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a  b  s  t  r  a  c  t

Social  species  in  captivity  may  face  allostatic  overload  due  to artificial  grouping  and  other  social  con-
straints.  In  rescue  centres,  groups  of  psittacines  are  constantly  mixed  due  to  the  arrival  and/or  release
of  individuals;  this  procedure  is  potentially  harmful  to  animal  welfare.  This  study  aimed  at  evaluating
the  possible  impacts  of  mate  replacement  on  the  stress  levels  of  captive  blue-fronted  amazon  parrots
(Amazona  aestiva).  During  five  weeks,  we  recorded  agonistic  interactions  and  dropping-glucocorticoid
metabolites  (GCM)  concentrations  of  individuals  allocated  in  a group  whose  members  were  kept  con-
stant  and  in  a group  subjected  to frequent  member  replacement.  In  both  groups,  non-linear  hierarchies
developed,  without  sex  differences  regarding  aggression  or hierarchical  positions.  The  replacement  of
individuals  had no  effect  on the  number  of  agonistic  interactions  or on  the animals’  stress  levels.  In
on-invasive stress monitoring
ocial stress

elfare

both  groups,  higher-ranking  individuals  had  higher  stress  loads  than  subordinates.  Our  study,  the  first  to
investigate  the  social  dynamics  of  A. aestiva,  indicated  that  introducing  or  removing  individuals  in  captive
groups  does  not  seem  to  affect  the  welfare  of the  birds  in the  short  term.  This  information  favours  release
and  reintroduction  programs  and  is  relevant  for conservation  management  of this,  and  possibly  other
parrot  species  with  similar  environmental  requirements.

© 2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

The transfer of wild animals into captivity, and their manage-
ent in the captive environment can induce a situation of allostatic

verload in the animals (i.e., chronic stress, when environmental
emands surpass the coping capacity of individuals, Morgan and
romborg, 2007; Scheiber et al., 2015), especially for those born in
he wild (Ferreira et al., 2015; Rose and Croft, 2015). Social stress
s reported as one of the most important factors affecting the wel-

are of social animals in the captive environment (Young, 2003).

ithin many species, the frequency and severity of conflicts tend
o increase immediately after unfamiliar individuals are introduced

Abbreviations: AICc, Akaikeı́’s information criterion corrected for small samples;
ETAS, Wild Animal Screening Centers (Centros de Triagem de Animais Silvestres);
RAS, Rehabilitation Center for Wild Animals (Centro de Reabilitaç ão de Animais Sil-
estres);  ER, Elo-rating; GC, glucocorticoids; GCM, glucocorticoid metabolites; GLM,
eneralised linear model.
∗ Corresponding author.

E-mail address: angelicavasconcellos@gmail.com (A. Silva Vasconcellos).

ttp://dx.doi.org/10.1016/j.beproc.2017.03.006
376-6357/© 2017 Elsevier B.V. All rights reserved.
to an existing group (Creel, 2001; Sapolsky, 2005). Although agonis-
tic interactions are inevitable in society (Hobson and Dedeo, 2015;
Rose and Croft, 2015), in stable hierarchies, social dominance tends
to settle to avoid the costs and risks of increased and continual fight-
ing (Creel, 2001; Enquist and Leimar, 1990). However, when the
stability of the social group is compromised, higher levels of aggres-
sion and, consequently, greater stress loads are expected (Rose and
Croft, 2015), often affecting more overtly higher ranking individuals
(Flack et al., 2006; Mendonç a-Furtado et al., 2014; Sands and Creel,
2004). Therefore, mixing groups of animals, a common procedure
for some species in rescue centres − due to the arrival and/or release
of individuals − may  promote social distress (McCowan et al., 2008).

For a comprehensive assessment of stress levels, the concomi-
tant evaluation of more than one parameter is highly recommended
(Scheiber et al., 2015). Evidence of compromised welfare can
be evaluated by using behavioural and physiological parameters,

such as increased heart rate or adrenal activity, reduced immune
response, reproductive suppression, etc. (Abbott et al., 2003; Broom
and Molento, 2004). Social stress and, in particular, agonistic inter-
actions can cause large and persistent increases in the secretion

dx.doi.org/10.1016/j.beproc.2017.03.006
http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.beproc.2017.03.006&domain=pdf
mailto:angelicavasconcellos@gmail.com
dx.doi.org/10.1016/j.beproc.2017.03.006
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f glucocorticoids − “GC” (Creel, 2001) − which are part of the
ascade of response to stressors (Möstl and Palme, 2002). Non-
nvasive sampling methods − the best suited for assessing stress
evels (Palme et al., 2005) − have been used to study social stress in
irds. Kotrschal et al. (1998) evaluated social stress in graylag geese
Anser anser) and recorded different GC levels in distinct rank posi-
ions − pointing to the influence of social ranking in the stress loads
f birds. The study of Stocker et al. (2016) pointed to the relevance of
ocial integration for the stress conditions of ravens (Corvus corax):
C responses to individual separation depended on how well the

ndividual was integrated in its group.
Parrots have been considered a group which develops stable

ssociations, i.e., maintained over several years (Bernstein, 1981;
owley, 1990), and exhibits complex social organisation (Hobson
t al., 2014). However, the sociality of the group is poorly under-
tood (Eberhard, 1998; Salinas-Melgoza and Wright, 2012; Seibert,
006). For some species, dominance hierarchy is assumed, and its
ossible correlation with behavioural and/or ecological factors has
een investigated (e.g., for orange–fronted conures − Eupsittula
urea − Balsby et al., 2012; blue-fronted amazon parrots − A. aes-
iva − Fernández-Juricic et al., 1998; budgerigars − Melopsittacus
ndulatus − Soma and Hasegawa, 2004), but the process of hierar-
hy development and its effects on animals have not been studied
or most species.

