Apidologie 32 (2001) 231242 231
© INRA/DIB-AGIB/EDP Sciences, 2001

Original article

Changes with age in olfactory conditioning
performance of worker honey beesApis mellifera)

David LaLol, Marie GiaLLols, Bernard RGER
Minh-Ha RiaM-DELEGUE*

Laboratoire de Neurobiologie Comparée des Invertébrés, INRA, BP 23,
91440 Bures-sur-Yvette, France

(Received 6 September 2000; revised 17 February 2001; accepted 26 February 2001)

Abstract — Proboscis extension reflex conditioning has often been used to study olfactory learning

in the honey bee. However, only a few studies have explored the variability of this response relative
to the age of the bees, and these studies have yielded different conclusions. We aimed to document
the effect of age on the proboscis extension response by measuring three parameters in the experimental
procedure: the level of spontaneous responses, the acquisition rate, and the resistance to extinction.
The performance of the youngest bees (2-day and 4-day-old) differed from those of older individu-
als for the three parameters, which may be related to the ontogeny of the olfactory system. In older
age-groups, only the resistance to extinction was found to vary with age. We discuss the possible rela-
tionships between age-dependent variations in the odour learning abilities and the division of labour

in the colony.

honey bee Apis mellifera/ conditioned proboscis extension / age effect

1. INTRODUCTION known as age-polyethism (Michener, 1974;
Oster and Wilson, 1978). The progression of

During its lifespan, a worker bee goesf[he division of Iappur_is not rigid and there
through a succession of different tasksiS @ great variability in the task ontogeny.
younger bees usua”y perform Within_nestThe sources of Var|ab|||ty include age, but
activities prior to becoming foragers. Thisother factors are involved such as the
behavioural ontogeny determines the divicolony’s state, the worker's genotype, and
sion of labour in the colony, commonly probably prior experience (for a general
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review on social insects, see Lenoir, 1987by recording the proboscis extension
on the honey bee, see Calderone and Pagresponse (PER) (Takeda, 1961; Bitterman
1988, 1991). The interactions between theset al., 1983). This reflex can be trained in a
different factors remain unclear, and theclassical conditioning procedure by pre-
causal relationships between age ansenting an odour in temporal association
behaviour are still questioned. The claim thawith a sugar reward. This procedure allows
simple models, based on theories of selffor good control of the conditioning param-
organisation, can explain age-polyethisneters (Menzel et al., 1993; Sandoz et al.,
without any link between age and task per1995) and of physiological variables (Mercer
formance (Tofts and Franks, 1992), haviand Menzel, 1982; Erber et al., 1993). It has
widely extended the debate. Neverthelesdbeen used for studies on olfactory learning
such models appear to be too restrictive, arand memory processes (Erber, 1980; Menzel,
various mechanisms are probably involved i11984; Smith, 1991; Sandoz et al., 1995), on
the process of behavioural ontogenygenetics of learning (Brandes, 1988, 1991)
(Calderone, 1998). Undoubtedly, age is ncand on plant odour recognition (Pham-
the only explanation for polyethism, but it Delégue et al., 1993; Le Métayer et al., 1997).
may play a major role in the division of

labour. Most studies based on PER conditioning

used foragers of unknown age collected at
the hive entrance. Few works have addressed
the question of variability of olfactory learn-
ing performance according to age. Pham-
Delégue et al. (1990) subjected different age
groups to a training procedure, and showed
that 12- to 18-day-old bees exhibited higher
levels of olfactory conditioned responses
than younger and older groups. This age
range covers the period when the initiation
of foraging tasks usually takes place under

icals secreted and loaded on the queen bocnatural conditions (Seeley, 1982). Bhagavan

which change according to the queen statt al._ (1994)’ investigating the respective
(Crewe, 1982; Slessor et al., 1988 Agaite contribution of age, caste, and genotype on
and Skirkevicius, 1994). The ability of the Olfactory learning performance, found no

workers to adapt their behaviour to thes€/e€Ct Of age from 5-day-old bees to the end

changes might result from an offactory learn©f @ bees’ lifetime, but they did not test
younger bees. Moreover, as they observed a

ing process. Learning abilities are clearly > .
involved in foraging behaviour, food Sourcestrplng.contnbutlon of genotype on the vari-
ability in performance, they could not defi-

recognition being based on the memorisatio®: . g
of visual and olfactory cues (von Frisch,Nitely exclude an age effect which might be

