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ABSTRACT: Environmental enrichment is a technique applied to enhance welfare of captive animals by introducing items that
create a complex and stimulate enclosure. In poor environments, animals can exhibit abnormal and stereotypic behaviors due
to boredom and stress. Animals behaving normally and with high levels of welfare are suitable and preferred to participate in
conservation efforts such as reintroductions. The aim of this study was to evaluate the effects of environmental enrichment items
on the behavior of the endangered Lear's Macaws held at the Belo Horizonte Zoo, Brazil. Ninety hours of behavioral data were
collected, divided into three equal-length treatments: baseline, enrichment and post-enrichment. Data were collected using focal
sampling with instantaneous recordings every minute. Environmental enrichment decreased the expression of abnormal behaviors
and increased macaw activities. Thus, environmental enrichment proved to be effective in the maintenance of normal behaviors and

should be continually used to increase the welfare of Lear's Macaws.
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INTRODUCTION

Animal welfare can be defined as the maintenance of good
physical and mental health of animals by attending their
needs (Young 2003). Animal welfare can be compromised
in captivity due mainly to stress caused by the limited
space, high number of individuals at the same cage or
loneliness, and lack of stimulation (Newberry 1993,
Morgan & Tromborg 2007, Borges ez al. 2011). In such
situations, animals can exhibit abnormal and stereotypic
behaviors (Mason & Rushen 2006, Mason 2010); the
most common abnormal behaviors recorded for birds are
feather plucking, pacing, self-mutilation, and bar or/and
wall pecking (Engebretson 2006, Speer 2014).
Environmental enrichment is a technique created
to increase the welfare of captive animals (Shepherdson
et al. 1998). It consists in the introduction of items inside
the enclosure that stimulate animals to behave normally
(Young 2003). Enrichment items provide the opportunity
to increase exploratory, consummatory, predatory and

social behaviors, as well as to enhance motor skills,
decreasing stress and the expression of abnormal behaviors,
ameliorating animal welfare (Cubas ez a/. 2006). Thus, it
is important to provide environmental enrichment for
captive animals, as the reduction of stress levels is normally
followed by an increase in reproduction success, which
helps in species conservation efforts (Pizzutto ez al. 2009).

Lear's Macaw (Anodorbynchus leari, Psittacidae)
is an endangered Brazilian bird (MMA 2014, IUCN
2015), only occurring in Jeremoabo, Euclides da Cunha
and Canudos municipalities, in Bahia state, northeastern
Brazil (Lima ez /. 2003). The main threats to the species
are hunting, habitat destruction, and illegal trade ICMBio
2012). According to the latest census of the species, only
1294 macaws were recorded in natural habitat in 2014
(CEMAVE, unpub. data). Due to its rarity, Brazilian zoos
kept in their collections only 31 individuals of the Lear's
Macaw in 2010, being three held at Belo Horizonte
Zoo (BH Zoo), Minas Gerais state, southeastern Brazil
(ICMBio 2012). Macaws are often considered as “hard-
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fruit specialist” birds, including a number of hard-husked
fruits (e.g. palms) in their diet, especially the Licuri Palm
(Syagrus coronata, Arecaceae) (Brandt & Machado 1990,
Sick 1997, Lima et al. 2014). Its specialized diet also
contributes to its threat status, since Licuri Palm has been
used in the commerce and subsistence of local people
in Bahia (Crepaldi ez al. 2004). To keep the welfare of
captive individuals is important, among other reasons,
because they can be reintroduced in the wild or being
part in a captive reproduction management, since wild
populations of A. leari shows low levels of genetic variation
(Presti ef al. 2011), thus, contributing effectively to the
conservation and maintenance of wild populations.
Some studies have been conducted applying
environmental enrichment to psittacines (Field &
Thomas 2000, Evans 2001, Kim ez a/. 2009, Sgarbieiro
2009, Webb et al. 2010, Andrade & Azevedo 2011,
van Zeeland et /. 2013), but none evaluated how
environmental enrichment influences Lear's Macaw
behaviors or any other Anodorhynchus species. In general,
psittacines respond positively to enrichment, decreasing
the expression of abnormal behaviors and increasing the
expression of normal behaviors. Thus, the aim of this study
was to evaluate how environmental enrichment items
would influence the behavior of two captive individuals
of Lear's Macaw. We expected that environmental
enrichment decreases the exhibition of abnormal
behaviors and elicits more activity and normal behaviors.

