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ABs?Po, cr.--Parental vocalizations that influence the feeding process of nestling passetines 
have not been well studied. Vocalizations of Black-capped Chickadees (Parus atricapillus) were 
analyzed by audio and video recordings within the nesting cavity. One vocalization, the 
"squawk," stimulated gaping in nestlings during the feeding process. Parents gave squawks 
most during the first 48 h posthatching when nestlings were frequently unresponsive to 
vocalizations and equally or more responsive to vibratory and other stimuli. Contrary to 
reports about other species, spontaneous gaping did not occur frequently at any age. Within 
the first 48 h posthatching, however, gapes frequently occurred to "irrelevant" stimuli. As 
nestlings aged, they gaped more frequently to stimuli directly associated with feeding, such 
as to squawks at three to seven days of age and to the parents' arrival at older ages. The 
parents' vocalization plays an important role in coupling the nestlings' gaping response with 
the appropriate situation, especially during the first days posthatching when nestling re- 
sponses are coarsely tuned to appropriate stimuli. Received 13 January 1994, accepted 18 June 
1994. 

AVIAN SPECIES are reported to use a variety of 
stimuli including special vocalizations to evoke 
gaping during feeding of nestlings (Kuhlmann 
1909, Messmet and Messmer 1956, Collias 1960, 

Bengtsson and Ryd•n 1981, Schuchmann 1983, 
Khayutin 1985, Welty and Baptista 1988). These 
studies also indicate that nestlings gape to a 
variety of stimuli other than the parents' vo- 
calization and that patterns of gaping change 
during development. The timing and frequen- 
cy of nestling gaping may have important im- 
plications for feeding efficiency in terms of the 
parents' investment of time, as well as the nest- 
lings' rate of feeding and subsequent survival 
(Perrins 1965, Bengtsson and Ryd•n 1981). I ex- 
amine how the parent's vocal behavior is in- 
volved in coupling the gaping of nestlings with 
the presentation of food in the Black-capped 
Chickadee (Parus atricapillus). 

Few investigators have studied how parents 
influence the feeding process with vocaliza- 
tions, despite the apparently wide occurrence 
among passetines of a vocalization that elicits 
nestling gaping (Welty and Baptista 1988). 
Kuhlmann (1909) examined artificial stimuli and 
a parental vocalization that elicited gaping in 
five species of passerines, but the results were 
not quantified. Khayutin and colleagues (sum- 
marized in Khayutin 1985) studied the devel- 

opment of sensory organization and reaction to 
stimuli directly associated with feeding. 
Bengtsson and Ryd•n (1981) investigated the 
use of the parent's vocalization among other 
factors regulating feeding of asynchronously 
hatched nestlings. Little is understood, how- 
ever, about the range of stimuli that elicit gap- 
ing in the wild, or how the vocalization is used 
in a broader context of adult vocal behavior at 

the nest site. 

Despite the number of descriptions and stud- 
ies of vocalizations of the Black-capped Chick- 
adee (Ficken et al. 1978, Smith 1991), an adult 
vocalization used to stimulate gaping in nest- 
lings was only briefly mentioned in Clemmons 
and Howitz (1990). The vocalization, named the 
"squawk," consists of usually a single note with 
a broad frequency range and brief duration (Fig. 
la; Clemmons 1993). Experimental analyses of 
the squawk as a stimulus for eliciting gaping 
and the possible role of learning are reported 
elsewhere (Clemmons 1993, 1995). Here, I char- 
acterize: (1) the acoustic environment of the 
nestling with regard to conspecific vocaliza- 
tions; (2) the range of stimuli to which nestlings 
gape; (3) the relationship of the parents' vocal- 
ization to the nestlings' gaping response; and 
(4) the changes in all these with age of the nest- 
lings. 
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METHODS 

In May and June of 1991, nestling gaping and other 
details of the feeding process were videotaped at the 
nests of seven families (35 nestlings total) at l-.cnic 
Point, University Arboretum, and Shorewood Hills 
of the Madison area, Dane County, Wisconsin. Adults 
were individually identified by colored leg bands with 
the exception of one pair that was unbanded. Four of 
the families had excavated their own cavities in snags 
of rotting wood, and three families nested in wooden 
nest boxes. Approximately 55 h of video recordings 
of chickadees at the nest sites were analyzed. 