1967; Menzel et al., 1993). Since olfactoryNiddeén by the genotype effect. More
learning is involved in different tasks occur-"écently, Ray and Ferneyhough (1997) stud-

ring at various periods of the worker’s lifes-1€d olfactory conditioning among bees from
pan, we hypothesised that learning capabi®ne day after emergence to older stages.

ities would vary according to the tasks, anc/ hey found that younger bees, until 10 days
consequently, with age. of age, exhibited lower levels of conditioned

. . response than older foragers.
The behavioural plasticity of bees has

been widely studied in free-flying bees (von The present work aimed to establish the
Frisch, 1967; Koltermann, 1969; Menzel,ontogeny of olfactory learning abilities as
1985) as well as in restrained individualsmeasured in a PER procedure. Previous

Among the numerous tasks any worke|
has to perform, many of them require adap
tative behaviours resulting from prior expe-
rience. Thus, the retinue behaviour of youny
worker attendants around the queen o
swarming behaviour are based upon the abi
ity to identify the queen, to determine het
physiological state — virgin or mated, her
age, and other factors (Boch et al., 1975
Winston et al., 1989; Free et al., 1990). Thit
information is provided by the semiochem-
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works on the influence of age on proboscis 2.2. Conditioning

extension response have considered only of the proboscis extension

the acquisition phase of the learning pro-

cess. As the standard conditioning proce- The stimulation conditions and the train-
dure (Bittermann et al., 1983) also allowsg procedures were adapted from the work
for recording spontaneous responses ang gitterman et al. (1983) and are detailed
resistance to extinction, we analysed thg sewhere (Pham-Delégue et al., 1993;
effect of ageing on all three parametersgangoz et al., 1995). Bees were restrained
In addition, the odour stimulus used byingjyigually in glass holders, then they were
Pham-Delégue et al. (1990) and Ray andaryed for 3 hours prior to the experiment.
Ferneyhough (1997) was geraniol. Thisrpe hrohoscis extension reflex was tested
volatile is not only a floral compound but o, he first trial by contacting the antennae
is also a major component of the Nasonoy,ith a drop of 30% sucrose solution. Bees

pheromone (Pickett et al., 1980). AS it iSyat gid not exhibit the reflex were dis-
produced by all workers, in amounts which.,qed.

increase with age (Boch and Shearer, 1963),
an effect of prior exposure on the condi- The odour was delivered through a 1 cm
tioned response could not be excluded. ldiameter glass tube placed 2 cm in front of
order to document a possible influence ofthe head of the bee. The odour sample
the quality of the odour stimulus, we (10 pl) was soaked on a filter paper strip
designed comparative experiments withnserted in a Pasteur pipette cartridge. The
geraniol and linalool, this second odourvapour from the cartridge was delivered
being of floral origin. through an airstream (2.5 ml/s) which was
then injected in the main airflow (50.5 ml/s).
Comparative experiments were conducted

2. MATERIALS AND METHODS with four different conditioning stimuli,
either linalool (Sigma, 95-97%) or geraniol
2.1. Honey bees (Mallinckrodt, 99%), pure or at a concen-

. tration of 103 vol./vol. in hexane. When
The experiments were conducted 0nsing 5 diluted stimulus, the solvent was let

worker honey beesApis melliferal.). 4 evaporate for 30 s before inserting the
Combs with pre-emerging brood weregjjier paper in the cartridge.

obtained between January and April 1998

from several hives maintained in a heated Prior to each trial, the bee was placed in
apiary. Emerging bees were collected frona clean airflow for 15 s in order to become
combs and caged in groups of 60-70 indifamiliarised with the mechanical stimula-
viduals of same age (Pain, 1966). Bees wet#on and to the experimental context. Bees
provided with sugar and water ad libitum,were then subjected to three conditioning
and with pollen during the first eight days.trials followed by five extinction trials, with
They were maintained in an incubator (tem45 min inter-trial periods. On each condi-
perature: 33 °C, relative humidity: 55%, attioning trial, the odour stimulus was pre-
dark). We tested groups of 2, 4, 6, 8, 10, 1XZented for 6 s. In the last 3 s of the odour
14, 16, 18 and 20-day-old bees. To homodelivery, the antenna was contacted with a
genise a possible effect of day, several beesicrose solution (30% w/w) and the exten-
from each age-group were tested every expesion of the proboscis was rewarded by the
imental day. This was repeated until the numeptake of a drop of sucrose solution. On
ber of bees required for data treatment wasach extinction trial, the odour stimulus was
reached (at least 20 bees were tested per aggivered for 6 s with no sugar stimulation of
and per conditioning stimulus). the antenna and no reward delivery.
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The responses of the worker bees werthe Cochran’s rule, the Fisher’s exact
recorded at three trials within the experi-method was used (Scherrer, 1984).
mental procedure:

(1) Spontaneous response (proboscis
extension) to the odour was recorded during
the first 3 s of the first trial, i.e. before the , ) i
conditioning procedure per se. Bees that, A comparison of data obtained with
responded on this initial trial were discardec@ither pure or diluted (1Bvol./vol.) odour

from the following acquisition procedure, stimuli led to non-significant d_ifferen_ces.
since it would be impossible to distinguishTherefore, the responses obtained with the

bees responding spontaneously from thodivo concentrations of the same odour were
being conditioned. pooled and presented thereafter as the

o response to linalool or to geraniol.
(2) The extent of acquisition was

recorded on the fourth trial, i.e. just after

the end of the conditioning period. Bees that 3.1. Spontaneous responses

were not adequately conditioned at the end

of this acquisition period were discarded The comparison of the frequency of spon-
from the following extinction procedure, in taneous responses to geraniol and linalool
order to compare groups which displayedevealed a significant differencg?(= 27.2,
equivalent conditioning performance. P < 0.05); more bees had spontaneous

(3) Extinction was recorded on the last©SPONSes to linalool.
trial of the experimental procedure. The data showed a significant effect of
age on the frequency of spontaneous
response to linalool and to geraniol (Fig. 1;
2.3. Statistical analyses X2 =27.7,P < 0.01 for linalool;x? = 53.3,
P < 0.001 for geraniol). Younger bees exhib-
A comparison of the responses obtainedied the highest percentages of spontaneous
with pure and diluted odour stimuli, and theproboscis extension: 35% of the 2-day-old
comparison of the results obtained withbees responded to linalool, and 33% of the
geraniol and linalool, were analysed using &-day-old bees responded to geraniol. When
global x2-test according to Cochran’s rule stimulated with linalool, 15-25% of the 4- to
(Cochran, 1954). The proportion of response$4-day-old bees showed spontaneous
relative to age were compared to a theoretesponse, while older bees exhibited less
ical uniform distribution using a homo- than 10%. All bees from 6-day to 20-day-old
geneityx2-test. When the distribution was groups showed less than 13% spontaneous
found to be non-uniform, two-by-two com- response to geraniol.
parisons of the responses at different ages
were undergone using @?-test with
1df. To ensure that the experiment error rate
wasa = 0.05, we carried out each compar-
ison according to the Dunn-Sidak method
(Sokal and Rohlf, 1995) at a critical proba- 1€ level of response at the end of the
bility of o’ = 1 — (1 —a)Ykwhere k was the conditioning period (pairing the odour with

number of intended tests. Therefore, the sigiucrose reward) did not differ with the odour
nificance level was 0.0014 as we comparegtimulus &°=2.6,NS.

two-by-two the responses among ten age- However, a significant effect of age was
groups. When conditions of application ofdemonstrated for both odour stimuli (Fig. 2;
the x2-test were not fulfilled according to x2 = 21.5,P < 0.05 for linalool;x2 = 20.7,

3. RESULTS

3.2. Acquisition
of the conditioned response
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Figure 1. Percentages of bees exhibiting spon+igure 2. Percentages of bees exhibiting condi-
taneous proboscis extension to linalool and gerationed proboscis extension to linalool and geran-
iol, presented as a function of their age. Sampl®l at the end of the training period, presented as
sizes were comprised between 50 and 69 indi function of their age. Sample sizes were com-
viduals. The statistics show a global heterogeneitgrised between 34 and 60 individuals. The statis-
of the responses according to age with bothics show a global heterogeneity of the responses
odours. Significant two-by-two comparisons areaccording to age with both odours. Significant
indicated (*P < 0.0014 according to the Dunn- two-by-two comparisons are indicated #*<
Sidak adjustment for pairwise comparisons). 0.0014 according to the Dunn-Sidak adjustment
for pairwise comparisons). Two-by-two com-
parisons did not indicate significant differences
with geraniol.

