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ABSTRACT.—In a series of playback experiments with Carolina Wrens (Thryothorus ludovi-
cianus), each with 25-43 song types, I tested the effect of song repertoires on habituation in
simulated long-range countersinging between territorial neighbors by playing back songs
75 m or 100 m outside the territorial boundary of each subject. One experiment tested
differences in response to six repertoire sizes during 15-min continuous playbacks. A second
experiment tested habituation to four different repertoire sizes over 2 h of intermittent
playbacks. In both experiments birds sang more in response to playbacks than to controls.
The response to playbacks of single song types did not decline over time. The subjects did
not respond differently to large repertoires compared to single songs, nor did different sizes
of repertoires affect the changes in the birds” responses over time. The results provide no
evidence for an effect of song repertoires in reducing habituation to neighboring intruders.
Species like the Carolina Wren, in which individuals communicate over long distances by
repeating the same song, might in fact evolve resistance to habituation to acoustically simple,

repeated signals. Received 11 April 1983, accepted 20 October 1983.

SINCE Hartshorne’s exposition of the “anti-
monotony” hypothesis (Hartshorne 1956, 1973),
there has been interest in whether or not birds
use song repertoires to reduce the effects of ha-
bituation (Dobson and Lemon 1975, Falls 1978,
Kroodsma 1978, Catchpole 1979, Krebs and
Kroodsma 1980). The hypothesis predicts that
birds that sing for extended periods of time use
repertoires of different song types and that such
behavior reduces habituation to the signal by
listeners. In this study, I use a new method to
test empirically the responses of Carolina Wrens
(Thryothorus ludovicianus) to repertoires of dif-
ferent numbers of songs played back outside
their territorial boundaries. Here, habituation
is operationally defined as a decrement over
time in frequency or intensity of a response to
a continuous or repeated stimulus (Thorpe 1963,
Hinde 1970).

One way to evaluate the effect of habituation
to song is to test the response of listeners to
different repertoires of song types. Several
workers have examined habituation to repeat-
ed single songs and repertoires by territorial
birds (Lemon et al. 1981, references cited be-
low). In these studies, birds responded to
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played-back songs with an initial increase in
rate of response, followed by a decrease in re-
sponse over time, a pattern characteristic of the
dual processes of sensitization and habituation
(Thompson et al. 1973). In the White-crowned
Sparrow (Zonotrichia leucophrys), a species with
one song per bird, the number of flights and
songs used in response to playbacks of repeat-
ed song declined over time (Verner and Mul-
ligan 1971, Petrinovich and Peeke 1973); the
reproductive state of the female and “response
state” of the male influenced the pattern of the
response curve (Patterson and Petrinovich 1979;
Petrinovich and Patterson 1979, 1980). Great
Tits (Parus major), each with 2-7 song types per
bird, habituated more slowly to played-back
repertoires of 4 song types than to single songs
(Krebs 1976). Experiments with Red-winged
Blackbirds (Agelaius phoeniceus) compared the ef-
fects of repertoires of 2, 4, or 8 song types to
single songs and found presentation of multi-
ple song types slowed the rate of habituation
of song-spread display intensity (Yasukawa
1981).

These studies of responses of territorial birds
to played-back songs used similar methods. In
all cases the playback apparatus was erected in-
side the territory of the subject and thus per-
mitted the subject to approach closely. Other
workers using playbacks of songs have shown
how the location of the playback speaker in the
territory affects the behavior of the subject (Falls
The Auk 101: 244-254. April 1984
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and Brooks 1975, Wiley and Wiley 1977, Me-
lemis and Falls 1982). The effect of repertoires
was enhanced when Krebs (1976) alternated
presentation through two speakers at two sites
in the territory instead of one speaker at one
site. Changing the source of the stimulus caused
arenewal of response in other habituation tests
as well (Shalter 1975).