Video recordings were made with an RCA CC520 
Proedit Video Camcorder with a 15-mm electret con- 

denser microphone (Sony ECM-150T) placed inside 
the nesting cavity or box and connected to the cam- 
corder. In order to videotape families inside nest box- 
es, the box was opened at the top and the camcorder 
attached to the tree. With families in natural cavities, 

holes were cut through the snags above nest level 
and the camcorder was supported by a tripod. A pen 
light was used to increase illumination when neces- 
sary. The camcorder was turned on, and then the 
observer walked about 10 m away from the cavity and 
observed the activities of the parents from a distance. 
When the camcorder was not in use, a piece of bark 
was wired over the hole. 

Observations of behavior inside the nesting cavity 
were made in conjunction with playback experiments 
that tested the nestlings' responses to various acoustic 
stimuli (Clemmons 1993, 1995). Recordings of feed- 
ings were made before and between three playback 
experiments spaced at least 15 min apart on day 0 
(day of hatching), 2, 4, 6, and 12 (or within 24 h of 
these ages). Observations and experiments were re- 
peated on the same day after at least 2 h following 
the first session, except in cases of inclement weather 
or equipment failure. One family was lost to preda- 
tion before day 6. Observations in one family of four 
nestlings was initiated on day 2 and in another family 
of seven nestlings on day 6. 

The microphone inside the nesting cavity recorded 
sounds originating from both inside and outside of 
the cavity, allowing comparison of adult vocalizations 
in these two contexts and determination of events 

that were associated with nestling gaping. An event 
was recorded as being associated with gaping if the 
event preceded gaping within 1 s. Cases where two 
or more events occurred within 1 s preceding the gape 
were classified as "ambiguous" events; cases having 
unidentified or no apparent events associated with 
gapes were classified as "unknown." 

The events associated with gaping were tallied for 
each recording session according to frequencies of 
occurrence. Each event was counted only once per 
visit to the nest by a parent. For example, if a parent 
produced squawks that were followed by gaping 10 
times during a single visit, the squawk was counted 

only once for this visit. The proportion of responses 
for each stimulus category was determined for each 
family at each age. The plotted means of each stimulus 
category and table values represent the average re- 
sponses of families. 

i recorded 620 visits to the nests by parents; 547 of 
these were feeding trips. Squawks and feeding at- 
tempts were counted during each feeding visit of a 
parent to the nest. A feeding attempt was defined as 
when a parent placed food in the nestling's mouth 
or touched the nestling's bill with food. The number 
of visits to the nest per recording session varied from 
0 to 39. 

Mean numbers of visits with squawks, squawks per 
visit, and feeding attempts per visit were determined 
for each family at each sampled nestling age. The 
success rate at which squawks elicited gaping was 
calculated by dividing the proportion of squawks as- 
sociated with gaping by the number of squawks given 
during that visit to the nest. Means were calculated 
for each family at each nestling age. In this analysis, 
there were 25 visits to the nest in which squawks 
occurred, and both parents were inside the cavity 
while the female was brooding. These visits were not 
included in the analysis because the female was sit- 
ting on the young; as a result, whether the nestlings 
gaped in response to the squawk could not be deter- 
mined. 

Statistical analyses varied according to the type of 
data and questions being addressed. I employed per- 
mutation tests using P-stat written by Bill Engels (De- 
partment of Genetics, University of Wisconsin-Mad- 
ison), Spearman rank correlations, Friedman two-way 
analysis of variance (Systat 1992), multiple-compari- 
son tests (Daniel 1990), and a variance test for ho- 
mogeneity of the binomial distribution (Snedecor and 
Cochran 1967). 

