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Honey bees begin life working in the hive. At �3 weeks of age,
they shift to visiting flowers to forage for pollen and nectar.
Foraging is a complex task associated with enlargement of the
mushroom bodies, a brain region important in insects for certain
forms of learning and memory. We report here that foraging bees
had a larger volume of mushroom body neuropil than did age-
matched bees confined to the hive. This result indicates that direct
experience of the world outside the hive causes mushroom body
neuropil growth in bees. We also show that oral treatment of
caged bees with pilocarpine, a muscarinic agonist, induced an
increase in the volume of the neuropil similar to that seen after a
week of foraging experience. Effects of pilocarpine were blocked
by scopolamine, a muscarinic antagonist. Our results suggest that
signaling in cholinergic pathways couples experience to structural
brain plasticity.
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Experience refines the structure of the brain. Well documented
examples include the addition of higher order branches to the

dendrites of cortical neurons in rats living in cages stocked with toys
(1) and enlargement of the hippocampal formation subsequent to
seed caching and retrieval in food storing birds (2). Numerous
studies of insects have indicated that the ability of experience to
shape the brain is not limited to relatively long-lived, large-brained
vertebrates. The honey bee, Apis mellifera, is a case in point.

For the first 2 to 3 weeks of their roughly 6-week adult lives,
worker bees perform activities within the hive such as brood care,
food storage, and hive maintenance (3). They then become foragers
and thereafter spend their days flying from the hive to gather nectar
and pollen from flowers (4). Foraging requires assessment of the
colony’s nutritional needs, navigation by using the sun as a compass,
recall of the location of the hive, acquisition of information about
odors and colors of specific floral sources, and communication of
the distance and direction of attractive food sources to nestmates
via symbolic dances (5, 6).

There are many physiological changes that trigger or support the
shift from the temperature- and humidity-regulated, dark, odor-
dominated environment inside the hive to the ever-changing, sunlit
world outside (7). Foraging is associated with growth of the
neuropils of an insect brain region called the mushroom bodies
(8–10). In bees with several weeks of foraging experience, the
increase in neuropil volume is substantial, and may be equivalent to
50% of the volume of this structure in 1-day-old adult bees (10). As
might be predicted, increased foraging experience is associated with
improved foraging efficiency (11), although direct links between the
structural changes in the brain and enhanced performance have yet
to be made.

The mushroom bodies are located at the dorsal midline of the
insect brain (12). They consist of densely packed clusters of
interneurons, called Kenyon cells, and the neuropils defined by
the axon terminals and dendritic arborizations of these neurons, the
lobes and the calyces. Disruption of synaptic signaling in the
mushroom bodies is associated with poor performance in certain

tests of learning and memory, especially tasks involving the asso-
ciation of odors with punishment or reward (13–15). Study of the
Drosophila mushroom bodies has led to the discovery of broadly
conserved molecular mechanisms of learning and memory, includ-
ing key functions for calcium�calmodulin-dependent adenylyl cy-
clase, protein kinase A, Notch, CREB, and the NMDA receptor
(16, 17).

The fact that the increase in neuropil volume associated with
foraging reflects increases in length and branching of Kenyon cell
dendrites was demonstrated in a Golgi study that compared den-
dritic arborizations of Kenyon cells in age-matched foragers with
different amounts of foraging experience (10). Neurogenesis is
absent in the mushroom bodies of most adult insects, including the
honey bee and, therefore, cannot account for any of the growth of
these structures in foraging bees (18, 19).

The simplest model for experience-dependent growth of the
mushroom bodies predicts that signaling through sensory pathways
directly activated by foraging is the stimulus that triggers the growth
of Kenyon cell dendrites. The mushroom bodies receive afferents
from primary sensory regions of the brain, including the antennal
lobes and the optic lobes (12, 20). The projections from the antennal
lobe, which convey processed information from receptors on the
antennae, are cholinergic (21). Expression of the gene encoding
acetylcholinesterase by the Kenyon cells provides another indica-
tion of the importance of the cholinergic system to mushroom body
functioning (22).