Many parrot species are currently threatened, and a better
nderstanding of their sociality may  help improve our ability to
anage their populations ex-situ and even in-situ (Hobson et al.,

014). The maintenance of wild animals in captivity may  contribute
o conservation only if such animals are kept in good conditions of
elfare (Young, 2003); these are animals that may  compose viable

opulations once released in the wild (Keulartz, 2015).
Blue-fronted amazon (Amazona aestiva) is one of the parrot

pecies most often found in captivity (Freitas et al., 2015). This
pecies is widely kept as a pet, mainly due to its ability to interact
ith humans (Ferreira et al., 2015; ICMBIO, 2011). In Brazil, it is the
ost common bird handled in the Wild Animal Screening Centres

CETAS), primarily as a result of apprehensions by environmental
gencies of illegally possessed birds (Beissinger and Bucher, 1992;
eixas and Mourão, 2002). The study of this species may  bring rel-
vant information to its conservation and possibly other psittacine
pecies with similar environmental requirements.

Our aim in this study was to investigate the process of hierarchy
evelopment in A. aestiva in captivity, and the possible impacts of
roup-member replacement on their stress levels. Based on studies
n social stress in birds (Kotrschal et al., 1998; Stocker et al., 2016),
ur assumptions here are: 1) the replacement of individuals pro-
otes an increase in the number of agonistic interactions within

he group; 2) this creates greater stress loads for group members,
easured through their glucocorticoid metabolite (GCM) concen-

rations; 3) dominant members have higher GCM concentrations
han subordinates.

. Material and methods

This project was approved by the Animal Ethics Committee
f the Pontifical Catholic University of Minas Gerais, process no.
02/2015, and was conducted in accordance with the regulations
f the Brazilian Institute of Environment and Renewable Natural

esources (IBAMA − Normative Instruction 154/2007), the Forestry
tate Institute (IEF − Ordinance 148/2013), and the ethical guide-
ines published by the International Society for Applied Ethology
ISAE, 2002).
al Processes 138 (2017) 160–169 161

2.1. Subjects and facilities

Between February and May  2015, 60 individuals of A. aestiva
were studied in captivity. There is great variation in the reports of
the time of reproductive season in the species (e.g., from October
to March − Del Hoyo et al., 2010; from August to December
− Fernández-Juricic and Martella, 2000; Carrara et al., 2007).
Therefore, one week before starting the experiment, we  run obser-
vations of the birds, looking for reproductive behaviours. None of
the birds exhibited such behaviours, so breeding behaviours or
reproductive changes in the birds’ physiology were not likely to
introduce a confounding factor to the study. The subjects had been
housed in the Rehabilitation Centre for Wild Animals (CRAS) Lagoa
Grande/IBAMA in Nova Lima/MG for approximately 12 months
before the start of this study. These animals were sent to CRAS
because they had been apprehended or voluntarily surrendered for
being illegally possessed. Although the ages of the individuals were
unknown, since they were trafficked animals, all subjects were clas-
sified as adults through morphological analysis. The animals were
fed twice a day with fruits and a crushed mixture of beetroot, car-
rots, corn and grain mixture for psittacines (MEGAZOO, Betim −
MG,  Brazil). Water was  offered ad libitum.

In September 2014, the birds had their chest and cranio-
cervical feathers marked with non-toxic dye for fabric (ACRILEX,
São Bernardo do Campo − SP, Brazil) in various colour combinations
in order to allow visual identification of individuals. In preliminary
observations following this procedure, we  found that the mark-
ing did not cause measurable changes in the animals’ behaviour,
including their interaction rates. During animal marking, blood
samples of the birds were also collected for subsequent sexing by
DNA testing. The day before the start of the study, the animals
were randomly distributed into two groups of 30 subjects (later
randomly named Alternate and Constant groups), and each group
was kept in enclosures measuring 2.5 × 7.0 × 3.0 m,  partially cov-
ered with ceramic tiles. Each enclosure contained: two  wooden
perches, free and suspended (approximately two  metres from the
ground), a six-level ladder-type perch, two  feeders and a drinking
water source made of stainless steel, suspended about two metres
from the ground. The enclosures were cleaned every morning. Due
to logistical reasons, it was  not possible to perform the sexing before
the start of the experiment. Thus, the initial composition of the
groups by sex was  as follows: a) Alternate group: 20 males, eight
females and two individuals whose sex remained undefined due to
inconclusive test results; b) Constant group: 12 males, 14 females
and four individuals of undefined sex.

2.2. Procedures

Due to the difference in the male-female ratios between the two
groups, we checked for the existence of a possible effect of sex on
the individuals’ ranking and number of agonistic interactions. There
was no detectable effect of these factors on the tested variables
(GLM, agonistic interactions: estimate ± SE = 7.07 ± 7.81, t = 0.90,
P = 0.37; ranking: estimate ± SE = 6.90 ± 5.25, t = 1.31, P = 0.19;
n = 63).