METHODS

Study place, animals and maintenance

The study was conducted in an off-exhibit area of Belo
Horizonte Zoo (BH Zoo; 19°51'S; 44°01'W). One male
and one female Lear's Macaws were studied. Male was

arising from the Lymington Aviary, Sao Paulo, Brazil;
female was arising from the Loro Parque, Spain. Both
individuals arrived at BH Zoo in 2010 and were held
together in a 64 m? 4 m tall enclosure. Birds were fed
twice a day at 09:00 h and 14:00 h with a mixture of
parrot ration and vegetables. Water was provided ad
libitum.

Experimental protocol

The study was divided into three treatments of
30 h each, totalizing 90 h of behavioral data: baseline,
enrichment (when the enrichment items were available)
and post-enrichment (birds with no enrichment, when
conditions returned to those of the baseline) (Young
2003). Behavioral data were recorded during the three
experimental treatments, using focal sampling method
associated with instantaneous recording of behaviors
every minute (Altmann 1974). Data were collected on
Mondays and Wednesdays, from 07:00 h to 09:00 h,
and this time was chosen because macaws showed to be
most active during this period of day (based on 12 h of
preliminary observations made on September 2013).
Each treatment lasted 15 days and the study was run from
October to December 2013.

An ethogram was developed based on 12 h of
preliminary observations and on scientific literature
(Uribe et al. 1982, Prestes 2000, Schneider et 2/. 2006)
(Table 1). Feather plucking and pacing were considered
abnormal behaviors because they were performed in a
stereotypic way (repetitive performance with no apparent
reason; Mason & Rushen 2006).

The environmental enrichment items used were:
bamboo forest, coconuts, grape, pumpkins filled with
hazelnuts, hazelnuts wrapped in banana tree leaves, corn
on the cob, parrot sticks, and cardboard boxes filled with

TABLE 1. Ethogram for Lear's Macaws (Anodorhynchus leari) studied at the BH Zoo, Brazil.

Acronym Behavior Description

FED Feeding Macaw eats the ration.

VOC Vocalizing Macaw vocalizes.

WB Walking on bars Macaw walks hanged on bars by its feet or beak.

IN Inactive Macaw is inactive or sleeping.

FLY Flying Macaw flies through the enclosure.

ALP Allopreening Macaw manipulates the feathers of the other individual with its beak.
PAC Pacing — abnormal behavior Macaw walks from one side to another, repetitively and with no apparent reason.
WAL Walking Macaw walks on the perch.

HAB Hanging on bars Macaw hangs on the ceiling bars of the enclosure.

RUB Rubbing beak Macaw rubs its beak against the perch.

PEB Pecking bars Macaw pecks the bars of the enclosure.

MRO Manipulating rocks Macaw manipulates with its beak rocks caught on the enclosure's floor.
FPL Feather plucking — abnormal behavior Macaw plucks its own feathers.

I Interacting with items Macaw beaks the environmental enrichment items.

OTH Other behaviors Drinking water, scratching, and bathing.
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grass and coconut. Only one item was offered to the bird
each day; each item was offered twice, and they were
never offered in consecutive days. Items were inserted in
the enclosure five minutes before data collection, once a
day, and remained inside the enclosure until afternoon,
when they were removed.

Statistical analysis

Data were tested for normality using the Anderson-
Darling test. Since data did not meet the requirements for
parametric statistics, nonparametric statistical tests were
used throughout. Friedman's test was used for comparing
if the behavior of the macaws differed between treatments
and environmental enrichment items. Dunn's test was
used for post-hoc analysis in both comparisons (Zar 1998).
Wilcoxon's test was used for comparing if the behaviors
of male and female macaws differed between each other.
All tests were run using Minitab 15°.

RESULTS

Comparison of behaviors expressed by macaws
during the three treatments

During the enrichment treatment, male expressed more
the feeding behaviors, interacting with items, and walking

on bars (Table 2). Behaviors like inactive, walking on bars,
and hanging on bars decreased during the enrichment
treatment (Table 2). The abnormal behavior pacing
decreased during the enrichment treatment, remaining
low even during the post-enrichment treatment; the
abnormal behavior feather plucking also decreased during
the enrichment treatment, but increase in the post-
enrichment treatment (Table 2). Vocalizing was exhibited
more frequently during the post-enrichment treatment
(Table 2).

