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Behavioral Consistency in a Changed
Social Context in Carolina Chickadees
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ABSTRACT. Stable personality-like influences on behavior have been documented in
nonhuman animals (S. D. Gosling, 2001), but little is known about such influences with-
in explicitly social contexts. The authors tested whether individuals of a socially complex
avian species, Carolina chickadees (Poecile carolinensis), show consistent behavioral pro-
files when their social context changes. Consistency was tested using 7 groups of chick-
adees, each group comprising 2 female—male pairs. The 2 pairs from each group were iso-
lated from one another until the male birds were switched between the pairs. The authors
made several measures before and after the male switch, including measures of affiliative
and agonistic behavior, self-maintenance behavior, and vocalizations. The authors
observed strong behavioral consistency despite the major change in social context, sug-
gesting that personality can influence this fundamental social relationship.
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WHEN AN INDIVIDUAL IS EXPOSED TO NOVEL SITUATIONS, does he or
she respond in a reliable and consistent manner? For example, humans charac-
terized as shy tend to exhibit shy tendencies in the majority of environments:
social outings, classrooms, and relationships (Pervin & John, 1999). Individual
humans appear to be relatively consistent in their responses across a variety of
contexts, and individuals differ from one another both behaviorally and in propen-
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sities for behavior (see Marshall & Brown, 2006; McAdams & Pals, 2006; and
Shoda, Tiernan, & Mischel, 2002, for further discussion of the interaction
between personality or traits and social or environmental context). Many
researchers acknowledge a shy—bold continuum as a key dimension of human
behavioral variation (Wilson, Clark, Coleman, & Dearstyne, 1994). Nonhuman
animals can also be ranked on a shy—bold continuum (Sih, Bell, & Johnson, 2004;
Wilson et al.), exhibiting relatively consistent responses across different contexts
and environments. Thus, an individual responding as bold in social interactions
is expected to behave in a bold manner in threatening situations, in foraging con-
texts, and in mating situations.

Researchers have recently begun to test for personality, or behavioral pro-
files, in a wide variety of nonhuman animals (reviewed in Gosling, 2001; Sih,
Bell, Johnson, & Ziemba, 2004; e.g., guppies: Budaev, 1997; birds: Both, Dinge-
manse, Drent, & Tinbergen, 2005; Groothius & Carere, 2005; nonavian reptiles:
Cote & Clobert, 2007; Herzog & Burghardt, 1988; hyenas: Gosling, 1998; non-
human primates: Suomi, Novak, & Well, 1996). A behavioral profile is a classi-
fication that describes individuals’ consistent and predictable responses to a vari-
ety of stimuli, helping to explain behavioral differences among individuals. If an
individual exhibits consistent responses, researchers can predict its future behav-
ioral outcomes when the context changes.

An alternative hypothesis to explain behavior across changes in environ-
mental context involves behavioral plasticity, the flexibility that one has to adjust
one’s behavior to the present situation or context (Coleman & Wilson, 1998; Dall,
Houston, & McNamara, 2004; Neff, 2003; Pfennig, Reeve, & Sherman, 1993).
Under this hypothesis, when the context for an individual changes, its patterns of
behavior may change dramatically. This notion can be traced back to the earliest
decades of psychological science (e.g., Watson, 1914). There is much evidence
to support this idea of behavioral plasticity and the influences from the social
environment. For example, Coleman and Wilson found consistent individual dif-
ferences among pumpkinseed sunfish, Lepomis gibbosus, but did not find strong
individual consistency in behavior when compared across contexts, suggesting
these individual differences are context specific. White, King, and West (2002)
found that when the social context changed for adult male brown-headed cow-
birds, Molothrus ater, differences in both communicative behavior and mating
patterns resulted. Dingemanse and de Goede (2004) found that, in a population
of wild great tit (Parus major), a species with a linear-dominance hierarchy orga-
nization, dominant behavior was dependent on both the individual and the social
and physical characteristics of the environment. If social or other environmental
stimuli strongly affect behavioral responses, then researchers cannot necessarily
predict an individual’s behavior when its context changes.