In response to playbacks inside its territory,
the resident typically approaches the playback
speaker, flies back and forth in an agitated
fashion, sings, and displays other territorial be-
haviors. Carolina Wrens respond with a silent
approach, followed by repeated songs and short
flights near the speaker (Richards 1981b, pers.
obs.). In testing habituation, investigators have
measured the latency to approach, the number
of flights near the speaker, the number of songs,
and the intervals between songs. Although the
waning of these behaviors suggests habitua-
tion, once the bird approaches the speaker it
can gain experience about the playback situa-
tion in addition to the acoustic stimulus. In par-
ticular, the bird can learn that the expected vi-
sual stimulus is not present. The playing back
of songs from a speaker inside the subject’s ter-
ritory thus leaves open the possibility that this
additional experience, rather than habituation,
might explain the decreased response.

One solution to this problem is to present the
stimulus outside the bird’s territory, where the
bird will not approach. In this way, the play-
back simulates a nearby territory holder. Such
experiments also test birds’ responses to songs
played back over long distances when the
strength of the signal is lowest and habituation
should be most rapid (Hinde 1970). In the fol-
lowing experiments I tested the responses of
Carolina Wrens to different sizes of repertoires
of song played back outside their territorial
boundaries and thus simulated the stimulus of
a new neighbor.

Carolina Wrens are highly territorial, mo-
nogamous, woodland birds. Males use their
repertoires of 25-43 song types to countersing
with neighbors throughout the year. They
countersing with played-back song in a similar
way. Typically birds sing at a rate of 9 songs/
min. Songs consist of 2-12 (usually 4-6) iden-
tical syllables, each 0.169-0.620 s in duration
(Borror 1956, Richards 1978, Simpson 1982). On
mornings in spring, during 1 h, wrens sing on
average 14 min of song in seven bouts of 2 min
each. Birds commonly use 3-6 different song
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types per hour in long-range countersinging.
At short-range, wrens use their songs quite dif-
ferently, switching rapidly between songs
(Simpson 1982).

Territory sizes of Carolina Wrens vary with
the density of wrens. In spring, density is a
function of the severity of the preceding win-
ter (pers. obs. 1978-1981, Morton 1982). During
the spring of 1980 and 1981 when these exper-
iments were conducted, territories averaged
about 1 ha; center-to-center distance between
territories was 100-150 m.

Two series of playback experiments are de-
scribed separately below. Both Experiment A
and Experiment B tested the responses of wild
Carolina Wrens to different sizes of repertoires
played back outside their territorial boundaries
from distances usual for neighboring wrens in
long-range interactions.

GENERAL METHODS

The experiments were conducted at the Behavioral
Research Station at the North Carolina Botanical Gar-
den and adjacent woodlands (Wiley 1977). The study
area consisted of mature woodlands and fields in
varying stages of succession. In spring, wrens held
territories in the forests and along margins of woods,
old fields, and streams. No territories included the
centers of the fields, although later in the year young
birds attempted to set up territories in those areas.
To minimize responses of the subjects’ neighbors and
to simulate a new territory-holder, I set up the play-
back apparatus in these fields, 75 m (Experiment A)
or 100 m (Experiment B) from each subject’s territo-
rial boundary. Experiments were conducted from 17
April through 23 June 1980 (Experiment A) and from
23 May through 5 June 1981 (Experiment B) on sun-
ny days between 0600 and 0900.

The playback apparatus consisted of a Sony TC45
cassette tape recorder, an Amplivox S-610C portable
amplifier, and a Realistic Minimus 7 speaker. The
speaker was erected on a tripod 1.5 m above the
ground and directed toward the bird’s territory. Peak
volume for played-back songs was 85 dB (re: 0.0002
dynes/cm?) measured at a 1-m horizontal distance
from the speaker with a Realistic 42-3019 sound level
meter (settings: fast response, C weighted). The song
types used in playback tapes had been recorded in
1979 (Experiment A) or 1980 (Experiment B) from
wrens captured from the local population. All songs
were recorded within 1 m of a singing bird. The song
types occurred in repertoires of at least 50% of the
wrens previously recorded in the study area. None
of the playback songs was recorded from the exper-
imental subjects or neighbors of the subjects to avoid
confounding the results with the “neighbor-strang-
er” recognition effect (Lemon 1967, Brooks and Falls
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TaBLE 1. Protocols for Experiment A, consisting of
6 parts. As described in the text, each 15-min play-
back period was preceded by a 15-min pre-exper-
imental period and followed by a 15-min postex-
perimental period.

