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Acoustic Synchrony: Two
Mechanisms in the
Snowy Tree Cricket

Abstract. Snowy tree crickets syn-
chronize their chirps by responding to
the preceding chirp of their neighbors.
If a neighbor’s chirp precedes his own,
a cricket shortens his chirp and the
following interval. If it follows his own,
he lengthens his chirp interval and
sometimes the following chirp. A single
response of the first type may advance
his phase of chirping 160° and one of
the second type may retard it 200°.

The snowy tree cricket Oecanthus
fultoni Walker (I) is a common door-
yard species throughout most of the
United States. Since 1889, its synchro-
nous chirping has been a subject for
comment in scientific literature (2, 3).
However, only two previous investi-
gators have reported experimental ap-
proaches to the phenomenon, and both
established only that the synchrony is
real and depends on auditory stimuli—
Fulton found that males without tym-
panic organs chirped asynchronously,
and Allard noted that individuals quick-
ened their chirps in response to rapidly
delivered imitations (4). I now report
the first quantitative description of syn-
chrony in the snowy tree cricket and
the first detailed account of stimulus-
response mechanisms in this or any
other insect with comparable syn-
chrony (5).

The song of the snowy tree cricket
(Fig. 1) is a long-continued sequence

(Fig. 2A) of chirps produced when the v‘

temperature on chirp rate makes the
snowy tree cricket a passable thermom-
eter (8). Chirp rates as divergent as 50
and 200 chirps per minute are pro-
duced in the field. The average pulse
rate within a chirp is also temperature
dependent, and chirp durations as well
as chirp intervals shorten or lengthen
with increasing or decreasing tempera-
tures (8).

Neighboring crickets synchronize
chirps but not pulses, and one cannot
identify individual songs in conven-
tional tape recordings of choruses.
However, by electronically doubling the
carrier frequency (hz) of one of two
synchronizing individuals, I was able
to make a tape recording that showed,
upon audiospectrographic analysis, the
performance of each individual (Fig.
2B (9). During 100 consecutive chirp
pairs, the lead changed 74 times, with
one individual leading 51 times and the
other 49. The difference in the chirp
starting times of the two individuals for
the 100 pairs was never more than 72
msec with the average being 27 = 17
(X =S.D.), much less than the ap-
proximately 60 msec minimum delay
between an acoustic stimulation and a
forewing response (I0). Evidently the
crickets used cues from the preceding
chirp or chirps to maintain synchrony.

To investigate the means of syn-
chrony in the snowy tree cricket, I
played tape-recorded sounds to males
singing on perches in individual, or-

male elevates his specialized forewings &=

and rubs them together. Each chirp
consists of 2 to 11 pulses (most often
8 or 5) that correspond to wing clo-
sures (6). The chirp rhythm is highly
regular in choruses and is usually so
for solitary singers. Irregularities in
chirp rhythms of solitary singers most
often result from occasional hesita-
tions between chirps and from mixing
five-pulse chirps with the more usual
eight-pulse ones. The effect of a five-
pulse chirp on the regularity of the
rhythm is exaggerated by the interval
following being shorter than that fol-
lowing an eight-pulse chirp (7). For 50
consecutive periods (chirp and follow-
ing interval) of a solitary individual pro-
ducing all eight-pulse chirps, the coef-
ficient of variation was 2.3; of one pro-
ducing one-third five-pulse chirps the
coefficient was 9.6.

The dramatic and linear effect of

Fig. 1. Posterior view of male snowy tree

cricket stridulating with elevated fore-
wings. Neighboring males synchronize
their chirps and the chirp rate varies di-
rectly with temperature. The chirp rhythm
attracts sexually responsive females. After
the female accepts a spermatophore from
the male, she feeds 10 to 30 minutes at
the glandular cavity visible at the base of
the male’s forewings. She then removes
the just-emptied spermatophore and eats it.

gandy-closed glass cylinders (15 by 20
cm). The tapes of test sounds were
spliced into loops that could be played
continuously. The sounds were broad-
cast at approximately natural intensity,
and the acoustic response of the test
cricket was tape recorded and later
analyzed.

In one series of tests, I played iso-
lated naturally produced eight-pulse
chirps, anticipating that the cricket
might alter its chirp rhythm and reveal
how synchrony is achieved and main-
tained. The tests were made at 24.5°C,
and the test chirps had been tape-re-
corded previously at the same tempera-
ture (11). In a second series of tests, I
played long sequences (10 to 30 sec-
onds) of artificially produced chirps at

five different rates to individuals sing-
ing at various temperatures between
18° and 32°C. At each rate the chirps
were uniform in quality and timing,
and the pulse rate within the chirps was
adjusted to agree with that appropriate
to the chirp rate. The frequency was
maintained at 3.0 khz, slightly higher
than the natural frequency. Conse-
quently the broadcast chirps and the
cricket’s chirps could be distinguished
easily in audiospectrograms (Fig. 2,
D-I) (12).