Great tits have been key subjects for comparing behavioral profiles and the
consistency of behavior with the idea of behavioral plasticity (Both et al., 2005;
Carere, Drent, Privitera, Koolhas, & Groothuis, 2005; Dingemanse & de Goede,
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2004; Groothuis & Carere, 2005). These researchers have documented that indi-
viduals are fairly consistent in their behavioral profiles over time and in different
contexts, and this consistency is associated with reproductive outcomes. Although
these studies, as well as studies in other species, have addressed some social behav-
ior, behavioral consistency of individuals has rarely been tested in explicitly social
contexts. In the present study, we investigated the reliability of behavioral respons-
es across a major shift in the social context in a species with a complex social struc-
ture, the Carolina chickadee (Poecile carolinensis). Chickadees, members of the
Paridae family, as are great tits, form stable flocks of individuals in the overwin-
tering months (Smith, 1991). In the present study, we tested for behavioral con-
sistency in a situation that we designed to mimic a natural process in these flocks,
specifically how an individual behaves when it loses a mate or flock member and
is then involved in substantial social interaction with a new individual joining the
flock. We also tested for behavior consistency across a change in social context in
terms of mean responses of individuals and their variabilities in response, given
that variability in behavior itself may be a personality characteristic explaining dif-
ferences among individuals (Fleeson, 2001, 2004; Moskowitz & Zuroff, 2004). If
behavior in chickadees is strongly influenced by personality, as predicted by the
behavioral profiles hypothesis, we would expect individuals’ behavior patterns
after this change in social context to be similar to their behavior patterns prior to
the social change. However, if behavior in chickadees is strongly dependent on the
social context, as predicted by the behavioral plasticity hypothesis, then individu-
als’ behavior patterns after this change in social context should not correlate with
their behavior patterns prior to the social change.

Method
Subjects

Our sample consisted of 28 wild-caught adult male (N = 14) and female (N =
14) Carolina chickadees. The birds were captured from one of two locations: I[jams
Nature Center (INC), Knoxville, Tennessee; and the University of Tennessee For-
est Resources, Research and Education Center (UTFRREC), Oak Ridge, Ten-
nessee. Of the subjects, 7 male birds and 7 female birds were from INC, and 7 male
birds and 7 female birds were from UTFRREC. The female and male birds of each
pair were captured from the same site at the same time and day. This capture method
made it highly likely that the two birds were flockmates, because of the social sta-
bility and territoriality of overwintering flocks of chickadees (Mostrom, Curry, &
Lohr, 2002). INC and UTFRREC are approximately 35 km apart. Individuals cap-
tured from these two locations would not be familiar with one another because of
the limited dispersal distances of the species (Mostrom et al.). Upon capture, we
uniquely color-banded all birds for identification. Birds were sexed on the basis of
wing chord measurements that were taken at time of capture. An individual with
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a wing chord of £ 60 mm was classified as a female; an individual with a wing
chord of > 62 mm was classified as a male (Thirakhupt, 1985). Following the
study, we moved four pairs to four independent aviaries at UTFRREC during the
spring months, and all successfully mated and produced fertile eggs, supporting
this method of distinguishing between the two sexes.

Housing and Maintenance

We housed female—male pairs in cages (0.5 m X 0.5 m X 1 m) inside MED-
Associates’ large monkey cubicles. These chambers were located in four separate
rooms. All chambers were both vocally and visually isolated from one another.
Cages inside the chambers had three wooden perches (two near the top of the
cage and one near the floor of the cage). We provided the birds with ad libitum
food (a 1:1 mix of black oil sunflower seed and safflower seed, crumbled suet,
and crushed oyster shell and grit) and daily gave them Bronx Zoo diet for omniv-
orous birds mixed with sprouted seed, chopped fresh fruit and vegetables, 1-2
mealworms each, and fresh vitaminized water. Birds were maintained on a
light—dark cycle matched to that of the local environment. The average high tem-
perature across all rooms was 23.8°C, SD = 2.5°C, and the average low temper-
ature across all rooms was 21.8°C, SD = 2.0°C.