RESULTS 

The motor response of gaping.--Gaping is the 
wide opening of the bill with the head and neck 
extended upwards in a posture to receive food. 
More specifically, gaping typically involved the 
following movements and postures: (1) The head 
was lifted and the neck extended upward, usu- 
ally with a sudden movement. Lifting of the 
head occurred in about 57 ms (range 7-133 ms), 
as measured by freeze-frame counts from video 
recordings of 28 gaping observations from three 
families of nestlings at day 0. (2) The head was 
held up, usually free from contact with surfaces. 
(3) The mouth was opened widely with the out- 
er membranes forming a nearly complete circle 
or slight oval. (4) During the upward thrust of 
the head, the body was kept in balance by brac- 
ing the forelimbs on a substrate (e.g. bottom of 
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TABLE 1. Mean proportion (+SE) of gapes following four categories of events (vocalization, parent's arrival, 
unknown, and other). Proportion of gapes to each category first determined by family, and then mean 
proportions calculated across families. Friedman analyses of differences among categories by age and 
pairwise comparisons reported at bottom. Family differences indicated by asterisks (variance test for ho- 
mogeneity of binomial test): *, P < 0.05; **, P < 0.01. 

Age a (days) 
0 2 4 6 12 

Vocalization 0.207 + 0.084** 0.678 + 0.137'* 0.561 + 0.083** 0.518 + 0.061 0.243 + 0.039 
Parent arrives 0.069 + 0.034* 0.103 + 0.049** 0.208 + 0.055** 0.342 + 0.051 0.679 + 0.031 
Other 0.602 + 0.074* 0.194 + 0.097** 0.193 + 0.063* 0.119 + 0.037 0.109 + 0.043 
Unknown 0.122 + 0.089** 0.025 + 0.025** 0.038 + 0.020 0.021 + 0.021' 0 

Total no. gapes 138 152 159 136 178 
Friedman test (P) 0.030 0.051 0.003 0.002 0.001 
Multiple comparisons b a b b, c, d b, c, e b 

ß At age 0, n; 5 families; at all other ages, n = 6. 
b Letters refer to; (a) other x unknown; (b) vocalization x unknown; (c) arrival x unknown; (d) vocalization x other; (e) arrival x other. 

nest, sides of nest, cavity wall, or on siblings). 
(5) The gape was held for several seconds (œ = 
7.52 s, n = 28, range 2.3-22.0 s). At the end of 
the gape, the mouth was closed slowly while 
the head was lowered and the neck withdrawn. 

Although the above description was the typ- 
ical pattern of gaping, sometimes one or more 
of the above components were not involved. 
For example, the head and neck already may 
have been extended when a nestling gaped 
(usually from previous stimulation), or the 
mouth may have been opened to a lesser degree 
and for shorter periods of time. Sometimes a 
nestling displayed all of the above components 
except opening of the mouth. An action was 
considered to be a gape only if the mouth was 
open for more than 1 s. 

Events preceding gaping.--Four general cate- 
gories of events immediately preceded the gap- 
ing of nestlings: (1) parental vocalizations in 

and near the nesting cavity; (2) parent's arrival 
at the nest or cavity entrance; (3) unknown 
events; and (4) other events ("other") of which 
most were tactile or vibratory (Tables 1 and 2). 
Often an event was followed by more than one 
nestling gaping. Because only the first nestling 
to gape was considered, these categories do not 
take into account the possibility that the actions 
or vocalizations associated with gaping of the 
first nestling may have served as a stimulus for 
gaping of other nestlings. 

On day 0 the most common events preceding 
gaping were represented by parental vocaliza- 
tions, as well as various vibratory and tactile 
stimuli associated with movement of the nest 

or of birds within the nest ("other" category; 
Table 2). Multiple comparisons (c• = 0.15) with 
the Friedman test indicated no significant dif- 
ferences between the frequency of gapes fol- 
lowing the "vocalization" and "other" catego- 

TABLE 2. Detailed information on "other" category (Table 1) showing gapes that followed events other than 
vocalizations, unknown events, or parent landing at the nest or cavity entrance. Values are œ + SD by 
family (range in parentheses). 