Experi-

ment Playback period

A-1 1 song type for 15 min

A-2 5 song types, each for 3 min

A-3 8 song types, each for 1.9 min

A-4 15 song types, each for 1 min

A-5 2 song types, alternating for
15 min

A-6 15 song types, alternating for
15 min

1975, Kroodsma 1976, Wunderle 1978, Schroeder 1980,
Yasukawa et al. 1982). The number of syllables per
song type varied from three to four. All song types
were played back at a rate of 10 songs/min.

In each year, for several weeks before the presen-
tation of the experiments, I determined the bound-
aries of each bird’s territory by plotting its singing
locations on a map of the area. Each subject, individ-
ually marked with colored leg bands, was a mated
adult male territory holder. Although I did not con-
trol for reproductive state, all birds of known repro-
ductive stage (50% of the subjects) were caring for
nestlings or fledglings.

EXPERIMENT A
METHODS

Experiment A (Table 1) tested the responses of Car-
olina Wrens to different sizes of repertoires of played-
back song. I used a protocol of three 15-min periods:
a pre-experimental period, a playback period, and a
postexperimental period. The 15-min playback peri-
od corresponded to the maximum time I had record-
ed a wren singing one song type without interrup-
tion. During the pre-experimental and postexperi-
mental periods, I monitored the songs given by the
subjects in the absence of playback. I could compare
each experimental trial with the pre-experimental
control and evaluate any residual effects of the ex-
periment by comparing it with the postexperimental
period. This experimental design has been used by
other investigators (Brooks and Falls 1975, Falls and
Brooks 1975, Krebs 1976, Richards 1981a, Searcy et
al. 1982) and thus permits comparisons across species.
Because each bird served as its own control, individ-
ual differences in response attributable to reproduc-
tive stage or other “state’”” variable are taken into ac-
count.

There were six playback protocols, each with a dif-
ferent number of songs or a different sequence of
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switching song types. In all cases, the playback ran
for 15 min continuously. In Experiment A-1, the
playback consisted of one song type played for 15
min. In Experiment A-2, the playback consisted of
five song types, each played for 3 min. In Experiment
A-3 there were eight song types, each played for 1.9
min. In Experiment A-4 the playback had 15 song
types, each played for 1 min. In Experiment A-5, there
were two song types alternating after each rendition.
Such alternations are occasionally used by wrens for
1 or 2 min. In Experiment A-6, the playback switched
to a new song type after each rendition; the tape
included 15 different song types.

At times, wrens switch rapidly among many song
types. I predicted that if repertoires were important
in long-range communication, the response to Ex-
periment A-6 would be greater than the response to
Experiment A-4, which in turn would be greater than
the response to A-3 and so on, with the lowest re-
sponse to Experiment A-1. Comparing the results of
Experiment A-5 with Experiment A-6 would separate
the effects of rapid switching rate and low recurrence
interval with rapid switching rates and high recur-
rence interval. Recurrence interval is the number of
songs between any occurrence of one song type and
its next occurrence.

For Experiment A-1, I randomly selected among
three tapes so that I could compare the effects of par-
ticular song types (types #9, #28, #57, Fig. 1). For
Experiments A-2 through A-6, I used the same tape
for each experiment. I was also able to test whether
or not birds habituated to one type played back for
15 min (Experiment A-1).

The subjects were 10 adult male Carolina Wrens. I
set up the playback apparatus 75 m outside the sub-
ject’s territory. For each subject, I randomized the
order of presentation of experiments. If during the
first trial the subject approached the speaker or did
not respond with countersinging during the first 5
min of the playback experiment, I terminated the ex-
periment, then took several days to recalculate his
territory before retesting him with a different tape.
Each subject received one experiment on each of six
sequential days, weather permitting. Because 1 was
primarily interested in comparing each bird’s re-
sponses to the different playbacks, I tested each bird
at the same time of day, although times varied be-
tween birds. Birds on neighboring territories were
never subjects of successive experiments until at least
one week had passed.

