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A•3S?RACT.--We compared naturally occurring intraspecific and interspecific encounters 
between Black-capped Chickadees (Parus atricapillus) and Mountain Chickadees (P. gambeli) 
during the breeding season in a region of sympatry in southwestern Alberta. We observed 
chasing or supplanting, or countersinging by males, in all intraspecific encounters, whereas 
heterospecific individuals were ignored in 73% of interspecific encounters. In playback ex- 
periments conducted at nest sites, both species responded strongly to conspecific song but 
showed much weaker responses to heterospecific songs. These results support our previous 
conclusion, based on measurements of territory overlap, that these two species do not exhibit 
interspecific territoriality. Received 16 December 1988, accepted 16 May 1989. 

As MANY as six species of the genus Parus may 
coexist at a single locality in Europe (Lack 1969). 
This has led to numerous studies of ecological 
and behavioral relationships of sympatric con- 
geners (e.g. Gibb 1954, Partridge 1976, Herrera 
1981, Alatalo 1982, Alatalo et al. 1986, Alatalo 
and Moreno 1987). In contrast, it is rare for more 
than one species of North American chickadee 
to occur together during the breeding season 
(Dixon 1961). Lack (1969) attributed this differ- 
ence to the absence of sufficient ecological seg- 
regation among North American species to per- 
mit coexistence without severe interspecific 
competition. 

Although Black-capped Chickadees (Parus 
atricapillus) and Mountain Chickadees (P. gam- 
beli) are locally sympatric in western North 
America, they appear to be segregated ecolog- 
ically. In southwestern Alberta, they coexist 
during the breeding season in mixed decidu- 
ous-coniferous habitats in the foothills of the 

Rocky Mountains. The two species differ in their 
nest sites and in their foraging behavior (Hill 
and Lein 1988). Although territories of the two 
species overlap extensively, and vegetation does 
not differ between territories of the two species, 
they apparently use the habitat mosaic within 
their territories differently (Hill and Lein 1989). 
The observed patterns of habitat use reflect the 
differences between the habitats occupied by 
the two species in allopatry (Dixon 1961, Brewer 
1963, Sturman 1968, Minock 1971). 

While these findings suggest that resource 

• To whom reprint requests should be sent. 

645 

competition between the two species is reduced 
by ecological segregation, the evidence is cir- 
cumstantial and indirect. In addition, there is 

some overlap in nest-site use (Hill and Lein 
1988), which suggests that interspecific com- 
petition might occur occasionally at a local level. 
Such competition might be expected to be ex- 
pressed as interspecific aggression. Therefore, 
we describe natural behavioral interactions be- 

tween Black-capped and Mountain chickadees 
and report the results of simulated interspecific 
encounters at nest sites. Our objective was to 
test the null hypothesis that there were no dif- 
ferences between intraspecific and interspecific 
interactions. 

METHODS 

Study area.--We worked in the Sheep River Wild- 
life Sanctuary (50ø38'N, 114ø30'W) in the foothills of 
the Rocky Mountains, about 70 km southwest of Cal- 
gary, Alberta. The two chickadee species occur in for- 
ests dominated by trembling aspen (Populus tremu- 
loides), with lesser amounts of lodgepole pine (Pinus 
contorta), white spruce (Picea glauca), and other trees. 
Anderson (1979) and Hill and Lein (1988) give more 
complete descriptions of the habitat of the study area 
and surrounding region. 

Natural encounters.--We recorded natural encoun- 

ters between chickadees observed during the breed- 
ing seasons of 1983 and 1984. Almost all resident 
chickadees were color-banded, which permitted in- 
dividual identification. We observed most interac- 

tions while we were mapping territories, but we ob- 
served some while we were searching for nest cavities 
or banded birds. We defined an encounter as any sit- 
uation in which two or more chickadees that were 
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TABLE 1. The frequency of 3 types of naturally oc- 
curring encounters observed between Black-capped 
Chickadees (BCC) and Mountain Chickadees (MTC). 
See Methods for definitions of encounter types. 