P < 0.05 for geraniol). The frequency of 3.3. Resistance to extinction
conditioned responses to linalool increased
progressively from 2-day to 20-day-old bees,

with a significant differencehbetwee_n theeytinction period (presentation of the odour
two extreme age-groups. In the expermentg;ii ot subsequent reward) did not differ

with geraniol, conditioned responses Were,.ordina to the odour stimulug= 15.6
also the lowest in 2-day-old bees, buty g UE'= 156,

reached the highest values in 4-day and in

20-day-old bees with no linear variation A highly significant age effect was
among the intermediate ages. Pairwise contdemonstrated by the responses at the end of
parisons of the conditioned responses tthe extinction procedure (Fig. 3) for both
geraniol did not reveal significant differ- linalool (x2= 35.7,P < 0.001) and geraniol
ence between ages. (X2 = 24.6,P < 0.01). For both odours, the

The level of response at the end of the
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Linalool  from the variations in the responses of 4- to
. * ' 20-day-old bees, resistance to extinction
with linalool seemed to be more accurate in

' [ bees older than 10 days.
I 4. DISCUSSION
i . . The experiments have shown that the
2 4 6 8 10 12 14 16 18 20 conditioned proboscis extension responses

age (days) _ of worker bees were age-dependent. While
Geraniol  previous works only explored the acquisition
' < ‘ ; process, we demonstrated that two other
| parameters also varied with age, the fre-
guency of spontaneous responses and the
resistance to extinction. We obtained the
weakest influence of age on the conditioned
responses at the end of the acquisition period,
but highly significant variations with age
were observed for spontaneous responses

2 4 6 8 10 12 14 16 18 20 and resistance to extinction.
age {(days)
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Figure 3. Percentages of bees exhibiting conditggether, proboscis extension responses of
tioned proboscis extension to linalool and geran%he youngest bees (less than 4 days of age)

iol at the end of the extinction period, presente . s
as a function of their age. Sa?mple sFi)zes wer enerally differed from those of older indi-

comprised between 20 and 48 individuals. Th&/iduals. Young bees showed more sponta-
statistics show a global heterogeneity of théleous responses than older ones. The high-
responses according to age with both odoursest levels of spontaneous proboscis extension
Significant two-by-two comparisons are indi- were obtained with 2-day-old bees when
cated (*P < 0.0014 according to the Dunn-Sidak|ina|o0| was tested, and both 2-day and
adjustment for pairwise comparisons). 4-day-old bees with geraniol. In addition,
young bees showed poor acquisition per-
formance. With linalool, 2-day-old bees
pairwise comparisons indicated that 2-dayexhibited only 59% conditioned responses,
old bees were less resistant to extinctiomhis level tending to increase with age. This
since they exhibited the lowest percentage dfend was not completely reproduced with
response. With geraniol, the responses aferaniol, however 2-day-old bees also
other age-groups varied from 45 to 73%gshowed the lowest level of conditioned
with 6-, 14- and 16-day-old bees respondingesponses with 62% bees exhibiting pro-
significantly more than the 2-day-old group.boscis extension to the odour. Finally, dur-
No significant difference was found amongind the extinction period, 2-day-old bees
4-day to 20-day-old bees. With linalool, theShowed the lowest resistance to repeated
resistance to extinction appeared slightly'nrewarded presentations of the conditioned
weaker; the responses of 4- to 20-day agelimulus.
groups varied from 32 to 70%, with 12- 14- We hypothesise that the performance
and 20-day-old bees exhibiting significantlyexhibited by the youngest bees may have a
more responses than 2-day-old beewseuro-developmental basis since the olfac-
Although no clear tendency could be drawrtory system is still maturing during the first
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days of the adult life. Functional morphol-et al. (1994) did not find any significant
ogy and neural studies have shown that theariation in the spontaneous responses to
olfactory system is highly flexible in hexanal and 1-hexanol. However, in one of
response to environmental changes until aheir experiments these authors observed a
least 4 days after emergence, its maturatiorendency for a decrease in spontaneous
being achieved between 4 to 8 days of ageesponses from young to old bees which is
(Masson and Arnold, 1987; Masson et al.consistent with our results with linalool.
1993). High levels of spontaneous responses .