I recorded the vocalizations of the experimental
subjects continuously during the 45 min of each ex-
periment (10 birds X 6 trials/bird x 0.75 h/trial = 45
h of experimental data). The recording equipment
consisted of a Sennheiser directional microphone (ME
80 and K2-U battery pack) and a Nagra 4.2 reel-to-
reel tape recorder or a Dan Gibson parabola with
microphone and a Uher Report L reel-to-reel tape
recorder. In the laboratory I edited the tapes by play-
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Fic. 1. Three song types used in Experiment A.

ing them back on a Tandberg Series 15 reel-to-reel
tape recorder. A sample of each song type was ana-
lyzed on a real time spectrum analyzer (Spectral Dy-
namics Corporation, Model SD 301D, analysis range
50k limited to 10k, band width 150Hz, memory pe-
riod 10ms; Hopkins et al. 1974).

I cataloged each song type by overlaying an acetate
trace of its spectrographic pattern on one of 150 dif-
ferent reference types previously recorded. Because
of environmental noise and degradation of song types
over distance, I was not able to classify all songs,
although I could always distinguish changes from
one song type to the next. From detailed notes taken
during the experiments and data from tapes, I deter-
mined the number of minutes of song (rounded to
the nearest 0.25 min) and the number of different
song types. When possible, I noted whether or not a
neighbor’s song matched the song of the subject or
playback.

RESULTS

There was no effect of the order of experi-
ments on the total number of minutes of song
(Page’s Test for Ordered Alernatives, n = 10,k =
6, L =666.5, NS; Hollander and Wolfe 1973).
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Fig. 2. Mean minutes of song by each of 10 birds
during pre-experimental periods (PRE), playback pe-
riods (PBK), and postexperimental periods (POST) for
six experiments each of Experiment A. Birds sang
more in playback periods than in pre-experimental
periods (Wilcoxon Matched-pairs Signed-ranks Test,
n=10, T= 6, P < 0.05, two-tailed). Birds did not sing
more during playback periods compared to postex-
perimental periods (same test, n =10, T = 24.5, P >
0.05, two-tailed, NS).

Subjects responded clearly to the playbacks, re-
gardless of the pattern of song types included.
Over all experiments, birds sang for more min-
utes during playback periods and postexperi-
mental periods than during pre-experimental
periods; birds did not sing more during play-
back periods than during postexperimental pe-
riods (Fig. 2). There were more song types used
during playback periods than during pre-ex-
perimental periods (Wilcoxon Matched-pairs
Signed-ranks test, 7 =10, T = 1, P < 0.01, two-
tailed), but no more than in postexperimental
periods (same test, n = 10, T = 14, P > 0.05, two-
tailed).

In contrast to the clear responses to play-
backs, regardless of the patterns of song types
included, there were no differences in re-
sponses to the six different protocols for play-
back (Fig. 3). Birds did not sing more song types
in response to playbacks of larger repertoires
(Experiment A-6 versus Experiments A-1, A-2,
A-3, A-4, or A-5, Sign Test, n =10, P > 0.05,
two-tailed, for all pairwise comparisons) or with
faster switching rate (Experiment A-5 versus
Experiments A-1, A-2, A-3, A-4, or A-6, Sign
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Fig. 3. A comparison of the minutes of song in response to six protocols of playback in Experiment A
(see Table 1). There were no differences between experiments (Friedman two-way ANOVA, n=10, k=6,

P < 0.50, NS).

Test, n =10, P > 0.05, two-tailed, for all pair-
wise comparisons).