Type of encounter 

Chase/ Counter- 

supplant sing Ignore 

BCC-BCC 13 20 0 
MTC-MTC 11 9 0 
BCC-MTC 3 11 38 

not paired to each other were potentially able to in- 
teract. Because the ability of a chickadee to detect 
another individual probably varied with habitat, en- 
vironmental conditions (e.g. wind), and whether or 
not either bird was vocalizing, we could not use an 
absolute distance as a "cut-off" point in judging the 
potential to interact. Instead, we included only those 
situations in which individuals were either observed 

interacting or were definitely aware of each other's 
presence (e.g. foraging within 5 m of each other). 

Each encounter was assigned to one of three cate- 
gories. The chase/supplant category included encoun- 
ters in which one bird made a rapid and direct ap- 
proach towards another, which moved away in 
response. The countersing category included interac- 
tions in which two birds were clearly singing in re- 
sponse to each other. In most instances, alternation 
of songs facilitated the identification of bouts of 
countersinging. The ignore category included en- 
counters in which two chickadees (not mated to one 
another) were sufficiently close to ensure that they 
were aware of each other but exhibited no obvious 

response to each other. A few encounters that in- 
cluded both chasing/supplanting and countersinging 
were assigned to the category exhibiting the highest 
level of aggression (chase/supplant). 

Playback experiments.--Both Black-capped Chicka- 
dees (Gorton 1976, Nowicki 1983) and Mountain 
Chickadees (Minock 1971) react to playback of tape- 
recorded conspecific vocalizations. Therefore, we 
considered playback experiments to be a valid way 
of simulating territorial intrusion. Playback tapes were 
made from songs recorded in 1982 with a Gibson 
P-650 parabolic microphone and Sony TC-142 cassette 
recorder. To ensure that experimental subjects would 
be unfamiliar with the playback stimuli, we used re- 
cordings of individuals located outside, but adjacent 
to, the study area. 

The two-note, whistled "fee bee" song of Black- 
capped Chickadees (see fig. lg in Ficken et al. 1978 
for sonograms) is used in territorial advertisement 
(Ficken 1981). This song, which is one of the most 
stereotyped of parid songs (Latimer 1977), was chosen 
for playbacks. Mountain Chickadees also have whis- 
tled songs but, unlike Black-capped Chickadees, each 

male may have a repertoire of 3-5 song types (pers. 
obs.) that vary in both the number and frequency of 
the notes (whistles). All versions of Mountain Chick- 
adee song appeared to be used in territorial adver- 
tisement (pers. obs.). Songs consist of 2-6 notes, oc- 
casionally with one or more of the notes shifted to a 
frequency lower than that of the other notes (pers. 
obs.). However, most (>90%) songs heard on our study 
area were 3-note songs of unshifted frequency (see 
fig. 2-0 in Gaddis 1985 for a representative sono- 
gram), and we used this song type in playback ex- 
periments. 

Songs selected for playback were filtered with a 
2,000 Hz high-pass filter to reduce background noise, 
and re-recorded on 3-min continuous-loop cassette 
tapes at a rate of 8 songs/min. This approximated the 
rate of a strongly singing male (pers. obs.). Playbacks 
used a Sony TC-142 cassette recorder, a custom-built, 
battery-powered amplifier, and an omnidirectional 
University Sound speaker. Volume was matched by 
a Realistic sound level meter to that of a strongly 
singing male. 

Experiments were conducted in 1983 and 1984. To 
avoid possible seasonal differences in response inten- 
sity (Rice 1978), all experiments were performed dur- 
ing the late nestling stage, when birds could be lo- 
cated most easily. In all experiments, the speaker was 
suspended in a tree (1.5-2.0 m above the ground), 15 
m from the nest in the direction of the nearest ter- 

ritorial boundary. All experiments were performed 
between 0700 and 1100 (MDT). 

Each male was used in a single experiment that 
consisted of playback of conspecific song and play- 
back of heterospecific song. The order of presentation 
of con- and heterospecific song was alternated be- 
tween successive experiments on the same species to 
control for order effects. Alternation of order was 

used in preference to random order, which can pro- 
duce poor interspersion of treatments when sample 
sizes are small (Hurlbert 1984). 