The neurotransmitter acetylcholine signals via distinct ionotropic
(nicotinic) and metabotropic (muscarinic) receptors in both verte-
brates and invertebrates, including insects (23, 24). In mammals,
substantial evidence indicates a role for forebrain cholinergic
mechanisms in learning and memory (25); in humans, loss of
cholinergic function contributes to the loss of cognitive function
seen in patients with Alzheimer’s disease (26) and is a target for
therapeutic intervention (27). Signaling via muscarinic receptors is
critical for monocular deprivation-induced plasticity in the cat
visual cortex (28, 29) and nucleus basalis-induced receptive field
plasticity in rat primary auditory cortex (30, 31).

Muscarinic acetylcholine receptors (mAChR) are members of
the large family of transmembrane, G-protein-coupled receptors
that includes the rhodopsin family, odorant and taste receptors, and
receptors for many neurotransmitters and neuromodulators (32). In
vertebrates, there are five molecularly and possibly functionally
distinct mAChR subtypes (33). Only a single mAChR has been
identified in sequenced insect genomes, a bee brain EST database,
and assembly 3.0 of the honey bee genome (34–36).

Muscarinic agonists and antagonists, defined on the basis of their
actions on vertebrate receptors, are active at the insect muscarinic
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receptor (37–39). Binding of ligand to metabotropic receptors
results in the activation of multiple intracellular pathways, including
increases in inositol trisphosphate and diacylglycerol, inhibition of
adenylyl cyclase, and a decrease in intracellular levels of cAMP (33).
These changes, in turn, stimulate multiple downstream responses
and can interact with signaling pathways coupled to other neuro-
transmitter receptors.

In the present study, we tested two hypotheses: first, that foraging
experience causes an increase in the volume of the mushroom body
neuropil; second, that cholinergic signaling via muscarinic receptors
mediates the effect of foraging on the mushroom bodies. We tested
the latter hypothesis by substituting pharmacological stimulation of
muscarinic receptors for natural foraging experience.

We report here evidence that foraging does cause an increase in
the volume of the mushroom body neuropil in honey bees and that
experience of life in the hive, without flight from the hive, cannot
substitute for the experience of foraging. We also demonstrate that
an increase in the volume of the mushroom body neuropil can be
induced by treatment of bees with the muscarinic agonist pilo-
carpine. Our finding of muscarinic receptor-mediated growth of the
mushroom bodies reveals an evolutionarily conserved role for
acetylcholine in the modulation of brain plasticity.

Methods
Animals. Honey bees were maintained at the University of Illinois
Bee Research Facility by using standard apicultural techniques.
Experiments were performed during the summers of 2002, 2003,
and 2004. Experimental bees were derived from a mixture of
European races (predominantly Apis mellifera ligustica). One-day-
old adult worker bees (focal bees) were obtained by removing
honeycombs containing pupae from large ‘‘source’’ colonies (each
headed by a naturally mated queen) in the field and placing them
in an incubator (34°C, 95% relative humidity). Bees that emerged
over a 24-h period were marked with a spot of paint (Testor’s PLA,
Testor, Rockford, IL) on the thorax and introduced into an
unrelated host colony.

Preliminary studies revealed that 10,000 focal bees were needed
for each replicate of an experiment to ensure rapid recovery of
sufficient sample sizes for all experimental groups. Because a
typical queen lays no more than �1,500 eggs per day, we obtained
bees from multiple source colonies over a 2-day period. Bees from
different source colonies were mixed and assigned randomly to
each experimental group.

Each host colony was housed in a 2-story Langstroth hive and
contained a naturally mated queen, the 10,000 focal bees, and
30,000 unmarked background bees. One-week foragers were cho-
sen for our experimental manipulations to ensure a focus on
experience-dependent structural plasticity and to provide a bona
fide experience enhancement, i.e., a second week of foraging. To
increase recovery of one-week foragers and the probability that they
would survive a full second week of foraging, we removed a portion
of the host colony’s nonfocal foraging force, causing most focal bees
to initiate foraging a few days early (40).

Beginning when bees were 10 days of age, daily observations were
made at the hive entrance for 6–8 h per day to identify bees that
had initiated foraging. Foragers were identified according to stan-
dard criteria (bees returning to the hive with pollen loads, dusted
with pollen, or abdomens distended with either nectar or water).
One-day foragers identified at the hive entrance were marked with
a second dot of paint and then allowed to reenter the hive and
continue foraging for 1 week. Observations continued to reidentify
these bees as one-week foragers. One-week foragers were either
allowed to continue foraging in the field for a second week or were
brought into the laboratory for further treatment.