during the first days of adult life might be  The effect of age on the acquisition pro-
related to a higher sensitivity to the odour$®SS was found to be very weak. Except for
at this critical period, when the sensory envi#-day-old bees, which exhibited a slightly
ronment could affect the setting up of thdower level of conditioned responses, all
olfactory system. Poor learning performancd€€S Were able to learn both linalool and
of young bees (poor acquisition as well ageramol gfﬂmently. These results are con-
poor resistance to extinction) also might besistent with the data reported by Ray and

a direct consequence of the immaturity of erneyhough (1997) who did not find
olfactory nervous system. changes in the levels of olfactory condi-

) tioning after 5 days of age. However they
_ The level of spontaneous proboscis exteryiffer from previous results by Pham-
sion was found to vary from zero to 35%.,pejegue et al. (1990) who showed a signif-
which is in agreement with the valuesicant variation in the probability of responses
reported in the literature (Bhagavan et al.petween different age-groups from 2-day to
1994; Sandoz et al., 1995). Changes in thgg_qay-old bees. This discrepancy might be
level of spontaneous responses with aggye to the conditioning procedure as Pham-
were highly significant with both odour pejague et al. subjected the bees to five con-
stimuli, responses to linalool being slightly yitioning trials while we used three trials.
higher than those obtained with geraniolTne number of conditioning trials could
The difference between the spontaneoustfect both the degree of satiation and
responses to linalool and to geraniol mighgynaustion in the bees, which could be a
be due to prior exposure to geraniol as thigoyrce of variability in the learning perfor-
volatile is a component of the Nasonoviances. Moreover, other factors are known
pheromone produced by the workers. Ong, jnfluence learning performance such as
could hypothesise tha_t pre-exposure to thighe season (Erber, 1981), race (Abramson
compound could have induced sensory adafs a., 1997), or prior experience (Jakobsen
tation of the olfactory system, so that withgt 5 1995). Also Ray and Ferneyhough
subsequent exposure, the odour be_comQ§997, 1999), by comparing young bees
less easily detected by the bees. In this casghich could fulfill nursing activities to both
it is not surprising to observe a decrease ifong workers forced to forage precociously
spontaneous responses to geraniol as the begg; 1o old foragers, suggested that the activ-
aged, i.e. as the exposure continued. MOrées of the bees in the colony influenced the
over, Nasonov pheromone is produced igjevelopment of learning performance. Such
amounts that increase with workers’ ag&actors could interfere with the analysis of
(Boch and Shearer, 1963), and the effect ofge.related variations and explain the dis-

pre-exposure might be stronger in parallel. Inyarate conclusions of the previous works.
this regard, our data do not support the con-

clusions of Ray and Ferneyhough (1997) The extinction process has been often
who did not find any variation in the degreeconsidered in the study of learning and
of spontaneous proboscis extension to geramemory in the honey bee (Menzel et al.,
iol between the different age-groups theyl974; Couvillon and Bitterman, 1980;

tested. For floral compounds, BhagavarAbramson and Bitterman, 1986; Sandoz
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et al., 1995), but it has never been relatedapacities. However, an age effect on the
to the age of bees. Our results showed lehaviour may rely on various factors such
highly significant effect of age on the resis-as maturational processes, prior olfactory
tance to extinction. As we discarded theexperience, and physiological state. Com-
individuals which did not respond at the enchined neurophysiological and behavioural
of the previous acquisition period, we couldrecordings, performed at different ages,
assume that the differences between agmuld help assess neural correlates of
groups were not related to a difference irbehavioural development. The genetic com-
their learning performance (i.e. all groupsponent should be also considered in future
displayed equivalent conditioning levels,works on the ontogeny of olfactory learn-
and all individuals were subjected to theing since subfamily differences in the age
same number of trials). The age-effecht which workers began foraging has been
observed was mainly due to the lowest resigdescribed (Kolmes et al., 1989; Robinson,
tance of 2-day-old bees, as already dist992). Investigations on these different
cussed, but also to some variations in thaspects are still needed to evaluate whether
responses of older bees. The variation imge-related variations in odour learning abil-
resistance to extinction observed in our studities could play a role in task specialisation
follow the age effect obtained in the acqui-and therefore the division of labour.

sition phase by Pham-Delégue et al. (1990).