Design and Procedure

One female—male pair from INC and one female-male pair from UTFRREC
constituted a set. The present study involved seven sets, totaling 14 female-male
pairs. Three sets occurred between October 2004 and April 2005, and the final
four sets occurred between December 2005 and April 2006 (see Figure 1). Each
pair was brought into the laboratory and housed for approximately 3 weeks before
the start of data collection, allowing the birds to adjust to their new surroundings.
Observations occurred during the next 6 weeks, split into three phases of 2 weeks
each: Baseline, Switch 1, and Switch 2. During each of these three phases, we
observed each individual with his or her cage mate for eight 15-min focal peri-
ods, totaling 672 sampling periods across the 28 birds. For data collection, the
observer sat outside the chamber in the darkened laboratory room, looked through
a clear plastic observation window into the chamber, and recorded behavior of
focal individuals in lab notebooks. The observation window (14 cm X 14 cm) was
covered with black cloth, which was lifted during each observation period. Obser-
vations started no earlier than 30 min after the chamber lights turned on in the
morning and ended by 1400 hours. Ellen M. Harvey collected 440 of the focal
samples, and Todd M. Freeberg collected the remaining 232 samples.

Prior to each focal observation was a 6-min acclimation period during which
the observer collected no data. After this period, we recorded data for 15 min in
five 3-min increments. At the end of each 3-min segment, we recorded where each
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FIGURE 1. Timeline of data collection across the 2-year period. Each bold line
denotes one set of two female-male pairs. The bottom portion depicts the three
2-week periods of data collection for each of the seven sets.

individual was in relation to the other individual (denoted in Table 1 as point sam-
ple affiliation score; a higher score indicated the two individuals were found fre-
quently near one another during these 3-min sample points). Other measures (13
total: see Table 1) that we collected during the 15-min focal samples were
instances of and time spent in close proximity (< 15 cm); preening behavior; sup-
plants; and eating and drinking behaviors. We also documented three of the major
vocalizations of chickadees: the chick-a-dee call, which they use in a wide range
of social contexts; the feebee-feebay song, which is used primarily by males in
territorial signaling; and the gargle, which is used commonly in agonistic inter-
actions (Ficken, Ficken, & Witkin, 1978; Hailman, Ficken, & Ficken, 1985).

At the end of the 2-week baseline phase, we switched the male birds of each
set. Such a male-switching manipulation placed each bird in a novel social con-
text with an unfamiliar member of the opposite sex. For analyses, we split the
switch period into two phases: Switch 1 and Switch 2 (Figure 1).

Statistical Analyses

We conducted a factor analysis with our 13 behavioral measures, using a
principle component analysis with Varimax rotation, with Kaiser normalization
(SPSS v. 14.0). To explore the possibility of an effect of sex on factor scores
across each phase of the study (Baseline, Switch 1, Switch 2), we used Mann-
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Whitney tests. To test for behavioral consistency of both mean responses and vari-
ation in responses, we used Spearman’s rank correlations to compare mean fac-
tor scores of birds in baseline phase (B) to both postswitch phases (S1 and S2)
and coefficients of variation of the factor scores within each phase. We used
sequential Bonferroni tests to correct for the six factors being compared in each
test (Rice, 1989).

Results
Factor Analysis

We observed the birds for 672 15-min observational periods, resulting in 168
hr of behavioral data. Factor analysis identified six primary factors: Affiliation,
or Proximity; Preening; Aggressive Behavior; Eating or Drinking; Nonagonistic
Vocalizations; and Being Supplanted. Table 2 displays all factor loadings = .700,
as well as the total variance explained by each of the six factors. These six fac-
tors account for nearly 70% of the total variance. Our activity measure (flights)
loaded most strongly onto Factor 6 but was not included because of a factor score
of .456. We found no significant differences in mean factor scores or correlations
of mean factors scores when comparing birds captured at UTFRREC with birds
captured at INC. We also found no correlations between females’ mean factor
scores and their male flockmates’ mean factor scores.

