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1  | INTRODUC TION

Pursuit deterrence signals have independently evolved in mul-
tiple vertebrate taxa such as birds (Murphy, 2006), chipmunks 
(Clark, 2005), lizards (Cooper, 2001) and fish (Brown et al., 1999) 
and are used to inform predators that they have been detected by 
prey, and that attempts to capture the prey are therefore likely to 
be unsuccessful (Caro, 1995; Hasson, 1991). For example, when 
attacked, phrynosomatid lizards can elevate and waggle their 
tails, revealing a bold pattern of black and white bars that signals 

to predators that they have been detected (Dial, 1986), In social 
animals, such signals could benefit from being contagious, mean-
ing that the signal alone can trigger another signaller to transmit 
the signal without detecting or checking for the actual presence 
of danger (Oliveira & Faustino, 2017). Such signalling is self- 
replicating and auto-propagating even in the absence of its origi-
nal trigger and has advantages for rapidly alerting the group and 
creating an amplified deterrence signal that signals to the predator 
that it has been detected. However, contagious signals need to be 
constrained by honesty because they lose their value if they are 
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Abstract
1. The co-evolutionary arms race between predators and their prey has led to com-

plex signalling, especially in groups that benefit from the social transmission of 
alarm signals. In particular, pursuit deterrence signals can allow individuals and 
groups to indicate, at relatively low cost, that a predator's further approach is 
futile.

2. Pursuit deterrence signals are usually more effective if amplified, for example, by 
becoming contagious and rapidly spreading among prey without requiring indi-
vidual prey to confirm predator presence. However, this can also lead to runaway 
false signalling.

3. We provide the first evidence of a contagious pursuit deterrence signal in social 
insects. The Asian honey bee Apis cerana, performs an I See You (ISY) signal that 
deters attacking hornets.

4. We show that these signals enhance defensive signalling by also attracting guard 
bees and that the visual movements of appropriate stimuli alone (hornets and ISY 
signalling bees, but not harmless butterflies) provide sufficient stimuli. Olfaction 
and other potential cues are not necessary. The ISY signal is visually contagious 
and is buffered from runaway false signals because it is specifically triggered and 
by likely selection for honesty within the highly cooperative bee colony.

5. These results expand our understanding of contagious signals and how they can 
be honestly maintained in highly cooperative collectives.
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unreliable (Laidre & Johnstone, 2013). A signal in which receivers 
blindly accept threat presence is susceptible to runaway false sig-
nalling that reduces the efficacy of alarm signalling. Different strat-
egies have therefore evolved to increase accurate signalling from 
prey to other prey (Hamel & Cocroft, 2012).

Here we focus on signals between prey that are highly infor-
mative and can incur strong fitness costs by reliably eliciting costly 
actions (Bradbury & Vehrencamp, 2011). We distinguish our defini-
tion of contagious signals from prior work on social contagion, which 
considers the propagation of affective states (Videan et al., 2005) or 
contagion which is non-signalling (such as the simple transmission 
of an excitatory state (Broly & Deneubourg, 2015). Likewise, pursuit 
deterrence signals differ from aposematic signals because the prey 
is not simply advertising its toxicity, but providing more complex in-
formation about its active ability to escape, counter-attack, or both 
(Caro, 1995). Pursuit deterrence signals also differ from deimatic dis-
plays, which cover a much broader range of behaviours designed to 
startle, confuse, shock or frighten a predator, of which only some are 
signals (Umbers & Mappes, 2016).

In highly social insects such as honey bees, the problem of 
false runaway signalling should be curbed by the shared interest 
of individuals that are typically closely related within a colony. In 
fact, honey bees are all highly social and are the only social insects 
in which pursuit-deterrent signals have been identified. Termites 
(Kirchner et al., 1994) and Camponotus ants (Fuchs, 1976) produce 
alarm drumming signals in response to disturbances, but it is not 
clear if these signals deter predators or are contagious. Shimmering 
has been observed in Apis cerana, Apis florea and Apis dorsata 
(Breed et al., 2004), and is best described in A. dorsata in which 
hundreds of bees flip their abdomens upwards in a highly coordi-
nated manner to generate rippling waves that rapidly spread over 
the colony and confuse and repel hornets (Kastberger et al., 2008). 
Such shimmering likely propagates via contagion because the co-
ordinated wave-like motions depend upon the behaviour of nearby 
bees (Kastberger et al., 2014). However, to date, no experiments 
have excluded the predator to test for contagious pursuit deter-
rence signalling in any social insect. Without such exclusion, it is 
unclear if signallers are responding to each other or simply to the 
predator.

