mid
low

5% 11)
-
-

45%(9> -

25%- 5%
high
mid
low

2

2

2.7% (2)

15% (3>
5% (1>

5.4%(4)

1

10% (2)

-

10% (2)-
-

5% - 1%
high
mid
low

5%(l>
20% (4)

12.2% (9)

1

10% (2)

1.3% (1)

5%(l)
-

1.3% (1)

5%(l)
10% (2)-

5.4% (4) 4% (3)

< t%

high
mid
low

5%(l)
5% (1)

14.9%(11)
25% (5)

14.9% (11) 14.9%(11)

5% (1)
15%(3)

10.8% (8) 12.2% (9)

Table 8
Percentagerepresentationof the relatiunshiphetweennectaryexisíence,amountof honeybeepolleo collectedaud

local vegetatiunin ourcasestudy. The numberuf speciesclassifiedhy categuryis indicatedin brackets

Cuntributed
polled in hive

45%- 25%

Degree
uf cover

NECTARIES
Absent Present

high
mid
low

40% (8) 10% (2)

25%- 5%
high
mid
luw

10% (2)

1.3% (1)

15% (3)
15% (3)

6.8% (5)

5%- 1v).
high
mid
low

5% (1)
20% (4>
35% (4)

22.9% (17)

< 1%

high
mid
low 9.5% (7)

5% (1)
45% (9)

59.5% (44)

The major numberof high cootributions(with
higí andmediuni percentages)wasrepresentedby
the species of the flowerswithouí nectariesandhigh
coverage(Table 8).

Non speciesof mediumand low local coverage
haspresentedmajority contributionsof polleo to
the beehives,howeverany speciesof high cove-
rage have piesentedmedium aud low contribu-
tioos. It seemto indicate that high coverageis an

important attractive
ooly key factor.

for the bee, but ií’s oot the

DISCUSSION

Thissurveyindicatesthat the honeybeeharvests
largeramountspolleo fromspeciesin densepopula-
tions aod even more so if they lave wide andconti-
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nuedfloweriogs. If tle speciesthat constitutethe ve-
getablecommuoity lave similar shapeand corolla
colour, andtheflowenngperiodsof communityspe-
ciesfollow oneanotíer,sothat thehooeybeehassi-
milar available flowers during its annual period of
harvest(from March to October,in the Iberian Pe-
niosulaNW), and this will representa very impor-
tant poteotial sourceof polleo. The experiencedfo-
ragiog bee finds its bearingby the flower shape,
possiblyassociatingtlis tothe memoryof smelland
corollacolour(FAEGRI & VAN DER PIL, 1979)andas-
sociatedto the polleo smell in the foragingbumble-
bee(DonsoN, 1987; DOBSON & al., 1999).Harvest
efficieocyduring the main period of polleo crop is
importaotto the loneybee(LINSLEY, 1978), for this
reason,thehooeybeein flight is guidedby thevisual
characteristicsthat the plantsoffer andonly ayoids
thepolleo of the plantswith similar flowers if they
lave a deterrentsmell, as is thecase with Lupinos
for tle foraging bumblebee(DOBSoN, 1987). This
behaviour,justifies the selectionof the Papi/jano-
ceoewith yellow or white flowers, which form part
of regionalshrub,and theselectionof apetalousfo-
werssud as Casraneaor Eucaliptos,whoseinflo-
rescencesareabundaotineachmemberandlave an
intenseyellow colour. lo the regionio question,tle
Ericaceaealso form extensiveshrubwhoseflowe-
riogs follow oneanotíer,aodtheir stamensaremore
accessiblethao those of the Papi/ionaceae.TIe
membersof theEricaceaelavea higíoumberof in-
florescencesaod yet, tle Ericaceaeare nota main
componeotof thebeepolleo in this experimeot.It is
possiblethat the reasonfor that is relatedto the fact
thatthe honeybeeshavediscoveredmoreeasily the
foodsourceswith biggercorolla. ThePapi/ionaceae
of small size, sud as Lotus, Medicogo and Tri fa-
/iom, which are alsoabundantin the region, in mea-
dows and abandonedsoils, did oot registerpolleo
contributioos as high as the Papi/ionaceaeshrub
(Cytisos,U/ex,etc.)in spiteof beiog papilionaceous
andhaying a yellow colour. A problemof olfactory
refusal is notconsideredbecause,inplaceswith dif-
fereotvegetationcharacteristics,they were a maio
compooeotof corbicularpolleo (DÍAZ & al., 1998).

Forothersauthors,theentomophilousclaracter
of the speciesare a conditionin tbe selectionpro-
cess(STANLEY & LINSKENS, 1974). lo this study,this
las not beendemonstratedas being a determioaot.
TIe hooeybeehasharvestedlargeamountsof po-
lleo in anemophilousplantsin which a possibleat-
tractionfactoris tle brightnessandcolourof the in-
florescence.

However, in other places,the specieswith two-
lipped aod urceolatecorolla have beenimportant
sourcesof polleo (ORTíZ, 1988,1990;ORTIZ & FER-
NÁNDEZ, 1992). This is perlapsbecauseLamiom,
Stachys,and otíer two-lipped speciesthat form
densepopulationslave an early blossomaod are
notwidely availableduriog themostintensivefora-
gingperiodin the region.

TIe dyalipetaly flowers lave easily accessible
stamens.And, in additionto this,in the local flora
thediversity of specieswitl dyalipetalycorollasit’s
wide.But, in spiteof that somespecies,arefrequeot
in the region, thepolleo amouotharvesis moderate.

Despitetbe longperiodsin whicl thepapiliona-
ceousflower populatioosare available,tle honey-
beeslave collectedlargeamouotsof polleo in just
a few speciesof apetalousflowers. It is the caseof
thesomearborealplaots— they areveryabuodantin
the region— of slorí florescencethat foragersvisit
them assiduously.lo theseflowers, tle stamensare
easily accessible,the inflorescenceis long and ea-
sily visible aodfrequeotlyof a brightyellow colour.
It couldbesupposedtlat, in this case,tle visualat-
traction is due to the recognitionof the colour ye-
llow (LEPAGE & BaCH, 1968).

Yellow is confirmed as tle preferredcolourto-
getherwith white, botí by ile diversity of species
visited that have tíese characteristicsand the
amountof polleo collectedfrom tlem.

Oneof the frequenttopicsfoundin specialised
literature relates the presenceof floral nectaries
with the interestto the loneybee(PERCtNJAL, 1955;
BOLCHI SERINI, 1987; GooDWíN & TEN HourEN,
1991; MONTERO & TORMO, 1993). lo this study, it
caoseeclearly tlat tIc polleo, whicl representsthe
highest perceotage,comesfrom flowers without
nectaries(see O’NEAL & WALLER, 1984; SERRA
BONVEHí, 1988). lo fact, they dousea largenumber
of plantswith floral nectariesbuí they ooly collect
mediumor low polleo amouotsfromrhem.

TIe corollacolotir and síape,in otherwords its
visual claracteristies,play an importaotrolí in the
processof attractioo.However,oncethe loneybee
las landed00 the flower, it may decide,in relation
to otíer factors, whether to collect the polleo or
001.
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