Our study consisted of two  stages: Pre-experimental and Exper-
imental. In the Pre-experimental stage both groups were kept
under the same management conditions (without introduction or
removal of members) and all the animals’ agonistic behaviours
were regularly recorded (Albers and de Vries, 2001; Royer and
Anderson, 2014). Dropping samples were also collected from both
groups once a week, for GCM assessment. These samples were

used to compare the mean levels of stress of the birds before and
after hierarchy stabilisation. This stage was performed to determine
the moment when the dominance hierarchies of both groups was
established and stabilised, so the Experimental stage could start
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rom known stable hierarchies in both groups. The stabilisation of
oth hierarchies determined the end of the Pre-experimental stage,
fter five weeks. On the last day of the Pre-experimental stage, there
as one death in the Alternate group (the bird had its foot stuck in

he wire mesh that surrounded the enclosure). Thus, the next stage
Experimental) was conducted with one group of 30 individuals
nd one group of 29 individuals.

During the Experimental stage, which also lasted five weeks, in
he Alternate group there was a weekly replacement of the domi-
ant member by a non-familiar individual, selected at random from
n external sample pool. Individuals composing this sample pool
ere kept in a separate enclosure prior to their introduction, two

nclosures apart from the experimental animals, without visual
ontact with experimental groups. The Constant group remained
nder the same management conditions of the Pre-experimental
tage. During the Experimental stage, all agonistic behaviours per-
ormed by members of both groups were also recorded. Dropping
amples were collected from groups and from individuals in three
ifferent hierarchical positions: the most dominant individual, the

ndividual in the most intermediate position and the most subor-
inate one. This procedure was performed to evaluate the possible
ffects of the replacement of individuals in the stress levels of the
roup as a whole, and in individuals in specific hierarchical posi-
ions.

.3. Behavioural observations

Prior to the beginning of the study, we developed an ethogram,
ased on the studies of Seibert and Crowell-Davis (2001) and
eibert (2006), and on previous observations of 30 individu-
ls housed at the CRAS Lagoa Grande/IBAMA in Nova Lima/MG
Table 1). The observations were made through the methods
ehaviour sampling and continuous recording (Martin and Bateson,
010), by continuously recording all agonistic behaviours pre-
ented by the animals for 30 min  in the morning and 30 min  in the
fternoon, for three days in September 2014.

During the Pre-experimental and Experimental stages, the ani-
als were observed through the same methods used to build the

thogram. Additionally, we recorded the authors, targets, winners
nd losers of each agonistic interaction; these were defined accord-
ng to the ethogram developed for the study (Table 1). Two daily
bservations sessions of 15 min  were made for each group, one

n the morning − between 08:00 h and 10:00 h, and one in the
fternoon, between 12:30 h and 14:30 h, five times a week. The
bservation times were defined considering the activity pattern
isplayed by the animals during the execution of an activity budget
Silva et al., 2011). The frequency of agonistic interactions recorded
n each group during the whole experiment was used for statistical
nalysis.

.4. Collection of droppings

.4.1. Group samples
Throughout the experiment, all the fresh droppings found

n the birds’ enclosures were collected once a week, in the
ornings, before the enclosure cleaning. The samples were then

omogenised, generating a single sample per group per week. The
ollection of a single sample per group was necessary due to the
educed amount of faecal matter found in most samples at the

ime of collection. During the Pre-experimental stage, the collec-
ion was held on the first day of the week; during the Experimental
tage, it was performed in both groups on the first day after the
emoval/insertion of individuals in the Alternate group.
al Processes 138 (2017) 160–169

2.4.2. Individual samples
During the Experimental stage, a second weekly collection

of droppings was performed on the fifth day following mem-
ber replacement − therefore, after the new rank order could be
determined. For this collection, the droppings of birds in three
hierarchical positions were individually stored: a) dominant, b)
intermediate and c) subordinate (three samples from each group).
These collections were also performed in the morning, before the
enclosure cleaning. For sample identification, at about 5 p.m. of the
day before collection, food dye (ARCOLOR, São Paulo − SP, Brazil)
was orally administered to the birds. Each hierarchically distinct
individual received dye in a different colour, and the samples were
identified and stored individually. The time spent in capture and
handling for dye administration was less than two  minutes; there-
fore, this restraint was considered unlikely to be enough to cause
changes in the levels of GCM measured in the droppings (Ferreira
et al., 2015).

Shortly after collection, all samples were homogenised, stored
in labelled tubes, and frozen at −20◦ C until extraction and analysis.

2.5. Extraction and analysis of GCM

Droppings were extracted according to the methanol-based pro-
tocol given in Palme et al. (2013). The dried down extracts were
then shipped to the Vetmeduni Vienna, Austria for measuring GCM
with a cortisone enzyme immunoassay (EIA) previously developed
for chicken (Rettenbacher et al., 2004), and validated for use in the
study species (Ferreira et al., 2015). All samples were assayed in
duplicate, and all intra- and inter-assay coefficients of variation
of pool samples were less than 12%. Concentrations of hormone
metabolites are expressed as nanograms per gram of wet  dropping
(ng/g droppings).

