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Abstract — The effects of forager body size and floral display size on pollinator behaviour were
assessed in a relatively specialised plant-pollinator sy§tgtisus scopariysvhich has structurally
complex, nectarless flowers is pollinated by foraging bumblebees. Variations in bee body size
affected the proportion of open flowers visited, the ability of bees to trigger the pollination mecha-
nism of flowers and handling times on open flowers. Smaller bees handled flowers more successfully
and efficiently than larger ones. Contrary to previous reports, all bees preferred to visit open flowers
and possible explanations for this are discussed. Floral display size also affected behaviour as bees
visited more flowers per plant on larger plants, but visited a lower proportion of the available flow-
ers. There was no interaction between body size and floral display size, suggesting that bees of all sizes
respond in a similar manner to variations in floral display sizes. The potential impacts of variations

in bumblebee behaviour on plant reproductive success are discussed.

foraging behaviour / pollination / body size / floral display size Bombusspp.

1. INTRODUCTION and pollinators to maximise their foraging
success (in terms of net energy gain). Spe-
Although the plant-pollinator system hascific attention has been given to how the
been repeatedly viewed as a classic examptize of various aspects of the plant-pollina-
of an ecological mutualism, conflicts within tor system have changed in response to
the system have caused evolutionargelection pressures. For example it has been
changes in both plants and their pollinatorsobserved that insect foragers exhibit higher
Plants have tended to evolve to attract a higtates of visitation to larger flowers [6, 8, 10,
quantity and quality of pollinator service, 17, 20, 21, 36, 49], and flower size is
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130 J.C. Stout

frequently correlated with the size of the45], but despite this, different sized bum-
floral reward (nectar and/or pollen) [5, 10,blebees of the same species often forage
16, 51, 54]. Furthermore, foragers tend talongside each other. Bees of varying sizes
select and visit more flowers on plants oregulate their body temperature differently
patches with large floral display sizes in[25] and this may affect foraging strategies
order to reduce travel times between floweron different sized plants. Smaller bees have
[3, 22, 23, 32, 46, 47]. a more rapid rate of passive heat loss and
this may influence the amount of time spent

An increase in the size of floral Charac-On 2 plant and the number of flowers Vis-
teristics, however, results in a trade-offited P

between costs and benefits for the plani
The production of more flowers which are  Size variations are particularly important
larger and have greater nectar and/or pollein specialised plant-pollinator systems such
rewards increases pollinator attraction buas the pollination o€ytisus(Sarothamnus

is more costly for the plant and may result irscopariusL. (Fabaceae) by bumblebees.
other disadvantages in terms of the quality cThe large (16—20 mm) yellow flowers of
the pollination service received. For exam-C. scopariushave an explosive pollination
ple, plants with a large floral display attractmechanism, remaining closed until an insect
more foragers, but these pollinators catalights on the wings and triggers the open-
increase within-plant pollen transfering of the keel, and remaining open there-
(geitonogamy) [15, 24, 26, 30, 41, 43]. Thusafter. The style and stamens are then
female success may be reduced in selreleased, collecting and depositing pollen
incompatible plants by self-pollen cloggingon both the dorsal and ventral surfaces of
stigmas and interfering with outcross pollenthe visitor [28]. Bumblebees are most effec-
and in self-compatible plants by inbreedinctive at triggering the pollination mechanism,
[22, 29]. Male success may be affected by especially heavier species suctBasnbus
reduction in pollen export to other plantsterrestris(L.) andB. lapidarius(L.) [33].
[24, 34]. Pollen is also collected from open flowers by
honeybeesApis melliferaL. Hymenoptera:
rApidae) and hover-flies (Diptera: Syrphi-
dae) [27, 33]. Parker [37] found, however,
that secondary visitors to open flowers did
not contact the stigmatic surface and were
unlikely to pollinate flowers. Flowers are
nectarless, but open flowers display nectar

: ides which fool bees into attempting to
smaller ones with narrow heads. Larger for8"
agers are therefore limited to morg ope|prObe for nectar [28]. Knuth [33] reported