The tests with isolated chirps dem-
onstrated two contrasting types of re-
sponse, each consisting of a change in
a single period (chirp and interval).
One type (L, period lengthened) oc-
curred when the broadcast chirp began
during the latter part of a cricket’s
chirp or during the first part of a
cricket’s chirp interval and consisted of
the cricket delaying its next chirp and
sometimes lengthening it (Fig. 2C, x;
Fig. 3, right). The other type of re-
sponse (S, period shortened), occurred
when the broadcast chirp began during
the latter part of a chirp interval and
consisted of the cricket abbreviating its
next chirp from a presumed eight
pulses to five or two and shortening
the following chirp interval (Fig. 2C,
y; Fig. 3, left). The response to be
made by the cricket was predictable
from the timing of the broadcast chirp
except when the broadcast chirp was
approximately +220° (= —140°) out
of phase with the rhythm of the test
cricket. Then either an L or an S re-
sponse might occur (Fig. 3).

Either type of response brought the
test cricket closer to agreeing in phase
with the broadcast chirp (Fig. 3). The L
response lengthened a single period by
as much as 55 percent; however, if the



broadcast chirp was more than 70° out
of phase, the response failed, by about
60°, to fully adjust the phase of the
cricket to the broadcast sound. A sec-
ond L response would have been ex-
pected had broadcast chirps continued
at a natural rate, and synchrony would
have occurred with the third broadcast
chirp. The S response shortened a single
period by as much as 45 percent and
changed the phase of the cricket either
enough or a little too much to result in
synchrony in a single response. In the
case of too great a phase shift for syn-
chrony, an L response would have
next been expected had the broadcast
sound continued at a natural rate, and
synchrony would have occurred with
the third (rather than the second)
broadcast chirp.

The results with isolated chirps thus
suggested that (i) maintenance of syn-
chrony in the snowy tree cricket may
involve nothing more than two types
(L and S) of graded responses to the
immediately preceding chirp of the
chorus and (ii) no more than two con-
secutive responses (L, L or S, L) may
be required for a cricket to achieve
synchrony with any song like its own.
Both of these hypotheses were sup-
ported by the results of tests with se-
quences of artificial chirps.

In response to broadcast sequences
of artificial chirps, crickets showed the
same two types of responses as they
had with broadcast isolated natural
chirps. When the broadcast chirp rate
matched or nearly matched the solitary
rate of the test cricket, the cricket
achieved and maintained near-perfect
synchrony. When the broadcast rate
deviated from the cricket’s solitary rate
by more than about 10 percent, the
cricket either failed to match the broad-
cast rate (Fig. 2I) or matched it while
remaining perpetually out of phase
(Fig. 2, D-H).

Failure to match the broadcast rate
occurred at rates as near the solitary
rate as +31 or —18 percent. At faster
broadcast rates, the cricket sometimes
chirped only once for two broadcast
chirps. Indeed certain faster rates
caused only L responses, and the
cricket chirped at a slower rate (Fig.
2I). At lower broadcast rates, the
cricket sometimes inserted extra chirps
(through S responses) and hence ex-
ceeded the broadcast rate.

The limits for rate matching were
+31 percent (Fig. 2D) and —51 per-
cent (Fig. 2H) of the cricket’s solitary
rate. The degree to which the cricket

remained out of phase with the broad-
cast signal depended upon how much
the broadcast rate differed from the
cricket’s solitary rate. At very slow
broadcast rates alternation resulted
(Fig. 2, F-H).