2.6. Data analysis

2.6.1. Hierarchy assessment
The assessment of the hierarchies was  performed by weekly cal-

culating the ranking of the birds in each group, with the use of
the Elo-Rating method − “ER” (Albers and de Vries, 2001; Johnson
et al., 2014; Neumann et al., 2011). The ER values are calculated for
all group members, considering the probability that bird A beats
bird B in a given contest. The ER values of the contestants were
updated after each agonistic interaction, as a function of contest
results (win, lose or draw), and the current difference in ranking
between the two opponents. Higher-ranking individuals are most
probable to win any contests; therefore, when a lower-ranking con-
testant wins, the consequent increase in its position (and decrease
in the loser’s position; Albers and de Vries, 2001) is greater than if
the result had favoured the higher ranking animal.

In order to assess the stability of the hierarchies, we used the
Stability Index (S). The hierarchies were considered stable when
the values of S − ranging from 0 to 1 − were above 0.9 (Correa
et al., 2013). All ER and S values were calculated using the R soft-
ware, with the package ‘EloRating’ (Neumann and Kulik, 2014; R
package version 0.43; R version 3.1.3, R Foundation for Statistical
Computing).

The linearity of the hierarchies was evaluated through the lin-
earity index (de Vries index − h’- De Vries, 1995; Shizuka and
McDonald, 2012), with the SOCPROG 2.4 program (Whitehead,
2009), where 0 corresponds to a completely nonlinear hierarchy
and 1 corresponds to a completely linear hierarchy.
2.6.2. Statistical analysis
Data were analysed using General Linear Models (GLM), in the

R 3.1.3 program (R Development CoreTeam, 2014), adjusted for
a “norm” distribution. We  started the analysis with full models,
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Table  1
Ethogram of agonistic behaviours exhibited by individuals of A. aestiva in this study.

Agonistic behaviour Description

Attacking The feathers of the head and body may  be bristling, and the tail can open like a fan; the bird walks
or  runs toward the stimulus source with lowered head and semi-open beak; the head is kept
facing forward, lowered or tilted sideways. The attacking bird can peck the opponent or not. If the
individual who  is attacked retreats, it will be deemed the loser.

Moving away The bird turns sideways to the opponent, lowers his head and turns away quickly, keeps his head
down and eyes away from the view of the opponent. The individual who  adopts this attitude is
considered the loser.

Grabbing The bird raises one foot with claws spread towards another bird, and opens its beak; the wings are
held  close to the body or slightly turned back. If the individual who is attacked retreats, it will be
deemed the loser.

Flapping The bird hits the wings three to five times, stereotypically, while perched with an upright posture;
the  head is held high forward. If the individual who  was  attacked retreats, it will be deemed the
loser.

Threatening The bird bristles and briefly lowers all feathers of the cervical, dorsal and thoracic regions. If the
individual who  is threatened retreats, it will be deemed the loser.

Avoiding The bird remains motionless, unresponsive, or turns his back to the opponent, hiding its head in
the  corner or pulling it gown between its shoulders. The individual who adopts this attitude is
considered the loser.

Extending wings The bird raises the wings extended simultaneously. If the individual who was the aim of the
display retreats, it will be deemed the loser.

Exhibiting The bird walks quickly, showing off as he walks with his head upright. If the individual who is
approached retreats, it will be deemed the loser.

Head-oscillating The bird moves his head up and down, vertical and rhythmically, while the body is stationary. If
the  individual who  is the aim of the display retreats, it will be deemed the loser.

Attacking on flight The body feathers are kept tightly lowered. The bird, at the beginning, remains standing on both
en, it fl
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the  loser.

here all explanatory variables and their possible interactions
ere included. The minimum adequate models were obtained by

omparing the values of the Akaike Information Criterion Fixed
AICc; the best model is the one with the lowest value of AICc).
his method promotes a second-order bias correction for AIC, use-
ul particularly for small sample sizes, often in behavioural studies
Burnham et al., 2011; Jolles et al., 2013). Data interpretation was
ased on significance level (p < 0.05) and on effect size (estimate).

GLM models were selected to evaluate the following effects: a)
ember replacement on GCM levels of the group and of individuals

n specific positions (dominant, intermediate and subordinate); b)
anking (dominant, intermediate and subordinate) on the GCM lev-
ls of individuals in these positions; c) sex, member replacement
nd ranking on the number of agonistic interactions; d) sex, mem-
er replacement, number of agonistic interactions and number of
ins on the ranking of the birds.

Due to the dependence of the data of each group in the Pre-
xperimental and Experimental stages, to assess possible changes
n GCM concentrations of groups between these stages, a Paired T-
est was used through the program GraphPad InStat (version 3.00,
raphPad Software Inc 2000).

. Results

.1. Pre-experimental stage: establishing hierarchy

During the Pre-experimental stage, 3290 agonistic inter-
ctions were recorded in both groups. The linearity indices
ndicated that non-linear hierarchies were established in
oth groups (h’Constant = 0.181, P = 0.020 and h’Alternate = 0.125,

 = 0.009). The hierarchy was considered stable from the
fth week on in both groups (SAlternate = 0.92; SConstant = 0.92,

ig. 1). There were no differences in the mean GCM concen-
rations in any of the groups between Pre-experimental and
xperimental stages (Pre-experimentalConstant = 242 ± 299 ng/g,
xperimentalConstant = 178 ± 34 ng/g, t = 0.5176,
ies towards the opponent, usually trying to beat him/her with
t. If the individual who is attacked retreats, it will be deemed

P = 0.632; Pre-experimentalAlternate = 614 ± 416 ng/g;
ExperimentalAlternate = 228 ± 138 ng/g, t = 1.763, P = 0.1526).