Treatment. One-week foragers were placed in groups of 10–12
individuals in Plexiglas cages (10 � 10 � 7 cm) in a dark incubator
(28°C at 95% relative humidity) for 1 week (Fig. 1). They were orally

treated with one of the following cholinergic agents dissolved in
50% sucrose: pilocarpine hydrochloride (muscarinic agonist; Sigma
P6503, 10�6 M and 10�8 M); scopolamine hydrochloride (musca-
rinic antagonist; Sigma S1013, 10�3 M), or nicotine (nicotinic
agonist; Sigma N0267, 10�3 M). Doses were 10-fold lower than the
LD50 we determined for each drug for bees housed under identical
conditions (data not shown). Feeding tubes containing treatment
solutions were changed daily (under red light, which is invisible to
bees). Foragers cannot survive longer than 24 h without ingesting
carbohydrates, so all surviving bees must have ingested the provided
solution (41). Negative control (caged control) bees were housed
under identical conditions but were fed only the 50% sucrose
solution vehicle. Positive control bees were one-week foragers
allowed to continue foraging under natural conditions in the field
for a second week (two-week foragers). All treated and control bees
were age-matched (median age 25 days within each trial). At the
end of each experiment, bees were cold anesthetized (4°C). Dis-
section of the brain from the head capsule was completed within 4 h
of chilling.

Foraging Deprivation. One-week foragers (obtained as described
above) were confined to their host colony by using a previously
established technique in ref. 42. This confinement involved gluing
a glass bead (1.5–2 mm high) on the dorsal surface of the thorax to
increase the height of the thorax. A screen placed inside the hive
prevented these bees from leaving the hive but were exposed to
stimuli in the colony (i.e., nectar, pollen, wax, and their nestmates).
The other bees from the same colony were allowed to come and go
freely and obtain a second week of foraging experience.

Histology and Volume Analysis. Histology and regional volume
estimation were performed with established methods in ref. 43.
Brains dissected free from the head capsule were fixed by immer-
sion in Bouin’s alcoholic fixative, dehydrated, cleared, embedded in
Paraplast wax, and sectioned transversely at 10 �m by using a rotary
microtome. Complete sets of serial sections through each brain
were stained with cresyl violet (Sigma C1791) and Luxol Fast Blue
(Sigma S3382). The Cavalieri method was used to estimate the
volume of the neuropil of the mushroom bodies (calyces, pedun-
culus, and lobes) and, in some groups, neuropils associated with the
central complex. The central complex is a group of protocerebral

Fig. 1. Caged bees in the laboratory. Caged bees were fed either a 50%
sucrose solution (in water) or cholinergic agents dissolved in the sucrose
solution. The volume of neuropil of the mushroom bodies was estimated in
age-matched bees as a function of foraging experience and drug treatment.
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neuropils implicated in motor control (44) and was studied here
solely to explore the regional specificity of the mushroom body
effects. Estimates of mushroom body neuropil volume were con-
ducted blind and based on the Cavalieri protocol of systematic
random sampling of one in every six sections. Honey bee workers
are monomorphic, so no correction for body size is required.
Volume estimates were made on one hemisphere of each brain,
randomly selected. A BioQuant image analysis system was used to
determine cross-sectional areas (BIOQUANT Image Analysis Cor-
poration NOVA PRIME stereology toolkit, version 6.70.10).

Statistical Analysis. Estimates of the volume of the mushroom body
neuropils were made for a total of 309 individuals, across nine
independent experiments, conducted over three field seasons (Ta-
ble 1). One-way ANOVA and Tukey-Kramer post hoc tests were
performed to assess the differences in neuropil volumes between
the treatment groups (SYSTAT version 10 for Windows, Systat). A
QQ (quantile-quantile) plot was used to assure a normal distribu-
tion of the data. The correlation between flight experience and
volume of the mushroom body neuropil was analyzed by using the
Pearson test (SAS Institute 2001, SAS PROC GLM). A broader
analysis was performed to facilitate comparisons across all treat-
ments and across all experiments. The % difference relative to the
caged control group in each experiment was calculated by using a
mixed ANOVA model and Dunnett post hoc test (SAS PROC MIXED).

