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For many years, scientists have asserted that social
interaction plays a significant role in the transfer
of information concerning food preferences.
Posadas—-Andrews and Roper (1983) identified two methods
by which colonies of rats can obtain diet information:
(1) directly, by ingesting the food itself, and/or (2)
indirectly, by interacting with a conspecific, or
animal of the same species. Recently, Galef and his
colleagpues (e.p., Galef, 1983; Galef, Kennett, &
Wigmore, 1984; Galef & Wigmore, 1983) have repeatedly
shown that a recently fed rat (a demonstrator) may
transfer information regarding the type of food it

has consumed to a naive animal (an observer). Such

experiments typically have been conducted in



wire-mesh cages or a wooden maze. In conjunction with
previous experiments conducted iu our laboratory, the
present study sought to extend the transfer of
information paradigm to the open-field foraging
sitvatiou., Thus, rather than having only two food
sites to choose from, the animals would he confronted
with six food sites., It has been shown in our
laboratory that following interaction with a
demonstrator which had consumed a specific test diet,
the observer, when exposed to the free foraging
situation, successfully exhibits an enhanced
preference for the diet of its demonstrator partner.
Additionally, studies conducted in our labeoratory have
found the same to be true when two observers receiving
the same diet message were simultaneously tested in
the foraging situation, The purpose of the present
study was to expand these findings further, More
specifically, two observers each provided with

a different food-type message were tested.

Positive results were obtained in the present study
which mirrored the previous free foraging situation
findings., Moreover, it could he concluded that the
demonstrator is a viable source of diet iuformation,
and that animal-animal interactions which occurred
between the two cobservers were not powerful encugh

to overthrow the two demonstrators original messages,
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CHAPTER 1
INTRODUCTION

Social interaction plays an important role in the
transfer of information concerning food preferences in
many species., As humans, we are cognizant of the
biological factors, such as gustatory and olfactory
cues, involved in food selection, and we can identify
environmental factors (e.g., cultural differences) that
influence our diet selection., It has been observed that
within a species, animals will seek ouvt foods for
ingestion that are similar. Young (1068), in an attempt
to explain the incompatible results of food preferences
in animals, concluded that a combination of sensory
stimulations caused an animal to acquire certain food
preferences, Additionally, he stressed the importance
of hedonic processes and how they interact with the
sensory components. Young focused on the biological
aspects of preferred foods. The scope of contemporary
research focuses more on the social or environmental
influences. For example, Galef (1977) asserted that
one must not neglect the social context in which feeding
behavior occurs, as well as the biological factors
involved in food preferences. Two methods utilized by
colonies of rats to obtain diet information have been

identified (Posadas-Andrews & Roper, 1983)., First, rats



can obtain information by directly inpesting the food,
or second, they can receive information indirectly hy
interacting with a conspecific, or animal of the same
species,

It is thought that social transmission of
information can serve an adaptive function by informing
animals in their natural environment abeut the available
respurces, while savinp the animal time and reducinp its
risk (Galef, 1977). Several researchers (e.g., Galef,
1677; Galef, 1982; Strupp & Levitsky, 1984) have cited
Steiniger, an ecolopist working on rat extermination in
the 1950's, as being an early investigator of the
effects that social learning has on adaptive behavior,
For example, Strupp and Levitsky (19584) cited Steiniger
for introducing the concept of "bait shyness." He found
that rats when given poisen bait in a specific area
were, at the onset, accepting of the bait. Fowever,
with extended exposure te the poison bait their
acceptance of it substantially decreased. This decrease
in acceptance was even more noticeable in their
offspring. Another exannle noted in Steiniger's writing
of how social transmission of information for food
preferences exists among animals was cited by Galef
(1977). This example involved members of select

colonies of rats in Germany. These colonies were



ohserved engaging in such behaviors os stalking,
illine, and rating sparrows, while other various
colonies did not exhibit this eating lLiehavior even
though sparrows werc present within their environment,

These earlier findings have encouragsed researchers
to exnlore the mechanisms by which the transfer of
distinctive feedine hehaviors occur. Calef and his
colleacues (e.o., Galef, 1983; Galef, Tennettr, &
Uiamore, 1984; Galef & Yienore, 1983) are the most
recent researchers to investigate this area. Their
hacic procedure involves allowing a recently fed rat (a
demonstrator) to interact with a naive conspecifie {an
ohserver). Thcy have found that the olserver can
extract sufficient information from its demonstrator
nartner, to enahle it to subsequently identify and
consure the gpecific foord eaten by the demonstrator.
This transfcr-of-information process is shown elearly by
the observer's enhanced preference for the diet eaten hv
its respective demorstrator.

