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Because zoos typically house animals for extended periods of time, longitudinal studies can play an important role in
evaluating and optimizing animal care and management. For example, information on patterns of aggression and mating
behavior across years can be used to monitor well-being, assess response to changes to group composition, and promote
successful reproduction. Here, we report on patterns of aggression and pair bonding by American flamingos (Phoenicopterus
ruber) at the Audubon Zoo, NewOrleansUSA across 4 years (2012–2015), a period that included a simultaneous introduction
and removal of individuals in 2014. At the population level, overall rates and social network indices of aggressive interactions
were relatively stable over the study period, without a strong signal of the 2014 replacement event. At the individual level,
flamingos exhibited a high degree of within-individual consistency in levels of aggression initiated (W¼ 0.530, P< 0.001),
and received (W¼ 0.369, P¼ 0.042). In terms of pair bonds, females re-paired with the same individuals across years more
frequently (between 58% and 100% from year to year) than they switched mates, and no bonds were established between pre-
existing and introduced individuals. These findings indicate a high degree of stability in aggression and pair bonding behavior
in this population of captive flamingos, at both the population and individual level. Longitudinal studies such as this one
provide an opportunity to better our understanding of flamingos and other long-lived, group-living animals along with their
management needs, especially in terms of maintaining social cohesion in captivity and improving captive breeding programs.
Zoo Biol. 35:111–119, 2016. © 2016 Wiley Periodicals, Inc.
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INTRODUCTION

A central mission of zoos is to ensure the well-being of
captive animals [Van Dyke, 2010; Hosey et al., 2013].
Aggression is a commonly used index of well-being among
captive animals. Though some minimum level of aggression
is necessary to acquire breeding opportunities or maintain
territories [Duckworth, 2006; Alcock, 2009], high levels of
aggression can have negative consequences on the physical
and psychological health of captive animals and may be
indicative of improper enclosure environments, social
instability, or chronic stress [Carlstead and Shepherdson,
1994, 2000; Waples and Gales, 2002; McDougall et al.,
2006; Morgan and Tromborg, 2007]. Breeding may also
reflect well-being of captive animals because lack of

breeding success could be related to stress levels, the social
environment, and enclosure design [Carlstead and Shep-
herdson, 1994; Waples and Gales, 2002]. Observational
studies across multiple years (i.e., longitudinal studies) can
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play an important role in establishing baseline patterns of
aggression and breeding behavior needed to effectively
monitor well-being in long-lived organisms [Dawkins, 2004;
Melfi, 2009; Watters et al., 2009]. For example, longitudinal
monitoring can capture subtle, or not so subtle, changes in
behavior [Watters et al., 2009] in the context of changes to
group composition via the addition and/or removal of
individuals.

In some species, changes to group composition can
lead to changes in dominance hierarchies that in turn lead to
increases in overall aggression (e.g., as some individuals
attempt to achieve higher status) and less integration among
group members [Monnin and Peeters, 1999; Cleveland et al.,
2003; Flack et al., 2006; Maruska and Fernald, 2010].
Changes in group composition can also alter breeding
dynamics; indeed, introductions are often used as a strategy
to induce breeding among non-reproducing captive animals
[Stevens and Pickett, 1994; Farrell et al., 2000]. The impact
of an introduction or replacement event can only be
quantitatively assessed when pre-introduction data are
available for comparison [Watters et al., 2009], further
underscoring the importance of longitudinal studies.

Measures of social stability and behavioral consistency
relevant to aggression and breeding can occur at several
levels: the individual, small groups or pairs, or the whole
population. Individuals can demonstrate consistency in
behaviors across contexts and/or time, and these behaviors
can be correlated; this is often referred to as animal
personality or behavioral syndromes [Sih et al., 2004;
Krause et al., 2010; R�eale et al., 2010; Wilson et al., 2012].
Social relationships between two or more individuals can be
measured by tracking pair bonds and small groups through
time [Leu et al., 2010; Godfrey et al., 2012]. At the
population-level, overall social structure can be quantified
through social network analysis [Wey et al., 2008; Krause
et al., 2014] or by measuring behaviors at the population
level (rates, etc.). Social network analysis provides useful
tools for understanding the behavior of captive animals at
each of these levels because it allows for direct measure-
ments of social interactions and relationships that can be used
to gain insights into social stability and consistency [Wey
et al., 2008; Hinton et al., 2013; Krause et al., 2014; Aplin
et al., 2015]. However, only a few studies have looked at
repeatability and consistency in network traits [Blumstein
et al., 2013; Brent et al., 2013; Jacoby et al., 2014; Aplin
et al., 2015].