. . that bees hardly ever settle on flowers which
flowers or flowers with shorter, wider o
corolla tubes [53]. Bumblebe&¢mbus have alre_ady been opened, but_ p_rellmlnary
Latreille, Hymenoptera: Apidae) pollina- observations suggested that this is not nec-

tors show body size variation at a range 0essarlly the case (J.C. Stout personal obser-

scales. Body size varies among specie:vat'on)'

within the same species and even amon Although the anthers and stigma mature
individuals within a single colony [2, 7]. at the same time in this plant species, flow-
Bumblebee colonies are founded annuallers are not capable of passive self-pollination
by large mated queens which produce workand flowers which are not visited rarely form
ers of various sizes throughout the seascpods [14, 33]. Flowers which are fertilised
[1]. The average size of workers is thoughwith pollen from another plant are more
to increase as the season progresses [dikely to produce fruit than self-pollinated

Similarly, variations in the size of mor-
phological characteristics of pollinators ca
affect their ability to extract rewards from
flowers of different sizes and may affect
pollen collecting habits [4, 13, 19]. Large
foragers with broad heads or shorter tongue
cannot reach as far into corolla tubes a
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flowers [14, 37]. Sinc€. scopariugelies triggering or not triggering the mechanism)
entirely on seeds for reproduction, and isind c) time spent per flower. Bees of both
severely pollinator limited, pollinator species were placed into three size cate-
behaviour represents an important aspect gories: less than 15 mm long, between 15
the reproductive biology of this plant speciesand 20 mm long and greater than 20 mm
[37]. C. scopariudlowers throughout May long. Body lengths were estimated by eye
and early June [18, 28], and hence botMhilst bees were foraging. A sample of 20
queens (the largest, and heaviest bumbléees was captured on the first day of obser-
bees) and smaller workers are potential pokation and their lengths measured to con-
linators. This system is therefore pertinenfirm estimations. The smallest size category
for investigating the influence of pollinator Probably contained the oldest workers whilst
body size and floral display size on foragingh€ largest size category contained only
behaviour. Although there have been manflueéens. Three cuckoo-bumblebees
studies of the effects of floral display size orlPSithyrusspp. Lepeletier, Hyme-noptera:
pollinator behaviour, there have been very*Pidae), ones. pratorum(L.) and oneB.

few which have examined whether differ-Pascuorun{Scopoli) were also seen forag-
ent sized bees of the same species differ {9 O the plants, but were not included in
their foraging behaviour [12, 35]. | testegthe ar_1aIyS|s. Five honeybees were also noted
the following hypotheses. Firstly, that bum-foraging on open flowers only, but were
blebee body size affects: a) choice of flowef!SC N0t included in the analyses.

(open versus closed), b) success at handling The size of the plant on which the bees
flowers and c) handling time per flower; Were foraging was classified by counting
and secondly that plant size affects: a) th&he number of flowers available on each day

number of flowers visited per plant and b)that observations were made. On large plants
the proportion of available flowers visited. With several hundred or thousands of flow-

ers, the number of flowers was estimated to

the nearest 50. Plants displayed a consistent
2. MATERIALS AND METHODS number of flowers throughout the time

observations were made.
2.1 Field observations
Bumblebees were observed foraging on 2-2 Data analysis
17 C. scopariusplants at two sites: five
plants in the research gardens of the Uni-
versity of Southampton Research Centre
Chilworth and 12 plants in an area of ope
scrub-land at Lordswood. The sites ar
approximately 2.5 km apart, near Southam
ton (Hampshire, UK: 50° 57’ N, 1° 26’ W).
Over six days (13 to 21 May 1997), 113
individuals of two species (9. terrestris

Data from behavioural observations were
ooled for the two sites as there was not suf-
icient within-site replication to analyse them
eseparately. Furthermore, the two sites were
close enough that bees could travel between