Each trial consisted of three 3-min treatments. A 

pre-test silent period established baseline behavior. 
The test period with playback determined response 
to the stimulus. The post-test silent period examined 
the residual effects of playback on the subject. Trials 
began only when a male that was engaged in feeding 
nestlings was within 2 m of the cavity, with the fe- 
male in (or perched on the entrance of) the cavity. 
Trials were separated by at least 10 min. Pilot exper- 
iments in 1982 showed that chickadees returned to 

preplayback behavior patterns (usually feeding nest- 
lings) within 10 rain after playback. 

The observer stood 15-20 m from the speaker dur- 
ing each trial. Birds were naturally tame and habit- 
uated to humans and there was no indication that the 

presence of the observer influenced their behavior 
either before or during experiments. A continuous 
verbal description of the position and behavior of the 
subject male, as well as all vocalizations, was recorded 
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TABLE 2. Response variables of Black-capped Chickadees to playback of conspecific and heterospecific songs 
(œ + SE; n = 17 experiments). See Appendix for explanations of acronyms for variables. 

Playback 

Variable • Conspecific Heterospecific pb 

STP 24.18 + 3.94 1.24 + 0.49 <0.001 
SPTP 7.41 + 2.06 0.59 + 0.30 0.004 

CLHOR (m) 4.47 + 1.56 11.50 + 1.15 0.001 
CLVER (m) 6.18 + 1.35 9.91 + 1.54 0.080 
DAT (s) 18.65 + 4.94 20.61 + 9.18 0.852 
DAP (s) 31.07 + 11.87 23.27 + 11.37 0.638 
DBT (s) 42.48 + 10.70 4.34 + 2.52 0.003 
DBP (s) 14.41 + 4.56 1.27 + 1.01 0.012 
DCT (s) 31.76 + 10.33 0.00 + 0.00 0.007 
DCP (s) 32.23 + 18.67 0.00 + 0.00 0.103 
NBCT 5.47 + 1.16 1.82 + 0.76 0.014 
NBCP 2.65 + 0.70 0.71 ñ 0.24 0.016 

LCA (s) 126.81 + 13.10 139.98 + 15.21 0.517 
LFS (s) 47.11 + 12.88 139.05 + 16.32 <0.001 
LFA (s) 64.37 ñ 17.22 127.99 + 18.12 0.016 

Units are counts, unless given in parentheses; n = 17 for all variables. 
Two-tailed two-sample t-test. 

using a Sony TC-110B cassette recorder and Senn- 
heiser MKE 883 "shotgun" microphone. To estimate 
the distance of subjects from the speaker, we placed 
small flags at distances of 1 m, 5 m, and 10 m along 
four lines that radiated at 90 ø angles from the speaker. 
The enclosed concentric rings are denoted as Area A 
(5-10 m from the speaker), Area B (i-5 m), and Area 
C (0-1 m). Verbal descriptions of the position of the 
subject consisted either of the area that the subject 
occupied or the horizontal and vertical distances of 
the subject from the speaker. Flights through areas 
A, B, and C while the subject was engaged in activities 
other than territorial response (e.g. collecting food 
for nestlings) were excluded from the measurement 
of response. 

Response variables were measured subsequently 
with an Observational Systems OS-2 event recorder 
and stopwatch while listening to the tapes. The full 
list of variables used in the statistical analyses are in 
the Appendix. 

Our original intent was to use the pre-test period 
as a baseline for response variables. Differences be- 
tween baseline values and test and post-test values 
would thus represent the response to the stimulus. 
However, because all experiments were performed in 
the late-nestling stage, the subjects invariably fed 
nestlings prior to playback (i.e. all response variables 
had values indicative of no response). Because the 
absolute values represented "response," there was no 
need to use difference values. 