The I See You (ISY) signal of A. cerana may be a contagious pursuit 
deterrence signal. When a hornet is detected near the nest, guards pro-
duce the ISY signal by synchronously shaking their abdomens laterally 
(Tan et al., 2012). This signal is specific, increases with threat intensity 
and can deter predators. Guards barely respond to a non-threaten-
ing butterfly, their ISY signalling becomes more intense when a hor-
net gets closer, and hornets are repelled when a sufficient number 
of guards perform this signal (Tan et al., 2012). Moreover, if a hornet 
lands near the bee hive entrance, guard bees move towards the hornet 
and tend to aggregate together against the hornet intruders. Hornets 
that are not dissuaded can be enveloped in a ball of bees that gener-
ate deadly heat and carbon dioxide (Sugahara & Sakamoto, 2009). The 
number of bees performing the ISY is therefore an honest reflection 
of the colony's ability to muster sufficient attackers for an effective 

and dangerous heat ball (Ono et al., 1995). This heat ball is somewhat 
costly to the colony because workers die (Tan et al., 2016), and thus 
the ISY signal provides a way to deter attacks before deadly escalation 
is necessary.

If the ISY signal demonstrates a colony's ability to defend it-
self, then it should fulfil two predictions that we tested: it should 
draw guard bees towards to the signaller and be contagious, 
causing them to also perform the ISY signal even in the absence 
of a true threat. We therefore conducted experiments with six 
A. cerana colonies in Kunming, China, where they are naturally 
preyed upon by the hornet, Vespa velutina. We determined the 
proximate causes of ISY signalling and focused on bee-to-bee 
transmission of this signal. We tested signal synchronization with 
video playbacks, and investigated the attractiveness and conta-
giousness of these signals with real bees and hornets and with 
video playbacks.

2  | MATERIAL S AND METHODS

2.1 | Colonies

We studied six A. cerana cerana colonies at the apiary of the Eastern 
Bee Research Institute in Kunming from August-September 2018, a 
season in which hornets are plentiful and hornet colonies are at their 
peak populations. All bee colonies were healthy and queen-right, 
and each had four combs.

2.2 | Experiment 1: Does the visual presence of the 
hornet elicit the ISY signal?

We filmed three types of visual stimuli. We recorded a tethered (1) V. 
velutina hornet (predator) or (2) butterfly (Parantica sita Kollar, 1844, 
a non-predator control stimulus) for 5 min against a background 
of leaves away from any bees with a digital video camera (Sony™ 
HDR-PJ790) at 30 fps. We also recorded (3) a single guard honey bee 
performing the ISY signal on its nest entrance in the absence of any 
other bees in the video frame.

For the playbacks, we used an Apple iPad (2017 model 
MPGW2CH/A, iOS 12). The screen of the iPad was a 9.7-inch (diag-
onal) LED-backlit IPS LCD, 16 M color, 1536 × 2048 pixels (264 ppi), 
maximum brightness of 514 lux (average brightness of 485.4 lux, 88% 
brightness distribution, 1117:1 contrast ratio (black corresponding 
to 0.46 lux), 97.4% sRGB (Calman 2D) and 2.22 gamma correction 
(60 Hz refresh rate and black to white response time of 26 ms).

We used CorePlayer Mobile v1.3.6 video software, which al-
lowed us to pause or playback the video at half, normal or double 
speed. We played back all videos with the subject (hornet, butterfly 
or bee) at life size and maximum brightness (see above). During play-
backs, the nest and trees were in full shade. Playbacks had no sound 
and consisted of the following treatments: motionless control (still 
hornet), moving controls (moving butterfly at half, normal or double 
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speeds), moving hornet (at half, normal or double speed) and ISY sig-
nalling guard bee (at half, normal or double speed).

During the 5-min playback trial, we placed the camera di-
rectly in front of and parallel with the nest entrance, separated by 
10 cm (Figure S1). We conducted playbacks from 10:00 to 15:00. 
Ac guards group their production of ISY signals, likely to enhance 
their visual conspicuousness, such that multiple bees appear to 
synchronously shake their bodies and wings to perform the signal 
(one bout), followed by a brief pause and then repeats of the signal 
(subsequent bouts; Tan et al., 2012). Since signalling is usually a 
group behaviour, we scored the number of signal bouts elicited 
by each playback type. We used six colonies and conducted three 
trials per colony, running only one trial per day (18 different days 
spread over 1 month). On average, we observed 221.2 ± 96.1 
(mean ± 1 SD) ISY signals per trial.

2.3 | Signal synchronization

To determine if ISY signals are synchronized, we analysed videos 
of guard bees producing ISY signals in response to a live, tethered 
hornet. For standardization, we only chose groups of six guard 
bees and measured the start and stop times of the first four ISY 
signals produced (one bout). Each ISY signal began with lateral ab-
dominal shaking and ended when this shaking ceased. After a brief 
pause, the next signal would then begin with abdominal shaking. 
We used three colonies (four signals per bout from six different 
bees per colony). Each bout came from a different trial conducted 
on a separate day (18 different bees from 18 days spread over 
1 month).