Female fed, vocalized, walked on bars and interacted
more with items during the enrichment treatment (Table
3). Inactivity was less frequently recorded during the
enrichment treatment (Table 3). All other behavioral
expressions were not influenced by the enrichment items

(Table 3).

Comparison between the behavioral expression of male
and female macaws during the enrichment treatment

Seven behaviors differed between male and female macaws
during the enrichment treatment: feeding, vocalizing,
inactive, flying, interacting with items, walking and
hanging on bars (Figure 1). Inactivity, hanging on bars and
vocalizing were more commonly exhibited by the female
when compared to the male; the three other behaviors
were more expressed by the male macaw (Figure 1).

TABLE 2. Mean # standard error of the number of behavioral registers and Friedman's results for the male Lear's Macaw of BH Zoo, Brazil, during
the three treatments of the study (baseline, enrichment and post-enrichment). FEE — feeding; VOC — vocalizing; WB — walking on bars; IN —
inactive; FLY — flying; ALP — allopreening; PAC — pacing; WAL — walking; HAB — hanging on bars; RUB — rubbing beak; PEB — pecking bars;
MRO — manipulating rocks; FPL — feather plucking; IT — interacting with items; OTH — other behaviors. Same superscript letters indicate statistical
differences between treatments according to the Dunn's post-hoc test.

Treatments
Behavior F P
Baseline Enrichment Post-enrichment

FEE 19.06 + 1.32 44.40 + 4.26° 13.80 + 1.26* 22.53 <0.0001
VOC 25.73 +2.56 18.46 + 3.40° 31.00 £ 1.79* 7.23 0.0269
WB 6.73 £ 1.00° 1.60 + 0.49% 8.26 +1.13" 13.63 0.0011
IN 11.73 + 2.50® 1.13 £ 0.53* 2.80 + 1.05° 11.70 0.0029
FLY 2.26 +0.35 1.33 £ 0.46 0.93 + 0.30 3.73 0.1546
ALP 2.13 £ 0.46 2.26 £ 0.76 2.20 £ 0.49 0.40 0.8187
PAC 1.66 £ 0.56* 0.93 £ 0.38 -t 6.53 0.0381
WAL 4.00 £ 0.74 4.00 + 1.55 3.93+0.93 1.90 0.3867
HAB 21.86 + 1.24* 15.40 + 3.48° 42.66 + 2.59* 22.43 <0.0001
RUB 1.06 £ 0.37 0.26 + 0.15 e 4.13 0.1266
PEB 5.33+1.24 1.60 + 0.46 3.13+0.72 3.33 0.1889
MRO 3.46 £ 0.88 0.86 + 0.44 0.46 £ 0.25 5.70 0.0578
FPL 7.13 £1.72° 0.53 +0.32* 4.40 + 1.11 8.40 0.0150
I 5.73 + 1.73° 25.80 + 3.64" 3.20 + 0.93° 20.43 <0.0001
OTH 2.06 + 0.62 1.40 + 0.58 3.20 + 1.20 2.63 0.2680

Revista Brasileira de Ornitologia, 24(3), 2016



Effects of different environmental enrichment items on the behavior of the endangered Lear's Macaw (Anodorhynchus leari, Psittacidae) 207
at Belo Horizonte Zoo, Brazil

Cristiano S. Azevedo, Jillia R. Caldeira, Angela B. Faggioli and Cynthia E Cipreste

TABLE 3. Mean + standard error of the number of behavioral registers and Friedman's results for the female Lear's Macaw of BH Zoo, Brazil,
during the three treatments of the study (baseline, enrichment and post-enrichment). FEE — feeding; VOC — vocalizing; WB — walking on bars;
IN — inactive; FLY — flying; ALP — allopreening; PAC — pacing; WAL — walking; HAB — hanging on bars; RUB — rubbing beak; PEB — pecking bars;
MRO — manipulating rocks; FPL — feather plucking; I — interacting with items; OTH — other behaviors). Same superscript letters indicate statistical
differences between treatments according to the Dunn's post-hoc test.