Because they are highly gregarious and among the
most common birds in zoos, flamingos are well suited for
monitoring how aggression and social relationships change
over time, with a focus on social stability and behavioral
consistency [Rose et al., 2014]. Relatively high levels of
aggressive interactions have been documented for captive
flamingos at the group [Perdue et al., 2011; Hinton et al.,
2013; Hughes and Driscoll, 2014] and individual levels
[Hughes, 2015]. Hughes [2015] assessed dominance over
multiple years, finding that dominance interactions were

stable across seasons; however, little other information exists
on inter-annual variation in other aspects of flamingo
behavior [Rose et al., 2014]. Although pair bonds among
wild flamingos do not typically persist beyond one breeding
season and the mate-switching rate between seasons can be
greater than 98% [Cezilly and Johnson, 1995; Cezilly et al.,
1997], captive populations exhibit relatively high mate
fidelity potentially due to smaller population sizes [Picker-
ing, 1992; Farrell et al., 2000; Shannon, 2000; Studer-
Thiersch, 2000]. The relative lack of information on
long-term behavioral patterns in flamingos have led Rose
et al. [2014] and others to call for further study of captive
flamingo behavior to enhance management techniques and
improve captive flamingo welfare.

Here, we report on patterns of aggression and breeding
behavior among captive American flamingos Phoenicopte-
rus ruber at the Audubon Zoo in New Orleans, LA, across
4 years (2012–2015), a period that included an introduction
and removal (hereafter “replacement”) event in 2014. At the
population-level, we predicted that patterns of aggression (as
measured by social network structure and rate data) would be
relatively consistent across years, but that the replacement
event would be associated with a detectable increase in
aggression as social instability increases post-introduction.
At the individual-level, we similarly predicted that individu-
als would be consistent in their levels of aggression across
years, but that the year of the replacement event would be an
outlier as overall aggressions spikes due to instability. Given
previous reports of high mate fidelity [Pickering, 1992;
Shannon, 2000; Studer-Thiersch, 2000], we predicted high
pair bond persistence overall, but considered it likely that the
replacement event might lead to new pair bonds and an
increase in overall breeding activity [Stevens and Pickett,
1994; Farrell et al., 2000]. Our findings supported the idea
that aggression and pair bonding dynamics were highly
stable over time, both within and among individuals, but did
not support any detectable signal of the replacement event on
aggression, pair bonding, or breeding activity.

METHODS

Study Species and Study Site

We studied a group of individually marked American
flamingos (Phoenicopterus ruber) at the Audubon Zoo in
New Orleans, LA between 2012 and 2015. The flamingo
exhibit is located at the central entrance of the zoo and
contains a main area of sand surrounded by a moat and a
central pool where the flamingos typically feed. Between
2012 and 2015, group size fluctuated only slightly (34–37
individuals, consisting of 15–17 males and 18–20 females).
However, in February 2014, eight new individuals (five
males, three females) were added and five existing
individuals (three males, two females) removed. This
replacement was motivated in part to promote formation
of new pairs and promote breeding, as there had been no
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successful breeding attempts associated with this exhibit
since before the project began. The new individuals were
introduced to the exhibit from a secondary flamingo exhibit
located at the rear of the zoo with approximately twice the
population size; individuals from this exhibit also are not
known to have bred in recent years. The capture of the
flamingos for the transfer was done opportunistically,
although certain individuals were kept in the front exhibit
for management reasons (e.g., easier access by keepers for
veterinary assistance). Age and sex of all individuals were
obtained from Audubon Zoo records.