Strunp and Levitsky (1¢84) used a £licht variation
of this hasic procecdure to look at the effecte of an
demonstrator-observer pair that were housed torether for
a period of time. BSeparated only by a wire rech
partition, the observer gained information from the

demonstrater about the two food choices o0n a continuous



basis. Subsequently, the observer was tested for food
preference in the wire mesh cage with the demonstrator
present, In that the cobserver consumed mere of the diet
that its demonstrator partner had consumed, the results
showed that thc presence of the demonstrator did affect
the ohserver's food preference,

Because the demonstrator plays a crucial rele in
the transfer of food-related informatien, Galef,
Fennett, and Wigmore (1984) reported a series of studies
desipgned to determine the peneralizability of this
phenomenon under different demonstrator-observer
conditions, They found that the transfer-of-information
effect was displayed by the following: (1) first

reneration wild rats (Rattus norvegicus), as well as

domesticated rats; (2) food-deprived and nondeprived
observers; (3) familiar and unfamiliar pairs of
demonstrators and observers; (4) ohservers selecting
fluids or solids; and (5) juvenile, as well as adult
rats., Galef and Xennett (1985) reported data indicating
that the cues emitted by the demonstrators are effective
for up to 4hr after the ingestion of the diet.

Upon establishing the basic premise that a
demonstrator rat can indced transmit food related cues
to a counspecific, the next obvious step was to ascertain

the underlying mechanisms involved in this phenomenon,



Galef, Xennett and Stein (1985) stated that the first
delineation to be made in considerinp such mechanisms
should he a determination of the rele of the
demonstrator. For example, it might be argued that the
presence of the demonstrator simply aids the observer in
becoming familiar with the novel diet, thus reducing the
observer's possible neophobic response to that diet.
Heophobia, as described by Domjan (1977), suggests that
rats tend to eat less of a novel substance than of a
mere familiar substance, Support for this argument was
demonstrated hy Posadas-Andrews and Roper (1983) when
they found that simple preexposure to a novel diet
enhanced the observer's preference for that diet,
Hence, simple familiarity resulting in a reduction of
neophobia may be an underlying mechanism,

Galef et al., (1985) sougpht to evaluate the
underlying mechanisms that are induced by the
demonstrator. Their procedure involved preexposing the
observer animal to the two test diets, thus making both
diets familiar on the test day. If simple familiarity
with the test diet is a crucial factor, one might
surmise that the sulisequent demonstrator-obhserver
interaction would have no effect on the observer's food
preference, (n the contrary, the results showed that

the observer's diet selection was influenced hy the



interaction with the demonstrator. It was concluded
that the demonstrator does provide some type of
conktextual cue(s), which enable the observer to gain
pertinent diet information. Additional supportive
evidence for this conclusion also was reported by Galef
et al. (1985). For example, an animal that has been
anesthetized following consumption of the test diet is
equally successful at transmitting the diet message as
an alert animal. On the other hand, a surrogate "rat",
constructed of cotton batting wrapped in surgical gauze
and rolled in a specific test diet, does not influence
the diet preference of the observer animal. Hence,
simple preexposure to the test diet is not sufficient to
produce the diet-preference effect in ohservers, rather,
the mechanisms involved are directly related to
demonstrator influence (Calef, Kennett, & Stein, 1985).
lilaving established the importance of the
demonstrators per se, the next research issue dealt with
the specific nature of the cues involved. VYhat are the
cues emitted by the demonstrator that cause its paired
observer to prefer the designated diet? The most
obviocus candidates would appear to be those associated
with the olfactory and/or gustatory modalities.
Fosadas-Andrews and Roper (1983) observed the contact

between animals after the demonstrator had been siven



access to a specifie diet. They found that upon placing
the animal back into the common cage, it was subjected
te a thorough examinatien, such as sniffing, grooming,
pawing, and licking, especially in the facial region.
Observing this behavior lead them to suspect that the
observer encapges in these hehaviors in order to gain
information concerning the diet the animal had eaten.
Hence, Posadas-Andrews and Roper (1983) identified
several possihle ways that food cues could be
transmitted. First, particles of food that adhered to
the demonstrator's face and paws could praovide
sufficient information. Second, they speculated that
food odors could be detected on the demonstrator's
breath, or in its feces,