Sex Differences Among the Six Factors

We found few sex differences. Sex differences were only detected for Factor
3, Aggressive Behavior, during S1 and S2; and for Factor 5, Nonagonistic Vocal-
izations, during S1 (Table 3). In each of these cases, male factor scores were high-
er than female factor scores: Male birds supplanted and produced gargle vocal-
izations (an aggressive vocal signal) more than did female birds during the S1
and S2 phases, and male birds produced more feebee—feebay songs and more
chick-a-dee calls than did females during the S1 phase.

Behavioral Consistency Across Phases

We compared mean factor scores between B and S1 (Figure 2) and between
B and S2 (Figure 3) and found strong behavioral correlations in the 28 birds. The
comparison of B to S1 tested whether an individual behaves consistently with a
new social partner immediately after losing its original social partner. We found
significant positive correlations, indicating such behavioral consistency, for Fac-
tors 3, 4, 5, and 6 (Figure 2). The comparison of B to S2 tested whether an indi-
vidual behaves similarly to the way it did with its original social partner after 2
full weeks of interaction with its new social partner. We found significant posi-
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tive correlations for Factors 3 (aggression) and 4 (eat/drink; Figure 3). We also
detected consistency when testing the B-to-S1 and B-to-S2 phases within each
sex, even with the loss of statistical power. Female birds exhibited significant con-
sistency for Factor 3, 4, and 5 scores in comparisons of B with S1 phases, and
males exhibited significant consistency for Factor 6 scores in comparisons B with
S2 phases (Table 4). Finally, we did not detect much consistency in individuals’
variability in responses across the three phases. The only significant correlation
that we found was in comparing Factor 1 scores from B with S1 phases: Birds
that were highly variable in their affiliation scores during the B phase tended to
be highly variable in their affiliation scores during the S1 phase, and those that
showed little variation during B showed little variation during S1 for Factor 1
(Table 5).

Discussion

We observed consistent behavioral responses in Carolina chickadees despite
the dramatic shift in the birds’ social environment, in accordance with a behav-
ioral-profiles prediction. In the 2-week period immediately following their hous-
ing with a novel individual of the opposite sex (S1 phase), individuals exhibited
patterns of aggressive behavior, eating and drinking, vocal behavior, and being
supplanted that were similar to their patterns prior to the change in social part-
ner. Therefore, our results suggest that individuals’ personalities may play an
important role in social behavior and potentially in regulating social interactions
among individuals. We brought chickadees in our study into the laboratory in
opposite-sex pairs from the same capture site. Those two individuals from the
same flock did not exhibit similar patterns of behavior. In addition, our data indi-
cate that sex differences do not seem to be a major influence on the behavior pat-
terns that we measured. We found a sex effect on only two factors, and the effect
was not detected across all phases of the study for these two factors.

In their natural environment, chickadees form stable flocks with conspecifics
during nonbreeding months. Flocks are composed of four to six individuals, typi-
cally comprising two to three female—male pairs (Smith, 1991). Because of preda-
tion and mortality, chickadees may have to form one or more new relationships with
unfamiliar conspecifics, and such an establishment of a new social bond may be a
difficult transition. We found that behavior seemed to be more strongly correlated
immediately following the introduction of the novel conspecific. That is, correla-
tions between Baseline phase and Switch 1 phase tended to be greater than corre-
lations between Baseline and Switch 2 phases (particularly for all birds combined
and for female birds). One reason for this finding may be that behavioral profiles
are stronger in unfamiliar social contexts (i.e., Switch 1), when an individual has
no history of social interactions with the other individual. With additional time and
social interaction (i.e., Switch 2), the social context may begin to play a stronger
role in individual behavior, although we still detected significant behavioral corre-
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TABLE 5. Spearman’s Correlation Coefficients for the Coefficients of Variation
for the Six Factor Scores for All Individuals Across Three Observation Phases:
Baseline (B), Switch 1 (S1), and Switch 2 (S2)

B-S1 B-S2

Factor T p T p

1 513 .005 —-.056 178
2 147 456 183 .350
3 397 .037 321 .095
4 304 116 158 423
5 274 159 .067 134
6 —-.159 418 141 475