Data Collection

We observed flamingo interactions in the late winter
and spring (Feb–May) each year from 2012 to 2015. We
followed the same data collection protocol established in
Hinton et al. [2013], using a standardized ethogram found
therein. Briefly, we used a combination of focal-animal
sampling and opportunistic observations to record aggres-
sive interactions [Altmann, 1974]. We randomly selected a
focal individual to observe for a 5-min period during which
we recorded its behavior each minute. In this time, we
recorded all aggressive interactions involving the focal as
well as any extra-focal aggressive interactions that we
observed. Due to a small population size and small enclosure
size, most extra-focal interactions could be observed
regardless of their proximity to the focal individual.
Aggressive interactions included pecks, stand offs (two or
more individuals exchanged vocalizations and waved their
heads in a display), and chases [Hinton et al., 2013]. In that 5-
min period, we also opportunistically recorded the number of
courtship displays that occurred in the group. Since close
proximity is one of theways to identify pair bonds, especially
after courtship has ended [Shannon, 2000; Studer-Thiersch,
2000], we recorded a potential pair bond if the focal
individual spent the majority of the 5-min observation period
<0.5m from another individual. Other behaviors used to
identify pair bond behavior were paired walking (often
associated with foraging) where two individuals would walk

in close proximity sometimes with one following the other,
paired aggression where two individuals would exhibit
aggression towards a third individual or another pair, and
paired defense of a nest mound [Shannon, 2000; Studer-
Thiersch, 2000; Perdue et al., 2011]. When we observed a
potential pair bond for two or more observation days, we
listed it as a confirmed pair bond in order to ensure that pair
bonds were established across multiple days.

Statistical Analyses

We used UCINET software [Borgatti et al., 2002] to
construct and analyze social networks derived from the
aggression data acquired from 2012 to 2015. In order to
compare 4 years’ worth of data that varied in data collection
efforts, we analyzed data from the same 3-week time period
(Feb 19–Mar 13) each year and used it to construct yearly
social networks (one per year from 2012 to 2015). We
selected this period, which corresponded to the “courtship”
phase [as defined in Hinton et al., 2013] across all 4 years, to
control for any potential sources of variation associated with
different stages of breeding. We constructed social networks
using all aggressive interactions for which both initiator and
recipient were identified.We calculated individual level (i.e.,
degree centrality, the number of connections an individual
has) and population level (i.e., degree centralization, a
measure of variance in the number of aggressive connections
among individuals) social network metrics for each of these
four networks (see Table 1 for definitions and application of
these metrics). To determine if there were similarities in
network structure across years, we used amultiple regression
quadratic assignment procedure (MRQAP) in UCINET
[Borgatti et al., 2002] to determine if there were significant
correlations between pairs of networks (years) containing the
27 individuals present for the entire study, while controlling
for sex by restricting permutations within sex. We estimated
significance of network measures by permutations because
network data violates assumptions about the independence of
dependent variables [Hanneman and Riddle, 2005; Croft
et al., 2011].

TABLE 1. Social network metrics used in this study of aggression in captive American flamingos at the Audubon Zoo, New
Orleans LA (adapted from Table 1 in Hinton et al., 2013 which drew its definitions from Wey et al., 2008 and Hanneman and
Riddle, 2005)

Metric Definition Application

Individual-level metrics
Out-degree centrality Number of ties originating from an individual Metric used to determine which individuals

initiate aggressive interactions
In-degree centrality Number of ties directed towards an individual Metric used to determine which individuals

receive aggression
Population-level metrics

Degree Centralization An index of variance in the number of ties among
individuals

Measure of how evenly among individuals
aggressive interactions are initiated and
received (lower measures indicate more equal
distribution; higher values indicate similarity to
a star-network with one or few especially well-
connected individuals)
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Mean outdegree is a useful measure of overall
aggression initiated (see Table 1), but differences in
sampling across years complicate inter-annual comparisons,
so instead we used measures of the rate of aggression to
identify changes over time. We used a one-way ANOVA to
compare mean rates of aggression (number of interactions
per observation session) of the group across years. For this
measure of rate, we only compared rates from 2013 to 2015
because the first 2 weeks of 2012 had observation sessions of
a different length, and extra-focal interactions were not
recorded. We also measured rate of aggression of the group
across all four years as the number of recorded interactions
from focal observations per minute of observation and used a
Kruskal–Wallis test to compare them. To determine which
years specifically had higher rates than other years, we used a
mixture of Mann–Whitney and Kruskal–Wallis tests. We
used R (Version 3.0.1) to conduct ANOVAs,Mann–Whitney
tests, and Kruskal–Wallis tests [R Development Core Team,
2013].

