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Numerous activities within honey bee (Apis mellifera L.) colonies rely on feedback loops
for organization at the group level. Classic examples of these self-organizing behaviors
occur during foraging and swarm nest site selection. The waggle dance provides positive
feedback, promoting foraging at a specific location or increased scouting at a potential nest
site. Rather less well known than the waggle dance is the stop signal, a short vibration
often delivered while butting against a dancing bee. It is currently best understood as a
counter to the waggle dance, offering negative feedback toward the advertised foraging
location or nest site. When the stop signal is received by a waggle dancer she is more
likely to terminate her dance early and retire from the dance floor. Bees that experienced
danger or overcrowding at a food source are more likely to perform the stop signal upon
their return to the colony, resulting in an inhibition of foraging at that location. During
a swarm’s nest site selection process, scout bees that visited a different site than the
one being advertised are more likely to stop-signal the waggle dancer than are scouts
that had visited the same site. Over time, the scout bees build recruitment to a single
site until a quorum is reached and the swarm can move to it. The balance between the
positive feedback from the waggle dance and the negative feedback from the stop signal
allows for a more sensitive adjustment of response from the colony as a unit. Many of the
processes associated with the feedback loops organizing a honey bee colony’s activities
are in striking parallel to other systems, such as intercellular interactions involved in motor

neuron function.
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INTRODUCTION

Honey bees (Apis mellifera L.) employ numerous chemical, tac-
tile, and vibratory communication signals to coordinate their
activities. Here, we will focus on a few of the vibratory ones
including the well-known waggle dance, which signals the dis-
tance and direction of a resource such as a food source or
a potential nest site to nestmates (von Frisch, 1967). We will
also discuss the tremble dance, which is performed by for-
agers who have experienced delay in unloading, and recruits
more bees to assist in unloading food from incoming foragers
(Seeley, 1992). An additional signal, and the focus of this arti-
cle, is the stop signal. Sometimes referred to as the “brief piping
signal,” (e.g., Seeley and Tautz, 2001; Thom et al., 2003) in addi-
tion to “peeps” (Esch et al., 1965), “squeaking” (von Frisch,
1967), and “short squeaks” (Kirchner, 1993a), the stop signal
is an acoustic signal produced by a bee briefly vibrating her
wing muscles (with little wing movement), often while butting
her head against another bee (a video of honey bees perform-
ing the stop signal can be found in the online Supplementary
Material).

Here we review what is known about the stop signal and its
uses. The focus will be on exploring the balance among commu-
nication signals used by individuals and the resulting adjustment
of response by the colony as a unit.

EARLY WORK ON THE STOP SIGNAL

The first recorded observations of the stop signal did not find clear
uses and meanings for it. Esch (1964) observed bees attending
waggle dances and noted that they occasionally emitted squeak-
ing sounds, after which they sometimes received food samples
from the dancer. Wenner (1962) reported that disturbed bees emit
short bursts of sound, similar to the stop signal. von Frisch (1967)
also observed it in use by bees interacting with waggle dancers,
and agreed with an interpretation by Esch (1964) that it was a
begging call for food.

The sounds made by these bees were later identified as vibra-
tions of the comb made by pressing the thorax briefly to it and
pulsing the wings (Michelsen et al., 1986), or by a bee butting her
head into a dancer and pulsing the wing muscles (Nieh, 1993).
Michelsen et al. (1986) described these sounds as typically last-
ing approximately 100 ms at approximately 380 Hz. The results of
Schlegel et al. (2012) averaged 407 Hz for 147 ms. Honey bees also
make a similar-sounding acoustic signal known as worker piping,
but this can be differentiated from the stop signal by its much
longer duration, approximately 602 ms, and a higher and upward
sweeping frequency, (451-478 Hz, Schlegel et al., 2012).