Galef and Stein (1985) investigated the importance
of facial contact between the demonstrator and observer.
l'ore specifically, they attempted to ascertain the
minimum amount of time reauired for a succesful
information exchanse to occur., It was found that
demonstrator-observer interactions as short as 2 min
were sufficient. Having obtained this information, they
observed demonstrator-obhserver 2 min interactions and
recorded the animal-animal contacts., Much to their
surprise, they found that the observers spent an average

of enly 21,8 sec in direct contact with the



demonstrator. The majority of the time was spent in
contacts iuvolvine the lower body area, while only a
brief period of time was spent investigatiug the head
and/or mouth, They diéd find, however, after analyzing
the data that there was a direct correlation between the
observer's preference for the demonstrator's diet and
the mouth/face contact between the two animals,

Further, it was shown that demcnstraters which had been
stomach loaded could successfully transmit information,
In other words, food residing in the digestive tract can
produce effective cues. These finding are in agreement
with the earlier statment made by Posadas-Andrews and
Roper (1983), that particles of food adhering to the
demonstrator's face and paws and/or odors ou its breath
could be important contextual cues provided by the
demonstrator,

Clearly, the transfer-of-information effect has
been established as a viable form of social learning,
Galef and his celleagues have presented an elepant
series of experiments delineating not only the sensory
cues, hut also the contextual cues provided by the
demonstrator which are involved in this phenomenon, The
ultimate poal in testing this effect wonld he to take it
into the natural environment and apply the laboratory

‘findinge to animals in the wild, Before this procedure



could actually be engaged in, several basic guestiouns
remained unanswered. One such question involves the
mechanisms by which the animal stores incomiug
information. Under natural circnmstances, an individual
rat might receive several different diet messages from
conspecifics before it actually has the opportunity to
forage. If this is the case then one must consider the
effect of the munltiple messages received, the time delay
between when the demonstrator receives the initial
message and transmits it te the observer, and the time
delay that exists from when the observer actually
vtilizes the information conveyed to it by the
demonstrator(s).

Galef (1983) has identified several capabilities
that the recipient of information must have in order to
effectively process incoming information from several
conspecifics, First, the rat must be able to accuire
sufficient information from each of the successive
forapers in order to identify each diet message.
Secand, the rat must be able to encode the information
in separahle units for each encounter. Third, the
animal must be able to hold the information in starage
until it is ready for retrieval,

In order to test the cognitive capabilities of the

animals, an experiment was designed in which the



observer was exposed to a series of four demonstrators,
each of which had been given a different diet message
(Galef, 1983). Snhscquently, the animals were tested by
presenting them with two test diets, one of which was
novel, and the second of which hed previously been eaten
by one of the four demonstrators. The results of this
experiment showed that the observer was able to
differentiate between the two test diets by selecting
the diet that it had previously been exposed to via one
of its four demonstrator partners, The next gquestion
asked by Galef (1983) concerned the duration of such
remory storage, In a subsequent experiment, the
observers were divided into five groups: 0-~, 6-, 12-,
24—, or 48-hr delay following the demonstrator-observer
interaction. Resnlts showed that under the C=-, 6-, and
12-hpur delay conditions, the observer still exhibited
an enhanced preference for the diet of its paired
demonstrator., In the 24- and 48-hr delay conditions,
the animals showed no specific diet preference. Hence,
an ohserver appears capable of storing and retrieving
informaiton for up te 12 hours.