There was no difference in the amount of
singing in response to the three different song
types used in Experiment A-1 (Mann-Whitney
U-Test, comparing number of minutes of song
in response to song type #9 and song type #57,
n,=3,n,=4,U=3, P=0.40, two-tailed; com-
paring #9 and #28, n,=3, n,=3, U=3, P=
0.70, two-tailed, NS; comparing #28 and #57,
n, =3, n, =4, U=3, P=0.40, two-tailed, NS).
There was no habituation during Experiment
A-1. The number of minutes of song did not
decline over the three 5-min periods of the
playback (Page’s test, n = 10, k = 3, L = 121, NS).

Matching in response to played-back song
types occurred rarely during the 60 experimen-
tal periods. Two birds matched one song type
each during Experiment A-3, and two birds
matched one song type each during Experi-
ment A-4. One bird matched song types twice
with a neighbor during Experiment A-3. Of the
bouts of countersinging with neighbors that I
noted, two birds matched song types with
neighbors during pre-experimental periods, and
three birds matched song types with neighbors

during postexperimental periods, once after
Experiment Al and twice after Experiment A-3.
I was not always able to monitor singing by
neighbors during the experiments, however.

DiscussioN

In Experiment A, Carolina Wrens responded
to playbacks by increasing the number of min-
utes of song and the number of song types used
during pre-experimental periods. There were
no differences in responses to six played-back
songs of six repertoire sizes when playbacks
were set 75 m outside the boundary of the sub-
ject’s territory. Repertoires were no more effec-
tive than one song at distances comparable to
those between neighbors. Although wrens
rarely used song types that matched the play-
backs, the capacity to match particular song
types suggests that birds can distinguish them
at far distances. This provides indirect evi-
dence that the similarity in response to the six
experiments is not due to the inability of wrens
to recognize differences between songs. Be-
cause I did not obtain the complete repertoires
of the subjects, I was not able to calculate the
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probabilities of matching the playbacks. In pre-
vious studies (Simpson 1982), however, in
which I controlled the distance between cap-
tive wrens, males matched more often than ex-
pected by chance at even greater distances than
used in these experiments (140 m).

There was no evidence of habituation to a
single song type played back for 15 min, the
maximum time I had recorded a wren singing
one song type continuously. Wrens often sing
one song type intermittently for longer pe-
riods, however. Fifteen minutes may be too
brief to test the hypothesis that birds habituate
to one song over time. Experiment B was de-
signed to examine the effect of repertoires on
habituation to songs played back intermittent-
ly for 2 h.

EXPERIMENT B
METHODS

In this experiment, the effects of four repertoire
sizes played back intermittently for 2 h were exam-
ined. As in Experiment A, normal singing rates for
wrens were simulated, and methodological conven-
tions for habituation experiments established in the
literature were followed (Krebs 1976), except that
playbacks were presented outside the subject’s terri-
tory. Subjects were six adult male Carolina Wrens.

I set up the playback apparatus 100 m from the
edge of each bird’s territory. This distance was cho-
sen to reduce the occurrence of a subject leaving its
territory to approach the speaker. On each test day,
I conducted either a control observation or one of
four experiments on the experimental subject (Table
2). If instead of remaining on its territory and
countersinging with the tape, the bird flew to the
speaker, I discontinued the test and reassessed the
bird’s territorial boundaries before restarting the se-
ries (one occasion). In addition, I abandoned the ex-
periment if the subject failed to sing within 24 min
after start (eight occasions).

I presented one experiment or control in a ran-
domly assigned order on alternate days. After the
conclusion of one series of experiments, birds with
territories within approximately 200 m of playbacks
were not used as subjects for at least 1 week.

Playbacks followed the pattern of 2 min of song
followed by 6 min of silence. There were 15 of these
8-min periods in each experiment. During each 2-min
playback period, only one song type was played.

Experiment B-1 consisted of one of four randomly
selected song types played for 2 h. Habituation, if it
occurs, should be most pronounced during Experi-
ment B-1. For Experiment B-2, I played four different
song types in four sequential 8-min periods; there-
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TaBLE 2. Protocols for Experiment B, consisting of
4 parts and a control period. Each 2-h playback
consisted of 15 time periods. Each time period in-
cluded 2 min of playback followed by 6 min of
silence. Song types are indicated below by letters.

