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Abstract
Mating in crickets has continued to be an especial topic because of the interesting
phenomena of female mate preferences and male-male aggression. Most crickets produce three
distinct song types, with each one produced under a different social circumstances. A clear
understanding of the responses of crickets to different song types will help clarify the function of
multiple song types. We carried out two experiments with related tests: the effect of the calling
song, the courtship song, and the aggression song, on male-male aggression and on male and
female phonotaxis. In the aggression experiment, we played back a single song during male-male
contest, and the results showed low values of aggression intensity in the presence of calling and
aggression songs. Playback songs significantly affected the duration of a fighting contest and the
aggressive encounters were resolved at low intensity compared to muted treatment. In the
phonotactic experiment, we played a single song and female crickets showed non-significant
tendency to respond less to the courtship song compared to the aggression and calling songs.
Overall, the results show no significant phonotactic preference for both male and female crickets.

Key Words: house cricket, Acheta domesticus, aggression, phonotactic, signaling, fighting.
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Introduction
Insects are adapted to communicate in a species-specific manner and acoustical signaling
is the principal form of communication in crickets (Orthoptera: Gryllidae). Generally, crickets are
known for their loud and musical songs. These songs give information about the sender, and vary
depending on social context (Alexander, 1961; Rillich, 2009). Many studies have focused on the
acoustic aspects of communication, including song function, structure, and evolution (Gary, 1997;
Bertram, 2000). Acoustic communication serves various functions in insects including attracting
mates, courtship at close proximity, and territorial behavior and rivalry (e.g., Brown et al., 2006).
Sexual selection has been a subject of intense study in crickets, especially because sexual
signals expected to be expensive and to reveal male quality. Male crickets create chirps by rubbing
the flat side of the wing (plectrum) against the jagged side of the other wing (file) (Bertram, 1989;
Miyashita, 2016). The general structural characteristics of the calling songs differ from one song
type to another including the carrier frequency, its amplitude, and its temporal structure (Doherty,
1985; Ladowski, 2011) (fig.1). Male house crickets, Acheta domesticus, produce three songs
serving distinct functions.
Male crickets produce calling song, is a long, continuous trill or chirp, at the start of its
search with aims of attracting a mate from a distance. This song may also stimulate other males to
call, or may inhibit them from calling, depending on the resource information in the song. The
courtship song is rhythmical, usually soft and is produced after a female has approached the caller,
and following the caller’s antennation (Alexander, 1962; Doherty, 1985; Hedwig, 2001). Males
produce the aggression song upon encountering a rival male in competition over a mate, food, or
territory (Boake, 1983). Males may use the aggression song to gauge the fighting ability of their
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opponent, and to ultimately to decide whether to engage in a fighting contest or to flee (Boake,
1983; Brown et al., 2006) (fig.2).
Songs may communicate crucial information about the callers’ strength, health, rivalry,
territorial protection or quality as mating partner (Boake, 1983; Brown et al., 2006). Despite the
availability of vast literature on house cricket acoustical signalling, little is known about the
different functions of these three cricket songs beyond mate attraction and female choice involving
calling songs (Alexander, 1962; Bertram, 2000). Although many studies have been done on calling
songs, little is known about the functional differences of the three song types (Doherty, 1985;
Hedwig, 2001).
In this study, we focused on the functional significance of the three cricket songs. We
conducted two sets of experiments to evaluate two hypotheses based on male cricket songs in
relation to aggression and phonotaxis behavior. We 1) assessed the tendency of aggressive
intensity of males in fights, when exposed to each song type, and 2) explored the tendency of
crickets male and female to demonstrate phonotaxis when exposed to each song type. The
hypotheses are that aggression will be affected most by aggression song whereas phonotaxis will
be greater in the presence of calling song. However, these experiments will also allow us to explore
the extent to which the function of the three songs overlap or differ.