Treament
Behavior F P
Baseline Enrichment Post-enrichment
FEE 19.26 + 1.20 30.00 + 3.12° 11.73 £ 1.10° 16.90 0.0002
VvOC 37.06 + 3.33 32.13 +3.13* 38.73 + 2.05* 9.30 0.0096
WB 6.33 +0.78 1.53 £ 0.37¢ 3.20 £ 0.89 10.83 0.0044
IN 21.66 + 4.52 6.20 + 1.63* 28.33 + 2.85° 16.23 0.0003
FLY 0.93 +0.26 0.26 £ 0.15 0.40 + 0.21 2.53 0.2818
ALP 2.13 £ 0.46 2.26 +0.76 2.20 + 0.49 0.40 0.8187
PAC 2.66 +1.29 0.53 £ 0.36 0.20 £ 0.20 3.03 0.2194
WAL 0.86 + 0.41 1.46 + 0.59 0.93 + 0.30 0.13 0.9355
HAB 20.13 + 2.40 26.86 + 3.88 31.40 + 2.32 5.20 0.0743
RUB 0.46 + 0.32 0.53 £0.29 ——- 0.70 0.7047
PEB 3.46+1.12 2.20 + 0.69 1.80 + 0.51 2.63 0.2680
MRO 1.33 + 0.60 1.66 + 0.59 0.66 + 0.41 1.63 0.4419
FPL — — — 0.00 1.0000
11 2.26 + 0.93* 13.53 + 2.93% 0.26 + 0.26° 14.23 0.0008
OTH 1.40 + 0.41 0.80 + 0.41 0.13 +£0.13 4.43 0.1090
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FIGURE 1. Comparison between the behaviors expressed by the male (m) and female (fem) Lear's Macaws of BH Zoo, Brazil, during the
environmental enrichment treatment. Wilcoxon results: * P < 0.05; ** P < 0.01; *** P < 0.001. FEE — feeding; VOC — vocalizing; WB — walking on
bars; IN — inactive; FLY — flying; ALP — allopreening; PAC — pacing; WAL — walking; HAB — hanging on bars; RUB — rubbing beak; PEB — pecking
bars; MRO — manipulating rocks; FPL — feather plucking; II — interacting with items; OTH — other behaviors.

Comparison between the behavioral expressions of when using the corn on the cob item, and expressed more

macaws in relation to the different environmental frequently the behavior manipulating rocks when grapes

enrichment items were offered as enrichment (Figure 2). All other behaviors

were expressed in the same amount by the female macaw,

All behaviors expressed by the male were exhibited equally independent on the environmental enrichment item
with all enrichment items. Female became more inactive offered.
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FIGURE 2. Comparison between the behaviors expressed by female Lear's Macaw of BH Zoo, Brazil, during the offering of the environmental
enrichment items. Friedman results: * P < 0.05; ** P < 0.01; *** P < 0.001. IN — inactive; MRO — manipulating rocks; BF — bamboo forest; CO —
coconut; HZ — hazelnuts wrapped in banana tree leaves; GR — grape; PK — pumpkins filled with hazelnuts; CC — corn on the cob; BX — cardboard

boxes filled with grass and coconut.

DISCUSSION

Environmental enrichment proved to be positive for the
male Lear's Macaw since its abnormal behaviors (pacing
and feather plucking) decreased and its activity increased
with its use. For the female Lear's Macaw, although the
expression of the abnormal behavior pacing presented
a slightly decrease during the enrichment treatment,
this difference was not significantly, showing that the
environmental enrichment items were not sufficient to
modify this behavior.

The use of environmental enrichment for parrots is
now common and results are in general positive, with birds
increasing their activity and diminishing the exhibition
of abnormal behaviors (Coulton et /. 1997, Meehan
et al. 2004, Lumeij & Hommers 2008, Andrade &
Azevedo 2011). Foraging increased significantly for both
Lear's Macaws studied: despite the availability of their
regular diet, macaws forage more upon the enrichment
items, providing more evidence for contrafreeloading in
psittacines, as observed by Coulton ez al. (1997), Inglis ez
al. (1997) and Lumeij & Hommers (2008). The increase
in activity levels could be related to the increase in food
ingestion due to the food enrichments; more food ingested
means more energy available for activities (Crocker ez
al. 2002). Decrease in inactivity has been related to the
increase of welfare of birds (Azevedo & Faggioli 2001,
Meehan 2002, Sgarbieiro 2009).

