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RESUMO

A populacédo de guara é considerada extinta emsdigeregioes. A reproducdo em cativeiro
pode ser uma ferramenta importante para a conservas objetivos foram desenvolver um
protocolo alimentar e ambientagcdo para a criacadfildetes de guara, intensificar a
reproducdo e aumentar o numero de individuos envegat descrever as fases de
desenvolvimento dos filhotes e desenvolver equagaes estimar o crescimento. Os filhotes
receberam trés tipos de dietas: Dieta R (racéo wmatle C (racdo comercial e camarao) e P
(racdo comercial e peixe). A condicdo corporal eeso dos filhotes foram obtidos
diariamente e as medidas corporais a cada seteAlitaxa de mortalidade na Dieta R foi
100% e nas Dietas C e P foram 0%. As médias das pesporais e comprimentos dos 0Ssos
foram maiores com a Dieta P e as médias do comptaraa despigmentacdo do bico ndo
foram diferentes com as Dietas C e Px{,05). A Dieta P apresentou maiores teores
nutricionais. No Ano | a criagéo foi 100% artificie no Ano Il a criagdo em uma area do
parque foi natural. Na criacdo artificial, o desamimento dos membros e a condicao
corporal dos filhotes foram avaliados diariameet@ pesagem a cada sete dias. A taxa de
mortalidade foi menor e o nimero de nascimentodaxa de sobrevivéncia foram maiores
durante a criacao artificial. Todos os filhotesegpntaram ganho de pe$&x(0,05), condicéo
corporal boa e ndo foram observadas distrofiadaseas de desenvolvimento dos filhotes e o
peso foram monitorados diariamente, e as mensud@®eatespigmentacdo do bico e ossos
foram realizadas a cada sete dias. Os olhos abncadia 4,73 + 0,12, no dia 6,31 + 0,18 os
filhotes se moveram dentro do ninho e no dia 13)38 sairam do ninho. As médias do peso
e das medidas dos ossos aumentarBr0,05). As médias da despigmentacdo do bico
diminuiram <0,05). No 7° dia o bico comecou a pigmentar e m 3b° ficou
completamente pigmentado. A correlacdo entre tadoparametros e os coeficientes de
determinacao das equacdes de regressao foramAalbsta P foi considerada a melhor para
a criagao artificial. O protocolo proporcionou asiagdo e alimentagcdo adequadas,
intensificou a reproducdo e aumentou o numero dwagu Foi possivel estabelecer as
equacOes de estimativa de crescimento e descrevVases de desenvolvimento dos filhotes.

A pigmentacao do bico foi considerada um paranmedtobente para estimar a idade.

Palavras-chave: Alimentacdo artificial. Ambientacadificial. Ave silvestre. Biometria

corporal. Equacéo de crescimento. Peso corporal.



ABSTRACT

The population of scarlet ibis is considered taekenct in several regions. Captive breeding
techniques are complementary tools for speciesereason. The objectives were to develop
a feeding protocol and an ambient environment Far tearing of scarlet ibis chicks, to
intensify reproduction in captivity and increase tiumber of ibises in the colony, describe
the developmental stages of chicks and developthrestimation equations. The chicks were
fed with three diets: Diet C (commercial feed), @®nimercial ration and shrimp) and F
(commercial ration and fish). The body conditior areight were taken daily, and the body
measurements every seven days. The mortality raderuDiet C was 100%, and 0% under
Diets S and F. The mean body weight and bonesHengere higher with Diet F and the
mean length of the unpigmented portion of the bdidknot differ among the diet$€0.05).
Diet F had higher nutritional contents. Rearing &edicial during year | and natural during
year Il at one of the areas of the park. The lirdbgelopment and body condition were
evaluated daily, and the weight every seven daymglartificial rearing. The mortality rate
was lower and the number of births and surviva vaere higher during artificial rearing. All
of the young exhibited weight gaiRP<0.05), good body condition and no dystrophies were
observed. The development stages of chicks andvéight were monitored daily, and the
measurements of the beak and bones were taken sseen days. The eyes opened on day
4.73+0.12, the nestlings moved within the nest ag 6.31+0.18 and left the nest on day
15.3+£0.68. The means weight and measurements dioihes increasedP€0.05). The means
of beak despigmentation decreased.05). The beak pigmentation started on day 7°%and
day 35° was completely pigmented. The correlati@twben all parameters and the
determination coefficients of regression equatiese high. Diet F was found to be best for
the artificial rearing. The artificial rearing poal provided an adequate environment and
feeding, intensified the reproduction and increate®el number of scarlet ibises. Growth
estimation equations were developed to asseshitiesagyrowth and was possible to describe
the developmental stages. Beak pigmentation wasdfow be a useful parameter for

estimating the age.

