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Abstract.--The size and shape of the black bib in Black-capped Chickadees varies among 
individuals and may signal information about age and sex, as found in other species with 
similar plumage badges. By photographing and measuring bibs of wintering adults in an 
Ontario population in 1994 and returning adults in 1995, we correlated bib area, perimeter, 
and amount of white breast feathers interdigitating into the lower edge of the bib (ragged- 
ness) with age and sex of birds. Only bib area showed any tendency to be sexually dimorphic; 
females tended to have smaller bib areas than males. By contrast, raggedness of the bottom 
of the bib appears to be related to age, rather than sex; raggedness was greater in hatching- 
year birds than in after-hatching-year birds. Bib morphology of individuals also showed year 
effects, independent of age. Individual birds from 1994 that were rephotographed in 1995 
had more ragged bibs in 1995. Hatching-year birds in 1995 also had more ragged bibs than 
1994 hatching-year birds. Consistent differences between years in the degree of bib ragged- 
ness suggest that bib morphology could reflect differences in resources at the time of molt. 

RELACION DEL TAMA•O DEL BABERO CON LA EDAD Y EL SEXO EN POECILE 
A TRI CAPI LL US 

Sinopsis.--E1 tamafio y forma del babero negro en individuos de Poecile atricapillus varia 
entre individuos y puede dar informaci6n sobre la edad y el sexo tal y como ocurre en otras 
especies con insignias de plumaje similar. Correlacionamos el •irea del babero, el perimetro 
y la cantidad de plumas blancas del pecho que se interdigitan en el mfirgen inferior del 
babero (indefinici6n) con la edad y el sexo de las aves al fotografiar y medir los baberos de 
adultos invernando en una poblaci6n en Ontario en 1994 y de adultos retornando en 1995. 
Tan solo el •irea del babero mostr6 una tendencia al dimorfismo sexual: las hembras tendian 

a tener un babero menor que los machos. Por el contrario, la indefinici6n del final del 
babero parece estar relacionado con la edad m•is que con el sexo: la indefinici6n furl mayor 
en aves nacidas en el mismo afio queen aves de mayor edad. La morfologia del babero de 
individuos tambirn mostraron efectos anuales independientes de la edad del ave. Individuos 
del 1994 que se refotografiaron en 1995 tenian baberos m•is indefinidos en 1995. Aves na- 
cidas en 1995 tambirn tenJan baberos m/rs indefinidos que las aves nacidas en 1994. Dife- 
rencias consistentes en el grado de indefinici6n del babero entre los aftos sugieren que la 
morfologia del babero podrla reflejar diferencias en los recursos disponibles al momento de 
mudar. 

Variation in plumage badges among individual birds may convey infor- 
mation on relative fighting ability, thus these signals could be used to 
assess competitors in order to avoid engaging in costly fights with domi- 
nant birds (Rohwer 1975). Associations have been found between indi- 
vidual rank of wintering birds and the degree of dark coloration on their 
head (Harris' Sparrows, Zonotrichia querula; Rohwer 1975, 1977, 1985; 
Rohwer and Rohwer 1978), breast (Great Tits, Parus major, J/irvi and 
Bakken 1984, J/irvi et al. 1987) or throat (House Sparrows, Passer domes- 
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ticus, M•ller 1987, 1989). "Cheating" (possessing extensive dark colora- 
tion without possessing superior fighting ability) appeared to be con- 
trolled through continual probing by other individuals, ensuring congru- 
ence between the size of a badge and the motivation to back up the signal. 
Birds whose badge sizes were experimentally increased suffered increased 
aggression from flockmates (Rohwer 1977, JSrvi et al. 1987, M•ller 1987) 
unless they were also implanted with testosterone, thus simultaneously 
increasing motivation to reinforce the signal (Rohwer and Rohwer 1978, 
JSrvi et al. 1987). 