The Bucks (3) emphasized the im-

portance of distinguishing synchrony
that depends on responses to the ante-
cedent signal or signals from synchrony
that depends on responses to the con-
current signal. They termed the first
anticipatory or “sense of rhythm” syn-
chrony and the second paced synchro-
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Fig. 2. Audiospectrograms of songs of the snowy tree cricket. b, Broadcast sounds;
¢, sounds of test cricket. (A) One individual; Franklin Co., Ohio, 24.5°C. (B) Two
individuals synchronizing; 25.0°C. Upper individual (frequency electronically doubled):
Santa Cruz Co., Ariz., unusually fast pulse rate. Lower individual: Pima Co., Ariz.
(C) Two types of responses to broadcast, isolated eight-pulse chirps (x, y); same
cricket as in (A); 24.5°C. Chirp interval is lengthened in response to x (type L response)
[see intervals in (A)]; chirp and following interval are shortened in response to y
(type S response). (D) Response of same individual at 29°C to onset of artificial chirps
at 242 chirps per minute (equivalent to cricket at 34°C). Chirp rate prior to broadcast
signal was 185. Lower audiospectrogram is a continuation of the upper. Chirp labeled
z is common to both. First two responses are L, remainder are S. (E) Response of
same individual at 29°C to onset of artificial chirps at 166 chirps per minute
(equivalent to cricket at 25°C). Chirp rate prior to broadcast signal was 192. Al L
responses. (F) Response of another individual (Franklin Co., Ohio), at 21°C, to onset
of artificial chirps at 103 chirps per minute (equivalent to cricket at 17°C). Chirp
rate prior to broadcast signal was 133. All L responses; chirps as well as chirp intervals
lengthened. (G) End (after 21 seconds) of broadcast signal of (F). Original chirp rhythm
resumes immediately after the last L response. (H) Response of individual in (A) at 31.5°C
to onset of artificial chirps at 103 chirps per minute. Chirp rate prior to broadcast
signal was 211. The response to the first broadcast chirp is first L (a lengthening of
the chirp interval) and then S (a shortening of the next chirp and its interval).
Cricket maintained the rate of the broadcast signal for 11 seconds and then stopped
singing. (I) Response of individual in (F) at 20.5°C to artificial chirps at 195 chirps per
minute (equivalent to cricket at 28.5°C). Chirp rate prior to broadcast signal was
128; rate during broadcast was 97.5. All L responses.
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Fig. 3. Response of singing snowy tree
cricket to isolated eight-pulse chirps
(Franklin Co., Ohio, 24.5°C). Degrees
out of phase calculated from difference
between start of broadcast chirp and start
of cricket’s chirp compared to 465 msec,
the mean period of an eight-pulse chirp
and its following interval (7). For broad-
cast chirps that produced a detectable re-
sponse the measurement was from the be-
ginning of the broadcast chirp either
forward or backward to the beginning of
the chirp starting the period (potentially
465 msec) that was affected. Otherwise
the nearest chirp was used. Symbols in-
dicate the number of pulses in the first
chirp that could have been influenced by
the broadcast chirp (A) two-pulse; ([])
five-pulse; (O) eight-pulse. Before the test
began the cricket was mixing eight- and
five-pulse chirps at a ratio of 2 : 1. Broad-
cast chirps that fell near presumed natural
five-pulse chirps are omitted but discussed
in (17). The zones include an estimated
95 percent of the expected variation about
the lines of perfect response for synchrony
and of no response and were drawn
=+ 22.2° based on a standard deviation
of 14.4 msec or 11.1° for an eight-pulse
chirp and following interval.

ny. The snowy tree cricket synchrony
belongs to the first category, yet neither
name seems appropriate because (i)
the mechanisms demonstrated are ap-
parently merely reflexes influencing a
single period, (ii) the cricket fails to
improve its phase relations with a
faster or slower broadcast signal that it
is eaualing in chirp rate (Fig. 2, D-H),
and (iii) it returns immediately to its
original chirp rate when the broadcast
signal is discontinued (Fig. 2, F-G).
In the 16 instances that a test cricket
equaled the rate of the broadcast sig-
nal and continued singing after the
signal was discontinued, not even the
first chirp after the signal stopped ap-
peared significantly different from the

chirps made just prior to the test signal
(13).

A more explicit terminology for the
types of synchrony distinguished by
the Bucks must focus on the stimulus
causing an occurrence (episode) of
synchronized signal production. Either
the stimulus precedes the episode (pro-
episodic) or it is concurrent with the
episode (homepisodic). Thus the snowy
tree cricket has two proepisodic mecha-
nisms of synchrony, and Alexander and
Moore (I4) have demonstrated hom-
episodic mechanisms for the periodic
cicada Magicicada cassini.

Synchrony in the snowy tree cricket
is understandable in terms of the func-
tion of the song. Sexually responsive
females come to the song, and the
chirp rhythm is essential to their re-
sponse (/5). When males sing in prox-
imity, synchrony allows the rhythm to
remain evident to females outside the
chorus. The chirp rhythm is so rapid
that only proepisodic mechanisms can
effectively preserve it. Individuals in
choruses may have an advantage over
solitary singers as to safety from acous-
tically orienting predators (I6), and
it is possible that females respond
sooner or more readily to the louder
more regular chirp of a chorus than
to the song of a solitary male.

Except for two other tree crickets
(Oecanthus allardi and O. rileyi), other
insects known to have proepisodic
mechanisms of synthrony have evolved
them independently of the snowy tree
cricket (O. fultoni). The mechanisms I
have studied in other species are sim-
ilar though not the same as for O.
fultoni (5).

THOMAS J. WALKER
Department of Entomology
and Nematology, University
of Florida, Gainesville 32601
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