Mean values for response variables were compared 
between con- and heterospecific playback trials with 
two-tailed, two-sample t-tests. Although there were 
several minor departures from the assumptions of 
normality and homoscedasticity in the data, t-tests 
are extremely robust to such departures, especially 

when sample sizes are equal and two-tailed hypoth- 
eses are considered (Zar 1974). 

RESULTS 

Natural encounters.--Black-capped and Moun- 
tain chickadees behaved differently in natural 
intraspecific encounters than in interspecific 
encounters. All 53 intraspecific encounters in- 
volved aggressive behavior (chasing/supplant- 
ing, countersinging) by at least one of the par- 
ticipants (Table 1). In contrast, only 27% (14/ 
52) of interspecific encounters included ag- 
gressive behavior. The hypothesis that the be- 
havior exhibited in chickadee encounters is in- 

dependent of the species involved is rejected 
(X 2 = 65.1, df = 4, P < 0.001). However, if the 
contingency table is subdivided (Zar 1974) by 
removing the "ignore" column, then the hy- 
pothesis of independence of behavior with re- 
spect to species cannot be rejected (X 2 = 3.87, df 
= 2, P > 0.10). This indicates that the observed 
difference between con- and heterospecific en- 
counters in the "ignore" category of behavior 
is responsible for the significant difference in 
the contingency table. 

Playback experiments.--We performed a total 
of 43 playback experiments (21 with Black- 
capped, 22 with Mountain Chickadees) during 
1983 and 1984. We excluded 6 of these (4 with 
Black-capped, 2 with Mountain) from the anal- 
ysis because of "nondemonic intrusions" (Hurl- 
bert 1984). For example, in 1983 single experi- 
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ments for each species were excluded because 
of large increases in wind velocity between 
treatments. In one excluded experiment with a 
Black-capped Chickadee in 1983, a neighboring 
territory-holder was attracted to the area and 
interacted with the subject, which potentially 
confounded the results. 

Observations during playback experiments 
suggested that responses were not influenced 
by the order of presentation of con- and het- 
erospecific songs. No significant difference be- 
tween the two orders of presentation was found 
for any variable for either species (two-sample, 
two-tailed t-tests; all P > 0.1). Thus, experi- 
ments that utilized both presentation sequences 
were combined in subsequent analyses. 

Results of song-playback experiments paral- 
leled those of natural encounters. Black-capped 
Chickadees showed significant differences in 
response to con- and heterospecific playback for 
10 of 15 variables (Table 2). The direction of the 
response difference was consistent for all 10 
variables (see Appendix for descriptions of vari- 
ables). That is, if response strength is defined as 
the magnitude of change from baseline behav- 
ior, then Black-capped Chickadees responded 
more strongly to conspecific song than to het- 
erospecific song. For example, they sang more 
frequently (significantly larger values for STP 
and SPTP), approached the speaker more closely 
(smaller value for CLHOR), and moved more 
frequently (larger values for NBCT and NBCP) 
during trials with conspecific song than during 
trials with heterospecific song. 

Mountain Chickadees differed significantly 
in response to con- and heterospecific playback 
for 9 of 15 response variables (Table 3). These 
variables, as in Black-capped Chickadees, 
showed a stronger response to conspecific song 
than to heterospecific song. In addition, the 
variables that did not differ significantly be- 
tween con- and heterospecific trials were the 
same that showed no differences in trials with 

Black-capped Chickadees, with a few excep- 
tions. Unlike Black-capped Chickadees, vocal 
responses of Mountain Chickadees (STP, SPTP, 
and LFS) did not differ significantly between 
treatments, although a trend of stronger re- 
sponse to conspecific playback was present. 
Mountain Chickadees exhibited significant dif- 
ferences in two variables (CLVER and DCP) that 
did not differ in Black-capped Chickadee ex- 
periments. 

Between-species comparisons revealed no dif- 
ference in any variable between Black-capped 

and Mountain chickadees for response to play- 
back of heterospecific song (two-tailed, two- 
sample t-tests; all P > 0.05). However, there 
were significant differences between species in 
three variables in response to playback of con- 
specific song. Black-capped Chickadees sang 
more songs during the experimental period 
(STP), had a shorter latency to the first song 
(LFS), and spent less time in Area B during the 
post-test periods (DBP) than did Mountain 
Chickadees (two-tailed, two-sample t-tests; all 
P < 0.05). 