We used an E–I Index permutation test in UCINET to
determine if the individuals already present in the exhibit
formed a distinct “group” relative to introduced individuals,
as measured by directed aggression. To do so, we divided
these individuals into two groups (i.e., pre-existing vs.
introduced) and tested for non-random patterns of aggression
either within or among groups. The E–I (External–Internal)
Index ranges from �1 (all ties internal, meaning aggression
was directed entirely within their group) to þ1 (all ties
external, meaning aggression was directed entirely outside
their group) [Hanneman and Riddle, 2005]. However, the
range of possible values sometimes can be restricted by the
group sizes and density, so UCINET provides a rescaled
index value that ranges between�1 andþ1 [Hanneman and
Riddle, 2005]. The E–I Index is calculated for the entire
population and for individuals, but the permutation test is
conducted at the population-level and determines if a given
E–I Index value is significantly different from random
mixing [Hanneman and Riddle, 2005]. Since previous E–I
Index analyses did not find effects of sex [Hinton et al., 2013;
Frumkin et al., unpublished data], we did not include this
factor in the current analysis.

To determine consistency in outdegree and indegree
across years at the individual-level, we adapted a permuta-
tion analysis used by Jacoby et al. [2014; see also Wilson
et al., 2012] including only individuals that were present all 4
years. Using R [R Development Core Team, 2013], we first
calculated Kendall’s coefficient of concordance (W) to
analyze consistency of ranks across years in the original
networks. We analyzed relative ranks rather than actual
values of outdegree and indegree because these values are
likely to be influenced by social dynamics beyond the
individual, so rankings allowed us to measure consistency in
relative aggression without making assumptions about what
generated absolute levels of aggression. To assess statistical
significance, we then compared the real values of W to a
frequency distribution of W values generated from 20,000

node permutations, where the P-value was the proportion
ofW values from permutations to which theWof the original
network was equal or more extreme. Data permutations are
preferred for assessing statistical significance of factors
influencing network measures because the network measures
are non-independent, violating assumptions of many
standard statistical tests (such as linear regression), and
thus P-values inferred from standard tests are often anti-
conservative [Croft et al., 2011]. Because males and females
differ in their level of aggression in this system, we used
restricted node permutations, where values were only
randomized among individuals of the same sex, implemented
with the “permute” package [Simpson, 2015]. We also
considered that pair bonds could influence patterns of
individual consistency in aggression, so we reran the
analyses on the subset of data excluding within-pair
aggression. However, as there were very few within-pair
aggressive interactions and the results were virtually
identical, we only report results from analyses of the full
dataset.

To assess year to year changes in male–female pair-
bond formation and persistence, we compared the propor-
tions of paired females and unpaired females from year to
year using a chi-squared test. We also compared the
proportions of females that retained and switched their
pair bond from year to year using a Fisher’s exact test in R to
determine if patterns of pair bond persistence and switching
significantly varied across years.

RESULTS

Population-Level Aggression

We observed relatively little inter-annual variation in
population-level patterns of aggression across the 4-year
study period. Although annual rates of aggression in the
group differed across years over the entire study (H¼ 9.837,
d.f.¼ 3, P¼ 0.020, Fig. 1a), the only statistically significant
pairwise difference between years was 2012 versus 2015
(Mann–Whitney U–test, U¼ 49, P¼ 0.004); there were no
significant differences between the other years (2012–2014:
H¼ 4.094, d.f.¼ 2, P-value¼ 0.129; 2013–2015:
H¼ 3.637, d.f,¼ 2, P-value¼ 0.162). Outdegree (aggres-
sion initiated) networks were significantly centralized all
4 years indicating one or a few individuals were initiating a
majority of the aggression (Table 2). Indegree (aggression
received) networks were more centralized following the
introduction indicating one or a few individuals became
more targeted after the introduction (Table 2). Overall, there
was moderate change in network structure across years for
the individuals present the entire study, with three sets of
networks (2013/2014, 2012/2015, 2013/2015) showing a
lack of significant similarity in structure based on the
multiple regression quadratic assignment procedure
(MRQAP) correlation (Table 3). Following the replacement,
there was no difference in overall rates of aggression in the
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group (F¼ 1.525, d.f.¼ 2, P¼ 0.275; Fig. 1b) and no
evidence that aggression was non-randomly clustered among
already-present versus introduced individuals (E–I Index—
2014: �0.153, 2015: �0.279; Rescaled E–I Index—2014:
�0.153, 2015: �0.214; E–I Index Test—2014: P¼ 0.192,
2015: P¼ 0.472).