Keywords: Artificial environment. Artificial feedogn Body biometry. Body weight. Growth
equation. Wild bird.
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1. INTRODUCAO

Eudocimus ruberé uma ave da ordem dos Pelecaniformes, da familia
Threskiornithidae (BIRDLIFE INTERNATIONAL, 2012). éhhecido popularmente no
Brasil como guara, esse animal em outros lugaresbeanomes como scarlet ibis, guara-
vermelho, guara-rubro, guara-piranga e corocoroor(RODRIGUES, 2006). O guara pode
ser encontrado na Colombia, Venezuela, Guiana, nduilerancesa, Suriname, Brasil,
Argentina, Trinidade e Tobago (BIRDLIFE INTERNATI@M, 2012). A espécie ocorre
principalmente na faixa costeira dos paises, care@o da Venezuela, onde é encontrada no
interior do pais (OLMOS; SILVA, 2003).

A populacdo de guara € decrescente, apesar dooeskadconservacdo ser
considerado pouco preocupante (BIRDLIFE INTERNATIQN 2012). O guard é
considerado extinto em diversas regides onde andesgvistado (SICK, 1997; EBIRD, 2015),
em perigo no Estado de Sdo Paulo (SEMA, 2009)tieariente ameacado no Parana (IAP,
2009) e Santa Catarina (CONSEMA, 2011). Os fatquesafetam o tamanho das popula¢cdes
de guaras, agora limitado em alguns lugares, $#vda de habitat, a destruicdo das areas de
nidificacdo e de alimentacdo, a caga excessivaerio ilegal, colheita dos ovos e venda
das penas para adorno (IPA, 2009). As técnicasepeoducdoex situsao ferramentas
complementares para a conservacdo da esp#Emi®e oS manejos de colénias em habitats
fragmentados e das mantidas em cativeiro podeneseptar um grande grupo a ser
preservado, reduzindo perdas para a espécie (FONIEN 2007).

Os guaras sao vistos em varios zoolégicos do Beamih outros paises. No entanto,
ainda nao existe um manejo reprodutivo eficientesaeespécie em cativeiro e, nas poucas
vezes que 0s animais reproduziram em zooldgico$ijhmtes dependeram exclusivamente
dos cuidados dos pais. Na natureza, podem ocardapdos filhotes causadas pela predacéo
por outros animais, queda do ninho e abandono @sy@PLMOS; SILVA, 2001). No Parque
Mangal das Gargas é frequente a queda de filhetases dos ninhos feitos pelos pais, sendo
o animal resgatado e criado artificialmente. Aléssd, € constante o recebimento de filhotes,
oriundos de apreenséo pelos 6rgaos ambientaisiteegdo de risco e sem conhecimento da
idade.

Olmos e Silva (2003) descreverain, situ, algumas caracteristicas fenotipicas e
comportamentais dos adultos e filhotes de guagis,domo a reproducédo dos adultos. Além

disso, constataram, através de exames de contegtimeacais, que 0s guaras em vida livre
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alimentam-se essencialmente de peixes, camardpspes caranguejos e de insetos. Hass et
al. (1999) citam ainda a ingestéo de aranhas,ayestes e matéria vegetal.

Contudo, ndo existe na literatura um protocolo paiEcao artificial e muito pouco
foi descrito sobre a biologia do desenvolvimento fdoote de guara. Procedimentos
realizados para obtencdo de parametros corporaiatenaalos regulares, como biometrias e
pesagens, ndo foram descritos, 0 que representdimitedo para a estimativa da idade e
avaliacdo do desenvolvimento dos filhotes em cd@edicartificiais. Além disso, ainda nao
existe uma dieta especifica para os filhotes despécie, o que também dificulta a criacao
sob cuidados humanos.