Results
Effects of Foraging Experience on Mushroom Body Neuropil Volume.
Daily observations at the entrance of hives in the field allowed us
to identify previously marked bees of known age on the day they
shifted from working in the hive to foraging. These one-day foragers
were allowed to continue foraging under natural conditions for 1
week, at which time they were designated one-week foragers.
One-week foragers were either allowed to continue foraging for a
second week (two-week foragers) or deprived of a second week of
foraging by confinement in cages in the laboratory for one week
(caged controls; Figs. 1 and 2). The Cavalieri method was used to
estimate the volume of the neuropil of the mushroom body in
age-matched bees. There was a significant positive correlation
between foraging experience and mushroom body neuropil volume
(Pearson correlation coefficient � 0.622; P � 0.0005). Two-week
foragers had significantly larger mushroom body neuropil volumes
than one-day foragers (Tukey-Kramer; P � 0.0001) and one-week
foragers (P � 0.0001). There was no difference in mushroom body
neuropil volume between one-day foragers and one-week foragers
(P � 0.998).

Caged bees with one previous week of foraging experience had
significantly smaller mushroom body neuropil volumes than two-
week foragers in nine of nine trials (each trial represents an
independent, unrelated colony; in each trial, all groups of foragers
were matched for age; Table 2, which is published as supporting

Fig. 2. Control of foraging experience in honey bees. Extensive daily behavioral observations made at the entrance of hives in the field permitted identification
of bees of known age on the day that they shifted from working in the hive to foraging. These one-day foragers were marked with a second paint dot and allowed
to continue foraging (Week 1). Bees with 1 week of foraging experience were allowed to continue foraging in the field, confined to the hive, or confined in
cages in the laboratory for 1 week and fed either sugar water or cholinergic agents dissolved in sugar water (Week 2). Dashed lines indicate bees prevented from
foraging.

Table 1. Effects of foraging experience or muscarinic agonist on brain plasticity

Colony*
One-day
forager

One-week
forager

Caged
control Hive bound

Two-week
forager Pilo 10�6 M Pilo 10�8 M Nicotine Pilo � Scop

A 43.7 � 1.0a (11) 43.9 � 1.0a (10) 45.0 � 1.3a (6) — 52.1 � 1.3b (6) — — — —
B — — 42.1 � 1.2a (7) 43.5 � 1.2a (6) 49.8 � 1.1b (7) — — — —
C — — 43.6 � 1.3a (7) 46.8 � 1.1b (9) 50.6 � 1.3b (7) — — — —
D — — 44.4 � 1.2a (6) 47.6 � 1.2ab (6) 50.4 � 1.2b (6) — — — —
E — — 44.3 � 0.6a (12) — 47.9 � 0.6b (14) 48.9 � 0.7b (8) 45.5 � 0.7a (10) — —
F — — 43.4 � 0.5a (16) — 49.7 � 0.7b (11) 49.2 � 0.6b (13) — 45.4 � 0.7a (10) —
G — — 43.8 � 0.6a (10) — 49.4 � 0.6b (12) 48.0 � 0.7b (7) — 44.6 � 0.8a (6) —
H — 43.6 � 1.2a (8) 45.1 � 1.1a (9) — 52.1 � 1.0b (11) 50.6 � 0.9b (13) — — 43.9 � 0.8a (15)
I — 42.6 � 1.3a (8) 44.6 � 1.3a (8) — 52.8 � 1.4b (7) 50.5 � 1.1b (10) — — 43.3 � 1.4a (7)

Model†

estimate
42.7 � 1.1 (11) 42.5 � 0.7 (26) 44.1 � 0.5 (81) 46.3 � 0.8 (21)‡ 50.4 � 0.5 (81)§ 49.6 � 0.5 (41)§ 46.4 � 1.0 (10) 45.7 � 0.8 (16) 42.8 � 0.8 (22)

Data are presented as mean volume (�10�3 mm3) � standard error. Number of brains for each comparison is given in parentheses. Lowercase letters indicate
statistically distinguishable groups (Tukey post hoc analysis, P � 0.05). Pilo, pilocarpine; Scop, scopolamine.
*Nine different colonies, one in each trial; each trial employed a subset of the various treatments.
†Model estimate produced by GCLM, SAS version 22. This value is the basis of calculations presented in Fig. 2.
‡P � 0.0328, Dunnett post hoc analysis.
§P � 0.0001, Dunnett post hoc analysis.
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information on the PNAS web site), conducted over three different
field seasons (Table 1). Overall, two-week foragers showed a �14%
increase in mushroom body neuropil volume relative to caged
control bees. Because caged control bees did not show a significant
difference in mushroom body neuropil volume compared with
one-week foragers (Table 1), this robust effect reflects growth in the
two-week foragers, rather than a decrease in volume as a result of
laboratory caging for one week in the caged control bees. An
overview of the differences among the key experimental groups,
normalized to the mushroom body neuropil volume of the caged
controls, is shown in Fig. 3.