2.4 | Experiment 2: Bee attraction to a real ISY 
signalling guard bee

The ISY signal appeared to attract guards. To test this attraction and 
measure the attraction distance, we placed an opaque paper screen 
(20 high × 29 wide, clamped to a laboratory stand) separated by a 
1-cm gap from the nest to allow bees on the nest entrance to view 
and sense each other, but to block the visual stimulus provided by a 
hornet on one side of the nest (Figure S1). We captured a V. velutina 
hornet with a hand net and tethered it to a 1-m long wood rod by 
wrapping wire around its petiole and the end of the rod. We waited 
until one only guard bee was on the designated test side of the nest 
(randomly chosen as right or left) and held this hornet at the cor-
ner and 10 cm in front of the chosen nest side. At this distance, Ac 
workers do not heat-ball hornets (Dong et al., 2018), but will perform 
the ISY signal after detecting the hornet. Within a few seconds, the 
guard bee usually began to ISY signal, and the 5 min trial began. In 
all cases, we filmed the bees with a video camera placed 1 m away 
from and centred in front of the nest. From this video, we measured 
the detection distance, defined as the distance at which a bee from 
the opposite side of the nest would shift its orientation and walk 

over to the bee performing the ISY signal (Exp 2A). We used a total 
60 bees from six colonies (10 bees per colony, half tested as right 
side and half as left side). A trial consisted of testing five bees from 
one colony. We ran one trial per day and conducted these tests over 
12 days within a 3-week period.

In some cases, the guard bee did not perform the ISY signal, allowing 
us to test an alternative hypothesis that hornet odour or non-visual 
hornet attributes (such as the potential electromagnetic field gener-
ated by the hornet) could have attracted the guard bees. This lack of 
ISY signalling happened at different times throughout the day and 
did not appear to be correlated with weather. Because the number of 
guard bees varied over the day, we could select occurrences in which 
only one guard bee was on each side of the nest entrance. When this 
occurred, we conducted the single guard attraction trials (Exp. 2B), and 
presented the focal guard with a tethered hornet (left or right side, 
randomly chosen but with an equal number of trials conducted on 
each side). After each trial, we captured and removed the focal guard 
bee to avoid reusing it. In total, we used six colonies (four trials per 
colony, 144 bees total). We ran one trial per day (consisting of four 
treatments of equal numbers of ISY signalling and non-ISY signalling 
guard bees on both sides with one colony) and conducted these tests 
over 36 days within a 6-week period (1.8 ± 0.4 guards crossed over 
per trial).

In the multiple guard attraction trials (Exp. 2C), we followed the 
same design, but used cases in which there were multiple guards 
on both sides of the colony. We counted the number of guards 
that crossed over when (1) there was no hornet, (2) the focal bee 
performed the ISY signal, or (3) the focal bee did not perform the 
ISY signal. We then calculated the net movement to each side. We 
conducted these trials on separate days from the two-guard experi-
ment, and captured and eliminated the focal guard at the end of each 
trial to avoid reusing this bee. The three treatments tested (left side 
hornet, right side hornet and no hornet) constituted one trial, and 
we ran three trials per colony with six colonies, running only one trial 
per day (a total of 18 days over 1 month: 10.1 ± 5.1 guards moving 
per trial).

2.5 | Experiment 3: Testing if video playbacks of 
a guard bee performing the ISY are sufficient to 
attract guards

In experiment 1, we tested the kinds of video playbacks that could 
elicit ISY signalling from bees. In experiment 3, we tested if the video 
playback of an ISY signal could attract guards from the opposite end 
of the nest. In this way, we focused on the visual signal produced by 
the guards, eliminating all other potential guard cues and all hornet 
cues in experiment 4. We waited until a group of approximately 20 
guards was located on one side of the nest entrance (randomly se-
lected left or right) and placed the playback screen on the opposite 
side. We then played back the ISY signal for 5 min and counted the 
number of guards that crossed over to the ISY signal playback (1× 
playback speed) as compared to the control (motionless image of the 
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ISY playback). With each of our six colonies we ran a trial consist-
ing of two treatments per day (control and playback). We replicated 
these tests three times with each colony and therefore tested bees 
for 18 days over 1 month (0.32 ± 0.08 is the mean proportion of 
guards moving towards both playback treatments).

2.6 | Experiment 4: Do guard bees producing the 
ISY signal also produce an olfactory signal?

We used a pump to sample the air (1 ml/s intake velocity) from six 
guard bees that were either performing the ISY signal or were not. 
Each sample came from a separate group of guard bees. The pump 
drew in air from a clean PFTE tube (1.5 mm diameter) that was 
placed approximately 3 mm from guard bees (not in contact). Inside 
the PFTE tube, we placed a 65-mm PDMS/DVB solid-phase micro-
extraction (SPME) fibre (Supelco). To elicit ISY signals from guard 
bees, we placed a living and moving hornet swaying at 5 cm from 
the centre of the colony entrance. The control consisted of guard 
bees that did not produce ISY signals but were still exposed to a 
living hornet (with its wings removed because we found that hornet 
wing movement is key to eliciting ISY signals) and placed 5 cm in 
front of the colony entrance. Each treatment lasted 30 min and was 
run in the absence of other hornets near the colony entrances.