Pihem and in both sites the. scoparius
plants were the only major forage resources.
Behaviour is, therefore, unlikely to have dif-
o fered greatly between sites. The number of
and 14B. lapidariug were observed forag- \;ijts by humblebees to open flowers was
ing on these plants. analysed as a proportion of the total number
Individual bees were monitored from of flowers visited per bee using binomial
their arrival at a plant to their departure ancrrors in GLIM (version 3.77, Royal Statis-
the following was noted: a) the state of theical Society) according to bee species, body
flowers visited (open or closed), b) the suclength and the interaction between them.
cess of the bee if on a closed flower (i.eFactors which did not contribute significant
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effects to the model were removed in a step- 3. RESULTS
wise manner. As the ratio of the residual
standard deviation to the residual degrees
of freedom was less than 1.5, the test stati
tics given are? values [9]. Similarly, the
number of successful visits to closed flow

Bumblebees of both species visited a high
?)'roportion of open flowers during a foraging
bout but large bees visited more open flow-
“ers than smaller bees (Fig. 1). There was no
QlYnificant interaction between bee species
and body length, nor were the two bumble-

For each individual bee, | calculated the?€€ SPECies different, but body length signif-

: : cantly affected the proportion of open flow-
average time spent handling open flowers rs visited during a foraging bout (Tab. ).

closed flowers which were not triggered ancE . .
closed flowers which were triggered. The ody length aiso affected the triggering suc-

average times spent handling flowers Wer%ess of bees foraging on closed flowers.

of all its visits to closed flowers.

. maller bumbl were mor ful
log transformed to reduce heterogeneity o aller bumblebees were more successfu

: : an large ones at handling flowers and none
variance and were anglysed using ”Orm%n the three large bees that visited closed
errors in GLIM according to body length,

flowers triggered the pollination mechanism

flower state and the interaction between . - -
them. Factors which did not contribute sigRFlg' 2), whereas small and medium-sized

nificant effects to the model were removed

in a stepwise manner. For each individu - 18
bee, handling times on one flower type on
were used in the analysis to prevent repea
measurements of individuals. Only handlin

095 62

09 T 33

g
times byB. terrestriswere used in thisanal- 2¢ . | [
ysis because there were not enough obs £ £
vations ofB. lapidariusbehaviour for anal- £* %7
ysis. To investigate whether there were al g oss
= <15mm 15-20mm >20mm

differences in handling times between tt
two species, mean times spent on open flo.. Bee body size

ers were analysed according to bee specieFigure 1. The effect of bumblebee size on the
body length and the interaction betweerproportion of open flowers visited (data from
species and body length in GLIM. It wasboth species are pooled). Numbers above bars
not possible to repeat this analysis for close'"dicate sample sizes.
flowers because of the small number o:

B. lapidariusobservations. 06 19 2

st

04 +

The number of flowers visited per plar
by each individual bumblebee was analys
with Poisson errors according to bee speci
body length and floral display size (plu
interactions) using GLIM. Since Poisso
errors were used, test statistics giverydre
values [9]. Again, factors which did not con
tribute significant effects to the model wer Bee body size
removed. The proportion of flowers visited Figyre 2. The proportion of successful visits to
per plant was similarly analysed using bino-closed flowers by bumblebees of different body

mial errors in GLIM and test statistics givenlengths (data from both species are pooled).
arexz values as above. Numbers above bars indicate sample sizes.

03 T

02 +

0.1 T

3

0 + t —

Proportion of successtul visits to closed
flowers (mean +S.E.)

<15mm 15-20mm >20mm
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Table I. The effect of bee specieB. errestris B. lapidariug and body length (< 15 mm, 15-20 mm,
> 20 mm) on the proportion of open flowers visited during a foraging bout and the proportion of suc-
cessful triggering visits to closed flowers.

Visits to open Successful visits
flowers to closed flowers
X2 d.f. p X2 d.f. p
bee sppx body length 1.72 2 0.423 0.00 2 1.00
bee species 0.75 1 0.386 0.00 1 1.00
body length 13.7 2 0.001**+*  8.33 2 0.016*

Significant effects are marked with asterisks.

bees triggered closed flowers 48% of the The two bee species visited approxi-
time on average. Again, the two bee speciesately the same numbers of flowers per
were equally successful at opening closeglant, and all bees visited more flowers per
flowers and there was no significant inter-plant on plants with large floral display sizes
action between terms (Tab. I). (Tab. IV and Fig. 5). Increases in the num-
ber of flowers visited per plant with increas-
ing floral display size were not enough to

atch increases in the number of available

owers. Hence bees visited a decreasing pro-
portion of the available flowers as the num-
ber of flowers per plant increased (Fig. 6,
Tab. V).