Life in a beehive is complex, and bees in nature are exposed to
diverse social and environmental stimuli in addition to those
associated with foraging. Can the increase in mushroom body
neuropil volume seen in two-week foragers relative to caged control
bees be definitively ascribed to the effects of the second week of
foraging, rather than to other experiences the foragers might
possibly have had that the caged control bees did not? To answer
this question, a group of one-week foragers was confined to their
hive for the next week, and the volume of their mushroom body
neuropil was compared to that of two-week foragers and caged
control bees. These hive-bound bees had a significantly smaller
volume of mushroom body neuropil than did two-week foragers
(Table 1). Hive-bound bees actually had a volume of mushroom
body neuropil intermediate between that found in two-week for-
agers and caged control bees, with an �5% increase in neuropil
volume relative to caged control bees (Fig. 3). These results suggest
that there are stimuli independent of foraging, such as social
interactions or pheromonal cues, available to bees in a hive that are
unavailable to bees in a laboratory cage that can affect the mush-
room bodies. These results demonstrate a specific effect of foraging
experience on mushroom body neuropil volume above and beyond
the daily experience of life in the hive.

Pilocarpine Treatment Mimics the Effects of Extended Foraging Ex-
perience on Mushroom Body Neuropil Volume. Caged bees (one-week
foragers; Fig. 1) treated orally with 10�6 M pilocarpine had a

significantly larger volume of mushroom body neuropil compared
with caged control bees (one-week foragers caged in the laboratory
for a subsequent week) in five of five independent trials conducted
over three different field seasons (Table 1). The magnitude of the
increase was �13%, comparable to the magnitude of the mush-
room body volume increase found in two-week foragers (Fig. 3).
Mushroom body neuropil volumes for two-week foragers and
pilocarpine-treated bees did not differ (Table 1).

The specificity of the effect of pilocarpine is indicated by the
following results. First, a 100-fold lower dose of pilocarpine (10�8

M) had no effect on mushroom body neuropil volume (Table 1).
Second, treatment of one-week foragers with nicotine (specific
nicotinic receptor agonist) had no effect on mushroom body
neuropil volume (Table 1). Third, concurrent treatment with
pilocarpine (10�6 M) and scopolamine (10�4 M, muscarinic antag-
onist) had no effect on mushroom body neuropil volume (Table 1).
Fourth, the effects of pilocarpine and foraging experience were
apparently selective for the mushroom body, because there was no
effect of either on the volume of other protocerebral neuropils (Fig.
4, which is published as supporting information on the PNAS web
site). All trials in which these treatments failed to find an effect
included a group treated with the 10�6 M dose of pilocarpine as a
positive control, and in every trial, this treatment resulted in a
significant increase in the volume of the mushroom body neuropil
(Table 1). We conclude that treatment with 10�6 M pilocarpine
reliably mimics the effects of a second week of foraging experience
on the volume of the mushroom body neuropil in the bee brain.

Discussion
We have demonstrated that the experience of foraging increases the
volume of the mushroom body neuropil in the honey bee. Previous
studies have shown that the enlarged mushroom bodies character-
istic of foragers relative to hive bees do not simply reflect aging,
because comparable increases in mushroom body neuropil volume
occur earlier in bees induced to forage precociously (8–10).

There are at least two components to the structural plasticity of
the bee mushroom bodies. The first is an increase in volume that
begins during metamorphosis, when the mushroom body neuropils
first form, and continues into the early part of adult life (10, 42, 45,
46). This increase occurs in bees reared in social isolation in total
darkness (42) and in bees prevented from flying outside of the hive
(46). This first stage thus begins several weeks before the onset of
foraging and appears to be experience-independent or, perhaps,
anticipates the experience of foraging.