3.2. Experimental stage: testing the effect of member replacement

During the Experimental stage, 1846 agonistic interactions were
recorded in both groups. The S values remained above 0.9 through-
out the Experimental period in both groups, indicating that even
with the weekly replacement of dominant individuals in the Alter-
nate group, the hierarchy remained stable (Fig. 1). Data of the eight
subjects whose sexing results were inconclusive were excluded
from the analysis regarding sex.

The final GLM models are available on Table 2. No
effect of member replacement was found on group GCM
concentrations (GroupConstant median = 175 ng/g, quartiles
Q1 = 159 ng/g and Q3 = 205 ng/g; GroupAlternate median = 196 ng/g,
Q1 = 164 ng/g and Q3 = 246 ng/g, P > 0.05), or on the GCM
concentrations of subjects in specific hierarchical posi-
tions (DominantConstant median = 381 ng/g, Q1 = 173 ng/g and
Q3 = 576 ng/g, DominantAlternate median = 225 ng/g, Q1 = 94 ng/g
and Q3 = 359 ng/g; IntermediateConstant median = 255 ng/g,
Q1 = 212 ng/g and Q3 = 736 ng/g; IntermediateAlternate
median = 199 ng/g, Q1 = 185 ng/g and Q3 = 222 ng/g;
SubordinateConstant median = 125 ng/g, Q1 = 77 ng/g and
Q3 = 155 ng/g; SubordinateAlternate median = 135 ng/g, Q1 = 88 ng/g
and 179 ng/g, Table 2).

As we did not find differences between GCM concentrations of
subjects in specific positions allocated in different groups (Constant
and Alternate), data from individuals in each hierarchical position
from both groups were gathered in order to compare GCM concen-
trations between individuals in distinct positions. Ranking affected
the GCM concentrations of individuals (estimate = −86.5, P < 0.0001,
Fig. 2, Table 2): dominant individuals had the highest GCM concen-
trations in the groups.
There was  no effect of the sex of individuals on the number of
agonistic interactions observed. Although there was an interaction
between the number of agonistic interactions in which one indi-
vidual took part and the number of its wins on their social ranking,
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ig. 1. Elo Rating-values of the A. aestiva groups: a) Alternate and b) Constant, th
ierarchies were considered stable (stability index above 0.9). The values below th
ight-hand side of the lines represent the individuals studied.

he effect was negligible (estimate = 0.01); therefore, we analysed

he effects of the number of agonistic interactions and the num-
er of wins separately. Individuals in lower positions participated

n more agonistic interactions (estimate = 1.83, P < 0.0001, Table 2)
nd, as expected, the number of wins affected the position of the
out the ten weeks of study. The dashed lines indicate the point from which the
 represent the values of the stability index (S) for every week, and the codes in the

individual (estimate = −4.3, P < 0.0001, Table 2): the more wins an

individual had, the higher its position in the hierarchy. Member
replacement did not affect the overall frequency of within group
agonistic interactions (P > 0.05).
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Fig. 2. Glucocorticoid metabolite (GCM) concentrations (in ng per g droppings) of individ
Experimental Stage. Box plots show medians and quartiles, whiskers show 10th and 90th

Table 2
Final, reduced models of fixed effects on the response variables Agonistic Interac-
tions (AGI), Ranking, Individual Glucocorticoid Metabolites (GCM) and Group GCM
of  A. aestiva.

Response
variables

Estimate ± SE t P

AGIa

(Intercept)
Ranking

22.90 ± 5.20
−0.27 ± 0.14

4.40
−1.89

<0.0001
0.06

Rankingb,e

(Intercept)
AGI
Wins
Sex
AGIxWins

27.64 ± 5.73
1.83 ± 0.41
−4.30 ± 0.70
4.46 ± 2.56
0.01 ± 0.003

4.82
4.44
−6.18
1.74
4.01

<0.0001
<0.0001
<0.0001
0.09
0.0002

Individual
GCMc

(Intercept)
Rankinge

387.6 ± 67.7
−86.5 ± 31.2

5.728
−2.774

<0.0001
0.01

Group GCMd

(Intercept)
632.0 ± 205.2 3.08 0.006

a The complete model for the variable Agonistic Interactions (AGI) included as
explanatory variables: ranking, sex, group (Constant or Alternate) and the interac-
tions: ranking*sex, ranking*group and sex*group.

b The complete model for the variable Ranking included as explanatory variables:
AGI, number of wins, sex, group and the interactions: AGI*number of wins, AGI*sex,
AGI*group, number of wins*sex, number of wins*group, sex*group.

c The complete model for the variable Individual GCM included as explanatory
variables: group, ranking and the interaction: group*ranking.

d The complete model for the variable Group GCM includes as explanatory vari-
able only group.

e The values used as indicators of individual positions in the ranking decrease with
r
a
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o
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w
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ank importance, i.e., the highest individual in the ranking occupies the position 1
nd the lowest, occupies the position 63.