Methods and Materials
Crickets rearing
Acheta domesticus, house crickets, were delivered from http://www.reptilefood.com
(Dayton, OH, USA) as juveniles and raised in the laboratory to adulthood at 25±2°C on 12:12 h
light: dark cycle set. We used 55-litre rearing plastic pails to house the crickets with each pail
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containing approximately 250 crickets. We provided crickets with egg-cardboard as a shelter, and
they were fed ad libitum dog food (MAX, Wal-Mart Stores, Inc., The Nutro Company, Franklin,
U.S.A., 24% crude protein, 14% crude fat, and 4% crude fiber), and slices of fresh apple. Every
two days, newly molted crickets were isolated by gender, transferred to treatment plastic containers
(1.5L), and maintained under the above conditions. The cricket ages were between 10 to 15 days
old from their eclosion when used in experiments. We selected adult house crickets that were
devoid of defects such as damaged antennae, missing appendages, or other visible damage.
Crickets were kept individually until the day of the trial to control their social and sexual
experiences, which could affect their aggressive and phonotaxis behavior. Prior to the experiment,
we weighed crickets, using an A&D HR-202 balance (A&D Engineering, Inc., Milpitas,
California, U.S.A.) digital scale, and measured the length of their hind femur using digital sliding
caliper in (mm). Crickets were given an ID number and labeled with liquid paper for identification.

Audio recordings
All three song types were recorded by Dr. William Brown and Alex Ladowski from focal males
between a 10 and 20 day post- adult eclosion (±1 d), at which age males are generally sexually
mature and are producing songs (Ladowski, 2013). All recordings were carried out in an anechoic
chamber, under red light, using an Olympus WS-600S digital voice recorder (Olympus Imaging
Corporation, Tokyo, Japan). The microphone SONY ECM 717 (Sony Corporation, Tokyo, Japan)
was placed at a height of 12cm close to the wall and above the male’s cage, because the male was
free to move and turn in any direction. The temperature of the recording chamber was measured
with a Springfield Precise Temp temperature probe (Springfield Precision Instruments, Wood
Ridge, New Jersey, U.S.A.) (Covey, 2014).
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Acoustic Stimulus
Song files were digitized by using Raven 1.2 for Macintosh (Bioacoustics Research
Program, Cornell Laboratory of Ornithology, Ithaca, NY, USA). Approximately 30 seconds of
each of the three song sequences were digitized and randomly chosen for the pulses and chirps.
Four components of song temporal structure were measured: the number of pulses per chirp, pulse
duration (s), chirp duration (s), and the inter-pulse and inter-chirp intervals (s) (Covey, 2014;
Brown et al., 2006) (fig.1). During the experiment, the playback intensity was 60 dB at 15cm
away from the active speaker by using a Radio Shack Sound Level Meter (Tandy Corp., Ft. Worth
Texas, U.S.A.) (Bailey and Zuk, 2008).

Experiment 1: Aggressive trials
Sixty-seven pairs of adult males were taken from the rearing plastic pails and housed
individually in 1.5L plastic buckets for three days prior to trials. They were then given a slice of
fresh apple, an egg-carton as a shelter, and a water-filled tube plugged with cotton. All males were
placed individually for three days before trials (playing songs and staging fight encounters against
rival males). The purpose of holding males in isolation for a period was to acclimate them to a
solitary environment. This way, the experimental male crickets gained standardized experience
and reduced their stress levels associated with frequent social encounters that may limit their male
aggressive behavior (Alexander, 1961; Adamo, 1995).
The body size (lengths of hind tibia) of each male cricket was measured immediately before
recording using digital forceps (within 8.35 mm). The body mass was recorded and calculated the
weight symmetry of each male cricket to match with the opponent by using a digital scale. The
maximum body mass was 0.46g and the average was 0.32g. To test the effect of playback songs
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on the male aggression, we paired males by matching their body mass, a key factor that affects the
aggressiveness of the contest, the size-related resource-holding potential (RHP), and also to
remove the effect of weight difference on the contest intensities (e.g. Wangner, 1989; Jakob, 1996;
and Rillich, 2012). Males were temporarily muted by reversing the forewings so that the plectrum
of the right wing could not engage with the file of the left wing; thus no song could be produced
(e.g. Brown, 2006).
We staged fighting contests in a clear plastic arena measuring 27x18x12 cm. A speaker
was attached at one end of the arena from which the songs were played back. According to Kortet
and Hedrick (2007), male crickets would engage in a fight in the presence of food, therefore we
placed a piece of food in the center of the arena to prompt males to fight. We recorded the
aggressive behavior of paired males exposed to five treatments. In three of these treatments, we
released a muted pair of males and played back a single song either calling song, a courtship song,
or an aggression song. The other two treatments were presented as controls, which was performed
to test the validity of the experimental design. In the control treatments, the played back songs
were absent and males were either muted or not muted in order to determine whether the playback
song itself was attenuating and degrading the aggressive behavior. Also, between treatments, we
tossed the crickets in the air three times which eliminates changes in dominance due to prior
aggressive encounters (Hofmann et al., 2000).
The test protocol involved releasing paired males and allowing 3 minutes of an acclimation
period under an opaque plastic cover. We then played a single song, removed the opaque plastic
cover, and started the timer simultaneously to observe the cricket aggressive behavior. All
playback songs were 60 dB presented via the speaker. Under such conditions, male house crickets
typically engage in a series of aggressive encounters. Cricket encounters defined as the beginning
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of physical (usually antennal) contact and the resultant retreat of one male by at least 10cm. We
recorded the aggressive encounters including the duration of first encounter between rivals and
their level of aggression. Typically in a fight, one of the opponents retreats and then engages in a
second encounter. We then recorded the duration of the second encounter and their level of
aggression. The cricket’s escalatory aggressive behaviors were ranked numerically following
Alexander’s scale: (0), pre-established dominance (1), antennal fencing (2), unilateral mandible
spreading (3), bilateral mandible spreading (4), mandible engagement (5), and wrestling (6)
(Brown et al., 2006; Rillich et al., 2012; following Alexander, 1961) in (fig.3).