Num-
ber
of . .
Experi- song Time periods
ment types 1 2 3 4 5 6 7 8 15
B-1 1 A AAAAAAA A
B-2 4 ABCDABTCD C
B-3 2 A BABABAB A
B-4 2 A AAAAAAB B
Control 0  No playback

after, I repeated the same sequence of song types for
2 h. If repertoires reduce habituation, response to
Experiment B-2 should decline less rapidly than re-
sponse to Experiment B-1. Experiment B-3 consisted
of two song types alternating in each 8-min period.
Thus, Experiment B-3 was similar to Experiment B-2,
but it included fewer song types. During Experiment
B-4, I played one song type for 1 h and a second song
type for the 2nd hour. If habituation occurred in the
1st hour, there should be a recovery of response when
I switched song types at the start of the 2nd hour.

For controls, I monitored the singing rate of each
bird from the playback site in the absence of play-
back. Controls allowed me to determine any effect of
the time of day that might confound interpretation
of the results.

For each experiment and control, I noted the num-
ber of songs given by the subject and the occurrence
of song matching the playback.

RESULTS

Each bird sang more songs during experi-
ments regardless of the pattern of playbacks
than during the control periods (Fig. 4). On the
other hand, there were no differences between
the number of songs in response to the four
experimental treatments (Friedman two-way
ANOVA, n=6,k=4, Xr2=52, P < 0.20, NS).

Changes within the 2-h control and experi-
mental periods could result from habituation
or from normal changes with the time of day.
To facilitate analysis of these changes, I com-
bined the 15 8-min periods for each experiment
or control into five longer periods of 24 min
each. The absence of a decline in the number
of songs over time during control periods in-
dicated that there was no effect of the time of
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Fig. 4. Number of songs in response to four experimental conditions and controls (mean + SD) in Ex-
periment B. Response to each experiment was greater than the control (Wilcoxon Matched-pairs Signed-
ranks test, n =6, T = 0, P < 0.05, two-tailed, for all pairwise comparisons). There were no differences between
experiments (Friedman’s ANOVA, n=6, k =4, Xr?=5.2, P < 0.20, NS).

day during the 2 h employed for experiments.
Similarly, for each of these experiments, there
was no significant decline in the number of
songs over time (Fig. 5). When I combined all
experiments in a post-hoc analysis, however, I
did find a significant decrease in the number
of songs over time (Page’s test, n = 4 experi-
ments, k = 5 time periods, L = 256, P < 0.0001).
It is possible that the controls would yield com-
parable results if sample sizes were similarly
increased four-fold. Alternatively, there might
have been an overall reduction in the stimu-
latory effect of the playbacks over time.

There was also a decline in responsiveness
over the entire experimental series. The birds
responded less to the presentation on the last
day than on the first day. When order of tests
was statistically controlled in a main-effects
model, however, the experimental outcome was
not altered. The number of songs during each
experiment differed significantly from control
periods (Statistical Analysis System, General
Linear Model, each experiment versus control,
n =6, df = 14, two-tailed; Experiment B-1, t =
3.76, P < 0.002; Experiment B-2, t =3.03, P <
0.009; Experiment B-3, t = 2.08, P < 0.056; Ex-

periment B-4, t = 2.29, P < 0.038). The results
of the four experiments were not significantly
different (ANOVA, df =3, F=1.58, P > 0.05,
NS).

To determine the effect of switching song
types after 1 h in Experiment B-4, I tested
whether or not there were fewer songs during
the 16 min before the switch of song compared
to the 16 min after the switch of song. There
was no tendency for birds to increase singing
rates after the switch (Wilcoxon Matched-pairs
Signed-ranks Test,n =6, T =12, P > 0.05, one-
tailed, NS).

Birds matched played-back songs only three
times during the 48 h of playbacks, one time
each to Experiments B-2, B-3, and B-4.