The term “stop signal” seems an appropriate name for
the signal, since von Frisch (1967) reported that the dancer
and surrounding bees are “paralyzed” by the sound. Similarly,
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Michelsen et al. (1986) found that artificial signals made by
vibrating the comb caused bees in the area immediately sur-
rounding the point of vibration to briefly freeze their movements.
When Nieh (1993) observed bees on the dance floor and recorded
the behavior of individuals before and after sending or receiving
the stop signal he found that the sender very seldom receives food
(once out of 576 stop signals delivered to waggle dancers), dis-
crediting the idea that the stop signal is a begging call. The most
common occurrence after a waggle dancer received the stop sig-
nal was to leave the dance floor (Nieh, 1993). Similarly, in a later
study Pastor and Seeley (2005) investigated the behavior of wag-
gle dancers and dance followers. They found that dancers that
received the stop signal were more likely to stop dancing and they
never observed an instance of food exchange between a stop sig-
nal sender and receiver. A summary of the roles of the stop signal
can be found in Table 1.

WHICH BEES PRODUCE THE STOP SIGNAL?

In an effort to determine which bees within a colony produce
the stop signal and which receive it, Nieh (1993) trained foragers
from an observation hive to visit an artificial feeding station filled
with sugar water and made observations on the bees populating
the dance floor. Recently-returned foragers were observed with
a video camera and microphone. The study focused on classify-
ing the stop signal senders and receivers, and found that tremble
dancers are the most likely individuals to perform the stop signal,
although they can occasionally be performed by waggle dancers
and dance followers (Nieh, 1993). Waggle dancers and tremble
dancers were the most common stop signal receivers, although
food exchangers, dance followers, and “other” bees not dancing
or observing dances were also targeted (Nich, 1993).

Pastor and Seeley (2005) revisited the question of which bees
send and receive the stop signal after noting that the bees in
Nieh’s (1993) study may not have been behaving normally due
to the large influx of food they were receiving from the feed-
ing station. When they observed a colony that was foraging on
naturally-available food resources with no access to a feeder,
most of the waggle dance followers that used the stop signal had
not previously been tremble dancing (Pastor and Seeley, 2005).
Additionally, though Nieh (1993) found that dance followers
occasionally use the stop signal on waggle dancers, in Pastor and

Seeley’s (2005) results the majority of stop signalers were dance
followers.

When waggle dancers receive a stop signal they are more likely
to leave the dance floor (Nieh, 1993; Pastor and Seeley, 2005) and
their average dance length is shorter (Kirchner, 1993b). These fac-
tors, combined, likely result in an inhibition of recruitment to that
food source and an overall decrease in foraging.

It is possible that this effect was also observed by Wenner
(1962), as he described waggle dancers being interrupted in their
dances by other bees or abruptly halting their dances, sometimes
even in the middle of a waggle run, for unknown reasons. He also
mentioned the short sounds made by disturbed bees, which may
have been stop signals. Unfortunately, insufficient information
was given to determine if these short sounds were stop signals.

WHAT ELICITS THE STOP SIGNAL?

Aside from its effect of halting waggle dances, the stop signal
can also be seen in use by bees not located on the dance floor
and received by bees that are not waggle dancers. Thom et al.
(2003) observed colonies both when they had access to a sugar
water feeding station and when they were foraging under natural
conditions.

Stop signaling increased when a feeding station was available
(Thom et al., 2003). Most of the stop signaling activity was by
tremble dancers, although non-waggle dancing nectar foragers
also performed the stop signal (Thom et al, 2003). Tremble
dancers that used the stop signal ended up staying in the hive
for longer than those that did not use the stop signal (Thom
et al., 2003). Foragers that performed the stop signal tended to
spend less of their time within the colony on the dance floor,
and often continued performing the stop signal outside of the
dance floor (Thom et al., 2003). Tremble dancers that performed
the stop signal tremble-danced for longer than non-stop signalers
and traveled deeper into the hive (Thom et al., 2003). Also, bees
that used the stop signal sometimes inspected cells by entering
them up to the thorax, which was a behavior not exhibited by
non-stop-signaling bees (Thom et al., 2003).

It can be inferred that by inhibiting the waggle dance, the
stop signal strengthens the nectar-receiver-recruiting effect of
the tremble dance (Figure 1), but this does not account for the
bees observed using the stop signal outside of the dance floor.