For comparison, we also collected the volatiles of one Ac guard 
bee sting gland per colony. We froze each guard bee (−18°C), and 
then used forceps to dissect out its sting gland, which was placed in 
a 1.5-ml glass vial whose lid we penetrated with a clean SPME fibre 
for 30 min. For our chemical analyses, we used a gas chromatogra-
phy-flame ionization detector (GC-FID) with a HP 7890B (Agilent) 
gas chromatograph, and a HP-5 column (30 m × 320 mm × 0.25 mm; 
Agilent) through which helium carrier gas flowed at 37 cm/s. The 
oven ramp temperature was 50°C for 2 min, then was increased to 
10°C/min for 23 min. Each SPME fibre was desorbed into the injector 
port (heated at 250°C) for 1 min. With each of three different colo-
nies we tested one trial per day that consisted of three treatments 
(bees producing ISY signals, bees not producing ISY signals, and sting 
gland extract). We replicated these tests four times with each col-
ony and thus conducted these measurements over 12 days within a 
3-week period.

2.7 | Quantification and statistical analyses

We used JMP Pro v14.2.0 (SAS Institute, Inc.). To analyse the ef-
fects of video playbacks to guard bees (experiment 1 and 4), we used 
a Univariate Repeated-Measures Analysis with colony as a repeated 
measure. We then made all pairwise using comparisons with post hoc 
Tukey Honestly Significant Difference (HSD) tests. To analyse guard at-
traction to the ISY signal, we used 2-tailed Fisher's exact texts (https://
www.graph pad.com/quick calcs/ conti ngenc y1/). To analyse signal syn-
chronization, we used a Univariate Repeated-Measures Analysis with 
bee identity as the repeated measure and examined the relationship 

between signal number (within a sequence of four signals) and signal 
start time or signal stop time. We report mean ± 1 SD.

3  | RESULTS

3.1 | Video playbacks show that the ISY signal is 
visually triggered by specific stimuli, contagious and 
synchronized

By using a video screen, we found that video playbacks of preda-
tors and, separately, of guard bees performing the ISY signal sig-
nificantly increased ISY signalling by receiver bees (treatment effect 
F9,165 = 28.2, p < 0.0001). An image of a moving hornet at normal 
or double speed and a bee performing the ISY signal at normal 
speed significantly elevated ISY signalling (Tukey HSD test, p < 0.05; 
Figure 1), and the hornet moving at normal speed (1× playback) and 
higher speed (2×) elicited significantly more signals than any other 
type of playback. However, ISY signalling was not elicited by the 
harmless butterfly control at any playback speed (Tukey HSD test, 
p < 0.05, Figure 1).

Guard bees synchronized their ISY signals. The start times 
(F11,43 = 6,978.09, p < 0.0001) and stop times (F11,43 = 9,940.42, 
p < 0.0001) of ISY signals are correlated (Figure 2). ISY signals were 
0.39 ± 0.07 s in duration with an inter-signal interval of 0.56 ± 0.15 s.

F I G U R E  1   Effect of different video playback treatments on 
honey bee ISY signalling. Means and 95% confidence intervals are 
shown. Different letters indicate significant differences (Tukey HSD 
tests, p < 0.05). The butterfly treatment demonstrates that bees 
did not respond non-predators. Likewise, the still treatment shows 
that the appearance and motion of the hornet are important. Bees 
performed the ISY signal in response to other bees, but only at the 
correct playback speed
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3.2 | The ISY signal attracted guards (single guard 
attraction)

Increasing the number of bees joining in ISY signalling is known to 
enhance predator deterrence. We found that guard bees could be 
attracted to focal guard bees performing the ISY signal, not to po-
tential cues produced by the hornet. In this experiment, only the 
focal guards could see the hornet, which was hidden behind a screen 
(Figure S1). The attracted guard would initially shift its orientation 
and approach from 10.1 ± 0.6 cm away (N = 60). Because we used 
a live hornet, the attracted guard could have been drawn to hornet 
cues such as its odour and electrostatic signature. However, such 
cues were also present in cases when guard bees did not perform the 

ISY signal (Figure 3A). Overall, 0% of guards were attracted when the 
focal guards did not perform the ISY signal (two-tailed Fisher's exact 
tests, p < 0.0001), but 86% (left side presentation) to 89% (right side) 
of guards were attracted when the focal guards performed the ISY 
signal (two-tailed Fisher's exact tests, p < 0.0001).