DIsCUSSION

In summary, these experiments demonstrate
a clear effect of playbacks outside a bird’s ter-
ritory compared to controls. They provide no
empirical support, however, for the hypothesis
that song repertoires reduce habituation in
long-range interactions of territorial Carolina
Wrens.
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Fig. 5. Median number of songs during experiments and controls for six birds. Each trial, lasting 2 h, was
divided into five equal time periods of 24 min each. There was no significant decline in number of songs
over time for the controls (Page’s test, n = 6, k = 5, L = 258, NS) or Experiments B-1 through B-3 (Page’s test,
for each experiment, n = 6, k = 5; Experiment B-1, L = 259, NS; Experiment B-2, L = 256, NS; Experiment
B-3, L = 246, NS). In addition, none of the slopes differed from zero (Thiel Nonparametric Regression Test,
Control, C = —4, P = 0.242; Experiment B-1, C = —6, P = 0.592; Experiment B-2, C =0, P = 0.059; Experiment
B-3, C= —6, P = 0.117, all NS, Hollander and Wolfe 1973).

GENERAL Di1sCUSSION

Unlike previous investigations, these exper-
iments test habituation by means of songs
played back outside the territory of the subject.
This method (1) avoids possible effects of ad-
ditional experience gained by the subject’s ap-
proach to the playback speaker and (2) more
realistically simulates long range communica-
tion in which the effect of habituation to a
stimulus should be strongest. When tested for
time periods at the limits of normal singing by
wrens, the results fail to confirm that habitua-
tion affects response, as measured by the num-
ber of songs. There was no evidence of habit-
uation to single song types played back for 15
min continuously (Experiment A) or 2 h inter-
mittently (Experiment B). In all cases birds in-
creased song rates in response to Experiments
A and B compared to controls. When all trials
of Experiments B were pooled, this response
declined over time.

It is possible that birds could not differen-
tiate song types at long range. This would ex-
plain the similar responses to all sizes of play-

back repertoires in Experiments A and B.
Convergence of signals with different frequen-
cies over distance might mask differences be-
tween them (Brenowitz 1982). In Experiment
A, I found it impossible to classify sonograms
of bird songs recorded from 100+ m, because
classifying the songs required recognition of
similarities in fine structure, which degraded
over distance. Even though I could not always
classify the song types, however, I could rec-
ognize audible and spectrographic differences
when song types changed even at great dis-
tances; it is likely that the wrens can do at least
as well. The ability of Carolina Wrens to match
long-range signals (Simpson 1982) is evidence
that they can distinguish particular song types.
The rarity of matching the playback might in-
dicate that it is not always possible for wrens
to do so or that in Carolina Wrens matching
does not have a role in long-range communi-
cation, as in other species (Krebs et al. 1981,
Payne 1982, Schroeder and Wiley 1983).

These experiments do not eliminate the pos-
sibility that Carolina Wrens habituate to con-
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specific songs. In fact, the total number of songs
used in response to playbacks of Experiment B
declined over the period of a week. Because the
playback simulated a new neighbor, habitua-
tion to song may explain the reduction in re-
sponse to the songs of neighbors compared to
strangers, which has been demonstrated in
other species (Brooks and Falls 1975, Wiley and
Wiley 1977, Wunderle 1978). In addition, these
experiments cannot exclude the possibility that
habituation is important during seasons or to
age and sex classes not tested. The data do cast
doubt on the hypothesis that song repertoires
influence short-term habituation by Carolina
Wrens when tested in biologically relevent
ways.

In response to playbacks outside territories,
wrens approached the boundaries and counter-
sang with the tape. Subjects did not remain at
the same site throughout the trial, however.
After the initial response, each bird moved
around its territory, periodically returning to
the edge nearest the playback. During controls,
birds similarly moved around their territories
and countersang with neighbors.