Such variation may rely on the physiologi-

cal state of the bees; i.e. the motivation for ACKNOWLEDGEMENTS

food, or the resistance to exhaustion when

the experimental procedure lasts for many We are very grateful to Nadine Meduric for
trials. Resistance to extinction may also b&er help to conduct the experiments, and to Jean-
interpreted as a confirmation of behaviourafrancois Odoux for providing the bees.

rigidity which develops with ageing. Our
results are consistent with reports of mor
conservative tendencies in older individu

zlilgségespecially in the fruit fly (Fresquet, ;456 des ouvrieres d'abeilleL’apprentis-
)- sage olfactif est impliqué dans diverses acti-
In addition, in the honey bee it may beVités réalisées a des moments différents au

hypothesised that the variation in learning-0Urs de la vie des ouvrieres. On peut sup-
performance according to age should b@0Ser que les capacités d'apprentissage
related to the tasks the bee has to perforn{arient en fonction des taches et, en consé-
Indeed, differential responses to odours maueénce, en fonction de 'age. Bien que le
account for the performing of tasks implyingconditionnement de I'extension du probos-
the use of olfactory signals. Our data, parciS ait été Iargement ut|I|s_e dans les et_udes
ticularly with linalool, revealed that beesSUr 'apprentissage olfactif chez I'abeille,
over 12 days had a higher resistance tegu'de travaux se sont intéressés a la varia-
extinction compared to younger oneg bilité de cette réponse en for_1ct|on de 'age,
Worker bees start foraging at this age ofeUrs conclusions étant d'ailleurs contro-
average under natural conditions (Michener/€rsees. Dans le travail présenté ici, nous
1974: Seeley, 1982; Kolmes, 1985). Thu&Vons anz,ilyse les variations d?s perfor-
this consistency in their response may b&ances d'apprentissage, lors d’un condi-
related to the need to memorise and retaifPhnément de 'extension du proboscis, en
floral odours over successive foraging tripsfonction de I'age des ouvriéres. Les abeilles
(Apis melliferal.) sont prélevées a I'émer-
Our work has tentatively investigated thegence sur des cadres de couvain, et main-
influence of ageing on olfactory learningtenues par lots d’age identique dans des

Résumé — Variations des performances
“‘d’apprentissage olfactif en fonction de
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cagettes d’élevage. Nous avons testé ditcois parametres étudiés, ce qui pourrait étre
groupes, ageés respectivement de 2, 4, 6, 80 au développement du systeme olfactif.
10, 12, 14, 16, 18 et 20 jours. Les ouvriéregu cours des premiers jours de la vie ima-
sont soumises a une procédure constituégnale, le systeme olfactif poursuit sa matu-
de trois essais de conditionnement suivis deation et est particulierement plastique en
cing essais d’extinction, le stimulus odorantréponse aux changements de I'environne-
étant soit du linalol soit du géraniol. Troisment. Les niveaux élevés de réponses spon-
réponses sont enregistrées au cours de fanées pourraient étre liés a une sensibilité
procédure expérimentale : (1) la réponssupérieure a I'environnement olfactif au
spontanée a I'odeur avant le conditionneeours de cette période critique, alors que les
ment, (2) la performance d’acquisition a lafaibles performances d’acquisition et de
fin de la phase de conditionnement, et (3jésistance a I'extinction, au méme age, pour-
la résistance de la réponse conditionnée raient étre une conséquence directe de
la fin de la phase d’extinction. 'immaturité du systéme. A partir de 6 jours,
En premier lieu, les résultats réveélent uﬁseule la résistance a I'extinction varie signi—
effet significatif de I'age sur les réponsesficativement avec I'age des ouvrieres. Les
spontanées, tant avec le linalol quavec l¥ariations des capacités d'apprentissage
géraniol (Fig. 1). Les abeilles les plus jeune§lfactif, en fonction de I'age des abeilles,
montrent le plus d’extensions spontanéeBourraient jouer un réle dans la spécialisa-
du proboscis, 35 % des ouvriéres agées di®n comportementale des individus et, en
2 jours répondant au linalol, et 33 % deconséquence, dans la division du travail au
celles de 4 jours répondant au géraniol. P&e€in de la colonie.

ailleurs, nous avons observé un effet signi-

ficatif de I'age sur la performance d’acqui-abeille / Apis mellifera/ extension condi-
sition (Fig. 2). Avec le linalol, le taux de tionnée du proboscis / effet age

réponse augmente lentement entre les

abeilles agées de 2 jours et celles de 20 jours.