Bees B. terrestrisonly) tended to spend
more time on closed flowers which they
triggered compared with open ones or close
ones which they did not trigger (Fig. 3).
Flower handling times varied significantly
with flower type but not with body length
(Tab. I1). When the handling timesBf ter-
restrisandB. lapidariuson open flowers
were compared, smaller bees handled flow- 4 piscussiON
ers more quickly than larger bees (Fig. 4),
but there was no significant difference

X F ing behavi ffected by bod
between species (Tab. Il1). 0raging benaviour was arrectec by body

size in both specieB. terrestrisandB. lap-
idarius are morphologically very similar [1]
and so size was not confounded by bee

17 species in the analyses. It has previously

o ’—L been shown that bumblebees exhibit con-
9 siderable size-variation, but few studies have

’—L - shown that this affects foraging behaviour.

(B. vagan¥hbody size was positively corre-

, , lated with flower Yicia craccg size and

open closed, not riggered  closed, wiggered concluded that this occurred because indi-
Flower site vidual bees were maximising foraging effi-

Figure 3. B. terrestrishandling times on open ciency. l. found that when foraging on
and closed flowers. Closed flowers were eithefo- Scopariusbody size affected floral choice
not triggered and remained closed, or triggere€in terms of the type of flowers selected),
successfully and opened following a visit. Num-the ability of bees to trigger the pollination

bers above bars indicate sample sizes. mechanism and handling times. Classic

S - N W R Lu o
PR S R S S R

Morse [35] showed that bumblebee

Time per flower (seconds: mean +S.E.)
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pollination texts [for example see 27, 28 more flowers already triggered by other bees
33] state that larger, heavier bees are mo@nd, when they attempted to trigger closed
effective at triggering the complex pollina- flowers, they consistently failed. At least
tion mechanism o€. scopariusflowers. two factors could explain this finding. Small
However, | found that large bees visited fabumblebees are relatively large compared
with other British bee species [40], and they
may be more suited to the flowers@fsco-
Table II. The effects of body length (< 15 mm, parius(which are 16—20 mm in length) than
15-20 mm, > 20 mm) and flower state (openthe larger queen bumblebees. Large queen
closed and not triggered, closed and triggered)eeg (typically 20-25 mm [1]) may be phys-
on handling times bi. terrestris ically unable to trigger the floral mecha-

F d.f. p nism because they are too big. Alternatively,
it may be due to the foraging differences
body lengthx flower between queens and workers at this time of
state 0.556 3,90 0.645 year. Queen bumblebees collect less pollen
body length 1.959 2,93 0.147

flower state 601 293 0004+ oS the season progresses [39], and so they

Significant effects are marked with asterisks.

Table Ill. The effect of bee specieB. terrestris
B. lapidariug and body length (< 15 mm

Time per flower (seconds: mean +8.L.)

15-20 mm, > 20 mm) on handling times on op: 3 ° 3
flowers. 2]

F d.f. p "

0 t u
bee SpeCIeS <15mm 15-20mm >20mm
body length 1.04 2,109 0.357 Bee body size
bee species 0.17 1,109 0.681 Figure 4.The effect of body size d. terrestris
body length 3.53 2,109 0.033* andB. lapidariuson handling times on open
flowers. Numbers above bars indicate sample

Significant factors are marked with an asterisk. sizes.

Table IV. The effect of bee specieB.(terrestris B. lapidariug, body length (< 15 mm, 15-20 mm,
> 20 mm), and floral display size (< 151, 151-500, 500-1500, > 1500 flowers) on the number and pro-
portion of flowers visited per plant.