Despite these early findings, however, recent studies have questioned 
Rohwer's (1975) suggestion that badge size acts as an absolute predictor 
of dominance. Associations between badge size and dominance appear 
to be the result of age and sex differences in plumage characteristics 
(Watt 1986a,b; Jackson et al. 1988; Wilson 1992). Only when juveniles are 
manipulated to resemble the plumage of adults does their rank against 
other juveniles or adults increase (Rohwer 1985, Holberton et al. 1990). 
However, if variation in plumage accurately reflects age or sex: it may 
serve as a signal of potential fighting ability when the rival is unfamiliar 
(Lemel and Wallin 1993). This is especially true if the size of the plumage 
badge is either partially dependent on access to resources, which also tend 
to be age, sex, and rank dependent (Balph et al. 1979, Hogstad 1988, 
Smith 1984) or related to physical condition of the individual (M•ller 
1989, Veiga 1993, Gustaffsson et al. 1995). 

We investigated whether plumage variability in the black bibs in Black- 
capped Chickadees (Poecile atricapillus) varies predictably with age and 
sex. Chickadees begin flocking in the fall, following the onset of the post- 
breeding molt of adults (July/August) and the first prebasic molt of 
young birds (August/September) (Smith 1991). Winter flocks usually 
consist of 2-4 mated pairs, normally an adult pair that bred the previous 
spring and several pairs of hatching-year birds pairing for the first time 
(Smith 1991). Dominance hierarchies are established within flocks 
through aggressive displays. During aggressive encounters in chickadees, 
the bib of the aggressor bird is prominently directed at the subordinate 
bird (the gape, bill up, and body ruffling displays; see Smith 1991). How- 
ever, no formal analysis has determined whether the morphology of the 
bib varies with age, and previous studies that investigated sex difference 
in the shape of the bib produced conflicting results (Mosher and Lane 
1972, Gochfeld 1977). If characteristics of the bib do covary with age and 
sex: (1) juveniles may be able to use bib characteristics to distinguish 
between older birds, especially older, dominant males, and avoid aggres- 
sive interactions with them and (2) females may be able to use bib char- 
acteristic to assess the age, and thus possible resource holding potential, 
of males during initial mate choice for pair formation. 

METHODS 

Adult bib measurement.--Adult chickadees (n = 108) were captured at 
the Queen's University Biology Station, Chaffey's Locks, Ontario (44ø3•N, 
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76ø1'W) between January and May 1994 (>90% from 6Jan.-1 Feb. 1994). 
This data set was used to analyze relationships between the area and pe- 
rimeter of the bib in relation to body size, age, and sex. For analyses of 
age and sex, we used 70 birds from the larger sample, whose sex was 
determined with confidence using a combination of body measurements 
(Desrochers 1990) and behavior during the breeding season, and whose 
age was determined by shape of the outer rectrices (hatching year, HY, 
versus after hatching year, AHY; Meigs et al. 1983). The numbers of birds 
in each age and sex category in 1994 were: 21 AHY males, 16 HY males, 
16 AHY females, and 17 HY females. This smaller sample constituted ap- 
proximately 80% of the males and females making up the focal breeding 
population in the spring of 1994. 

We took a standardized photograph of the bib of each bird at time of 
capture. Chickadees have a single annual molt in the early fall, therefore 
the winter plumage is retained into the spring (Smith 1991). The bird 
was held with its bill approximately parallel with the body, with the base 
of the skull resting on the scapula. In this position, the bib is fully visible, 
but the feathers are not stretched. All birds were photographed in the 
same standardized position with an 80 mm lens held approximately 30 
cm from the bird. A centimeter ruler was placed beside the bird to give 
relative scale, and a Canadian Wildlife Service band number was included 
in each photograph for individual identification. 

Using a lightboard, we traced the outline of the photographed bib onto 
tracing paper or clear acetate. We traced the largest continuous area of 
black feathers starting and finishing at the base of the bill. The feathers 
of the bib are dark from base to tip, while breast feathers are dark at the 
base and white at the tip (pers. obs.). The distinction between the end 
of the black bib feathers and the white-tipped breast feathers varies be- 
tween birds. In many individuals, white-tipped breast feathers interdigitate 
with the lower edge of the bib giving the lower edge a "ragged" appear- 
ance (see Mosher and Lane 1972, Gochfeld 1977, Smith 1991) (Fig. 1). 
We followed the edge of the black feathers excluding any interdigitating 
white feathers, and also excluding any black feathers that were completely 
isolated from the bib by white breast feathers. 