Individual-Level Aggression

Substantial variation existed between individuals in
terms of aggressive encounters initiated (i.e., outdegree),
with some individuals consistently exhibiting higher levels
of aggression than others (Fig. 2a, W¼ 0.530, P< 0.001).
Receipt of aggression (i.e., indegree) was less differentiated
among individuals (Fig. 2b), but there was significant
consistency within individuals for indegree across years

based on restricted permutations controlling for sex
(W¼ 0.369, P¼ 0.042).

Pair-Bonding and Breeding

The proportion of pair-bonded females in the study
population did not significantly vary across years (Fig. 3a;
x2¼ 2.486, d.f.¼ 3, P¼ 0.478). Females retained the same
male partner from previous years more often than they
switched to a different male, with the highest rates of pair
bond switching (different males) in the year preceding the
replacement (Fig. 3b). Though there was some increase over
time (Fig. 3b), the proportion of females retaining their
partners did not significantly vary across years (Fisher’s
Exact Test—P¼ 0.102). Following the replacement, no pair
bonds were formed between already-present and introduced

Fig. 1. Population-level patterns of aggression among captive American flamingos at Audubon Zoo, New Orleans, LA. Panel (a) depicts
mean rates of focal aggression (� standard deviation) measured at the level of the group as the number of recorded aggressive interactions
from focal observations per minute of observation. The rate in 2012 was significantly higher than 2015 (Mann–Whitney U-test, Z¼ 2.88,
P¼ 0.004), but the other rates did not significantly differ. Panel (b) depicts mean rates of overall aggression (� standard deviation)
measured at the level of the group as the number of aggressive interactions per observation session. There was no significant difference
across years (F¼ 1.525, d.f.¼ 2, P¼ 0.275).

TABLE 2. Population Characteristics and Degree Centralization of the study population of American flamingos at Audubon Zoo,
New Orleans LA across the years (2012–2015)

Year 2012 2013 2014 2015

Population Size 34 35 37 36
Males 16 16 17 16
Females 18 19 20 20
Sex Ratio (F:M) 1.125 1.188 1.176 1.250
# interactions 75 183 241 434
Degree Centralization 43.07% 53.81% 35.65% 70.37%

Out Degree P< 0.0001 P< 0.0001 P< 0.0001 P< 0.0001
Degree Centralization 14.97% 23.53% 32.79% 61.55%

In Degree P¼ 0.1521 P¼ 0.0267 P¼ 0.0003 P< 0.0001

2012 only includes focal interactions during our designated time period (Feb 19–Mar 13) because extra-focal interactions were not recorded
until March 16, 2012.
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individuals. Overall, there was no successful breeding
recorded during the course of the study. The presence of
eggs was only noted in 1 year (2013) when two eggs of
unknown fertility were laid but were not incubated.

DISCUSSION

Aggression

Our study revealed relatively little variation in
population-level aggression by captive flamingos across
years, even in the context of a replacement. The lack of major
changes in rates of aggression is consistent with our
prediction that population-level aggression would remain
relatively stable over time. However, counter to a second
prediction, we did not see significant population-level
changes in response to a replacement event. Outdegree
networks were significantly centralized all 4 years, suggest-
ing that relatively few individuals were initiating most of the
aggression. Indegree networks becamemore centralized over
time, suggesting that some individuals became increasingly

TABLE 3. Measures of the overall similarity of social network
structures for American flamingos in Audubon Zoo, New
Orleans LA across the 4-year study period using multiple
regression quadratic assignment procedure (MRQAP) correla-
tion controlling for sex by restricting permutations within sex

A 2012 2013 2014 2015

2012 1.000 0.145 0.115 0.058
2013 – 1.000 �0.016 0.012
2014 – – 1.000 0.182
2015 – – – 1.000

B 2012 2013 2014 2015

2012 0 0.006 0.022 0.125
2013 – 0 0.683 0.744
2014 – – 0 0.002
2015 – – – 0

A significant correlation (P< 0.05) indicates that the network
structures of the 2 years being compared are similar. Shown are (A)
MRQAP Correlations (B) MRQAP Significance between years
(2012–2015) (2-tailed P-values testing the hypothesis that
correlations are higher than by chance alone).