Despite the information that has been pathered,
there are additional issues involving the
transfer-of-information effect that must be resolved, A

previous set of experiments {(Davis, Richard, & Burle,
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1986; Lichard, i'arrell, Davis, YWurtz, & Burns, 1986)
conducted in onr laboratory sought to replicate and
extend the original Galef studies. Other than testing
observers for food preference in 2 three-choice wooden
maze (Galef, 1983; Galef & Wigmore, 1983), it does not
appear that this phenomenon has been evaluated in other
than suspended wire cages in the laboratory. Hence, the
purpose of onr first experiment was to determine if
appropriate food-cheoice behavior would be displayed in a
more naturalistic environment, such as the free-foraging
situation offerins access to six food sources. The
results of this exneriment were in agreement with those
of Galef and his colleapues. The finding that an
observer placed in the open-field foraging laboratory
will seek out the specified diet consumed by its
demonstrator from amongst several food sources is
impressive., However, rats are seldom afforded the
opportunity to forape in isolation. Thus, we conducted
a second experiment in which two observers were
concurrently exposed to the {oraging laboratory
following interaction with the same demonstrator. It
was our intent to explore the animal-animal interactions
hetween the two observers and to determine if these
interactions interfered with retention of the original

‘diet messagce, The results of this experiment clearly



indicated that pairs of observers given the same diet
information will seek out and consume the diet of their
demonstrator partner. In addition to showing support
for the transfer of information phenomenon, the data
provided pertinent information about observer-observer
behavior. By way of closed circuit television,
interactive behaviors were identified and quantified,

Je found that both ohbhservers spent significantly more
time in contact with the apprepriate food patches and
that their first major eating bout tended to occur on an
appropriate diet patch. These data suggest that the
messape provided ty the demonstrator is quite robust and
capable of withstanding animal-animal interactions,
especially those in which one or both members of the
pair had previons contact with a non~demonstrator food
patch, 1In view of these findings, one must gnestion the
effect that two observers would have on foraging
behavior if each observer was given a different diet
messapge, The present stndy is designed to specifically

evaluate this issue.



CHAPTER 2
METHOD
Subijccts
Forty, 90-day ¢ld male Holtzman rats served as

subjects. The animals were maintained on ad 1ib food
and water in individual wire-mesh cages, with the
exception of the conditions mentioned below. The
animals were randomly assigned to four aroups (n = 10):
Demonstrator 1 (NE!(l), Observer 1 (0OBS1), Demonstrator 2
(DEM2), and Ohserver 2 (0BS2)., Subsequently, one
subject from each group was randomly assipned te a
permanent DEMNM1-0BS1-DEM2-0B32 squad. 1n each of the ten
squads, the DEM1-0OFBS1l pair received the Cinnamon
candition {CIK), whercas the DEM2-0BSZ pair received the
Coceoa condition (COC).

Apparatus

Demonstrator chambers. Demonstrators received

experience with their assigned test diet in a 10 ¢,
c¢lass aguarium (25.00 cm wide, 45.00 ¢cm long, 30.00 cm
high). Four such chambers, two for the habitnation of
the two demonstrators, one for the cinnamon (CIN) test
diet, and one for the cocoa (COC) test diet, vere
located in a room adjacent to the pgeneral animal colony.

A 4,00 cm layer of San-I-Cel animal beddingy material

(Paxton Processing Co., Paxton, IL) comprised the floor

13
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of each enclosure.

Interaction chamhers, Because the groups consisted

of both a CIX demonstrator-ohserver pair, and a COC
demonstrator-observer pair, independent interaction
chambers identical to the ones described above were
utilized.

Foragine laboratoryv. A 8,23 m by 2,71 m room, as

shown in Figure 1, scrved as the foraping laboratory.
The floor of the foraging lab was covered with 300 1bs
of San-i-cel, avcrage depth of 2,00 c¢m, in order to
provide a more naturalistic environment, Six foraging
patches were situated on the floor of the foraging lab.
Fach patch consised of a piece of pine lumber to which
the bottom portion of a one-gallon, plastic milk carton
had been stapled. &Subjects were given access to food
via plastic tumblers which were attached with velcro
fasteners to the center of the milk carton., The food
cups were then surrounded with clay kitty letter to
provide support and avoid spillage,
Procedure