We scanned traces using Ofoto 2.03 (Light Source Computer Images) 
and imported the files into CANVAS 3.06 for Macintosh (Deneba Systems, 
Inc.). Using CANVAS, we adjusted the rulers to compensate for the small 
differences in scale between photographs. In CANVAS, we retraced the 
bibs using the polygon tool at a 300% enlargement to minimize mea- 
surement error. Using the program's measurement scale, we then calcu- 
lated the area and perimeter of the bib from the tracings. This technique 
yields highly repeatable measurements, as calculated using the repeat- 
ability index given in Lessells and Boag (1987). We retraced and remea- 
sured the bib photograph of 11 captive males originally measured 2 wk 
previously, without reference to the original tracing. Bib measurements 
were highly repeatable for both area and perimeter (area: r = 0.98; pe- 
rimeter: r = 0.92). Eleven different captive males photographed twice 
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FIGURE 1. Variation in bib morphology among individual Black-capped Chickadees. Traces 
were prepared froln photographs of wintering chickadees in 1994 and 1995. Birds were 
held with bill parallel with their body axis and base of skull resting on the shoulders in 
order to photograph the full bib. Birds were identified by legband number and ruler 
prox4ded scale. 

(each letting the bird relax for several minutes between successive pho- 
tos) also showed high repeatability between bib measurements (area: r = 
0.88; pe, imeter: r = 0.80). 

Analysis of bib morphology.--Bib area and perimeter are positively relat- 
ed (F•,•00 = 26.4, P = 0.0001), but area of the bib did not account for a 
high proportion of the total variance in the perimeter (R '• = 0.20). Al- 
though some of this variation is likely attributable to small differences in 
shape of the bib, much of this variation is likely due to bib raggedness 
described by Masher and Lane (1972). When white breast feathers inter- 
digitate the bottom edge of the bib, this increases the perimeter in rela- 
tion to the area of the bib (Fig. 1). Thus, we included the standardized 
residuals of the perimeter on area regression (hereafter termed residual 
perim/area) as an approximate measure of variance in bib morphology 
attributable to raggedness. 

We use the terminology residual perim/area in reporting statistical re- 
suits to distinguish our quantitative measure from the subjective scoring 
of Masher and Lane (1972), but use residual perim/area to approximate 
raggedness in describing this characteristic of bib morphology in the dis- 
cussion, so as to compare directly with earlier studies. To ensure that the 
residual scores did reflect a qualitative measure of raggedness, we asked 
three biologists naive to the aims of the study to classify 98 photographs 
of 1994 birds into one of two categories with respect to the lower edge 
of the bib, ragged or smooth. Scorers were given Figure 1 of Masher and 
Lane's (1972) study as an example. In addition, another naive observer 
was asked to pick from the photographs of birds an example of one bird 
each with a smooth or ragged bib. These two photographs were also given 
to the scorers as examples, and were excluded from later analysis. There 
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was consistency between scorers in classification of most birds (61/98 
were assigned to the same category by all three scorers). On average, 72 
of the 98 birds were classed into the same categories by any two scorers. 
In cases where disagreements in classification occurred, the final desig- 
nation of the bird as ragged or smooth bibbed was based on that agreed 
by two of the three scorers. Birds that were scored as smooth bibbed had 
significantly lower residual perim/area scores than birds scored as ragged 
bibbed (Mann-Whitney Test: U = 1365, n = 33, 65, P = 0.027). 