Number of flowers Proportion of flowers

visited per plant visited per plant

X2 df. p X2 df. p
bee sppx body lengthx floral display size 0.98 3 0.806 0.74 3 0.864
bee sppx body length 083 2 0.660 111 2 0.574
bee sppx floral display size 3.09 3 0.378 396 3 0.266
body lengthx floral display size 188 5 0.866 159 5 0.902
bee spp. 351 1 0.386 474 1  0.030*
body length 274 2 0.254 204 2 0.361
floral display size 9.24 3 0.026* 36.7 3 <0.001***

Significant effects are marked with asterisks.
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27 6 ers that the bee triggered. Thus bees of all
sizes visited more open flowers which had
already been triggered because they were

16
34
fo T quicker to handle. Alternatively, it may have
N been because there were more open flow-
ers available than closed ones (J.C. Stout,

personal observation) and bees may there-
fore handle open flowers more rapidly
because they represent a more familiar
_ _ . flower type. Bees were quickest at handling
it e of o e s G052 flowers which hey did ot tigger.
Numbers above bars indicate sample sizes. These flowers may have been still quite
tightly closed and not ready to open. Bees
may have tried to access these flowers and
then departed when they were unsuccess-
ful. Alternatively, these bees may have been
005 1 inexperienced and they ‘gave-up’ on closed
flowers because they were unaware of the
potential pollen reward from previously

(mean +S.E.)

Number of flowers visited per plant

<151 151-500 501-1500 >1500

Number of flowers per plant

0.06 13

0.04 +

(mean + S.C.)

2§ 007 “ unvisited flowers.

S

= ey More than half of the bees observed

TR 34 o (59%) did not visit closed flowers during a

g . ‘ [ ] = foraging bout. This observation contradicts

& ast s soisoe -0 the belief that bees prefer to visit closed
Number of flowers per plant flowers [33]. There are at least three possi-

Figure 6. The proportion of available flowers Ple reasons for this. Firstly, as mentioned
visited per plant on plants with different num-above, bees may visit more open flowers
bers of flowers. Numbers above bars indicatdecause they are more common than closed
sample sizes. flowers. Bumblebees may select the most
common flower types as this may reduce
search and handling times [42, 50]. Sec-

may not be as effective at pollen collectiorP™d!Y; the large yellow corollas, with ‘nec-

as smaller workers which spend much of2r-guides’ which are only visible on trig-
their time harvesting pollen. gered flowers, attract bees to probe for

nectar. Different individual bees may spe-

Handling times on open flowers werecialise in collecting pollen or nectar or both
also affected by body size as smaller bedd1] and a naive nectar forager that visits
were faster on open flowers than larger one€. scopariusmay sample several flowers
Again, this may be because the smaller bedsefore departing without even attempting
are more suited to the flower size and so ar® open closed flowers. Certainly the nec-
more efficient. The smallest bees are alstar guides fooPsithyrus(cuckoo bumble-
the oldest workers, have more foragingoees) into probing for nectar since bees of
experience than medium sized bees and mdlyis genus never forage for pollen [40]. A
therefore be quicker at handling the flow-third reason why bees were selecting open
ers. Body size did not affed. terrestris flowers may be that they were detecting
handling times when all flower types wereattractive scent marks deposited by previ-
considered; the time taken to manipulate aus foragers. Bumblebees have been shown
flower varied according to the flower stateto use attractive scents whilst foraging
Handling time was greatest on closed flowfor nectar from artificial flowers, and
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preferentially visit flowers which have pre- visited a small number of flowers per plant,

viously been visited by another bee [48]regardless of body size.

However, there is little evidence for bum-

blebees using attractive scent marks in the

field [52] and there have been no investi- ACKNOWLEDGEMENTS

gations into the use of scent marks on nec-

tarless flower species. This work was funded by a Ph.D. studentship

. . awarded to J.C. Stout by the University of

Floral display size affected bumblebeesouthampton. | am grateful to Drs. Dave Goul-

foraging behaviour. As in many other studson, Tasman Crowe, John Allen and Bernard

ies [for example 3, 22, 23, 32, 44, 46, 47],\/aissiér.e for valuable comments on the

| found that bees of all sizes visited morgmanuscript.

flowers per plant on plants with a larger flo-

ral display, but visited a decreasing propor-

tion of the flowers available. Contrary toRésumé — La taille importe-t-elle ? le

the predictions based on differential energgomportement des bourdonsBombus

expenditure by bees of different sizes, therspp.) et la pollinisation deCytisus scopa-

was no interaction between plant size antius (Fabaceae)Les effets de la taille cor-

body size. Different sized bees were not visporelle de l'insecte butineur et de la taille

iting different numbers of flowers per plant,de la fleur sur le comportement du pollini-

possibly because ambient temperatures wegateur ont été évalués dans un systéme

relatively high when observations wereplante-pollinisateur relativement spécialisé.