The abnormal behavior feather plucking is
indicative of stress (Borges ez al. 2011). Environmental
enrichment decreased significantly this behavior for male
Lear's Macaw (female did not express this behavior),
reinforcing how important is to promote stimuli-rich
captive environments for birds. Lumeij & Hommers
(2008) showed that feather plucking was inversely related
to foraging in African Gray Parrots (Psittacus erithacus).

When food enrichment was offered to Grey Parrots,
feather plucking almost disappeared. In nature, parrots
forage for more than 6 h per day (Snyder ez al. 1987), but
in captivity this behavior can last less than 20 minutes,
allowing parrots to spend more time exhibiting other
behaviors, such as feather plucking, especially in cages
without proper stimuli. The reduction of feather plucking
by male Lear's Macaw indicated that his welfare increased.

Pacing, another abnormal behavior indicative of
stress, decreased both for male and female Lear's Macaws,
but not significantly during the enrichment treatment.
The same result was found by Andrade & Azevedo
(2011) when studying Turquoise-fronted Parrot (Amazona
aestiva). This reduction may indicate that although items
stimulated the expression of more normal behaviors, they
were not capable to extinguish the expression of pacing,
and new items should be tested.

The exhibition of walking on bars decreased during
the enrichment treatment, what was also observed by
Andrade & Azevedo (2011), and this result was related to
the increase of interaction with items. Macaws walked to
the enrichment items and spent long periods interacting
with them.

Both macaws exhibited the behavior manipulating
rocks. Mechan ez al. (2004) stated that when psittacines
live on non-enriched cages, they tend to chew bars,
perches or rocks to wear their beaks. This activity occupy
the time of birds, diminishing tediousness (Mechan ez
al. 2004). However, when expressed for long periods of
time, this behavior can be considered abnormal. Assis
(2013) observed that Cockatiel (Nymphicus hollandicus)
living in enriched cages chew less than Cockatiels living
in non-enriched cages. In the present study, male Lear's
Macaw showed a significant decrease of the expression of
the manipulating rock behavior, but the female showed
no difference between treatments. We hypothesized that
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or the enrichment items used were not sufficient to wear
the beak of the female, or this behavior was exhibited in
an abnormal way (quantitatively abnormal). Behavioral
budget and veterinary evaluations on the beak growth
and size could be conducted to test these hypotheses.
More abrasive environmental enrichment items could
also be provided to help birds in beak wearing,.

None enrichment items used in this study elicited
different behaviors exhibited by male Lear's Macaw, but
corn on the cob stimulated the female become more
inactive than other items, and grape stimulated more
manipulating rock than other items. Grape was one of
the softest enrichment items used and the lack of abrasive
characteristics may stimulated rock use. Corn on the
cob was almost ignored by the female, which may be
responsible for the increase in inactivity when this item
was offered.

In conclusion, both food and physical enrichment
influenced the behaviors expressed by Lear's Macaws,
most positively, increasing macaw activity and decreasing
the amount of abnormal behaviors expressed by the male.
Male and female, however, differed in their responses to
the enrichment items, thus, the results should be taken
carefully. Additional items should be experimented and
evaluated, aiming the extinction of abnormal behaviors
for birds, but a routine of environmental enrichment,
with items that elicits different birds senses and skills,
should be implemented.

REFERENCES

Altmann, J. 1974. Observational study of behavior: sampling
methods. Behaviour, 49: 227-267.

Andrade, A. A. & Azevedo, C. S. 2011. Efeitos do enriquecimento
ambiental na diminui¢io de comportamentos anormais exibidos
por Papagaios-verdadeiros (Amazona aestiva, Psittacidae) cativos.
Revista Brasileira de Ornitologia, 19: 56-62.

Assis, V. D. L. 2013. Enriquecimento ambiental no comportamento
e bem-estar de Calopsitas (Nymphicus hollandicus). M.Sc.
Dissertation. Lavras: Universidade Federal de Lavras.