Changes in bib morphology within and between individuals: year effects.-- 
In the winter of 1995 (13 Dec. 1994-9 Jan. 1995), 33 surviving birds 
photographed the preceding year were rephotographed and bibs remea- 
sured using the same technique described above. The ages of these birds 
in 1994 were split equally between the two age classes (16 were AHY in 
1994, 17 were HY). These data allowed the comparison of changes in bib 
characteristics of returning birds to determine the consistency of bib mor- 
phology with age. In addition, 10 birds (six males, two females, and two 
birds of unknown sex) who had hatched in the study population in 1994 
were photographed during the same period in the winter of 1995 (these 
constitute a group of 1995 HY birds). To determine whether bib char- 
acteristics of juveniles differed between years, HYbirds in 1995 were com- 
pared to a similar sized group of HY birds in 1994. 

Statistical analysis.--We used regressions to compare bib morphology 
to body size. To test bib area, perimeter, and residual perire/area against 
age and sex of adults, we used two-factor ANOVAs. Comparison of chang- 
es in bib characteristics of birds returning in 1995 were conducted with 
two-factor repeated measures MANOVAs with age and sex as between- 
subject factors, and year as the within-subject factor. All analyses were two- 
tailed. 

RESULTS 

Bib morphology and body size.--There was no significant relationship 
between any measure of bib morphology (area, perimeter, or the residual 
perim/area) and any measure of body size (mass, wing chord, and rec- 
trix) (Table 1). Thus, differences in body size between males and females 
is unlikely to bias any sex differences found in bib morphology. 

The relation of bib morphology with age and sex.--There was a tendency 
for males to have larger bib areas than females, but there was no signifi- 
cant difference in bib area between age classes, and no interaction be- 
tween age and sex on bib area (sex: F•,66 = 3.0, P = 0.088; age: F•,66 = 
0.025, P = 0.88; age/sex interaction: F•,66 = 0.75, P -- 0.39) (Fig. 2a). 
There was no difference between males and females in bib perimeter, but 
HY birds had significantly larger bib perimeters than AHY birds (sex: F•,66 
-- 0.99, P = 0.32; age: F•,66 = 4.38, P = 0.04; age/sex interaction: F•,66 = 
0.001, P = 0.98) (Fig. 2b). This difference in perimeters between age 
classes is supported by the analysis of residual perim/area scores; there 
was no difference between sexes of the same age class, but older birds 
had significantly smaller residual perim/area scores (i.e., had less ragged 
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TABLE 1. Relationship between bib morphology and body size in Black-capped Chickadees 
as assessed by regression of individual measures of bib against each measure of body 
size. For a small number of birds, one or more body size datum was missing; these were 
excluded from analysis giving the slight differences in degrees of freedom between tests. 

Regression 

R e df F P 

Bib area (cm 2) 

vs. mass (g) 0.003 1, 104 0.26 0.61 
vs. wing chord (mm) 0.003 1, 103 0.34 0.56 
vs. rectrix (mm) 0.004 1, 105 0.46 0.50 

Bib perimeter (cm) 
vs. mass (g) 0.002 1, 104 0.17 0.68 
vs. wing chord (mm) 0.002 1, 103 0.17 0.68 
vs. rectrix (mm) 0.012 1, 105 1.33 0.25 

Residual perim/area 
vs. mass (g) 0.005 1, 104 0.55 0.46 
vs. wing chord (mm) 0.006 1, 103 0.59 0.44 
vs. rectrix (mm) 0.008 1, 105 0.85 0.36 

bibs) than young birds (sex: F1,66 = 0.017, P = 0.89; age: F1,66 = 6.38, P 
= 0.014; age/sex interaction: F1,66 = 0.3, P = 0.59) (Fig. 2c). 

Change in bib morphology with age within individuals.--Based on the 
results presented above, we predicted that as HYbirds from 1994 aged to 
become AHY in 1995, there would be: (1) little change in bib area and 
(2) a decline in bib perimeters, resulting in (3) a decrease in the residual 
perim/area scores. Conversely, we predicted (4) little change in all three 
variables in birds AlPfin both 1994 and 1995. We also predicted (5) there 
would be parallel changes for males and females in the same age cate- 
gories, as there was little indication that perimeter or residual perim/area 
was affected by sex. 