DISCUSSION 

The differential behavior exhibited by both 
species towards con- versus heterospecifics in 
both natural and simulated encounters clearly 
indicates that the behaviors used to defend ter- 

ritories against conspecifics are not elicited ful- 
ly by heterospecifics. There is a large degree of 
territory overlap between the species (Hill and 
Lein 1989), consequently this is not surprising. 
However, several other aspects of the territorial 
encounters merit further discussion. 

First, although conspecific encounters were 
characterized by higher levels of agonistic be- 
havior, there was some interspecific agonism. 
For example, chasing/supplanting or counter- 
singing occurred in 27% of the natural inter- 
specific encounters. In addition, weak but ob- 
servable responses were given during the 
playback of heterospecific songs. Individuals 
might react to heterospecifics because cases of 
interspecific aggression are simply misdirected 
cases of intraspecific aggression that result from 
mistaken identity (Murray 1981). The similarity 
in the appearance and songs of the two species 
makes this an appealing argument. Still, ago- 
nistic behavior is energetically costly, and se- 
lection against misdirected aggressive behavior 
would be expected. This should be especially 
true in chickadees, which are small homeo- 

therms on "tight" energy budgets both during 
the winter (Chaplin 1974, Grossman and West 
1977, Brittingham and Temple 1988) and during 
the breeding season (Odum 1941). Interspecific 
aggression might be explained as misdirected 
in areas of recent sympatry. In such cases, there 
may have been insufficient time for the devel- 
opment of the ability to discriminate hetero- 
specifics which are behaviorally or physically 
similar. However, because Black-capped and 
Mountain chickadees have been sympatric in 
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TABLE 3. Response variables of Mountain Chickadees to playback of conspecific and heterospecific songs (œ 
ñ SE; n = 20 experiments). See Appendix for explanations of acronyms for variables. 

Playback 

Variable a Conspecific Heterospecific pb 
STP 7.10 ñ 2.55 4.15 ñ 1.86 0.356 
SPTP 9.45 ñ 2.29 4.45 ñ 2.13 0.118 

CLHOR (m) 2.93 ñ 1.12 10.53 ñ 1.36 <0.001 
CLVER (m) 3.83 ñ 1.02 10.85 ñ 1.20 <0.001 
DAT (s) 22.57 ñ 5.79 16.13 ñ 5.61 0.429 
DAP (s) 18.83 ñ 7.64 11.80 ñ 9.22 0.561 
DBT (s) 44.49 ñ 9.87 12.94 ñ 7.15 0.014 
DBP (s) 53.08 ñ 14.13 1.04 ñ 1.04 0.002 
DCT (s) 43.10 ñ 8.78 1.98 ñ 1.13 <0.001 
DCP (s) 35.00 ñ 12.06 0.37 ñ 0.37 0.010 
NBCT 4.50 ñ 0.66 2.40 ñ 0.77 0.045 
NBCP 2.35 ñ 0.49 0.45 ñ 0.36 0.004 

LCA (s) 128.95 ñ 9.36 142.15 ñ 12.74 0.409 
LFS (s) 118.85 ñ 15.97 152.90 ñ 11.33 0.091 
LFA (s) 60.38 ñ 13.20 123.62 ñ 15.49 0.004 

Units are counts, unless given in parentheses; n = 20 for all variables. 
Two-tailed, two-sample t-test. 

the Sheep River vicinity for at least 30 yr (Boag 
pers. comm.), and probably much longer, this 
explanation seems unlikely. 

Minock (1971) performed song-playback ex- 
periments with Black-capped and Mountain 
chickadees in an area where they had been syru- 
pattic for only two years. In 203 experiments, 
interspecific response (defined as vocalizations 
given in response to song-playback or arrival 
by a male to the area of the speaker) occurred 
only 7 times. Although differences in meth- 
odology make comparisons difficult, interspe- 
cific responses are apparently stronger or more 
frequent in our study area than in Minock's. 
This is consistent with our argument that in- 
terspecific agonism in our population is prob- 
ably not misdirected intraspecific behavior. 