Fig. 2. Individual captive American flamingos were significantly consistent across years (2012–2015) in terms of aggression initiated
(i.e., outdegree) and aggression received (i.e., indegree). (a) Individual flamingos (represented in the figure by individual lines) exhibited
marked differences in annual standardized individual outdegree (individual outdegree divided by mean outdegree), and these differences
were consistent over time. (b) Standardized individual indegree was less differentiated among individuals, but there was still significant
individual-level consistency across years.
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targeted. Besides 2013 and 2014, the only years in which
network structures were not significantly correlated were
non-consecutive years (2012/2015 and 2013/2015), suggest-
ing that there was little year-to-year change in network
structure (between those individuals present all years).
Instead, differences in structure across non-consecutive
years may occur as subtle changes that accumulate over time.
However, there does not appear to be any directionality in the
nature of these changes, as evidenced by the correlation
between network structure in 2 non-consecutive years, 2012
and 2014. These results suggest that aggression in the
population was relatively consistent across consecutive
years, in support of our prediction of consistency over time.

Our prediction that individual-level aggression would
be consistent across years was also well supported, as
individuals exhibited consistent levels of both initiated and
received aggression across years. Many animals exhibit the
consistency and repeatability of behaviors indicative of
personalities [Sih et al., 2004; van Oers et al., 2004; R�eale
et al., 2007; Conrad et al., 2011; Jacoby et al., 2014]. The
existence and patterns of social personality types, in
particular, is an area of recent interest, and our study adds
to a small but growing literature considering the between-
individual consistency of social network position in animals
[Wilson et al., 2012; Blumstein et al., 2013; Jacoby et al.,
2014; Aplin et al., 2015]. Also, to our knowledge there has
been only one other study of personality in flamingos prior to
the current study: McCully et al. [2014] assigned personality
scores based on aggression and boldness and suggest that
American flamingos associate with individuals of similar
personality while Chilean flamingos (P. chilensis) do not
associate by personality. Also, Hughes [2015] found that
individual dominance status was stable across years and

seasons. We [along with Hughes, 2015 and McCully et al.,
2014] have found a clear pattern of individual consistency in
individual flamingo behaviors and suggest that individual
flamingos exhibit aggressive personalities. This has man-
agement implications in the context of captive breeding
programs because some personality traits may relate to
breeding success and a population’s variation in personality
may change over time in captivity, though more research is
needed to understand the impacts of captivity on personality
structure and consistency [Dingemanse and R�eale, 2005;
McDougall et al., 2006; Tetley and O’Hara, 2012].
Understanding individual personalities also enables manag-
ers to key in on individual tendencies and make attempts to
maintain group cohesion by preventing incompatible
individuals from being housed together, thereby avoiding
chronic stress [Tetley and O’Hara, 2012]. Though, since the
American flamingo’s patterns of association are related to
their personality [McCully et al., 2014] and research on
American flamingo group organization is limited, managers
may find maintaining cohesion in their groups more difficult
than other species in which the personalities are known.

Contrary to our predictions, our findings suggest that a
replacement event (introduction of eight new individuals and
concurrent removal of five individuals) in 2014 had little
impact on patterns of aggression. There was no significant
increase in the rate of aggression in 2014 following the
replacement event, and comparisons of network structure
and outdegree centralization across years showed little signal
of the replacement event. The results also suggest that the
replacement did not affect social interactions because
original individuals did not significantly direct aggression
towards introduced individuals, nor did introduced individ-
uals direct more aggression towards original individuals. The