Experiment 2: Phonotaxis trials
Positive phonotaxis is the ability of the crickets to locate and move in a straight or an angle
path toward a sound source (Doherty, 1985; Hissmann, 1991). The phonotactic behavior is critical
for mating in which a cricket responds to the acoustic signal by moving toward the source (Brown,
2009; McCathry et al., 2013). We assayed the phonotactic responses of 50 male and 50 female
house crickets in an anechoic chamber. We used a circular arena 200 cm in diameter with a central
acclimation circle of 20 cm in diameter. Two speakers were situated at the edge of the arena in
opposite directions (180) from each other and each speaker was surrounded by a 10 cm semicircle. In this experiment, a single song was playing via one speaker and the second served as a
controlled, silent speaker.
We conducted three sets of phonotaxic treatments for both genders using a single song
either calling, courtship, or aggression songs and we randomized the order of treatments. All
playback songs were 60 dB SPL played via the active speaker. When playing a single song, the
cricket would approach the sound stimulus (active speaker), avoid it, or not respond at all. If the
crickets respond to the call, entered the active speaker zone, and remained for at least 10 seconds,
7

we interpreted the action as a positive phonotaxis behavior. However, the crickets that did not
respond to playback songs within 5 minutes or walked away from the active speaker, were
classified as non-positive phonotactic responses. The orientation of cricket paths depend on the
cricket’s ability to recognize the calling location and the angle of the cricket’s body with respect
to the calling source. Once crickets localize a sound, they orientate their bodies of at least ±30 for
their left-right and ±90 for straight/front path (Baily, 1991; Verburgt et al., 2007). We measured
the following characteristics of cricket responsiveness: (i) overall positive phonotaxis (yes/no), (ii)
the overall response time started from leaving the acclimation circle and approaching the active
speaker zone, and (iii) the direction of leaving the acclimation circle that were categorized as
straight path or angled path.