. Discussion

We  investigated the process of hierarchy establishment in A. aes-
iva in captivity, and the behavioural and physiological responses
f individuals to the replacement of dominant group members
ompared to the reactions of individuals housed in a group with
onstant composition. The established hierarchies were non-linear
all linearity indexes less than 0.2) and there was  no measurable
ffect of group member replacement on the GCM levels of the birds,
or on the number of agonistic interactions between the animals.

ndividuals in the lowest hierarchical positions participated in more
gonistic interactions, but individuals in the highest positions had

he highest GCM levels.

We  recorded the establishment of stable hierarchies within five
eeks of group formation, as evidenced by a sharp drop in the aver-

ge number of agonistic interactions within groups thereafter. After
uals of A. aestiva in Dominant, Intermediate and Subordinate positions during the
 percentiles, and circles show outliers.

this period, stability indexes of both groups were above 0.9 − the
pre-defined criteria for considering hierarchies as stable (Correa
et al., 2013), but since the second week of study, these indexes were
already above 0.8, pointing to a rapid hierarchical stabilisation.
For some species, stability is favourable, in other taxa disruption
is part of the day-to-day social structure. Stable hierarchies have
lower levels of aggression, since individuals know their positions
and can avoid unnecessary confrontations (Rose and Croft, 2015).
Predictable responses based on previous interactions collaborate
to set up and maintain stable hierarchies, resulting in decreased
aggression among group members, which favours energy saving
and, therefore, is adaptive (Mendonç a-Furtado et al., 2014; Seibert,
2006). Rapid hierarchical stabilisation was also observed in para-
keets in semi-natural captivity (Hobson et al., 2014).

The dominance hierarchy established in A. aestiva was  non-
linear, with linearity indexes near zero. Non-linear hierarchies are
seen as egalitarian, i.e., they tend to have intransitive dominance
relations (for example, A dominates B, B dominates C, but C can
dominate A; Chase et al., 2002) where agonistic interactions are
not necessarily unidirectional, relationships are attained with the
support of subordinate individuals, and distribution of resources is,
usually, balanced among group members (Sapolsky, 2005; Thierry
et al., 2004; Wittemyer and Getz, 2007). Examples of egalitar-
ian hierarchies can be found in the northern muriqui (Brachyteles
hypoxanthus; Strier et al., 2011), the Tonkean macaques (Macaca
tonkeana; Ciani et al., 2012) and Mantled guerezas (Colobus guereza;
Grunau and Kuester, 2001). Species that use resources that are hard
to monopolise tend to develop such hierarchies, as is the case of
parrots, which in the wild use mostly scattered and seasonal food
resources, and travel long distances in search of food (Hobson et al.,
2014; Juniper and Parr, 1998). Although in captivity, due to spatial
constraints, resources may  be more easily monopolised (Horova
et al., 2015; McDougall et al., 2006), there were no records of food
monopolisation in our study, which would be expected for an egal-
itarian hierarchy (Sapolsky, 2005).

Parrots exhibit great diversity of social structures (Hobson et al.,
2014). Non-linear hierarchies were found in kea in captivity (Nestor
notabilis − seven animals; Tebbich et al., 1996), with numerous
reversals of positions. In monk parakeets (Myiopsitta monachus),
a moderately linear hierarchy was  found in semi-natural condi-
tions of captivity (21 and 19 animals; Hobson et al., 2014), and in
captive cockatiels (Nymphicus hollandicus), a linear hierarchy (12
animals; Seibert and Crowell-Davis, 2001) was described. In addi-

tion to the characteristics of each species, the number of individuals
studied may  interfere in the variations found in the linearity of
hierarchy among psittacine species. It was reported that the more
intransitive relations a hierarchy has, the less linear the hierarchy
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s (Chase et al., 2002); therefore, it is expected that linear hier-
rchies occur most often in smaller groups (Braun and Bugnyar,
012; Chase et al., 2002; Drews, 1993; Jameson et al., 1999; Royer
nd Anderson, 2014). As group size increases, the likelihood of
ccurrence of intransitive interactions also increases and, as a con-
equence, the probability of a hierarchy being non-linear as well
Chase et al., 2002; Jameson et al., 1999). In our study, we  reported
on-linear hierarchies in groups of 30 individuals, the most numer-
us parrot groups studied in captivity. Although captive conditions
ay  favour the formation of linear hierarchies (Horova et al., 2015;
obson et al., 2014), group size may  have contributed to the estab-

ishment of non-linear hierarchies in our birds. There are no data on
he natural group size of A. aestiva;  future studies with this species
n the wild may  shed more light in the matter.

There was no difference between the GCM concentrations of the
roups in the Pre-experimental and Experimental stages. Although
he establishment of the hierarchies occurred during the Pre-
xperimental stage, GCM levels of the animals did not point to a
tress load greater than that observed after hierarchy stabilisation.
his lack of increase in social stress during hierarchy establishment
ight be due to the non-linearity of the hierarchy: in this type of

ierarchy, there is no individual who exerts dominance over the
hole group, therefore the dominance tends to be more egalitar-

an (Sapolsky, 2005; Wittemyer and Getz, 2007). As a result, social
nteractions may  cause lower stress loads in group members; in
he case of our study, this can be inferred through the absence of
ncrease in GCM concentrations during hierarchy establishment, as

ell as the lack of increase in GCM concentrations and in agonistic
nteractions even with the replacement of group members.