Table 1| A summary of the roles of the stop signal in honey bee colonies.

Role Evidence

References

Stop other bees’ movements

Inhibit waggle dancing

Modulate the tremble dance
station is present
Decrease recruitment to a food source

feeding station
Provide cross-inhibition during a swarm's nest site
selection process

the stop signaler

Bees surrounding a stop signaler briefly freeze movements

Waggle dancers receiving the stop signal leave the dance floor

More stop signaling by tremble dancers when a feeding

More stop signaling when a feeding station is crowded; more
stop signaling when there is danger or competition at a

Waggle dances are shorter when stop signaling occurs; stop
signalers target dancers advertising nest sites not visited by

von Frisch, 1967; Michelsen
et al., 1986

Kirchner, 1993b; Nieh, 1993;
Pastor and Seeley, 2005
Thom et al., 2003

Lau and Nieh, 2010; Nieh,
2010

Seeley et al., 2012
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FIGURE 1 | Feedback loops in a foraging colony, showing the effect of
the stop signal on waggle dances and forager recruitment.

Thom et al. (2003) suggested that the off-dance-floor stop sig-
naling could be an effort to modulate the recruitment of more
nectar receivers by lowering potential nectar receivers’ response
thresholds to the tremble dance.

An interesting finding of this study (Thom et al., 2003) was
that many of the tremble dancers that also performed the stop
signal began signaling as soon as they entered the colony, i.e.,
before having an opportunity to be met by a nectar receiver and
be influenced by the time-delay cue described by Seeley (1992).
Thom et al. (2003) suggested they may have been acting based on
their experiences from prior foraging trips or by cues sensed out-
side of the hive. One source of such cues may have been scramble
competition at the feeding station (Thom et al., 2003). This con-
clusion seems possible, especially since it has been shown that rich
food resources such as feeding stations lead to a spike in tremble
dancing and stop signaling within the colony (e.g., Nieh, 1993;
Pastor and Seeley, 2005). Thom et al. (2003) might have been
able to determine the effect of the feeding station on the timing of
tremble dancing if they had compared the behavior of the tremble
dancers in their colony foraging under natural conditions to that
in their colonies that had access to the feeding station. However,
they scanned the natural conditions colony for communication
signals but did not closely examine the behaviors exhibited by
the individual signalers, thus, an effective comparison cannot be
made using their results.

PROXIMATE STIMULI THAT ELICIT THE STOP SIGNAL

Lau and Nieh (2010) hypothesized that a food source that is
declining in quality, for example running out of food or becoming
overcrowded, may provoke the use of the stop signal by foragers.
Supporting this, they found that as a feeding station grew more
crowded, the rate of stop signaling within the colony increased.

The foragers that had to wait to access the feeder were not more
likely to perform the stop signal themselves, but they were more
likely to receive stop signals from other bees that had visited the
feeder and also from individuals that had not been observed there.
This may be because some bees were not able to access the feeder
at all due to overcrowding and returned to the colony without
feeding. Thus, feeder crowding probably increases the number of
foragers within the nest, thereby increasing the number of oppor-
tunities for them to use the stop signal (Lau and Nieh, 2010). Lau
and Nieh (2010) conjectured that it is likely that the stop signal
is present in the colony at low levels at all times, but does not
have a colony-wide effect until some threshold level is reached.
Additionally, using the stop signal may enable bees to rapidly
adjust foraging efforts in response to shifts in their environment’s
nectar flow.

The stop signal is also used when foragers experience some
form of danger or competition at a food source (Nich, 2010).
Under natural conditions this would likely be a response to being
attacked by other bees or a predator while foraging. Nieh (2010)
observed fights between conspecifics at a feeding station, and he
simulated a predator attack by pinching bees visiting a feeder on
the metathoracic femur with forceps. Both the bees that had expe-
rienced intraspecific competition and those that were attacked by
forceps were more likely to perform the stop signal toward other
foragers waggle-dancing for the same food source than they were
toward dancers for other locations. Bees that had not had the neg-
ative experiences were much less likely to use the stop signal at all
(Nieh, 2010).