Contrary to our predictions, however, there were no differences in bib 
morphology that were attributable to aging from a HY bird to an AHY 
bird; rather, the differences in bib morphology seemed more attributable 
to sex differences than age differences. There was a significant decline in 
bib area between years within individuals; this was primarily attributable 
to a tendency for bib area to decline more in females than males (Table 
2). There was an overall increase in bib perimeter between years within- 
individuals, with a significant effect of the sex of the birds: males return- 
ing in 1995 had a larger increase in bib perimeters than females. There 
was no effect of the age of the bird in 1994 on the differences within- 
individuals in bib perimeter. Finally, there was an overall increase in re- 
sidual perim/area scores among birds. Once again, there was a marginal 
effect on the sex of the birds in the difference in residual perim/area 
scores: males tended to have a larger increase in residual scores between 
years than females but not significantly so. Age of the birds in 1994 had 
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FIGURE 2. Bib area (a), perimeter (b), and residual perim/area scores (c) of wintering 
chickadees in 1994 were compared between males and females as well as after hatching 
year and hatching year birds (M/AHY = 21, M/HY = 16, F/AHY = 16, F/HY = 17). 
Data presented are means _+ SE. Analyses are two-factor ANOVA; bars indicate differ- 
ences between sexes. -• indicates significance between age classes •4thin sex (P < 0.05). 

no effect on changes in residual perim/area. This suggests that all birds, 
but particularly males, tended to return in 1995 with more ragged bibs. 

Comparison of general bib characteristics between years.--If bib raggedness 
is related to general condition of the plumage, consistent effects such as 
the within-individual increase in bib raggedness seen above, could be the 
result of yearly fluctuation in resources available during the time of molt. 
If conditions were less favorable during molt for birds wintering in 1995 
than 1994, we might also expect HY birds in 1995 to have more ragged 
bibs than HY birds in 1994. We compared the bibs of the 10 birds that 
were HY in 1995 to the 17 birds that were HY in 1994 that also returned 

as AHY in 1995. The latter group was chosen as it represented a similar 
sized group of birds to the HYbirds measured in 1995. In addition, there 
was no significant difference between this group of HY birds from 1994 
that returned (n = 17) and other HY birds in 1994 that did not return 
the following winter (n = 16) on any of the three measures of bib char- 
acteristics (area: t = 0.69, P = 0.50; perimeter: t = 0.73, P = 0.47; residual 
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TABLE 2. Within-individual changes in bib area, perimeter, and residual perim/area between 
1994 and 1995 in 33 Black-capped Chickadees photographed in both years. Analyses are 
repeated measures MANOVA with differences in each variable between years as the within- 
subject factor, and differences in the age of birds in 1994 (Hatching year or After hatching 
year) and sex as between-subject factors that may contribute to between-year differences 
in bib morphology. Average values are shown as mean _+ SE based on classification of subjects. 

MAN OVA 

Variable 1994 1995 F P 

Area (cm 2) 
Within-subject factor 

Overall effect 2.89 + 0.11 2.53 +- 0.075 6.98 0.013 

Between-subject factors 
Age 1994 0.74 0.79 

HY 2.92 -+ 0.15 2.69 q- 0.07 
AHY 2.87 - 0.16 2.57 + 0.14 

Sex 3.18 0.085 
M 2.85 + 0.14 2.74 q- 0.09 
F 2.98 + 0.16 2.43 _+ 0.13 

Age 1994 * Sex 0 0.99 
M/HY 2.85 _+ 0.19 2.78 -+ 0.08 
M/AHY 2.84 -+ 0.23 2.70 q- 0.17 
F/HY 3.03 _ 0.27 2.52 q- 0.10 
F/AHY 2.92 +- 0.22 2.34 _+ 0.24 