Avec le géraniol, les ouvrieres de 2 jourszysammenfassung — Altersabhangigkeit
présentent la plus faible performancen der Leistung bei olfaktorischer Kon-
d’acquisition, mais des taux de réponse €lefitionierung von Arbeitshienen (Apis mel-
vés sont observes des I'age de 4 jours. Enfififera L.). Das Erlernen von Diiften steht
les résultats indiquent aussi un effet signimit den unterschiedlichen Aufgaben in den
ficatif de I'age sur la résistance a I'extinctionyerschiedenen Lebensabschnitten der
(Fig. 3), les abeilles de 2 jours montrant un@rpeitsbienen im Zusammenhang. Wir
moindre résistance que les individus plugintersuchten die Hypothese, dass die Lern-
ages. Chez ces derniers, les taux de répongghigkeit sich mit den Aufgaben und dem-
obtenus avec le gérﬁniOl varientde 45a 73 %tsprechend mit dem Alter andert. Der kon-
sans différence significative entre lesditionierte Riisselstreckreflex wird allgemein
groupes. Avec le linalol, la résistance &n Untersuchungen iiber das olfaktorische
I'extinction semble un peu plus faible, les|_ernen bei Honigbienen angewendet. In die-
taux de réponse variant de 32 a 70 %. Bie§er Arbeit wollten wir der Frage tiber die
qu'il ne soit pas possible de mettre en évialtersabhangigkeit der Riisselstreckreak-
dence une tendance nette, il semble que {gn nachgehen. Bienen der italienischen
résistance a I'extinction, avec le linalol, soitRasseA. m. ligusticawurden bei Schlupf
plus importante chez les abeilles agées dgon den Waben gesammelt und in Gruppen
plus de 10 jours. gleicher Altersstufen gekafigt. Wir testeten
Les réponses des ouvriéres les plus jeuné&sruppen im Alter von 2, 4, 6, 8, 10, 12, 14,
(agées de 2 et 4 jours) different de celled6, 18 und 20 Tagen. Es wurden jeweils 3
des individus plus agés pour I'ensemble deKonditionierungsversuche durchgefihrt,
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denen 5 Extinktionsversuche angeschlosn diesem Alter mag mit einer besonderen
sen wurden, und zwar entweder mit LinaEmpfindlichkeit auf die olfaktorische
lool oder Geraniol als Duftreiz. Drei Para-Umwelt in dieser kritischen Zeitspanne
meter wurden wéahrend des Versuchzusammenhéngen. Dagegen kdnnte das
gewertet: 1. Grad der spontanen Antworgeringe Lernvermdgen und das geringe
vor der Konditionierung, 2. Grad der Erler-Widerstandsvermdgen gegen die Extinktion
nung am Ende der Konditionierungsphasem gleichen Alter eine direkte Folge des
und 3. Erhalt der Konditionierung am Endenoch nicht voll entwickelten olfaktorischen
der Extinktionsphase. Nervensystems sein. Erst bei dlteren Bie-

Als erstes Ergebnis zeigte sich ein signifinen (ab dem Alter von 6 Tagen) wurde
kanter Alterseffekt bei der spontanen Riisgefunden, dass das Widerstandsvermégen
selstreckreaktion sowohl bei Linalool undgegen die Extinktion sich mit dem Alter
Geraniol (Abb. 1). Bei den jiingsten Biener@ndert. Diese altersabhanigige Variation in
erfolgte die starkste Reaktion mit 35 % befler Fahigkeit, Diifte zu erlernen, sollte eine
Linalool bei 2 Tage alten und 33 % ReaktiorRolle in der Spezialisierung im Verhalten
auf Geraniol bei 4 Tage alten Bienen. Ausder Arbeiterinnen und damit in der Arbeits-
serdem fanden wir einen signifikanten Einteilung des Volkes spielen.

fluss des Alters auf den Grad der Erlernung

(Abb. 2). Bei Linalool nahm die Anzahl der Honigbiene /Apis mellifera/ konditio-
Reaktionen von 2 Tage alten Bienen langnierter Risselstreckreflex / Alter

sam bis zum Alter von 20 Tagen zu. Bei

Geraniol war das Lernen bei 2 Tage alten
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