made (J.C. Stout personal observation). Cytisus scopariyde genét a balais, qui pos-

ede des fleurs de structure complexe et

épourvues de nectar, est pollinisé par les

ourdons. Sa fleur reste fermée jusqu’a ce

y’elle soit déclenchée par une visite posi-

; e de l'insecte ; elle reste ensuite ouverte.

SCees?:Soggor?uu;se(lj(rE%i;nZ?é ig\}é?glr;(;?flggtlg’a' étudlé le comportement de butinage de

seed set and progeny fitness [14, 37] visideux especes de bourdoBsmbus terres-

P t{IS etBombus lapidariussurC. scoparius

tation rates and pod set per plant were nNqlog oo ations ont été faites pres de Sou-
measured in my study, but prehmmaryth

results indicated that seed set per pod an
S?: d ;’\i'fég?; v(\éerg tgﬂttaﬁﬁcfg@ﬁ,gﬁrzlaﬂf)'de bourdons de taille variée et examiné les
play size (J.L. ; unp . effets de la taille de la fleur sur le compor-
Bee_s visited a very small proportion of the ment du pollinisateur. A cette période de
available flowers on all plants (an average % année de grosses reines et des ouvrieres

%Ius petites butinent activement. Contraire-
and inbreeding would have been low o ment aux études précédentes, j’ai trouvé que
plants of all sizes MNes bourdon? se posaient pnnmpaleme,nt,sur
' les fleurs déja ouvertes, semblant préférer
In conclusion, there is a relatively spe-visiter les fleurs déja déclenchées par un
cialised relationship betwedh scoparius autre insecte (Fig. 1, Tab. I). Il se peut que
and its pollinators, and bumblebee foragindes bourdons visitent plus de fleurs ouvertes
behaviour can have an important impact ogue de fleurs fermées parce que 1) les fleurs
the reproductive success of this planbuvertes sont plus rapides d’acces et le pol-
species. Bumblebee foraging behaviour waken peut encore étre récolté sur les antheres
found to be affected by both body size an@xposées, 2) les enseignes a nectar sur la
floral display size. However, all beescorolle attirent les insectes a la recherche

Previous work has shown that aIthougr‘!Sj
plants with a larger floral display size attract
more pollinators, increased inbreeding ca
cause a reduction in the number and mass%