3.3 | The ISY signal attracted guards (multi-guard 
attraction)

The single guard attraction experiment provided a more stand-
ardized and controlled way of testing guard attraction. However, 
a more natural scenario involves multiple guards distributed on 
both sides of the colony. Similarly, groups of guards were at-
tracted to multiple guards performing the ISY signal. When there 
was no hornet, 11 net bees moved to the right and 11 net bees 
moved to left (Figure 3B). This data provided a baseline for guard 
movements in the absence of hornets. When guard bees signalled 
from the left, 83 net bees moved to the left and there was no 
net movement to the right (4.6 ± 2.7 bees per trial, Fisher's Exact 
test, p < 0.0001). When guard bees signalled from the right, 77 
net bees moved to the right and there was no net movement to 
the left (4.3 ± 3.0 bees per trial, Fisher's Exact test, p < 0.0001, 
Figure 3B).

F I G U R E  2   ISY signals are synchronized. The start and stop 
times of ISY signals in groups of guard bees (four signals per bout 
produced by six bees per group from three colonies) from video 
analyses are shown. For these plots, bee 1 is randomly chosen 
within each group and all other signals within a sequence are 
compared with it

F I G U R E  3   Attraction of guard bees that cannot see the hornet 
to a visible guard bee performing the ISY signal. The plots show 
attraction when the focal bee was on the left or right side of the 
colony. Different letters indicate significant differences (Fisher's 
exact tests, p ≤ 0.002). (A) The two-bee experiment (Nleft = 72, 
Nright = 72 bees) and (B) the multi-bee experiment (Nleft = 434, 
Nright = 435 bees) are shown
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3.4 | Guards were attracted to video 
playbacks of the ISY signal

The visual stimulus of a guard bee performing the moving ISY signal 
was enough to attract guard bees. Video playback of a guard per-
forming an ISY signal caused a significantly higher 6.1-fold greater 
proportion of guard bees to move towards the playback as compared 
to a still image of the same guard (treatment effect, F1,29 = 151.14, 
p < 0.0001, Figure 4).

3.5 | Guards that performed the ISY signal did not 
produce detectable alarm pheromone volatiles

We did not observe guard bees extending their stings when detecting 
a hornet and performing the ISY signal. Solid Phase Micro Extraction 
(SPME) Gas Chromatography detected no alarm pheromone volatiles 
from guard bees that produced ISY signals or from guards that were 
presented with the hornet and did not perform ISY signals. However, 
all sting glands, as expected, had alarm pheromone compounds (sig-
nificantly greater than the guard bees, L-R χ2 = 45.83, 2 df, p < 0.0001, 
Figure S2).

4  | DISCUSSION

In the arms race between prey and predator, sophisticated counter 
strategies evolve, such as signals that reduce the risks to predator 
and prey by deterring before lethal action is necessary. For exam-
ple, the ISY signal communicates to an attacking hornet that a col-
ony can defend itself and form a deadly heat ball (Ken et al., 2005). 
We show that the ISY signal is also attractive to other nestmates 

(drawing in defenders) and contagious (spreading simply when one 
guard sees another guard performing this signal). The ISY signal 
thereby serves two functions that are logically connected because 
the signal's predator deterrence efficacy is linked to the number 
of bees that produce the signal, a reliable indicator of a colony's 
ability to defend itself.

This attraction was not due to the production of alarm pher-
omone (which we did not detect in SPME assays) or other odours 
because video playbacks of bees producing the ISY signal were 
sufficient to attract guards. Guards may produce attractive odours 
that we did not detect, but we previously used the same SPME tech-
nique and found that guards that extended their stingers produced 
clearly detectable alarm pheromone compounds (Dong et al., 2018). 
Moreover, the presence of a predator was not necessary since 
guards were attracted to the video playbacks of an ISY signaller 
but not its still image. These video playbacks also excluded electro-
sensory information provided by living hornets or bees. Our video 
playback device did produce electrical fields, but ones that should 
be quite different from those generated by living hornets and bees. 
Moreover, any device-created electric fields should largely be similar 
regardless of whether the image was moving (experimental) or still 
(control).

Moving images of the correct type, video playbacks of a hornet 
or a guard bee performing the ISY signal (but not a harmless but-
terfly), were sufficient proximate stimuli to elicit ISY signals. Motion 
was essential because still images of a guard bee or a hornet did not 
elicit ISY signals. The required degree of motion depended upon its 
source and demonstrated selectivity. Bees most effectively elicited 
other ISY signals when they signalled at a normal rate (1×), not at 
lower (0.5×) or higher (2.0×) speeds. This selectivity may be adaptive 
given that the ISY signal is contagious and bees should therefore 
be quite choosy in distinguishing a true ISY signal before producing 
it and passing it on. In contrast, the ISY signal was easily triggered 
by hornet videos played back at 1× and 2× speed, a broader range 
of acceptable motion that may be linked to natural variation in hor-
net flight speeds but also likely reflects the greater reliability of this 
information, the visual appearance and motion of a real predator, 
for indicating threat. Bees were not indiscriminate about large flying 
objects. Video of hornets elicited ISY signals, but video playbacks 
of a naturally encountered harmless stimulus, a sympatric moving 
butterfly, did not.