In contrast to our first and second hypotheses, we did not find
vidence that the replacement of the dominant individual by non-
amiliar members intensely affected the social structure of the
roup: member replacement did not affect the number of ago-
istic interactions, nor promoted increases in the levels of GCM.

n non-linear hierarchies, the removal of an individual, even a
igh-ranking one, would affect only a few birds with whom this

ndividual regularly interacted, and not the whole group. In order
o investigate the reason for the lack of effect we observed, we  con-
ucted a pilot project (unpublished results), in which we evaluated
he effect of removing the four highest-ranking individuals on the
tability of the Alternate group. Even though, no change in group
tability was recorded; S values remained above 0.9, suggesting
he non-linearity might have a buffer effect, preserving social sta-
ility. On the other hand, studies on species characterised by linear
ierarchies have found a different pattern. In pig-tailed macaques
Macaca nemestrina; Flack et al., 2006), rhesus macaques (Macaca
ulatta; McCowan et al., 2008) and chickens (Gallus gallus domesti-

us; Carvalho et al., unpublished results), the removal of individuals
n the highest hierarchical positions caused rapid instability within
he group, with a consequent increase in the levels of aggression
nd/or reduced affiliative behaviours.

Our results indicated that the relocation of individuals, as con-
ucted in environmental agencies, might not affect the welfare
f individuals in the short term. However, considering the pos-

tive effect of the formation of social bonds and associations on
he health, well-being, adaptive value and reproductive success of
nimals (Asher et al., 2009; Rose and Croft, 2015), the breaking
f these bonds may  lead to group fragmentation in the long term
Asher et al., 2009; McCowan et al., 2008; Rose and Croft, 2015).
arrot species have been shown to flock preferentially in famil-

ar groups (Gilardi and Munn, 1998; Seixas and Mourão, 2013),
resent better welfare conditions when pair-housed in comparison

o individual housing (Meehan et al., 2003), may  present social facil-
tation (Soma and Hasegawa, 2004), and even exhibit social play,

hich may  function to strengthen social bonds (Skeate, 1985). All
hese data indicate the importance of social bonding in the species
al Processes 138 (2017) 160–169

(Hobson et al., 2014; Seibert, 2006; Salinas-Melgoza and Wrigth,
2012). Therefore, considering this study evaluated the short-term
effect of the replacement of the dominant member in A. aestiva in
the group, we  suggest that future studies on the species investi-
gate the existence of social preferences, and the long-term effect
of social management on each member of the dyads that were
separated.

Our third hypothesis − that dominant individuals would present
larger allostatic loads than subordinates − was corroborated by our
data. Individuals in the highest positions in the hierarchy had the
highest GCM concentrations, indicating greater stress load in these
positions. Higher levels of GCM in dominants have been associ-
ated with a function of appeasement within the group (Flack et al.,
2006), defence and resource control as reported, for example, in
capuchin monkeys (Mendonç a-Furtado et al., 2014), wolves (Sands
and Creel, 2004), and in fish (Dey et al., 2013). In timber wolves,
(Sands and Creel, 2004; Vasconcellos et al., 2011), a positive cor-
relation between the levels of GCM and hierarchical position was
recorded, with no correlation between GCM levels and the number
of agonistic or affiliative interactions in which the animals were
involved. Similarly, in our study, although dominants had higher
GCM concentrations than subordinates, no correlation between
GCM levels and agonistic interactions was  recorded, which suggests
that the stress load to maintain dominance within a group whose
hierarchy is not strict is perhaps influenced by more than the par-
ticipation in interactions with group members; it might include the
chronic stress of having to constantly monitor the group to main-
tain one’s hierarchical position (Seibert, 2006; Vasconcellos et al.,
2011).

Our intermediate subjects had GCM concentrations very close
to concentrations of the dominants, while subordinates had lower
levels than those in both other positions. In monk parakeets, a
higher occurrence of aggression directed against individuals closer
in ranking was reported (Hobson and Dedeo, 2015), indicating
that during rank establishment, apparently the author “chooses its
target,ïnstead of directing aggression against any other individu-
als. Forkman and Haskell (2004) reported that 95% of the attacks
in chickens are directed to individuals in a hierarchical position
immediately below the aggressor, a possible strategy of domi-
nant individuals for conditioning members hierarchically close to
lose, thereby reducing the possibility of reversal in position due to
similar physical conditions (the Suppression Hypothesis). This is
possibly also the case of our animals.