Age' (days) 

Stimulus 0 2 4 6 12 

Parent leaves nest 3 + 4 (0-11) 2 + 2 (0-6) 1 + 1 (0-4) 1 + 1 (0-3) 0.8 + 1 (0-2) 
Parent or sibling 

movement in nest 5 + 3 (1-9) 0.7 + 1 (0-3) 1 + 2 (0-5) 0.5 + 0.8 (0-2) 0 
Outdoor sounds b 0.4 + 0.5 (0-1) 0.8 + 1 (0-3) 0.8 + 1 (0-3) 0.7 + 0.8 (0-2) 0.3 + 0.5 (0-1) 
Movement of nest 5 + 4 (1-10) 0.8 + 1 (0-3) 0.2 + 0.4 (0-1) 0.2 + 0.4 (0-1) 0.2 + 0.4 (0-1) 
Ambiguous 3 + 2 (1-6) 0.3 + 0.8 (0-2) 0.5 + 0.8 (0-2) 0.7 + 1 (0-3) 0.7 + 1 (0-3) 

Total no. gapes 84 27 26 17 12 

ß At age 0, n = 5 families; at all other ages, n = 6. 
b Noise from truck, human voice, etc. 
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ries (P > 0.05), but in four of the five families, 
the "other" category ranked higher. The fre- 
quency of gapes following events from the 
"other" category was significantly different from 
gapes following unknown events (P < 0.05) and 
approached significance from gape s following 
the parent's arrival. 

As the nestlings aged, dramatic changes oc- 
curred in the relative frequencies of the four 
categories of events that preceded gaping, ex- 
cept for the unknown category, which was low 
for all ages. The frequency of gapes that fol- 
lowed events from the "other" category de- 
creased suddenly after day 0, whereas the fre- 
quency of gapes that followed vocalizations 
peaked at day 2 (Table 1). After day 2, the fre- 
quency of gapes following vocalizations de- 
creased steadily while an increasing proportion 
of gapes followed the parent's arrival. The par- 
ent's arrival was the most common event pre- 
ceding gaping by day 12. 

Contexts of adult vocalizations inside and near the 
nesting cavity.--Despite numerous studies on 
Black-capped Chickadee vocalizations (Ficken 
et al. 1978, Smith 1991), there is very little pub- 
lished on adult vocalizations of birds around 

the nest. I recorded six types of vocalizations 
produced inside the nesting cavity (Table 3). A 
seventh type, the "hiss," which is typically giv- 
en to predators near (Clemmons and Lam- 
brechts 1992) or inside the cavity (Odum 1942, 
Sibley 1955, Ficken et al. 1978), also occurred 
sometimes while I was setting up the camera 
and before the recording started. 

The squawk (Fig. la) was the most frequent 
adult vocalization inside the cavity at most ages, 
approaching statistically significant levels on 
days 0 to 2 and significantly higher than other 
vocalizations at all other ages (Fig. 2). Other 
vocalizations inside the cavity included "twit- 
ters," "broken dees," notes of the "A-complex," 
"faint feebees," and "composite" vocalizations 
(described below). The twitter (Fig. lb) com- 
monly occurred when the male approached the 
brooding female and while he gave her the food, 
a contextual use not previously described for 
this vocalization. Broken dees (Fig. lc), analo- 
gous to "courtship begging" vocalizations in 
other species, also were associated with the male 
feeding the female and sometimes were elicited 
from the brooding female by the male's nest- 
approach vocalizations. Faint feebees (soft ren- 
ditions of the territorial song; Fig. lh) and A-like 
notes (A-complex; Fig. 1d-f) have been associ- 

ated with approach to the nest hole (Smith 1972, 
Ficken et al. 1978), but I sometimes recorded 
them inside the cavity. The "chatter" (Fig. lf) 
consists of a series of short duration, rapidly 
repeated A-like notes that may or may not be 
preceded with a longer-duration, higher-fre- 
quency note, such as pictured in the figure, and 
is sometimes followed by one or more faint fee- 
bee notes. The name "chatter" was borrowed 