Azevedo, C. S. & Faggioli, A. B. 2001. Using sand-boxes to increase
the foraging activities of Red-winged Tinamou at Belo Horizonte
Zoo, Brazil. International Zoo News, 48: 496-503.

Borges, M. P; Byk, J. & Del-Claro, K. 2011. Influéncia de técnicas de
enriquecimento ambiental no aumento do bem-estar de Callithrix
penicillata (E. Geoffroy, 1812) (Primates: Callitrichidae). Revista
Biotemas, 24: 83-94.

Brandt, A. & Machado, R. B. 1990. Arca de alimentacio e
comportamento alimentar de Anodorhynchus leari. Ararajuba, 1:
57-63.

Coulton, L. E.; Waran, N. K. & Young, R. J. 1997. Effects of
foraging enrichment on the behaviour of parrots. Animal Welfare,
6: 357-363.

Crepaldi,I.C.;Salatino,A. &Rios,A.2004. Syagruscoronataand Syagrus
vagans: traditional exploitation in Bahia, Brazil. Palms, 48: 43-48.

Crocker, D.; Hart, A.; Gurney, J. & McCoy, C. 2002. Methods
Jor estimating daily food intake of wild birds and mammals. York:
Department for Environment, Food and Rural Affairs.

Cubas, Z. S. C.; Silva, J. C. R. & Catio-Dias, J. L. 2006. Tiatado de
animais selvagens: medicina veterindria. Sio Paulo: Roca.

Engebretson, M. 2006. The welfare and suitability of parrots as
companion animals: a review. Animal Welfare, 15: 263-276.

Evans, M. 2001. Environmental enrichment for pet parrots. /n
Practice, 23: 596-605.

Field, D. A. & Thomas, R. 2000. Environmental enrichment for
psittacines at Edinburgh Zoo. International Zoo Yearbook, 37:
232-237.

ICMBio (Instituto Chico Mendes de Conservagio da
Biodiversidade). 2012. Plano de A¢io Nacional para a Conservagio
da Arara-azul-de-lear. Brasilia: Ministério do Meio Ambiente.

Inglis, I. R.; Forkman, B. & Lazarus, J. 1997. Free food or earned
food? A review and fuzzy model of contrafreeloading. Animal
Behaviour, 53: 1171-1191.

IUCN (International Union for the Conservation of Nature). 2015.
TUCN Red List of Threatened Species. http://www.iucnredlist.org
(access on September 2015).

Kim, L. C.; Garner, J. P. & Millam, J. R. 2009. Preferences of Orange-
winged Amazon Parrots (Amazona amazonica) for cage enrichment
devices. Applied Animal Behaviour Science, 120: 216-223.

Lima, P. C.; Santos, S. S. & Lima, R. C. E. R. 2003. Levantamento
¢ anilhamento da ornitofauna na pdtria da Arara-azul-de-lear
(Anodorhynchus  leari, Bonaparte, 1856): um complemento
a0 levantamento realizado por H. Sick, L. P. Gonzaga ¢ D. M.
Teixeira, 1987. Atualidades Ornitoldgicas, 112: 11-22.

Lima, D.M.; Tenério, S. & Gomes, K. 2014. Dieta por Anodorhynchus
leari Bonaparte, 1856 (Aves: Psittacidae) em Palmeira de licuri na
Caatinga baiana. Arualidades Ornitolégicas, 178: 50-54.

Lumeij,].T. & Hommers, C.J.2008. Foraging ‘enrichment’astreatment
for pterotillomania. Applied Animal Behaviour Science, 111: 85-94.

Mason, G. J. 2010. Species differences in responses to captivity:
stress, welfare and the comparative method. Trends in Ecology loa
FEvolution, 25: 713=721.

Mason, G. J. & Rushen, J. 2006. Stercotypic animal behaviour:
Sfundamental and applications to welfare. 2 edn. Wallingford:
CAB International.

Meehan, C. L. 2002. Environmental enrichment and behavioral
development of Orange-wing Amazon Parrots. Ph.D. Thesis. Davis:
University of California Press.

Meehan, C. L.; Garner, J. P. & Mench, J. A. 2004. Environmental
enrichment and development of cage stereotypy in Orange-
winged Amazon Parrots (Amazona amazonica). Developmental
Psychobiology, 44: 209-218.