In contrast to the above results, studies with some other species
recorded higher allostatic load in subordinates than in dominants,
for example: in Harris’ sparrows (Zonotrichia querula − Rohwer and
Wingfield, 1981), olive baboons (Papio anubis − Sapolsky, 1982),
white-throated sparrows (Zonotrichia albicollis − Schwabl et al.,
1988), naked mole-rats (Heterocephalus glabe − Faulkes and Abbott,
1997), and Assamese macaques (Macaca assamensis − Ostner et al.,
2008). In white-throated sparrows, the authors interpret higher
GCM concentrations in subordinates to be due to their exposure
to greater risk of predation, since they forage away from the pack
(Schwabl et al., 1988). In assamese macaques, the highest levels
of GCM in subordinates are possibly an effect of the higher rate
of aggression directed toward them during the breeding season
(Ostner et al., 2008). In this species, dominance is not associated
with high costs, since it is maintained mainly by demonstrations
of submission, and dominants form strong bonds with each other
through affiliative interactions, likely to prevent possible attacks
by subordinates (Ostner et al., 2008). This way, they leave for the
subordinates the greatest stress loads in the groups. In a linear

hierarchy, where an individual who  occupies a high position in
the ranking dominates all the others below it, resource distribu-
tion is uneven, and this unevenness is maintained in most cases
by aggression and intimidation (Shizuka and McDonald, 2012). In
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uch hierarchies, subordinates have lower chances of having access
o resources, lower coping opportunities and, consequently, higher
evels of physical and social stress. The higher concentrations of
tress-hormones in subordinates may  even mediate reproductive
uppression in some species (e.g. in the African cichlid Astatoti-
apia burtoni − Korzan et al., 2014; and in common marmosets,
allithrix jacchus − Saltzmann et al., 1998). Subordinates living in
uch hierarchies tend to have less control over the situation (Abbott
t al., 2003; Ostner et al., 2008; Sapolsky, 2005), and this is a factor
ith recognised influence on stress levels in captivity (Bassett and

uchanan-Smith, 2007).
In our study, the number of agonistic interactions in which indi-

iduals participated, and the number of victories they achieved
ere predictors of the position they occupied in the rankings. Indi-

iduals in lower positions in the hierarchy participated in more
gonistic interactions, but dominant individuals were the ones
ho obtained more victories, as one might expect (Piper, 1997).

vidence of lack of increased aggressiveness in dominant parrot
pecies has been found (e.g., in budgerigars − Soma and Hasegawa,
004; monk parakeets − Hobson et al., 2014 and orange-fronted
onures − Balsby et al., 2012). In budgerigars, although an effect of
anking was observed in foraging situations − through increased
atency to start feeding by subordinates − higher ranking birds did
ot aggressively prevent lower ranking ones from feeding: the lat-
er fed almost as much as the dominants (Soma and Hasegawa,
004). Orange-fronted conures were found to avoid aggression by

negociating’ dominance prior to flock fusion, through imitation of
pecific individuals (Balsby et al., 2012). In cockatiels, by contrast, a
ositive correlation between aggression and hierarchical position
as reported (Seibert and Crowell-Davis, 2001). As we found evi-

ence of an egalitarian hierarchy in our study, it is possible that the
bserved lack of increased aggressiveness in higher ranking birds is
lso related to such type of hierarchy. As described above, several
tudies on dominance hierarchy in terms of stability, aggressive-
ess and stress loads have found diverse results, with greater stress

oads in different hierarchical positions. Social stress should not be
onsidered as a unicausal factor, but rather as a consequence of a
ombination of dominance and subordination efforts (Vasconcellos
t al., 2012), and their consequences on the construction of the
ocial organisation. Therefore, the position in the hierarchy in itself
oes not seem to determine the stress loads of individuals; factors
uch as the possibilities of coping, and having control and pre-
ictability available for individuals may  also influence the costs of
eing dominant or subordinate (Abbott et al., 2003; Ostner et al.,
008).

We  found no difference between the participation in agonistic
nteractions of males and females, nor in their hierarchical posi-
ions in our study. Similar result was found in monk parakeets
Hobson et al., 2014). The parakeets study, although having been
onducted during the breeding season, reported that their subjects
ere not actively breeding, perhaps because of some characteris-

ics of the captive environment. In cockatiels, different results were
ound: higher rates of aggression in males (Seibert and Crowell-
avis, 2001), possibly due to activities of partner selection, at the

tart of the breeding season. During the breeding season, males
how an increase in levels of circulating androgens in plasma and
hese, especially testosterone, are closely related to increased lev-
ls of aggression (Gould and Ziegler, 2007; Goymann et al., 2007;
endonç a-Furtado et al., 2014; Royer and Anderson, 2014). In
onk parakeets, a seasonal variation in the dominant sex was

escribed: males were dominant in the reproductive period, while
emales were dominant in the non-breeding period (Masure and

llee, 1934).

Our study, the first to investigate the process of development
f hierarchy in A. aestiva, recorded the development of non-linear
ierarchies in captivity, wherein male and female occupied similar
al Processes 138 (2017) 160–169 167

positions and exhibited similar number of agonistic interactions.
The replacement of dominant individuals did not affect group
stability, the average levels of GCM, or the number of agonistic
interactions. Therefore, the management practice adopted by envi-
ronmental agencies − i.e., the relocation of individuals between
rehabilitation groups before release − may  not measurably impact
the welfare of the birds in the short-term, when out of the breed-
ing season. Consequently, it is unlikely that there would be negative
impacts of such management practice on the success in the survival
of parrots to later be released. This management practice does not
seem to represent an obstacle to the maintenance of psittacines in
good conditions of welfare, and may contribute to the integration
of ex-situ and in-situ parrot conservation. Our findings have impli-
cations for captive breeding and release/reintroduction programs
of blue-fronted parrots, and may  be useful also for conservation
programs of other parrot species, with varying degrees of vulnera-
bility.
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