Perimeter (cm) 
Within-subject factor 

Overall affect 9.11 +- 0.31 10.27 + 0.39 5.29 0.03 

Between-subject factors 
Age 94 1.09 0.3 

HY 9.57 q- 0.53 10.35 q- 0.56 
AHY 8.61 +_ 0.28 10.20 -+ 0.57 

Sex 5.22 0.03 
M 8.76 _+ 0.39 10.59 _+ 0.50 
F 9.72 -+ 0.49 9.72 q- 0.65 

Age 94 * Sex 0.001 0.98 
M/HY 9.08 - 0.66 10.50 + 0.74 
M/AHY 8.41 - 0.40 10.70 _+ 0.68 
F/HY 10.49 _+ 0.85 10.08 -+ 0.89 
F/AHY 8.95 -+ 0.31 9.36 + 1.00 

Residual perim/area 
Within-subject factor 

Overall affect -0.79 _+ 0.26 0.68 q- 0.39 12.26 0.002 

Between-subject factors 
Age 94 1.6 0.22 

HY -0.34 -+ 0.44 0.69 +- 0.53 
AHY -1.26 -+ 0.20 0.67 q- 0.60 

Sex 3.38 0.076 
M -1.08 + 0.32 0.87 _+ 0.52 
F -0.27 - 0.35 0.35 -+ 0.60 

Age 94 * Sex 0.001 0.98 
M/HY -0.77 _+ 0.57 0.73 q- 0.71 
M/AHY -1.43 _+ 0.24 1.02 -+ 0.8 
F/HY 0.44 -+ 0.63 0.60 -+ 0.86 
F/AHY -0.97 _+ 0.36 0.09 -+ 0.91 
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perire/area: t = 0.56, P = 0.58). When comparing the HYbirds in 1995 
with HY birds in 1994, the 1995 HY birds had smaller bib areas (t-test: t 
-- 2.6, df = 26, P -- 0.016) and larger residual perim/area scores (t = 
-2.176, df = 26, P = 0.039) than the 1994 HY birds. There was no 
difference in the bib perimeter between the 1994 and 1995 HY birds (t 
-- -1.059, df = 26, P = 0.30). 

DISCUSSION 

In comparison to after-hatching-year birds, hatching-year chickadees of 
either sex had larger perimeters (total outline of the bib) and larger 
residual perim?area scores (more white feathers along the bottom edge). 
Thus, younger birds tended to have more ragged lower bib margins than 
older birds. Our results contrast with those of Mosher and Lane (1972), 
who suggested that raggedness of the bib distinguished males and fe- 
males, a suggestion that was also disputed by Gochfeld (1977). We found 
some evidence for sexual dimorphism in bib area, a feature not measured 
by either Mosher and Lane (1972) or Gochfeld (1977). Bib area tended 
to be larger in males than females in 1994. This tendency for a sex dif- 
ference in bib area is not merely a correlate of smaller body size of the 
female, because there was no association between bib area and any mea- 
sure of body size. Thus, chickadees appear similar to other species, such 
as Dark-eyedJuncos (Balph et al. 1979) and Great Tits (J/irvi and Bakken 
1984, Wilson 1992) in which males have larger plumage badges than fe- 
males. To determine whether bib morphology is influenced by intersexual 
selection, aviary studies where females are allowed to pair with novel 
males with manipulated bibs will be required. In the congeneric Great 
Tit, females prefer males with wider breast stripes as mates (Norris 1990). 

Chickadee bib morphology also appears to indicate age, at least in the 
larger sample of 1994, with after-hatching-year birds having smaller perim- 
eters and less ragged bibs than hatching-year birds. This age difference 
in bib morphology is similar to that found in Harris' Sparrows (Watt 1986 
a,b;Jackson et al. 1988) andjuncos (Holberton et al. 1990). Neither Great 
Tits nor House Sparrows were found to have badge size vary with age 
(JSrvi and Bakken 1984, M•ller 1987, Wilson 1992; cf. Veiga 1993 for 
House Sparrows). Our results, along with others (e.g., Norris 1990) sug- 
gest it may be important to consider additional aspects of badge mor- 
phology beyond area, such as perimeter and shape, in testing for age 
effects. 