An alternative explanation for interspecific 
aggression is that the agonistic behavior di- 
rected towards heterospecifics functions to re- 
duce competition. The finding that heterospe- 
cific agonism is weaker than conspecific agonism 
implies that interspecific competition is weaker 
than intraspecific competition in Black-capped 
and Mountain chickadees. Because territories 

may contain several different resources for 
which competition could occur, "weaker" com- 
petition could mean that the two species com- 
pete for fewer resources, or that interspecific 
overlap in use of a resource is only partial, or 
both. We believe that competition for nest sites 
may be responsible for heterospecific agonism. 
First, although we commonly observed chick- 

adees within heterospecific territories, we rare- 
ly observed them close (within ca. 30 m) to the 
nest of another chickadee. Second, nest occu- 

pants often exhibited aggressive behavior when 
a heterospecific approached the nest. Six of 14 
natural interspecific encounters and all of those 
that involved chasing or supplanting occurred 
within 20 m of nests. 

The results of the playback experiments are 
also consistent with the suggestion that nest site 
competition is responsible for interspecific 
aggression between Black-capped and Moun- 
tain chickadees. All playback experiments were 
performed 15 m from the nesting cavity. In most 
experiments, territory owners responded (al- 
beit weakly) to heterospecific playback. The 
weaker response to heterospecific than to con- 
specific playback may indicate that there is only 
partial overlap in nest-site requirements be- 
tween the species (and thus a reduced level of 
competition). While nest-site requirements of 
the two species overlap somewhat (Hill and Lein 
1988), verification of this idea would require 
demonstration of nest-site limitation and 

stronger evidence of site-specific aggression (e.g. 
systematic variation of the location of playback 
experiments). 

Our experimental design assumed that re- 
sponses to playback of songs near the nest cav- 
ity during the nestling phase of the breeding 
cycle were representative of territorial defense 
in general by these species. The size of the area 
defended by Black-capped Chickadees, and pos- 
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sibly the intensity of territorial defense, may 
vary seasonally (Stefanski 1967), although we 
found no evidence of seasonal changes in ter- 
ritory size for either species on the study area 
(Hill and Lein 1989). It is also probable that the 
intensity of defense varied with the position on 
the territory. We have no reason to expect that 
these factors would not show parallel variation 
in the two species. We believe that the quali- 
tative pattern of differential response to con- 
and heterospecific songs would also hold for 
other phases of the breeding cycle and other 
locations on the territories, although the re- 
sponses might show quantitative variation in 
relation to these factors. 

Some response measures in playback exper- 
iments demonstrated differential response to 
treatments, whereas others did not. We believe 

that several variables that did not differ are poor 
indicators of response intensity. For example, 
mean values for latency to closest approach 
(LCA) did not differ significantly between treat- 
ments for either species. The closest horizontal 
approach (CLHOR) was much smaller for con- 
specific playback in both species, and LCA ac- 
tually measured the time to approach to within 
different distances of the speaker in the two 
treatments. Comparisons of LCA between treat- 
ments are of questionable value. 

The duration of time spent in the outermost 
zone (Area A) during the test-period (DAT) and 
during the post-test period (DAP) was not sig- 
nificantly different between treatments for 
either species. These two variables measure the 
weakest response of all the distance variables. 
Moreover, similar values may be produced by 
very different overall subject responses. For ex- 
ample, a low but equal value to both treatments 
could mean that the subjects responded in a 
similar manner. It is also possible that similarity 
in the values of these variables was due to a 

strong overall response to one treatment (such 
as spending very little time in Area A before 
moving closer) and by a weak overall response 
to the other treatment (such as spending a small 
amount of time in Area A before flying off). 