The intraspecific competition that the bees experienced at
the feeding station was probably somewhat artificia. When
bees forage on natural food sources such as flowers, these are
usually spread across a patchy landscape, individually offer small
amounts of food, and are seldom simultaneously visited by more
than one bee. In contrast, a feeding station is a very rich food
source found only at a single location. Nieh (2010) acknowledged
this and suggested that competition at the feeding station may be
more similar to the competition experienced when bees rob food
from other colonies (though Johnson and Hubbell, 1974, and oth-
ers, have reported competitive interactions at floral sources.). In
a paper modeling a hive-robbing event, Johnson and Nieh (2010)
showed the stop signal in use to rapidly shut down robbing by
countering the waggle dance. Aside from this model, however, an
actual assessment of the signaling that occurs during an actual
robbing or dense-flower situation and comparing it to the signal-
ing used while foraging at a feeding station is an area of research
that has not yet been explored.

STOP SIGNALS AS CROSS-INHIBITION

Another observed use of the stop signal is during the swarm
nest site selection process. When honey bees swarm (reviewed
in Visscher, 2007), thousands of workers and the original queen
leave the hive and settle in a cluster a short distance away. From
there, scout bees depart and search for potential new nest sites
that the colony could inhabit. When a scout locates a favorable
site, she returns to the swarm and advertises its location using
the waggle dance. Over time, multiple sites maybe be advertised
by many different dancers, with each group competing to recruit

www.frontiersin.org

February 2015 | Volume 3 | Article 14 | 3


http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_and_Evolutionary_Ecology/archive

Kietzman and Visscher

The anti-waggle dance

additional scouts to their site. Support for the different sites will
wax and wane until a threshold number of scouts, or quorum,
is reached at one of the sites, after which recruitment declines,
and the swarm can be mobilized to move to its new home. This
deadlock avoidance is of key importance to the nest site selection
process because unlike during foraging, a decision for a single site
must be reached.

The stop signal is used to provide cross inhibition in the form
of negative feedback during this decision making process (Seeley
et al.,, 2012). This study made video recordings of waggle dancers
on the surfaces of swarms and recorded stop signals performed on
the dancers by following bees on video with audio from a micro-
phone held close to dancing bees. The dancers stopped dancing
soon after receiving stop signals, and their dances were shorter
than those of dancers not receiving stop signals When swarms
simultaneously scouted two identical nesting boxes, dancers for
either box received more stop signals from bees that had visited
and been marked at the other site (contra-signalers) than bees
that had visited the same site (ipsi-signalers). After a decision was
reached about which nest box to occupy (inferred from the initia-
tion of worker piping, which prepares the swarm for takeoff), the
stop signalers no longer selectively targeted dancers advertising
the opposing site and dancers received contra- and ipsi- signals
equally. Seeley et al. (2012) inferred that negative feedback from
the stop signal was provided cross inhibition between the two
potential nest sites while the swarm was still making a decision,
and that after a decision had been reached it contributed to shut-
ting down waggle dancing. This contributes to having nearly all
the swarm’s bees at the swarm cluster when it takes off for cross-
country flight, which will be guided by the scouts that know the
way to the chosen site.

NEGATIVE FEEDBACK IN OTHER SOCIAL INSECT SYSTEMS

It is of interest to note that negative feedback is present in other
social insect systems. Trail pheromones, which are also used by
termites, stingless bees, and social wasps, are used to recruit other
individuals to food sources and nest sites (Czaczkes et al., 2015).
These can encode complex information as a result of having vary-
ing chemical blends, concentrations, and operating synergistically
with other factors (Czaczkes et al., 2015). Positive feedback from
trail pheromones can cause groups of ants to focus inflexibly on
a single food source due to the strong, non-linear response of
recruits to the trail, even when other potentially better options
exist (e.g., reviewed in Camazine et al., 2001). This effect can
be countered by negative feedback from overcrowding at a food
source, which results in an equal distribution of foragers across
multiple food sources or the quick reallocation of the majority of
foragers to a superior food source (Griiter et al., 2012). Negative
feedback can also come from encounters with other foragers on a
trail, where greater crowding leads to less trail pheromone depo-
sition (Czaczkes et al., 2013), or from repellant trail pheromones
used as “no entry” signals marking unrewarding paths (Robinson
et al., 2005).