ampton (Hampshire, UK) en mai 1997.
ai comparé le comportement de butinage

within-plant pollen transfer (geitonogamy)
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du nectar (bien que les fleurs en soienton sammelnden Hummeln bestaubt. Ihre
dépourvues), 3) sur les plantes il y a plugliiten bleiben geschlossen, bis ihre Off-
de fleurs ouvertes disponibles que de fleuraung durch einen erfolgreichen Hummel-
closes et 4) les insectes peuvent étre attbesuch ausgeldst wird und bleiben danach
rées par des marques odorantes sur les flewfen. Das Verhalten von 2 Hummelarten
qui ont été déja visitées. (Bombus terrestrisind B. lapidariug, die
Les bourdons de taille petite et de tailleauf C. scopariussammeln, wurde unter-
moyenne réussissent mieux a déclencheucht. Die Beobachtung fand in der Nahe
les fleurs que ceux de grande taille (Fig. 2yon Southampton (Hampshire, England) im
Tab. I). Ceci contredit les rapports précéMai 1997 statt. Ich verglich das Sammel-
dents selon lesquels les bourdons plus grogerhalten von Hummeln verschiedener
ont une plus grande efficacité pour déclenGrée und untersuchte den Effekt von der
cher le mécanisme de pollinisation deBlitengr@e auf das Verhalten der Bestau-
C. scopariusLe temps de récolte @ ter- ber und den Samenansatz. Zu dieser Jah-
restrissur des fleurs ouvertes et des fleurseszeit sammeln beide Kasten, diefgmo
fermées n’a pas été affecté par la taille corkoniginnen und die kleineren Arbeiterin-
porelle mais par I'état de la fleur (Fig. 3,nen. Im Gegensatz zu fritheren Untersu-
Tab. I). Les bourdons avaient besoin dehungen fand ich, dass sich Hummeln mei-
plus de temps sur les fleurs ouvertes. Latens auf offenen Bliten niedeifien.
taille corporelle a affecté le temps de récolt@ffensichtlich bevorzugten sie Bliten, deren
des deux especes sur les fleurs ouvertgaufbliihen bereits durch eine andere Biene
puisque les gros bourdons ont passe plus @@isgeldst war (Abb. 1, Tab. 1).Aus folgen-
temps que les petits (Fig. 4, Tab. Ill). Leden Griinden scheinen Hummeln haufiger
comportement du pollinisateur a eté égaleoffene als geschlossene Bliiten zu besuchen:
ment affecté par la taille de la plante : leg1) offene Bliiten sind leichter zugénglich
bourdons ont visité plus de fleurs par plant@&ind es kénnen immer noch Pollen von den
sur les plantes de grande taille (Fig. 5freistehenden Antheren gesammelt werden,
Tab. IV). Néanmoins une plus petite pro-(2) die Saftmale auf den Bliitenblattern
portion de fleurs présentes sur les plantegerlocken Bienen nach Nektar zu suchen
de grande taille ont été visitees (Fig. 6(obwohl die Bliiten keine Nektar bieten),
Tab. V). Il n'y a pas eu d'interaction entre la(3) es gibt mehr offene als geschlossene
taille corporelle et la taille de la fleur, ce Bliiten auf den Pflanzen und (4) vielleicht
qui suggere que les insectes, quelle que sqithmen Bienen einen anziehenden Duft von
leur taille, répondent de la méme facon aug|iten wahr, die schon durch vorherigen
variations de la taille des fleurs. Besuch gebffnet wurden. Kleine und mit-
telgrd3e Hummeln waren erfolgreicher bei
butinage / pollinisation / taille corporelle /  der Auslésung des Offnens der Bliite als
taille des fleurs /Bombusspp. groBe (Abb. 2, Tab. I). Das widerspricht
friheren Berichten, dass @® Hummeln
den Mechanismus zur Bestaubung von
Zusammenfassung — Spielt die Gifge eine  C. scopariuserfolgreicher auslosen. Die
Rolle? Das Verhalten von Hummeln und Zeit des Sammelns vd terrestrisan offe-
die Bestaubung vorCytisus scopariug.  nen und geschlossenen Bliten wurde nicht
(Fabaceae)Der Einfluss der Korpergf@e  durch die Korpergrde, sondern durch das
der Bestauber und der @eder Bluten auf Stadium der Blite beeinflusst (Abb. 3, Tab.
das Verhalten der Bestauber wurde in einerl). Hummeln bendtigten mehr Zeit bei
recht spezialisierten Pflanzen — Bestaubegeschlossenen Bliten. Die Sammeldauer
System bestimmiCytisus scopariugjie  wurde bei beiden Arten durch die Korper-
komplex gebaute nektarlose Bluten hat, wirdyré3e beeinflusst, da ge Hummeln mehr
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Zeit als kleine bendtigten (Abb. 4, Tab. Il1).
Das Bestaubungsverhalten wurde aber auch
von der Gr@e der Pflanze beeinflusst, denn[lz]
Hummeln besuchten bei gien Pflanzen
mehr Bliten pro Pflanze (Abb. 5, Tab. IV).
Allerdings wurde ein geringerer Prozent-
satz der bei den gBen Pflanzen vorhande- [13]
nen Bluten besucht (Abb. 6, Tab. IV). Es
ergab sich keine Beziehung zwischen Kﬁr[14]
per- und Blitengrde, sodass angenommen
werden kann, dass alle Bienen unabhéangig
von der Gr@e in gleicher Weise auf die [15]
unterschiedlichen G@in der Bliten rea-
gieren.

Sammelverhalten / Bestaubung / Korper-
groBe / BlutengrdBe /Bombusspp.

(17]
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