Age differences in bib morphology may prove to be effective in both 
intersexual and intrasexual signalling. Perception of age of competitors 
may prevent young birds from engaging in interactions with older birds 
that are likely to be dominant, it may be advantageous for females to be 
able to assess age of unfamiliar, unpaired potential mates. 

We had predicted that between-year differences in the bibs of individ- 
uals would primarily reflect changes in age classes; individuals undergoing 
their first adult molt (e.g., going from HY molt to AHY) should show a 
greater decrease in bib raggedness than individuals going from one AHY 
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molt to the next. However, the differences that we sax• in bib morphology 
between years were more related to sex than to changes in age. While all 
birds had significant increases in bib perimeters between 1994 and 1995, 
males of both age classes in 1994 (HY or AHY) returned with a greater 
increase than females. As a result, all birds in the winter of 1995, but 
primarily males, had larger residual perim/area (bibs were more ragged) 
than they had been the previous winter. 

This overall increase in raggedness may be attributable to environmen- 
tal differences affecting birds, such as the relative amount of resources 
available at the time of molt. We cannot completely discount subtle dif- 
ferences in measurement between years, although steps were taken to 
decrease this problem (same photographer, protocol and equipment in 
both years as well as the same individual tracing and measuring photo- 
graphs). In addition, the procedure produces highly repeatable results 
from multiple photos of the same individual taken over a shorter time 
scale (see above). There is some supporting evidence that differences in 
bib raggedness between years reflect differences in resources at the time 
of fall molt. First, the effects of the increase in bib raggedness between 
years was consistent; the effect was seen across all individuals, though 
slightly heightened in males. Second, HY birds in the winter of 1995 had 
smaller bib areas and more ragged bibs than a similar sized sample of HY 
birds from the winter of 1994. These trends suggest bib morphology could 
be condition dependent. Captive studies on Carolina Chickadees (Poecile 
carolinensiy, Grubb 1991) and European Starlings (Sturnus vulgaris; Swad- 
dle and Witter 1994) have suggested that food levels affect the condition 
of feather development. Swaddle and Witter (1994) found periodic food 
stress during the fall molt resulted in higher levels of a•ymmetry in breast 
feathers. If food availability at the time of molt in chickadees affects bib 
morphology, the shape and raggedness of the bib may reflect individual 
condition, as is known to occur in the plumage of Collared Flycatchers, 
Ficedula albicollis (Gustaffsson et al. 1995) and House Sparrows (M•ller 
1989, Veiga 1993). In order to assess the importance of food availability 
on bib development, similar experiments of housing chickadees on vari- 
able diets are required. By varying food availability or protein levels of 
the diet during the fall molt, the condition dependence of bib ragged- 
ness, and thus its signal potential, could be assessed. 

ACKNOWLEDGMENTS 

Comments on earlier drafts of the manuscript were kindly provided by S. Ramsay, V. Mueh- 
ter, A. A. Dhondt, P. Taylor, P. T. Boag, K. Wynne-Edwards, S. M. Smith, D. Watt and an 
anonymous reviewer. The Queen's University Biology Station provided logistic support dur- 
ing the study. The Weatherhead-Metz, Curtis, Lundell and Monaghan families allowed access 
to land. The study was funded by an NSERC research grant to LR and a Society of Canadian 
Ornithologists Taverner Award, Animal Behavior Society Award, Sigma Xi Grant-in-Aid of 
Research and a John K Cooper Research Award to KO. 

LITERATURE CITED 

BALPH, M. H., D. F. BALPH, AND H. C. ROMESBURG. 1979. Social status signalling in winter 
flocking birds: an examination of a current hypothesis. Auk 96:78-93. 



Vol. 70, No. 4 Bib Size in Chickadees [577 

DESROCHERS, A. 1990. Sex determination of Black-capped Chickadees with a discriminate 
analysis. J. Field Ornithol. 61:79-84. 

GOCHFELD, M. 1977. Plumage variation in Black-capped Chickadees: is there sexual dimor- 
phisre? Bird Banding 48:62-66. 