from a similar appearing sonagram recorded 
from captive chickadees published in Dixon and 
Stefanski (1970). One type of note in the A-com- 
plex, the "peek" note, is previously unde- 
scribed; it differs from other A-like notes by 
having a broad frequency range and strong em- 
phasis in the initial upward frequency sweep 
(compare Fig. lg with Fig. 1d-f). The contextual 
use of this note was not clear; it was given when 
the caller appeared to be hesitating or indeci- 
sive. Composite vocalizations consisted of com- 
binations of notes from the traditional vocal- 

ization types described in Ficken et al. (1978) 
and occurred in a variety of contexts (Clem- 
mons 1993). Although the variable see (Ficken 
et al. 1978) did not occur inside the nesting 
cavity in this study, I have previously observed 
the vocalization in the same context or in com- 

bination with the twitter (unpubl. data). 
There were nine vocalization types recorded 

outside but near the nesting cavity (Table 3), 
including the six types recorded inside the cav- 
ity plus three others--the chick-a-dee call (Fig. 
li) given in situations of potential danger, the 
variable see given during various intrapair in- 
teractions, and the gargle, which preceded cop- 
ulation and occurred in agonistic encounters 
with nonmates (Ficken et al. 1978, Ficken and 
Weise 1984, Ficken et al. 1987). There were no 
adequate recordings of the variable see and gar- 
gle. 

In contrast to the context within the nesting 
cavity, squawks were significantly less frequent 
outside of the cavity than other vocalizations 
combined at each age sampled (Fig. 2). There 
was no single dominant type of vocalization, 
but the faint feebee was the most common, con- 

stituting 43.0% of the vocalizations given on 
day 0 and 38.4% on day 12 (Table 3). Faint fee- 
bees were significantly more frequent than 
squawks outside of the nest at all ages except 
day 0 (multiple comparisons with Friedman test, 
P > 0.05, n = 6). Faint feebees usually were 
more frequent than other vocalizations except 
for chick-a-dee calls and the A-complex. 
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[] Squawks Outside 
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Age (days) 

of vocalizations that were Proportion 
squawks occurring inside (solid) and outside nesting 
cavity (hatched). Whiskers indicate SE. Asterisks in- 
dicate significance levels testing whether there were 
differences in frequencies of occurrence between 

0 sec .8 squawks and other vocalizations within each context 
(Wilcoxon matched-pairs signed-ranks test: *, P < 

Fig. 1. Sonagrams of parents' vocalizations occur- 0.10; **, P < 0.05). Sample size four families (inside) 
ring inside and near nesting cavity. Gargles and vari- and five (outside) for age 0, and six for other ages. 
able sees not shown. Total number of each vocalization type for each con- 

text provided in Table 3. 

Comparing the two contexts inside and out- 
side the nesting cavity, there were significant 
family differences in frequencies of occurrence 
for most vocalization types with large sample 
sizes (> 15), except for squawks on day 6 inside 
the cavity (P < 0.05, variance test for homo- 
geneity of the binomial distribution). Differ- 
ences in the proportional frequencies of squawks 
occurring inside the nesting cavity compared 
with outside approached significance at day 0 
and were significant at all other ages (day 0, P 
= 0.068; all other ages, P < 0.05, Wilcoxon 
matched-pairs signed-ranks test) and for faint 
feebees at each sampled age except day 0 (day 
0, P = 0.068; all other ages, P < 0.05). The fre- 
quencies of occurrences of twitters, A-complex- 
es, broken dees, or composite vocalizations did 
not differ significantly between the "inside" and 
"outside" contexts at any age (P > 0.075). 

Association of squawks with nestling gaping and 
feeding.--The squawk was the most common vo- 
calization associated with nestling gaping. The 
difference between the proportion of gapes fol- 
lowing squawks compared with other vocali- 
zations approached significance at day 0 and 

was significant (P < 0.05) at all other ages (Fig. 
3). In three families, gapes followed only 
squawks. The Spearman correlation coefficient 
between the total frequency of squawks and the 
frequency of squawks that preceded gaping was 
positive in two of the other families and neg- 
ative in two. Although nestlings gaped mostly 
at squawks and squawks were the most fre- 
quently occurring vocalization in the cavity (Fig. 
2), there was no clear association between the 
proportion of gapes to squawks and the fre- 
quency of occurrence of squawks. 