MMA (Ministério do Meio Ambiente). 2014. Lista brasileira das
espécies da fauna ameagadas de extingdo. Portaria No. 444, de 17 de
dezembro de 2014. Brasilia: Ministério do Meio Ambiente.

Morgan, K. N. & Tromborg, C. T. 2007. Sources of stress in captivity.
Applied Animal Behaviour Science, 102: 262—-302.

Newberry, R. C. 1993. The space-time continuum and its relevance
to farm animals. Etologia, 3: 219-234.

Pizzutto, C. S.; Sgai, M. G. F. G. & Guimaraes, M. A. B. V. 2009.
O enriquecimento ambiental como ferramenta para melhorar a
reproducio e o bem-estar de animais cativos. Revista Brasileira de
Reprodugdo Animal, 33: 129-138.

Prestes, N. P. 2000. Descrigo ¢ andlise quantitativa do etograma de
Amazona pretrei em cativeiro. Ararajuba, 8: 25-42.

Presti, F. T.; Oliveira-Marques, A. R.; Caparroz, R.; Biondo, C.
& Miyaki, C. Y. 2011. Comparative analysis of microsatellite
variability in five macaw species (Psittaciformes, DPsittacidae):
application for conservation. Genetics and Molecular Biology, 34:
348-352.

Schneider, L.; Serbena, A. L. & Guedes, N. M. R. 2006. Behavioral
categories of Hyacinth Macaws (Anodorhynchus hyacinthinus)
during the reproductive period, at south Pantanal, Brazil. Revista
de Erologia, 8: 71-80.

Revista Brasileira de Ornitologia, 24(3), 2016



210 Effects of different environmental enrichment items on the behavior of the endangered Lear's Macaw (Anodorhynchus leari, Psittacidae)
at Belo Horizonte Zoo, Brazil

Cristiano S. Azevedo, Jillia R. Caldeira, Angela B. Faggioli and Cynthia E Cipreste

Sgarbiero, T. 2009. Etograma como ferramenta de avaliagio do
enriquecimento ambiental para a conservagao ex-situ de Ara macao
(Linneaus, 1758) e Ara ararauna (Linnaeus, 1758) no zooldgico
municipal de Piracicaba, SP. MSc. Dissertation. Sao Carlos:
Universidade Federal de Sao Carlos.

Shepherdson, D. J.; Mellen, J. D. & Hutchins, M. 1998. Second
nature: environmental enrichment for captive animals. Washington:
Smithsonian Institution Press.

Sick, H. 1997. Ornitologia brasileira. Rio de Janeiro: Nova Fronteira.

Snyder, N. E. R.; Wiley, J. W. & Kepler, C. B. 1987. The parrots of
Luquillo: natural history and conservation of the Puerto Rican Parrot.
Los Angeles: The Western Foundation of Vertebrate Zoology.

Speer, B. 2014. Normal and abnormal parrot behavior. Journal of
Exotic Pet Medicine, 23: 230-233.

Uribe, E; Nos, R. & Camerino, M. 1982. Differences between the
social behaviour of two species of macaws of the genus Arz (Aves,
Psittacidae) in captivity. Miscel-lania Zoologica, 6: 103—108.

van Zeeland, Y. R. A.; Schoemaker, N. J.; Ravesteijn, M. M.; Mol,
M. & Lumeij, J. T. 2013. Efficacy of foraging enrichments
to increase foraging time in Grey Parrots (Psittacus erithacus
erithacus). Applied Animal Behaviour Science, 149: 87-102.

Webb, N. V.; Famula, T. R. & Millam, J. R. 2010. The effect of
rope color, size and fray on environmental enrichment device
interaction in male and female Orange-winged Amazon Parrots
(Amazona amazonica). Applied Animal Behaviour Science, 124:
149-156.

Young, R. J. 2003. Environmental enrichment for captive animals.
Oxford: Blackwell Publishing.

Zar, J. H. 1998. Biostatistical analysis. 4" edn. New Jersey: Prentice
Hall.

Associate Editor: Carla S. Fontana.

Revista Brasileira de Ornitologia, 24(3), 2016