Two other variables, closest vertical approach 
(CLVER) and duration in Area C during the 
post-test period (DCP), were significantly dif- 
ferent between treatments for Mountain Chick- 

adees but not for Black-capped Chickadees. The 
difference between treatments approached sta- 
tistical significance for both variables for Black- 
capped Chickadees (P values of ca. 0.10). The 

large difference in mean values of DCP between 
the two treatments was not significant because 
of the large variation among individuals in the 
response to playback of conspecific song. 

The three variables used to measure song 
(songs in test period [STP], songs in post-test 
period [SPTP], and latency to first song [LFS]) 
differed significantly between con- and hetero- 
specific treatments for Black-capped Chicka- 
dees but not for Mountain Chickadees. The dif- 

ference between the species seems to be in their 
response to conspecific playback. Black-capped 
Chickadees sang more songs and had a much 
shorter latency to first songs in response to con- 
specific songs than did Mountain Chickadees. 

Black-capped Chickadees show different vo- 
cal responses to con- and heterospecific play- 
back while Mountain Chickadees show similar 

vocal responses. If Mountain Chickadees had 
shown no difference in response between treat- 
ments for any response variable, then several 
explanations are possible. For example, the 
Mountain Chickadee playback tape could have 
been of poor quality and was not recognized as 
conspecific song. Alternatively, the wrong 
Mountain Chickadee song could have been cho- 
sen as being representative of territorial song 
(Mountain Chickadees have several song types). 
However, Mountain Chickadees exhibited sim- 

ilar responses to both treatments for only those 
variables measuring vocal response. Other vari- 
ables showed response differences between con- 
and heterospecific playback similar to those ex- 
hibited by Black-capped Chickadees. Possibly, 
with an enlarged repertoire of songs, the com- 
municative "function" of song in Mountain 
Chickadees has expanded beyond that of the 
Black-capped Chickadee. If the number of func- 
tions served by singing has increased, it is pos- 
sible that the role of song in simple territory 
defense has decreased. To address this idea, ad- 
ditional research--on the nature of variation in 

Mountain Chickadee song, the significance of 
such variation, and the role of the various songs 
in territory defense--is needed. 
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APPENDIX. Description of variables used in the song 
playback experiments. 

Code Description of variable 
STP 

SPTP 

CLHOR 

CLVER 

DAT 

DAP 

DBT 

DBP 

DCT 

DCP 

NBCT 

NBCP 

LCA 

LFS 

LFA 

Number of songs (full or partial) given during test 
period. 

Number of songs (full or partial) given during post- 
test period. 

Closest horizontal distance (estimated to nearest 0.5 

m) of subject to speaker during a test period. A 
maximum value of 15 m was assigned to subjects 
that did not approach the speaker. 

Closest vertical distance (estimated to nearest 0.5 m) of 
subject to speaker during a test period. A value of 15 
m, corresponding to the approximate maximum tree 
height, was arbitrarily assigned to subjects that did not 
approach the speaker. 
Total time (to nearest 0.5 s) spent in Area A (5-10 m 

from speaker) during test period. Maximum value 
was 180 s. 

As for DAT, but during post-test period. 
Total time (to nearest 0.5 s) spent in Area B (1-5 m 

from speaker) during test period. Maximum value 
was 180 s. 

As for DBT, but during post-test period. 
Total time (to nearest 0.5 s) spent in Area C (0-1 m 

from speaker) during test period. Maximum value 
was 180 s. 

As for DCT, but during post-test period. 
Number of borders (between area outside of Area A 

and Area A, and between areas A, B, and C) 

crossed during test period. 
As for NBCT, but during post-test period. 
Latency (to nearest 0.5 s) from the onset of trial to 

the closest approach to speaker. A maximum value 
of 180 s was assigned to subjects that did not ap- 
proach the speaker. 

Latency (to nearest 0.5 s) from the onset of trial to 
first song sung by subject. A maximum value of 
180 s was assigned to subjects that did not sing. 

Latency (to nearest 0.5 s) from the onset of trial to 
first distinct movement of subject toward the 
speaker. A maximum value of 180 s was assigned 
to subjects that did not approach the speaker. 