Production of squawks was greatest at day 0 
(Fig. 4). As nestlings aged, the parents produced 
fewer squawks per visit (rs = -1.0, n = 5, P = 
0.05; two-tailed Spearman rank correlation test 
of means at each age). By day 4, squawks oc- 
curred in 68.0% of the visits at the rate of only 
one or two per visit; by day 12, they occurred 
in 20.0% of the visits, but usually only once. 

If the parents use the squawk to activate nest- 
ling gaping during feeding, parents should car- 
ry food when they squawk, and they should 
squawk if no nestlings are gaping. A family 
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Fig. 3. Proportion of nestling gapes that followed 
squawks compared with other adult vocalizations 
(Wilcoxon matched-pairs signed-ranks test: *, P < 
0.10; **, P < 0.05). Whiskers indicate SE. Sample size 
four families for age 0 and six for other ages. Total 
number of gapes following squawks (above) and oth- 
er vocalizations (below) given above bars. 

average of 84.8 _+ SD of 16.8% of the squawks 
were given inside the nesting cavity (P < 0.01, 
n = 7 families; two-tailed permutation test). 
Callers carried food in an average of 93.2 + 
10.8% of the cases where it could be observed 

whether or not a caller carried food (P < 0.002, 
n = 7 families; two-tailed permutation test). That 
the caller sometimes has an empty bill suggests 
an alternative use or uses of the vocalization, a 

possibility analyzed in another study (Clem- 
mons 1993). Although adults possibly could car- 
ry hidden food for themselves, whether or not 
they carry food for the young is reliably ob- 
served. Parents with "apparently" empty bills, 
for example, never fed nestlings during any of 
the observations. 

Usually, a parent with food squawked inside 
the nesting cavity if there were no nestlings 
gaping (P < 0.001, n = 7 families; two-tailed 
permutation test). Of 1,150 squawks where all 
of the nestlings' responses were visible in the 
video recording, only 5.9% were given when 
one or more nestlings were already gaping. In 
these cases: (1) the parent was unsuccessful at 
feeding the gaper and then squawked appar- 
ently to stimulate a different nestling to gape; 
(2) the gape was closing or not fully open; (3) 

Squawks 

Feeding Attempts 

'•.__ _t3•83 49/210 

Age (days) 

Fig. 4. Family mean rates + SE of squawks and 
feeding attempts by parents with age of nestlings. 
Feeding attempt defined as touching nestling's bill 
with food or placing food in nestling's mouth. Sample 
size four families for age 0 and six for other ages. 
Total number of squawks (above) and feeding at- 
tempts (below) given above data points. 

the parent was positioned so that it could not 
see the gaper; or (4) a parent could not reach 
the gaper. In at least one case the squawk re- 
suited in already gaping nestlings extending 
their heads higher so that the parent could reach. 

Most squawks were given upon entry into 
the nesting cavity or as a parent landed at the 
entrance. Sometimes the male perched at the 
entrance and passed food to the brooding fe- 
male who then sometimes emitted one or more 

squawks either before or after the male flew off. 
Older nestlings typically vocalized and gaped 
vigorously as soon as a parent landed at the 
cavity entrance. This obviated the need for ad- 
ditional stimuli and may explain why squawks 
were less common after the first week post- 
hatching (Table 1). With older nestlings, 
squawks sometimes were given during the first 
visits after the camcorder had been set up. 
Hence, the nestlings may have been in a de- 
fense posture when the parent first arrived and 
the parent used the signal to release them from 
this posture. 