Other factors may help to maintain honesty in ISY signal con-
tagion. Like decisions such as which workers will attack colony 
predators (Breed et al., 2004) or, in a reproductive context, which 
workers will participate in swarming (Rangel et al., 2009), ISY col-
lective decisions should be made for the overall benefit of the 
colony because selection should disfavour colonies with guards 
that ‘cry wolf’ and perform inappropriate ISY signals. These false 
signals would not benefit colony fitness. The exact cost is unclear, 
but A. cerana colonies that detect hornets change their behaviour: 
foragers move approximately twofold more rapidly to and from 
the nest to avoid hawking hornets (Tan et al., 2007). In addition, 
since ISY signals are attractive, false signals could inappropriately 

F I G U R E  4   Attraction of guard bees to a video playback of 
single guard bee performing the ISY signal versus a still image 
(control) of the same guard bee. The mean proportion of attracted 
guard bees per trial is shown along with the 95% confidence 
intervals: Ntrials = 36, Ncolonies = 6, Nguard bees total = 721, Nguard bees per 

trial = 20.0 ± 3.7 (mean ± 1 SD). The results of the Univariate 
Repeated Measures F-test are shown
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draw guards away from general monitoring. Given the likely fit-
ness costs, we predict that guards drawn to the purported loca-
tion of a predator by false ISY signals will likely stop producing ISY 
signals if they detect no predator. Signalling cessation could occur 
via habituation. In the contagion experiment, we played back the 
video ISY signal over 5 min in the absence of any hornet pred-
ator and found no reduction in ISY response signalling over this 
fairly short period. However, in preliminary experiments in which 
we played back the ISY signal at seasons when hornets were not 
present or occurred at very low numbers, we found a reduced ISY 
signalling response. Guards or the colony may be informed of the 
seasonal likelihood of hornet attack, and frequent daily attacks 
during hornet season likely sensitize the colony to hornet pres-
ence. Such informed responses should place an additional curb on 
runaway false signalling.

The ability to coordinate such group defenses against pred-
ators has repeatedly evolved in social insects as a necessary 
counterbalance to a major detriment of sociality—the tempting 
concentration of resources provided by a colony. The heat-balling 
defence of honey bees against their formidable sympatric hornet 
predators is a classic example that illustrates two types of hon-
est communication from different receiver perspectives. First, the 
size and efficacy of the heat ball defence depends upon bee col-
ony size and is therefore linked to the number of ISY signallers, 
which honestly demonstrates the colony's defensive ability to the 
hornet (Ken et al., 2005; Tan et al., 2012). Second, the experiments 
reported here show that the ISY signal is contagious among bees 
and safeguarded from runaway false signalling because, proxi-
mally, contagion only occurs for correctly produced signals and, 
ultimately, because the close genetic relatedness of nestmates and 
status of the colony as the primary reproductive unit promotes 
honesty among nestmates. We predict the existence of similar 
safeguards in other contagious pursuit deterrence signals. In the 
case of large social insect colonies in which individual recognition 
of signaller identity and therefore individual reliability assessment 
is unlikely, emergent properties may have evolved to protect con-
tagious signalling, an intriguing aspect of social signalling that is 
poorly understood.

ACKNOWLEDG EMENTS
We wish to thank the editor and two anonymous reviewers whose 
comments and suggestions have significantly improved the quality 
of our manuscript.

AUTHORS'  CONTRIBUTIONS
S.H.D., K.T. and J.C.N. conceived of experiments, designed them and 
wrote the paper; S.H.D. collected the data; and J.C.N. performed 
the analyses.

DATA AVAIL ABILIT Y S TATEMENT
All data used for our statistical analyses and figures are freely avail-
able via Zenodo.org at https://doi.org/10.5281/zenodo.4026397 
(Dong et al., 2020).

ORCID
Shihao Dong  https://orcid.org/0000-0002-9247-6553 
Ken Tan  https://orcid.org/0000-0002-0928-1561 
James C. Nieh  https://orcid.org/0000-0001-6237-0726 

R E FE R E N C E S
Bradbury, J. W., & Vehrencamp, S. L. (2011). Principles of animal commu-

nication. Sinauer Associates Incorporated.
Breed, M. D., Guzmán-Novoa, E., & Hunt, G. J. 3. (2004). Defensive be-

havior of honey bees: Organization, genetics, and comparisons with 
other bees. Annual Reviews in Entomology, 49(1), 271–298.