Statistical Analyses
All statistical models were run using SPSS for Macintosh (IBM New York, NY, USA).
We used GLM (a general linear model) that compared the effect of each song type on the fight
duration and aggression level for male crickets in the aggressive contests. Data for the phonotactic
response time were non-normally distributed and thus, we used ln-transformed (natural log) data
in the analysis. We used McNemar's paired nominal data to analyze changes in the presence or
absence of positive phonotaxis across stimuli. Also, we used chi-square tests to analyze the
direction of approach of male and female crickets during playback songs.
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Results
Experiment 1: Fighting Durations and Intensities
Song treatments significantly affected the duration of fights overall. Figure 4 and table 1
show that the mean fight duration for the 1st encounter was not significantly affected by song
treatments (LM: SE= 17.84, df= 329, F= 0.22, P= 0.93). However, playback songs significantly
affected the duration of fighting contest for the 2nd encounter (LM: SE= 18.57, df= 312, F= 2.38,
P= 0.05). During the 2nd encounters, duration of fighting in the presence of both aggression and
calling songs (μ= 129.05 and 149.22 sec, relatively) was significantly longer than the fighting
duration in the presence of courtship song (μ= 82.14 sec; P < 0.05), in the muted control (μ =
85.63 sec; P < 0.05) and the non-muted control (μ =106.21 sec: P < 0.05).
Figure 5 and table 2 represent scores for the intensity of aggression. The level of aggressive
behavior was significantly affected by treatments, with very similar results for both the 1st and 2nd
interactions (df= 25, F= 3.75, P= 0.02, and df= 25, F= 6.54, P= 0.001, respectively). This was
primarily due to significantly greater intensity of fighting in the muted control (μ= 1.83 and 3.67
for 1st and 2nd encounters) compared to each of the other treatments (all P < 0.03). Fighting
intensities were the lowest in the presence of calling song (μ= 0.50 and μ= 0.83 for 1st and 2nd
encounters) and aggression song (μ= 1.00 and μ= 1.33 for 1st and 2nd encounters). However, there
was no significant differences in fighting intensity among playbacks of the three song types or the
playbacks versus the non-muted control (all P > 0.05). Thus, the cricket song, including the
aggression song, appears to reduce the intensity of aggression in contests between males. The low
values of aggression intensity that we observed in the presence of song indicate that most
aggressive encounters were resolved at low intensity (table 3).
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Experiment 2: Male and Female Phonotactic Responses
We performed three analysis tests. First, we used McNemar's test for paired frequency data
to analyze the frequency of a positive phonotactic response to the different treatments. Second, we
analyzed ln-transformed data about the duration of approach to the speaker broadcasting the song.
Third, we used chi-square tests to assess differences in the direction to approach the speaker under
different treatments.
For both male and female crickets, there was no significant differences among treatments
in the proportion of individuals that showed positive phonotaxis (table 4). There was a tendency
for females to respond less to courtship song compared to either calling or aggression songs, but
this was not significant and thus requires further testing. Generally, these results show no
significant phonotactic preference among song types. In the same way, for both male and female
crickets, there was no significant difference among treatments in the duration of approach
(females: N=96, LN SD=0.192, df= 93, F=1.33, P= 0.27; males: N=57, LN SD=0.22, df= 54,
F=1.14, P= 0.33; table5).
Crickets adjust their direction of movement in order to receive a similar sound pressure
level (SPL) on both tympani (which are located on the tibia of the forelegs) (Bailey and Thomson
1977; Verburgt et al., 2007). However, here for both sexes, there was no effect of treatment at the
rate at which way they approached the speaker in a straight path or from an angle (Chi-square =
5.80, df = 2, P= 0.054 for females, and Chi-square = 1.15, df = 2, P= 0.56 for males; table 6).