The second, experience-dependent, component of structural
plasticity begins when foraging is initiated. It at least provides a
brain record of accumulating foraging experience and may also
contribute to improved foraging efficiency. We have successfully
separated the experience-independent and experience-dependent
components in the present study by focusing our experimental
manipulations on the second week of foraging. Our results show
that a second week of foraging under natural conditions induces
more growth of the mushroom body neuropil than does a week in
a laboratory cage or a week of hive confinement.

Our comparison of caged, hive-bound, and foraging bees allows
us to begin to dissect the specific nature of the experiences that
induce structural plasticity in the bee brain. As in vertebrates, the
situation is complex (47). Foraging plays a dominant, but not
exclusive, role in this process: Stimuli experienced in the hive can
also induce structural plasticity in the bee brain, at least relative to
the impoverished environment of a laboratory cage. Foraging itself
conflates two major factors previously identified as important
aspects of enrichment: voluntary motor behavior and the oppor-
tunity to learn new associations (in this case, the association of floral
scents with food rewards) in a changing environment. It is not
possible, on the basis of the present data, to dissociate the effects
of exercise and learning on the mushroom bodies.

Fig. 3. Effects of foraging experience or muscarinic agonist on the mush-
room bodies. Estimates of the volume of the mushroom body neuropil were
made for a total of 309 individuals, across nine experiments, conducted over
three field seasons. To facilitate comparisons across all treatments, we calcu-
lated the % difference in neuropil volume relative to the caged control group
in each experiment. Statistical analysis of these data used a mixed ANOVA
model (F � 39.00; P � 0.0001; Table 1) and Dunnett post hoc tests (groups
showing significant differences from the caged control group are indicated
with the % difference). Key experimental groups are shown with the %
difference indicated. Sample sizes are given in each bar (number of brains�
number of trials). Complete data for these and all other groups are presented
in Table 1.
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In light of the complex effects of experience on the structure of
the nervous system, the results of our pilocarpine treatments are
remarkably unambiguous. Chronic stimulation of muscarinic cho-
linergic receptors increased mushroom body neuropil volume in
caged bees to a volume indistinguishable from that induced by a
week of foraging experience.

Several earlier studies hinted at an association between stimu-
lation of cholinergic receptors and learning mediated by the mush-
room bodies. For example, treatment of bees with acetylcholines-
terase inhibitors reduced the rate of habituation to an odor stimulus
(48) and increased the number of correct responses on a standard
test of olfactory association learning, the proboscis extension re-
sponse (22). Application of muscarinic antagonists (atropine and
scopolamine) to the mushroom bodies via the surface of the bee
brain 20 min after a learning trial significantly reduced performance
of the conditioned response (proboscis extension) at 10 and 20 min
after injection but not at later times (39, 49). Expression of the
acetylcholinesterase gene by the Kenyon cells of the mushroom
bodies is reduced in the brains of foragers relative to the brains of
bees working in the hive (22), a finding that suggests that degra-
dation of acetylcholine is attenuated in foragers. Chronic admin-
istration of a muscarinic agonist such as pilocarpine may mimic this
foraging-associated enhancement of cholinergic neurotransmission.

A model for how cholinergic signaling mediates brain plasticity
has emerged, in part, from studies of the vertebrate primary
auditory cortex. Neurons in this brain region that are exposed to an
auditory signal under conditions of muscarinic inhibition failed to
show the expected shifts of frequency tuning, suggesting that
muscarinic signaling is required to allow these neurons to respond

adaptively to experience (31). Muscarinic signaling may serve a
comparable permissive role in the honey bee, allowing the Kenyon
cells to respond to other inputs with increases in dendritic length
and branching. But because pharmacological stimulation of mus-
carinic receptors resulted in the continued growth of the mushroom
body neuropil in one-week foragers completely denied further
foraging experience, it is also possible to argue that, from the
perspective of the mushroom bodies, foraging experience itself is
encoded as activation of muscarinic receptors.

A detailed understanding of the cell and molecular mechanisms
that couple experience to brain plasticity has not yet been achieved
for any system, even those studied as intensively as regulation of the
developing visual cortex of mammals (50). Our results suggest that
the bee can be used to discover how intracellular second messenger
pathways stimulated by muscarinic receptor activation induce
changes in neuronal gene expression that result in experience-
dependent structural brain plasticity. This knowledge is likely to
have general significance, given our finding of an evolutionarily
conserved role for acetylcholine in the mediation of brain plasticity.
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