DISCUSSION

Decision-making by groups of animals has received increasing
recent attention in part because of recognition of its significance

to other systems, in particular complex nervous systems and
human engineered systems. Mechanisms of coordination discov-
ered in social insect colonies have provided models for human-
engineered systems in computing and robotics, because in both
kinds of systems there is a need for reliable, robust decision-
making based on simple interactions among components (e.g.,
Bonabeau and Meyer, 2001; Tsuda et al., 2006) Also, recent dis-
coveries in decision-making mechanisms of vertebrate brains and
swarms of honey bees have revealed striking parallels in their
mechanisms (Passino et al., 2008; Marshall et al., 2009).

In all such systems, individual units are able to use a rela-
tively small repertoire of behaviors or actions to achieve a complex
task as a whole. Each unit, be it an insect, a robot, or a neu-
ron, accumulates evidence until some threshold is reached and
a decision can be made. The stop signal reviewed here provides
negative feedback that can help modulate achieving that threshold
and tune the behavior of honey bee colonies during foraging and
swarming. The findings reviewed here suggest that the stop signal
has diverse uses and effects. It is quite likely that not all of these
have yet been described.

For example, the question of stop signaling during swarming
is still not well understood. The results of Seeley et al. (2012) sup-
port the idea that cross-inhibition during the decision-making
phase by contra-signalers provides negative feedback from scouts
that had visited a different nest site. This, however, does not
explain the lower-level occurrence of the ipsi-signaling that was
also present. In a follow-up study using two nest boxes of differing
volumes, much of the stop signaling observed was ipsi-signaling
rather than contra-signaling, and some of stop signalers had not
visited either nest site (Visscher, Schlegel, and Kietzman, unpub-
lished data). These are puzzling results that beg the immediate
questions of what might have been motivating the bees to signal
and what the signals’ effects were on the decision-making process.
There is clearly more to learn about the uses and effects of the stop
signal during swarming.

Another not-yet-explored avenue is the idea that tremble
dancers that use the stop signal outside of the dance floor may
be modulating the recruitment of more nectar receivers by lower-
ing potential nectar receivers’ response thresholds to the tremble
dance (Thom et al., 2003). This could be tested by assessing
whether or not non-dancers that received the stop signal were
more likely to become nectar receivers after being contacted by
a tremble dancer than individuals that did not. If so it would be a
novel use of the stop signal within the context of a foraging colony.

A variety of conditions external to the colony have been
explored to determine their effects on the communication signals
used by bees, but few have considered the factors within the hive
that may influence the bees’ communication. We now know that a
lack of nectar receivers stimulates tremble dancing, which results
in the recruitment of more nectar receivers (Seeley, 1992). We also
know that stop signaling inhibits foraging and is also associated
with tremble dancing (e.g., Thom et al., 2003). A useful line of
research would be to determine what factors, if any, within the
hive might help drive bees’ decisions to tremble dance or stop
signal. For example, decreasing the food storage space available
to the bees might be expected to result in an increase in tremble
dancing, as the nectar receivers would be unable to store the food
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brought in by foragers. There would likely also be in an increase
in stop signaling as the colony’s nectar-handling capacity would
be exceeded and foraging would need to be shut down.

While there are unanswered questions about the use of the stop
signal, most of what has been discovered fits a picture of the stop
signal as a negative-feedback component in recruitment, a sort
of anti-waggle dance. The use of such a signal allows the bees to
tune their recruitment more accurately and quickly in response to
changing conditions, and in a variety of contexts.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://www.frontiersin.org/journal/10.3389/fevo.2015.
00014/abstract
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