In order to provide sone degree of
cmeneralizability, the diets developed by Galef and his
colleagues (e.e., Galef, 16£3; Galef, Kennett, &
Wiegnore, 1984) were employed. Six days prior to

diet-preference testing, the four aznimals in the
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designated scuad were placed ou food deprivation for 24
hr, Subsequently, the DEM subjects received a 24-hr
nabitvation session in the separate demonstrator
chambers, which contained unadulterated, powdered Purina
Laboratory Rodent Chow and a full water hottle. During
this time, the OBS animals received a 24-hr habituation
session in tbe foraping laboratory with powdered Purina
Laboratory Fodent Chow available at each patch. Water
was available in the foraging lab, via four 50-ml
centrifupe tubes. Upon completion of the hahbituation
session, the DEM animals and OBS animals were placed
together in a double-size suspended cage (42.5 cm x 24
cm x 17,5 ecmy Wahmann Co., Baltimore, !D) in the
vivarium vith food and water freely availahle.
Twenty-four hr prior to diet preference testing all
animals were arain placed on food deprivation.
Twenty-three hr later, the DEM animals were transported
to separate test rooms and allowed 3C0-min access to the
specified test diets, one received CIN, while the other
received COC. The CIX diet consisted of powdered Purina
Laboratory Rodent Chow into which 1%, by weight,
licCormick's ground cinnamon was blended. The CCC diet
consisted nf 2%, by weipht, lershey's pure cocoa blended
into the powdered Purina Laboratory Rodent Chow.

Folleowinrn exposure of the DEM animals to their

16



appropriate test diets, they were placed with their
respective observers, in the interaction chambers for 30
nminutes. The ODS auimals were then talen directly to
the foraging laboratory for a two hour preference test
session,

During diet-preference sessions, three foraging
patches contained the CIX diet (40-60 g each), while the
remaining three patches contained the COC diet (40-60 g
each)., The initial determinatien of the three CII and
three COC patches was random, but remained in effect for
the testinp of all OBS pairs. Vater was availalble
throughout the testiug sessiou, The order for testing

the four-animal sub-groups was randomly determined,
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CHAPTER 3
RESULTS

An analysis of variance (see Kirk, 1982)
incorporating one hbetween subjeects factor (Tvpe of
Nemonstrator: CIK versus COC) and one within subjects
factor {Tvpe of Diet: CIN versus COC) was perfornmed on
the mean food consumption scores., Likewise, an analysis
of variance was performed on the mean
time-of-patch-contact scores, which considered the nain
effects of Type of Observer (CIN versus COC) and Type of
Dietr (CIF versus COC)., Simple main effects ananlyses
were used to probe significant interaction effects. 1In
order to compare the first major eating bouts of the CTH
and COC observers, & chi-square analysis was employed.

Following the completion aof each preference test
session, the amount of food consumed (p) was determined
for each patch, The three CIN and three COC scores were
then added together to vield a sinple CIY consumption
score and a single COC consumption score for cach OBS
pair. It was expected that the pairs of observers wenld
preferentially consume a different diet, thns,
comparable CIN and COC consumntion scores would be
predicted., Analysis of variance supported this
prediction, EF(1, 8) = 1.09, n.s.

The behavior of each observer pair was viewed on

18



closed circuit television during the two hour preference
test. The following hehaviors were recorded for each
OPS animal: (1) patch contact scores (specific patch
contacted and the duration of the contact), and (2)
interaction scores (the amount of time spent in physical
contact hetween the two ORS animals). Fach member of
the OBS pair was indepcndently viewed by a separate
experimenter with the assignment of the specific OIS
animal being random at the start of each test session.
i;ean time-of-patch=contact scores for the first 20
patches contacted wvere analyzed, and the results are
shown in Fipurc 2. Analysis of variance of these scores
vielded sicuificance for the Type of Obhserver x Type of
Diet interaction, F(1, 18) = 7.531, p = .012, Simpnle
mein effects analyses employed to probe this interaction
indicated that the CI! observers spent siegnificantly
more time, F(1,3€) = 4,86, p < ,05, contacting cinnamon
pratches, while COC observers spent significantly nore
time, F(1, 36) = 4.18, p < .05, contacting cocoa
patches, Additionally, the occurrence of the first
nmajor eating bont, defined as a patch contact of 30 sec
duration or longer, for both the CIN and C0OC ohservers
were considered. For the CIY observers, 3@ of 10 such
feeding houts occurred at cinnamen patches, while 9 of