Note. Statistical significance after sequential Bonferroni correction for multiple comparisons
is denoted by bold text. r, = Spearman rank-order correlation coefficient.

lations when comparing B to S2 phases. This finding indicates that social interac-
tions between two chickadees may be influenced initially by personality differences
and subsequently (and perhaps increasingly over time) by the specific nature of the
social relationship, although further studies are needed to test this idea. Another
potential explanation for the high consistency in factor scores across the three phas-
es is that the change in social context—although substantial—was not large enough
to significantly affect individuals’ behavioral profiles. Ongoing studies should be
able to address this latter possibility because researchers are varying contexts (rather
than changing the companion within the social context that we manipulated here)
and are modifying the social environments of individuals in more diverse ways.
Dall et al. (2004) presented an interesting, ongoing debate concerning behav-
ioral strategies and state-versus-dynamic behavioral responses. One side of this
debate argues that context dependent behavior (responses that are determined by
the current conditions) is the most adaptive strategy for an organism. Specifical-
ly, individuals should constantly modify or adjust their behavior depending on
current conditions. However, behavioral stability may also be an adaptive strate-
gy: If an individual is aggressive or bold in one biologically important context
(such as feeding behavior), such consistent, stable behavior will likely help it per-
form well in other more diverse contexts (e.g., male—male conflict, male—female
interactions, and antipredation behaviors). Recent researchers have documented
that if an individual is too aggressive or too shy; however, there may be negative
consequences (Coleman & Wilson, 1998; Johnson & Sih, 2005; Sih & Watters,
2005). If so, then a slight degree of behavioral flexibility may be most adaptive
when contexts change. One interesting question in chickadees would be to exam-
ine the consistency of behavior across both threatening and survival-related con-
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texts (i.e., foraging, courtship, mating), to determine the most adaptive strategies.

We found significant correlations between six mean factor scores comparing B
with S1 and B with S2 phases (Figures 2 and 3), but found only one significant cor-
relation between variability in factor scores comparing the same phases (Table 5).
One possible explanation for this difference is that the change in social partner had
relatively minimal influence on an individual’s average behavioral profile across the
phases of the study, but had a large impact on the individual’s behavioral variabili-
ty within the phases of the study. Another potential explanation, and one that seems
more likely at this point, is that our focal samples of each individual were too few
to provide an adequately sensitive measure of behavioral variability. We sampled
each bird’s behavior eight times during each phase. In contrast, Fleeson (2001) col-
lected roughly 50-75 reports from individuals in the three experiments of his study
of variability in personality. To address the question of behavioral variability and
how it may change when an individual’s context changes, future researchers should
collect substantially larger data sets than we have done in the present study.

Work with humans has indicated that behavioral patterns of individuals may
be fairly consistent within social contexts despite significant changes to the social
setting (e.g., Epstein, 1979; but see Mischel & Peake, 1982). For example, Stray-
er (1992) found that preschool children (aged 1-5 years) were fairly stable in their
group structures of aggressive and affiliative interaction when comparing the win-
ter term with the spring term. Snyder and Monson (1975) demonstrated that indi-
viduals exhibiting low self-monitoring (Snyder, 1974) were highly consistent in
responding to questions that varied social settings. Work in nonhuman primates
has also indicated an important role of personality-like influences in generating
behavioral consistency in different social contexts (Clarke & Boinski, 1995; Sey-
farth, 1980; Suomi et al., 1996). Behavioral profiles appear independent of rank
order in some cases (Suomi et al.), but appear strongly correlated with dominance
rank in others (Seyfarth). Seyfarth’s work with adult female vervets, Cercopithe-
cus aethiops, and our present study with chickadees, have focused on behavioral
consistency via correlational comparisons of the same individuals encountering
changed social contexts. To our knowledge, our study is the first to demonstrate
behavioral consistency in individuals following a change in a close social com-
panion of the opposite sex. By testing these ideas with chickadees, we hope to con-
tribute to the understanding of social and vocal complexity in this group of species
(Freeberg, 2006) and also to the understanding of some of the biological and social
bases for behavioral differences in humans (Groothius & Carere, 2005).
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