Squawks, gaping, and feeding efficiency.--If 
squawks are used to sustain the feeding process 
until successful feeding has occurred, the rate 
of squawks should decrease as fewer feeding 
attempts are required. This prediction was sup- 
ported by observations (Fig. 4; rs = 0.90, n = 5, 
P = 0.05; one-tailed Spearman rank correlation 
test of means at each age). Note that in Figure 
4 on day 0, the number of feeding attempts was 
low relative to the number of squawks. Fre- 
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quently, at this age, a parent brought food to 
the nest and squawked numerous times, but the ._.9. 1.0. 
nestlings were slow to gape or none of the nest- 
lings gaped; therefore, the parent could not 
make a feeding attempt (as defined in this study). 
In these cases the parent either ate the food or 
left the nest while still carrying food. At this • • 0.6. 
age of the nestlings, the rate of squawks (which o"•. 
reflects the parent's attempt to stimulate gap- • O 0.4 
ing) was a better indicator of the parents' active ._ 

role in regulating feeding than rate of feeding cr 0.2 
alone, as sometimes used in other studies. p 

As the nestlings aged, they not only were 
more likely to swallow the food presented, but 0.0 
also became more responsive to the squawk, 
although this difference only approached sig- 

nificance (Fig. 5; r5 = 0.90, n = 5, P = 0.10; two- Fig. 5. 
tailed Spearman rank correlation test of means 
at each age). The success rate of squawks in 
eliciting gapes was relatively low at day 0 
(<50%) and then increased to nearly 90% by 
day 4. 

184 
49 

139 

0 2 4 6 8 10 1•) 
Age (days) 

Mean + SE of proportion of squawks for 
each family that stimulated gaping in nestlings. Sam- 
ple size four families for age 0 and six for other ages. 
Total number of gapes provided above data points. 

DISCUSSION 

Many species of passerines reportedly have 
a "special" vocalization used to stimulate nest- 
lings to gape during feeding. Of the many kinds 
of vocalizations produced by chickadees near 
and inside the nesting cavity, only the squawk 
was regularly associated with the gaping of 
nestlings. This association was based in part on 
the frequency of contextual use and in part on 
the frequency of nestling response. It does not 
imply that the only function of the squawk is 
to elicit nestling gaping nor that nestlings have 
a specific response to the squawk. The squawk 
occurred, though less frequently, in intrapair 
interactions and in situations when the nest- 

lings were not present, suggesting a complex 
role of the squawk in a variety of intrafamilial 
interactions (Clemmons 1993). Although the 
proportion of gapes following squawks com- 
pared with other vocalizations was not corre- 
lated with the frequency of such vocalizations, 
other reasons could explain the apparent selec- 
tive response to the squawk, such as the prox- 
imity and orientation of the caller to nestlings, 
or the amplitude of the vocalization. Whereas 
one of the obvious functions of the squawk is 
to elicit nestling gaping, the variable uses and 
responses to the signal require further study 
(Clemmons 1993). 

There are at least two characteristics of feed- 

ing interactions that are shared widely among 
passerines, including: (1) the use of an adult 
vocalization to stimulate nestling gaping; and 
(2) the replacement of a vocal stimulus with 
other kinds of stimuli associated with the par- 
ent's arrival around the time that the nestlings' 
eyes open (Kuhlmann 1909, Bengtsson and Ry- 
d•n 1981, Khayutin 1985, present study). Other 
common characteristics are that: (1) the feeding 
procedure is slow during the first few days post- 
hatching, requiring several feeding attempts by 
the parents before the food is successfully de- 
livered; (2) the number of vocalizations given 
by the parents is greatest during the first few 
days posthatching; and (3) the parent is most 
likely to give the vocalization when there are 
no nestlings gaping (Bengtsson and Ryd•n 1981, 
present study). 

One difference from other studies is that tac- 

tile and vibratory stimuli accounted for a large 
proportion of gapes in Black-capped Chicka- 
dees at day 0, whereas other species were re- 
ported to be less responsive to tactile stimuli 
until a later age. In Kuhlmann's study (1909) of 
the feeding response in nestlings of five pas- 
serine species, including the American Robin 
(Turdus migratorius), Chipping Sparrow (Spizella 
passerina), Rose-breasted Grosbeak (Pheucticus 
ludovicianus), Red-winged Blackbird (Agelaius 
phoeniceus ), and Brown Thrasher ( Toxostoma ruf- 



July 1995] Vocalizations and Nestling Gaping 611 

um), the parent's vocalization was the most ef- 
fective stimulus during the first day posthatch- 
ing and then was replaced by visual and tactile 
cues associated with feeding in older nestlings. 
Similar findings have been reported with the 
Pied Flycatcher (Ficedula hypoleuca), Great Tit 
(Parus major) and Redstart (Phoenicurus phoeni- 
curus; Khayutin 1985). 