Discussion
This study investigated the functional significance of acoustic songs by house cricket A.
domesticus in relation to their social context. This allowed us to observe the behavior of male
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crickets for their aggressive behavior and of male and female crickets for their phonotactic
response. Our assumption was that the structure of the calling, courtship, and aggressive songs
may contain information about the sender’s phenotype, status, and size, which the receiver may
use to anticipate the response of the signaler in the context of their mating suitability and
aggression (Alexander, 1961; Arak, 1988; Tachon, 1999; Bailey et al. 2008). When a rival male
cricket challenges another male cricket for direct access to a female or to protect his territory, he
produces an aggressive song. The aggression song of house crickets contains information about
the male body size and outcome of past contests (Brown et al., 2006). The male produces the
calling song to attract females, who locate males by phonotaxis. A calling song also attract rival
males, who may respond to satellite themselves in order to interrupt approaching females (Kiflawi
& Gray, 2000). Males produce the courtship song when a female approaches them and gets into
physical contact, an action that is vital to successful copulation (Boake, 1983).
The first experiment found that playback treatments of aggression song significantly affect
the fight duration of male crickets during the second encounter, but not on the first encounter.
Playback treatments of the calling and aggression songs revealed low level of aggression and
longer interaction. A possible explanation can be attributed to previous studies by Brown et al.
(2006) which revealed that the aggression song conveys crucial information about the health and
identity of the opponent, which gives the rivals a cue to either flee or fight, can possibly attribute
this to the findings of research thus influence the contest durations and outcomes. Mutually muted
males in the absence of playback songs, in contrast, show rapid escalation of aggression leading
to a relatively quick resolution of the winner and loser. Playback treatments of courtship song,
however, resulted in shorter fighting encounters in the second treatment than in the first treatment.
A possible explanation is that rival males use courtship song as a cue to the presence of a female,
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and quickly abandon encounters when they determine the other cricket is a male and not a
potential mate. This indicates that the structure of the courtship and aggressive songs may contain
information about the sender’s phenotype or motivation, which the receiver may use to anticipate
the response of the signaler in the context of the aggression (Alexander, 1961; Arak 1988; Tachon,
1999; Bailey et al., 2008). Our findings showed a significant association between song type and
cricket’s fighting intensities. The presence of songs caused a significant decrease in the overall
level of aggression. There was, however, no significant difference in aggression intensity when
comparing among the three song types.
Results of playback songs to phonotaxic behavior (experiment 2) revealed no significant
differences in phonotaxis by either male or female crickets to the three song types. Both female
and male crickets showed positive phonotaxis response to playbacks. However, females showed
a tendency to respond less to courtship song but the trend was not statistically significant. A
possible explanation is that courtship song did not stimulate the female preference effectively and
the absence of a male reduced the female response. This finding is consistent with prior studies
(Dzieweczynski, 2005; Jang, 2011; McCarthy et al., 2013), which indicate that crickets show
positive phonotaxis to calling songs. Other studies have demonstrated that variation in crickets’
response to playbacks depend more on factors such as proximity of playback, male size, and male
condition (Arak, 1988; Simmons, 1988; Hissman, 1991; McCarthy et al. 2013; Wagner, 1989).
The data show no significant evidence that either females or males respond differently to the song
types in the context of phonotaxis. Also, our findings revealed that both sexes showed no effect
of treatment at the rate at which they approached straight toward the speaker or from an angle.
In conclusion, our goals were to assess the effect of playback songs on male-male
aggression and phonotactic response by both genders. Based on the finding from this study,
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crickets showed reduced aggression and longer encounters in the presence of both aggression and
calling song. This suggests that song decreases escalation of a contest. We found no significant
difference in phonotactic attraction of males or female to the three song types. Thus the songs
clearly influence the structure of aggressive interactions but the question of the functional
significance of the three different song types remains unanswered.
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Figures and Tables
Figure 1: The temporal aspects of Acheta domesticus song structure. A pulse is produced by one
wing swipe, and a chirp is a grouping of these pulses. The silent portions between pulses and chirps
are termed the inter-pulse and inter-chirp interval (Brown et al., 2006).

Figure 2: Amplitude waveform depicting the structural differences in Acheta domesticus song
types. All three song types were recorded from a single male. a) Calling song b) Aggressive song
c) Courtship song (Covey, 2012).
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Figure 3: Stereotyped levels of escalating aggression shown by male adult crickets (Stevenson and
Rillich, 2012)

Figure 4: The means ± SE fight duration in seconds for each treatment of (a) the first encounter
(b) the second encounter for male crickets engaged in contests with error bars displaying standard

The mean of fighting duration (s)

The mean of fighting duration (s)

error of the mean.
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Table 1: The means ± SE effects of treatments on the fight duration in the first encounter and the
second encounter.
SE

Figure 5: The means ± SE score of aggression level in (a) the first encounter (b) the second
encounter for male crickets engaged in contests with error bars displaying stander error of the
mean.

Table 2: The means ± SE analysis of the effect of treatments on aggressive intensity of contests
for the first and second encounter
SE
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Table 3: The pairwise treatment results of GLM analysis comparing behavioral differences
between each song type of the contests duration and outcomes. a) the contest duration of the 1st
encounter b) the contest duration of the 2nd encounter c) the contest outcome of the 1st encounter
d) the contest outcome of the 2nd encounter with the upper and lower bounds of the 95% confidence
interval.
a)
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b)

c)
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d)

Table 4: The pairwise treatment results of McNemar's analysis for paired frequency data
comparing phonotactic behavioral differences of each song type for both sexes

Table 5: The average phonotactic response durations of (a) females n=96 and (b) males n= 57
during presentations of acoustic stimuli. The mean values are back-transformed from natural-log
transformed values.
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Table 6: The treatment results of chi-square tests to assess differences in the phonotactic direction
of approaching the speaker for both sexes
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