Fig. 3. Patterns of pair-bonding in a group of captive American flamingos at Audubon Zoo, New Orleans, LA. Panel (a) depicts the
proportion of American flamingo females that stayed in amale–female pair bond across years (2012–2015) which did not significantly vary.
Panel (b) depicts the proportion that switched pair bonds versus kept the same bonds. Females retained pair bondsmore frequently than they
switched. The proportion of females that retained pair bonds appears to increase over time, but this variation across years was not
significant.
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network structure of 2014 was not significantly correlated
with 2013, which is consistent with a change associated with
the replacement event. However, 2014 network structure is
also significantly correlated with 2012, making the trend less
clear. The fact that social structure in both 2012 and 2013
were not significantly correlated with 2015 could suggest a
delayed signature of the replacement event. Because there
were significant correlations between consecutive years,
there could be carryover across years in subtle changes to
social structure [Sih et al., 2009]. Thus, even though social
interactions in the year of the replacement (2014) were not
distinguishable from 2012 or 2015, changes to social
interactions that carried over from 2014 may have been
slightly different due to the replacement event resulting in a
delayed effect on network structure, indicated by a different
structure in 2015 relative to 2012/2013. However, this
pattern may also be a result of accumulated changes as was
mentioned earlier. Also, some individuals did become more
targeted after 2014 according to indegree centralization,
which could conceivably be attributable to the replacement
event. However, though there were some small changes after
replacement, we conclude that the available data do not
provide any indication that the replacement event had a
major impact on aggression.

Pair Bonding

We found support for our prediction that individuals
are more likely to retain pair bonds from the previous year
instead of forming new ones. This result is consistent with
previous research that has found that mate fidelity is high in
captive populations, in strong contrast to high rates of mate
switching seen in the wild [Cezilly and Johnson, 1995;
Cezilly et al., 1997; Shannon, 2000]. This consistency in pair
identities could be due to the fact that zoo populations have
small, closed populations that limit the ability to form new
pair bonds [Studer-Thiersch, 2000]. Our results also show
that patterns of pair bonding did not radically vary across
years suggesting that flamingos can display a high-degree of
consistency in multiple patterns of behavior, aggression, and
pair-bonding.

The introduction of new individuals at this zoo took
place in part to promote breedingwithin this group,which had
not successfully produced young in several years. However,
no pair bonds included new individuals after the replacement,
and no breeding occurred in either 2014 or 2015. There is
evidence in other flamingo populations that the addition of
new individuals can promote breeding success [Stevens and
Pickett, 1994] sometimes in the subsequent year [Farrell et al.,
2000]. This suggests that there is still an opportunity for the
replacement event to be successful in the future. However,
high pair bond persistence likely limits the effect that the new
individuals could have on changes in breeding behavior.
Despite the high levels of repetition, the presence of new
individuals could stimulate breeding in an alternative
pathway to pairing such as extra-pair copulations which

have been documented in both captive and wild flamingos
[Shannon, 2000; Studer-Thiersch, 2000]. Since this popula-
tion at Audubon Zoo has bred before even with some
individuals exhibiting a relatively high degree ofmatefidelity
[Shannon, 2000], it is difficult to directly connect the high
levels of repeated pair bonds to this lack of breeding. It is
likely that other factors (such as age or colony size) are also
playing a role in this population’s breeding dynamics [Rose
et al., 2014], and since it appears that flamingos form
preferential relationships, more detailed research will be
needed to understand long-term relationships between
individuals [Rose and Croft, 2015].

CONCLUSION

This study has shown that a captive group of American
flamingos exhibit high levels of consistency in behavior
(aggression and pair bond formation) at both a population-
level and individual-level. This individual consistency in
levels of aggression could very well be related to dominance
in these birds with hyper-aggressive individuals being more
dominant. Other studies have found evidence of a semi-linear
or non-linear dominance hierarchy in American flamingos
[Hughes and Driscoll, 2014; Royer and Anderson, 2014], so
it would be interesting to investigate dominance in the
Audubon population in order to better grasp how individuals
fit within the group and the role of their individual levels of
aggression. Also, we have only used aggressive interactions
to construct social networks, but other social data could be
used to construct social networks like social proximity [as
shown by McCully et al., 2014]. In the future, it would be
worthwhile to consider these other aspects of flamingo
sociality along with other recently described social behaviors
[see Rose and Croft, 2015] to gain a better grasp of flamingo
social organization. Continued study of individual and group
stability in flamingos and other long-lived, group-living
animals, is needed to refine management and care, as well as
to gain a better insight into broad patterns of social behavior
in captive animals relative to their free-living counterparts.
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