Another apparent difference from other stud- 
ies is the diminished role that spontaneous gap- 
ing, or gaping in the absence of external stimuli, 
plays with hatchling Black-capped Chickadees. 
For asynchronously hatching species such as 
the Pied Flycatcher, Great Tit, and European 
Blackbird (Turdus merula) (chickadees are also 
asynchronous), it has been suggested that spon- 
taneous gaping increases the chance that a 
younger nestling will be fed when the gaping 
coincides with a feeding (Bengtsson and Ryd•n 
1981, Khayutin et al. 1988). Bengtsson and Ry- 
d•n (1981), for example, reported a 40% inci- 
dence of spontaneous gaping in the Great Tit 
when nestlings were one to two days of age, 
and Khayutin et al. (1988) noted that sponta- 
neous gaping in newly hatched Pied Flycatcher 
nestlings occurred 80% of the time that parents 
were away. With chickadees, by contrast, only 
13% of gapes occurred without an observable 
stimulus, and this value is inflated because the 

squawk as a stimulus was counted only once 
per visit. Also, it is possible that I did not detect 
the external stimulus in some cases. 

Several reasons could account for the differ- 

ing explanations among studies about the role 
of spontaneous gaping. Khayutin et al. (1988) 
suggested that younger nestling Pied Flycatch- 
ers gaped spontaneously because of increased 
hunger levels. If so, rates of spontaneous gaping 
will depend on food availability in the habitat 
or on asymmetry in food acquisition among sib- 
lings (and perhaps, on degree of hatching asyn- 
chrony). Differences among species in their tol- 
erance for human disturbance during obser- 
vation also may play a role, thus affecting the 
rate of parental feeding and subsequent level 
of hunger in the nestlings. For example, Kluy- 
ver (1961), who studied both Black-capped 
Chickadees and Great Tits, had the impression 
that Black-capped Chickadees were more tol- 
erant of human disturbance at the nest than 

their congeners in Europe. Finally, it is not clear 
from these other studies whether there were 

specific attempts to document all factors that 

stimulate gaping in the natural setting, or even 
what constituted the definition of spontaneous 
gaping. 

Although spontaneous gaping was not char- 
acteristic of newly hatched Black-capped Chick- 
adees, at least 40% of all stimuli that elicited 

gaping at day 0 were "irrelevant" or less pre- 
dictive of a feeding. The squawk, therefore, ap- 
pears to play a critical role in coupling gaping 
with the presentation of food during a period 
when nestlings tend to gape inappropriately. 

Other studies suggest or demonstrate that 
parents adjust their feeding rates according to 
information they receive from nestlings about 
nutritional status (Kluyver 1961, Henderson 
1975, O'Connor 1975, Bengtsson and Ryd•n 
1983). In my study, parents made great attempts 
to arouse nestlings during the first few days 
posthatching as demonstrated by the long bouts 
of squawks used when nestlings were unre- 
sponsive. Although I did not consider the de- 
gree to which nestlings regulated feeding rate, 
the frequency of squawks increased when 
hatchling response decreased (compare Figs. 4 
and 5), a result opposite to that expected if nest- 
ling responsiveness regulated parental feeding 
rate alone. At least during the first few days 
posthatching when nestlings were relatively 
inactive, the parent's frequent use of squawks 
and persistent feeding attempts appeared to be 
major factors driving the feeding interaction. 
As Figure 4 shows, the number of feeding at- 
tempts when measured by bill touches or, in 
other studies, the rate of visits to the nest (Kluy- 
ver 1961, Royama 1966) at day 0 does not ac- 
curately reflect the active role of the parents in 
regulating nestling feeding rates. 
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