Broly, P., & Deneubourg, J.-L. (2015). Behavioural contagion explains 
group cohesion in a social crustacean. PLOS Computational Biology, 
11(6), e1004290. https://doi.org/10.1371/journ al.pcbi.1004290

Brown, G. E., Godin, J.-G.-J., & Pedersen, J. (1999). Fin-flicking behaviour: 
A visual antipredator alarm signal in a characin fish Hemigrammus eryth-
rozonus. Animal Behaviour, 58(3), 469–475. https://doi.org/10.1006/ 
anbe.1999.1173

Caro, T. (1995). Pursuit-deterrence revisited. Trends in Ecology & Evolution, 
10(12), 500–503. https://doi.org/10.1016/S0169 -5347(00)89207 -1

Clark, R. W. (2005). Pursuit-deterrent communication between prey 
animals and timber rattlesnakes (Crotalus horridus): The response of 
snakes to harassment displays. Behavioral Ecology and Sociobiology, 
59(2), 258–261. https://doi.org/10.1007/s0026 5-005-0032-9

Collins, A. M., Rinderer, T. E., Harbo, J. R., & Bolten, A. B. (1982). Colony 
defense by Africanized and European honey bees. Science, 218(4567), 
72–74. https://doi.org/10.1126/scien ce.218.4567.72

Cooper, W. E. (2001). Multiple roles of tail display by the curly-tailed liz-
ard Leiocephalus carinatus: Pursuit deterrent and deflective roles of a 
social signal. Ethology, 107(12), 1137–1149. https://doi.org/10.1046/ 
j.1439-0310.2001.00754.x

Dial, B. E. (1986). Tail display in two species of iguanid lizards: A test 
of the 'predator signal' hypothesis. The American Naturalist, 127(1), 
103–111. https://doi.org/10.1086/284471

Dong, S., Tan, K., & Nieh, J. (2020). Visual contagion in prey defence 
signals can enhance honest defense (Version 1). Zenodo, https://doi.
org/10.5281/zenodo.4026397

Dong, S., Wen, P., Zhang, Q. I., Wang, Y., Cheng, Y., Tan, K., & Nieh, J. 
C. (2018). Olfactory eavesdropping of predator alarm pheromone by 
sympatric but not allopatric prey. Animal Behaviour, 141, 115–125. 
https://doi.org/10.1016/j.anbeh av.2018.05.013

Fuchs, S. (1976). An informational analysis of the alarm communication 
by drumming behavior in nests of carpenter ants (Camponotus, 
Formicidae, Hymenoptera). Behavioral Ecology and Sociobiology, 1(3), 
315–336. https://doi.org/10.1007/BF003 00070

Hamel, J. A., & Cocroft, R. B. (2012). Negative feedback from mater-
nal signals reduces false alarms by collectively signaling offspring. 
Proceedings of the Royal Society B: Biological Sciences, 279(1743), 
3820–3826.

Hasson, O. (1991). Pursuit-deterrent signals: Communication between 
prey and predator. Trends in Ecology & Evolution, 6(10), 325–329. 
https://doi.org/10.1016/0169-5347(91)90040 -5

Kastberger, G., Hoetzl, T., Maurer, M., Kranner, I., Weiss, S., & Weihmann, 
F. (2014). Speeding up social waves. Propagation mechanisms of 
shimmering in giant honeybees. PLoS One, 9(1), e86315.

Kastberger, G., Schmelzer, E., & Kranner, I. (2008). Social waves in giant 
honey bees repel hornets. PLoS One, 3(9), e3141.

Ken, T., Hepburn, H. R., Radloff, S. E., Yusheng, Y. U., Yiqiu, L., Danyin, 
Z., & Neumann, P. (2005). Heat-balling wasps by honey bees. Die 
Naturwissenschaften, 92(10), 492–495. https://doi.org/10.1007/
s0011 4-005-0026-5

Kirchner, W. H., Broecker, I., & Tautz, J. (1994). Vibrational alarm com-
munication in the damp-wood termite Zootermopsis nevadensis. 

https://doi.org/10.5281/zenodo.4026397
https://orcid.org/0000-0002-9247-6553
https://orcid.org/0000-0002-9247-6553
https://orcid.org/0000-0002-0928-1561
https://orcid.org/0000-0002-0928-1561
https://orcid.org/0000-0001-6237-0726
https://orcid.org/0000-0001-6237-0726
https://doi.org/10.1371/journal.pcbi.1004290
https://doi.org/10.1006/anbe.1999.1173
https://doi.org/10.1006/anbe.1999.1173
https://doi.org/10.1016/S0169-5347(00)89207-1
https://doi.org/10.1007/s00265-005-0032-9
https://doi.org/10.1126/science.218.4567.72
https://doi.org/10.1046/j.1439-0310.2001.00754.x
https://doi.org/10.1046/j.1439-0310.2001.00754.x
https://doi.org/10.1086/284471
https://doi.org/10.5281/zenodo.4026397
https://doi.org/10.5281/zenodo.4026397
https://doi.org/10.1016/j.anbehav.2018.05.013
https://doi.org/10.1007/BF00300070
https://doi.org/10.1016/0169-5347(91)90040-5
https://doi.org/10.1007/s00114-005-0026-5
https://doi.org/10.1007/s00114-005-0026-5


8  |    Journal of Animal Ecology DONG et al.