GRUBB, T. C., JR. 1991. A deficient diet narrows growth bars on induced feathers. Auk 108: 
725-727. 

GUSTAFSSON, L., A. QVARNSTROM, AND B. SHELDON. 1995ß Trade-offs between life-history traits 
and a secondary sexual character in male collared flycatchers. Nature 375:311-313. 

HOGSTAD, O. 1988. Rank-related resource access in winter flocks of Willow Tit Parus mon- 
tanus. Ornis. Scand. 19:169-174. 

HOLBERTON, R. L., R. HANANO, AND K. P. ABLE. 1990. Age-related dominance in male dark- 
eyed juncos: effects of plumage and prior residence. Anim. Behav. 40:573-579. 

JACKSON, W. M., S. ROHWER, AND R. L. WINNEGRAD. 1988. Status signalling is absent within 
age-and-sex classes of Harris' Sparrows. Auk 105:424-427. 

J'ARVI, T., AND M. BAKKEN. 1984. The function of the variation in the breast stripe of the great 
tit (Parus major). Anim. Behavß 32:590-596. 

, {•. WALSgD, AND M. BAKKEN. 1987. Status signalling by Parus major: an experiment 
in deception. Ethology 76:334-342. 

LEMEL, J., AND K. WALLIN. 1993. Status signalling, motivational condition and dominance: 
an experimental study in the great tit, Parus major. Anita. Behav. 45:549-558. 

LESSELLS, C. M., AND P.m. BOAG. 1987. Unrepeatable repeatabilities: a common mistake. Auk 
104:116-121. 

M•3LLER, A. P. 1987. Social control of deception among status signalling house sparrows, 
Passer domesticus. Behav. Ecol. Sociobiol. 20:307-311. 

ß 1989. Natural and sexual selection on a plumage signal of status and on morphology 
in house sparrows, Passer domesticus. J. Evol. Biol. 2:125-140. 

MOSHER, J. I., AND S. LANE. 1972. A method of determining the sex of captured Black-capped 
Chickadees. Bird Banding 43:139-140. 

MEIGS, J. B., D.C. SMITH, ANDJ. V. BUSI•RK. 1983. Age determination of Black-capped Chick- 
adees. J. Field Ornithol. 54:283-286. 

NORRIS, K.J. 1990. Female choice and the evolution of the conspicuous plumage coloration 
of monogamous male great tits. Behav. Ecol. Sociobiol. 26:129-138. 

ROWHER, S. 1975. The social significance of avian winter plumage variability. Evolution 29: 
593-610. 

ß 1977. Status signalling in Harris' sparrows: some experiments in deception. Behav. 
61:107-129. 

ß 1985. Dyed birds achieve higher social status than controls in Harris' sparrows. Anita. 
Behav. 33:1325-1331. 

, AND F. C. ROHWER. 1978. Status signalling in Harris Sparrows: experimental decep- 
tions achieved. Anita. Behavß 26:1012-1022. 

SMITH, S. M. 1984. Hock switching in chickadees: why be a winter floater. Am. Nat. 123:81-98. 
•. 1991. The Black-capped Chickadee: behavioral ecology and natural history. Comstock 

Publishing Assoc., New York. 
SWADDLE, J.P., AND M. S. WITTER. 1994. Food feathers and fluctuating asymmetries. Proc. R. 

Soc. Lond. Bß 255:147-152. 

VEIGA, J.P. 1993. Badge size, phenotypic quality, and reproductive success in the house 
sparrow: a study on honest advertisement. Evolution 47:1161-1170. 

WATT, D.J. 1986a. A comparative study of status signalling in sparrows (Genus Zonotrichia). 
Anita. Behav. 34:1-15. 

--. 1986b. Relationship of plumage variability, size and sex to social dominance in Har- 
ris' sparrows. Anita. Behav. 34:16-27. 

WILSON, J. D. 1992. A re-assessment of the significance of status signalling in populations of 
wild great tits, Parus major. Anim. Behav. 43:999-1009. 

Received 27 Jul. 1998; accepted 8 Mar. 1999. 