The differences between these results and the
results of other investigators might be attrib-
uted to species differences, methodological dif-
ferences, or both. These experiments for the
first time tested responses of Carolina Wrens to
repeated songs. Individuals of this species dif-
fer from those of other species that have been
used in habituation tests in one or more of the
following ways: (1) in their large repertoires,
(2) in their use of repeated songs over long
distances, and (3) in their ability to distinguish
degraded from undegraded song. Thus, species
differences might account for the lack of cor-
roboration between these experimental results
and those of previous investigators. Alterna-
tively, methodological differences might ex-
plain the disparate results. These experiments,
for the first time, test birds’ responses to play-
backs outside their territories. Results of ex-
tended playbacks to birds inside their territo-
rial boundaries might have alternative
explanations. Specifically, the tendency for
birds to approach the playback speaker leaves
open the possibility that the birds obtain ad-
ditional information about the playback stim-
ulus.

Carolina Wrens respond to nearby playbacks
very differently than to distant playbacks. In
response to nearby playbacks of undegraded
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songs inside their territories, wrens approach
silently as if to attack and sing only after in-
vestigating the source (Richards 1981b, pers.
obs.). If a caged wren is positioned at the play-
back speaker, residents attempt to attack it (pers.
obs., E. S. Morton pers. comm.). When ap-
proaching a speaker inside its territory, the bird
appears to be searching for an intruder (pers.
obs., Richards 1981b, Melemis and Falls 1982,
Morton 1982).

Carolina Wrens normally use songs to
countersing with neighbors over long dis-
tances. There is theoretical (Wiley and Richards
1978) and empirical (Richards 1981b, Gish and
Morton 1981) evidence that Carolina Wrens
songs are well adapted for long-range com-
munication. Their songs are quite intense, up
to 110 dB at 1 m (Morton 1982), structurally
simple, and repetitious. In addition, syllables
contain frequency sweeps (2-6 kHz), which
could be used to compare reverberations or at-
tenuation of high- and low-frequency compo-
nents in estimating distance. In a simple but
elegant experiment, Richards (1981b) showed
that Carolina Wrens can use cues other than
absolute attenuation to estimate distance. Gish
and Morton (1981) provide evidence that song
types used by Carolina Wrens might be adapt-
ed for long-range transmission in the habitats
in which they occur.

Songs of the Carolina Wren are repetitious,
both within songs and between songs. When
countersinging over long distances, Carolina
Wrens tend to repeat the same song type many
times (Kroodsma. 1977, Simpson 1982). Such
repetition is effective in increasing the detect-
ability of a signal (Cherry 1966, Brown and
Lemon 1979, Wiley and Richards 1982), partic-
ularly a signal used over long distances. In fact,
given the importance of redundancy in trans-
mission of long-range signals, there could be
selection against habituation by listeners to
distant songs. In other territorial species living
in woodland habitats, such as Northern Car-
dinals (Cardinalis cardinalis, Lemon and Chat-
field 1971), Tufted Titmice (Parus bicolor,
Schroeder 1980), and Rufous-sided Towhees
(Pipilo erythrophthalmus, Richards 1981a), indi-
viduals repeat song types many times before
switching to a new song type, although they
have repertoires of 2-12 song types. The songs
of such species, like those of Carolina Wrens,
consist of identical repeated units.

Long-range countersinging by neighbors
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could provide information about the presence
and location of conspecifics. The degradation
of the signal and the necessity for redundancy
might limit the information in the signal to
species identification and location. Coordinat-
ed countersinging and matching might allow
birds to direct songs to one particular neighbor
at a time (Lemon 1968).

To investigate the adaptations animals have
made for communication, it is necessary to test
responses within the context of the social or-
ganization and spacing of the species (Lemon
1968, Petrinovich 1973, Schleidt 1973, Wiley and
Richards 1978). These experiments simulated
normal spacing of Carolina Wrens in tests of
habituation to song. The results demonstrate
that Carolina Wrens are resistant to habituation
to repeated songs played back in these condi-
tions and suggest a strong correspondence be-
tween the behavior of singers and the re-
sponses of listeners (Searcy and Marler 1981,
Searcy et al. 1982). Such a system would allow
birds to use repetitious signals adapted for ef-
fective transmission over long distances.
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