10 such bouts occurred at cocoa patches for the COC
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2
observers,)(,(l) = 7,27, p < .01, Clearly, these
results indicate that the message originally provided to
each observer ic auite nervasive and resistant to change

hr a variety of factors.
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CHAPTER 4
DISCUSS10E

To recapitulate, the purpose of the present study
was to assess the extension of the transfer of
information findings to the free foraging situation.
Yore specifically, the nresent study scught to evaluate
the anirmal-animal interactions and the effect of these
interactions when considering the presence of two
observers that hard been piven different diet messages.

This experinment extends the initial work of Galef
and his colleagues (e.c., Calef, 1983; Galef, Fennett, &
Wiegrniore, 19843 Galef, & Stein, 19853 Galef & ‘Vignore,
1¢83) in several important ways. First, it demonstrates
that the transfer of inforamticon nhenonenon can be
reneralized to the open-field foreninnm situation., This
renerslization is guite imnressive when one considers
the fact that the aninals were confronted hyv six eating
sites to choose fron, compared to only two containers
erpleved in the previous studies, Additionally, the
nresent data sunport a second ceneralization. As the
rrevious studies reported by Calef and his colleagues
have enploved hooded rats as subjects, the present
experiment involved the use of albine rats, clearly
sunnorted the ceneralization of this hehavior teo a
sccond strain of rats,

22



The robustness ol this phenomenon is displayed
further when one considers the dependent variable
measures prescnted in this study which were the
time—of—patch—cogtact scores, and the occurrence of the
first major eating bout. It has been established in a
previous experiment (Davis, Richard, & DBurke, 19E6)
involving the foraginpg laberatory that a message
simultaneocusly transmitted by a single demonstrator to
two ohservers can endure direct contacts with the second
observer, The present experiment extended these results
by showina that two observers independently provided
different food-type messages prior to z joint foraging
session chose those patches containing the diet that
corresponded to that of their respective deronstrator
partner,

Given these results, one might cenclude that some
rather dramatic event nust occur to modify the
demonstrator's message once it has been processed by the
ohserver. Thus, the interaction of observers that had
just consumed an alternate food is insufficient to alter
the rnessage. The lack of effective observer-observer
cemmunication suggests that animals mav need to have
food-stuff present in the digestive system for a certain
period of time for the transnission of diet-preference

information to be successful, Sufficient time in the

23



digestive tract nay not have elapsed in the present
study for the non-dermonstrator foods to become effective
cues for transmission., It will be recalled that Galef
and Stein (1985) reported nositive effects when the
nouth of the demonstrater was contacted, when the
stonach was loaded, and when a rat (not a surrogate) was
employed to transmit the cues, These data would appear
to be sunportive of the type of mechanism proposed here.
As stated, the results of the present study extend
the transfer of information phenomenon to the
free-foraging situation., Additionally, the results
reiterate the importance of the demonstrator by
indicating that animal-animal contacts between the two
observers with difforent diet messages have no effect on
the original demonstratoer message. Thus, the mean
time-of-patch-contact scores and the occurrence of the
first major eating bouts were in accordance with the

nnropriate type of demonstrator and type of patch

™

contact, However, the picture is still unclear
concerning rodent foransing behavior. VWhen oiven
nultiple diet messages, with all of the specific foods
accessible for consumption, which diet message would the
animal attend to? lience, in this situation one nmight

T

successively expose a sincle observer to o CIH

deaonstrator and then to a COC denmonstrator (and vice



verga) and then record the observer's diet preference.
Such an experiment would address the importance of
nrinocy versus recencv of demonstrator's messaze to the
observer., Another nossible research issue would be to
explore the direct transfer of information concerning a
foed aversion, rather than a preference., These research
topics have been bhriefly addressed in the literature.
iiowever, additional studies are warranted to provide a
nreater uwnderstanding of the mechanisns involved in the

transmission of diet information.
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