Physiological Entomology, 19(3), 187–190. https://doi.org/10.1111/ 
j.1365-3032.1994.tb010 41.x

Laidre, M. E., & Johnstone, R. A. (2013). Animal signals. Current Biology, 
23(18), R829–R833. https://doi.org/10.1016/j.cub.2013.07.070

Murphy, T. G. (2006). Predator-elicited visual signal: Why the tur-
quoise-browed motmot wag-displays its racketed tail. Behavioral 
Ecology, 17(4), 547–553. https://doi.org/10.1093/behec o/arj064

Oliveira, R. F., & Faustino, A. I. (2017). Social information use in threat 
perception: Social buffering, contagion and facilitation of alarm re-
sponses. Communicative & Integrative Biology, 10(3), 1–5. https://doi.
org/10.1080/19420 889.2017.1325049

Ono, M., Igarashi, T., Ohno, E., & Sasaki, M. (1995). Unusual thermal 
defense by a honeybee against mass attack by hornets. Nature, 
377(6547), 334–336.

Rangel, J., Mattila, H. R., & Seeley, T. D. (2009). No intracolonial nepo-
tism during colony fissioning in honey bees. Proceedings of the Royal 
Society B: Biological Sciences, 276(1674), 3895–3900. https://doi.
org/10.1098/rspb.2009.1072

Sugahara, M., & Sakamoto, F. (2009). Heat and carbon dioxide generated 
by honeybees jointly act to kill hornets. Die Naturwissenschaften, 
96(9), 1133–1136. https://doi.org/10.1007/s0011 4-009-0575-0

Tan, K., Dong, S., Li, X., Liu, X., Wang, C., Li, J., & Nieh, J. C. (2016). 
Honey bee inhibitory signaling is tuned to threat severity and can 
act as a colony alarm signal. PLoS Biology, 14(3), 1–19. https://doi.
org/10.1371/journ al.pbio.1002423

Tan, K., Radloff, S. E., Li, J. J., Hepburn, H. R., Yang, M. X., Zhang, L. J., 
& Neumann, P. (2007). Bee-hawking by the wasp, Vespa velutina, on 

the honeybees Apis cerana and A. mellifera. Die Naturwissenschaften, 
94(6), 469–472. https://doi.org/10.1007/s0011 4-006-0210-2

Tan, K., Wang, Z., Li, H., Yang, S., Hu, Z., Kastberger, G., & Oldroyd, B. P. 
(2012). An ‘I see you’ prey–predator signal between the Asian hon-
eybee, Apis cerana, and the hornet, Vespa velutina. Animal Behaviour, 
83(4), 879–882. https://doi.org/10.1016/j.anbeh av.2011.12.031

Umbers, K. D. L., & Mappes, J. (2016). Towards a tractable working hy-
pothesis for deimatic displays. Animal Behaviour, 113, e5–e7. https://
doi.org/10.1016/j.anbeh av.2016.01.002

Videan, E. N., Fritz, J., Schwandt, M., & Howell, S. (2005). Neighbor ef-
fect: Evidence of affiliative and agonistic social contagion in captive 
chimpanzees (Pan troglodytes). American Journal of Primatology, 66(2), 
131–144. https://doi.org/10.1002/ajp.20133

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Dong S, Tan K, Nieh JC. Visual 
contagion in prey defence signals can enhance honest 
defence. J Anim Ecol. 2020;00:1–8. https://doi.
org/10.1111/1365-2656.13390

https://doi.org/10.1111/j.1365-3032.1994.tb01041.x
https://doi.org/10.1111/j.1365-3032.1994.tb01041.x
https://doi.org/10.1016/j.cub.2013.07.070
https://doi.org/10.1093/beheco/arj064
https://doi.org/10.1080/19420889.2017.1325049
https://doi.org/10.1080/19420889.2017.1325049
https://doi.org/10.1098/rspb.2009.1072
https://doi.org/10.1098/rspb.2009.1072
https://doi.org/10.1007/s00114-009-0575-0
https://doi.org/10.1371/journal.pbio.1002423
https://doi.org/10.1371/journal.pbio.1002423
https://doi.org/10.1007/s00114-006-0210-2
https://doi.org/10.1016/j.anbehav.2011.12.031
https://doi.org/10.1016/j.anbehav.2016.01.002
https://doi.org/10.1016/j.anbehav.2016.01.002
https://doi.org/10.1002/ajp.20133
https://doi.org/10.1111/1365-2656.13390
https://doi.org/10.1111/1365-2656.13390