Com o presente trabalho sera possivel comparaseng®nho dos filhotes de guaras
alimentados com diferentes dietas, bem como dekemvom protocolo para criacdo dos
filhotes, com ambientacéo e alimentacédo artificipgga intensificar a reproducdo e aumentar
0 numero de individuos no Parque Mangal das Gaigemando a isso, sera possivel
descrever o comportamento e as caracteristicasgisios filhotes em condicdes artificiais,
obter parametros para estimar a idade e avaliarescimmento dos filhotes por meio da
condicdo corporal, pesagens e biometrias do rad#o,tibia, do tarso e da porcao

despigmentada do bico.
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2. OBJETIVOS

2.1.GERAL

Avaliar o desempenho dos filhotes de guaras aliatkerst com diferentes dietas e
desenvolver um protocolo para criacdo de filhotegydard no Parque Mangal das Gargas,
intensificando a reproducdo em cativeiro e aumelotan nimero de individuos do plantel,

bem como obter parametros para estimar a idadaliaraw crescimento dos filhotes.

2.2.ESPECIFICOS

» Descrever a composi¢cao bromatolégica de trés difesalietas fornecidas para
filhotes de guara;

e Comparar o desempenho dos filhotes recebendo wliésralimentos, por meio
de pesagens e biometrias do radio, da tibia, deota da porcao
despigmentada do bico;

» Desenvolver, em condi¢@es artificiais, ambientag@imentacdo para criacao
de filhotes de guaréds, avaliando o protocolo paorde observacdes clinicas
diarias e pesagens dos filhotes;

» Descrever, em condi¢@es artificiais, o peso, ospeonentos do radio, da tibia,
do tarso e da porcao despigmentada do bico, bera aaroloracao das penas,
a idade de abertura dos olhos, a capacidade det@ém e a saida do ninho;

» Relacionar a idade do filhote de guard com o pesoraedidas corporais, bem

como estabelecer equacdes para estimar a idaddia avcrescimento.
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3. REVISAO DE LITERATURA

3.1.CLASSIFICACAO DA ESPECIE

A espécie foi descrita primeiramente por Linneug58), inicialmente nomeada de
Scopolax rubrasendo mais tarde designada cdgumlocimus rube(RAMO; BUSTO, 1987).
Eudocimus ruberé uma ave da ordem dos Pelecaniformes, familiaeskiornithidae
(BIRDLIFE INTERNATIONAL, 2012).

Conhecido popularmente no Brasil como guara, esgmah em outros lugares
recebe nomes como scarlet ibis, guara-vermelhoaguaro, guara-piranga e corocoro rubro
(RODRIGUES, 2006).

3.2.CARACTERISTICAS GERAIS DA ESPECIE

Os guaras sdo aves pernaltas com pescoco long@caesdo-se por sua bela
plumagem vermelha (SICK, 1997). As Unicas partesvaémelhas séo as pontas das longas
penas de voo e os olhos pretos, e o0 bico que vedshalo até o enegrecido dependendo da
faixa-etaria e sexo (Figura 1). As duas pernassfaq@esentam uma colora¢do rosada com
uma camada de grandes escamas. Cada um dos gedtr® @bm garras sao parcialmente
unidos por membranas interdigitais, mas ainda adparem algum grau para que sejam

capazes de pousar em arvores (KUSHLAN, 1977).

Figura 1 - Guaras do Parque Mangal das Garcas i{argessoal).
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O comprimento do guara, mensurado da ponta da eaé@daponta do bico varia de:
55 cm a 76,2 cm (HANCOCK; KUSHLAN; KAHL, 1992; KUSIAN, 1977; MOOLCHAN,
2011; OLMOS; SILVA, 2003; PETERSON; PETERSON, 2002) macho e démea séo
semelhantes em aparéncia fisica, sendo os machosemgque as fémeas, pesando cerca de
750 g a 800 g, enquanto que as fémeas pesam dg &0840 g. Contudo, ndo existe na
literatura dados de biometria e pesagem em filh@ssbhicos dos machos sdo mais longos e
menos curvos, medindo entre 15,5 cm e 17 cm, etqu@e o de uma fémea oscila entre 12
cm e 13 cm (OLMOS; SILVA, 2003). O bico curvado gp#aixo é fino e longo como uma
pinga. Seu longo pescoco auxilia 0 bico nos moviogeda cabeca durante busca e caca de
presas em aguas rasas. Além disso, usam o biceg@memer a glandula uropigial e aplicar o
0leo em cada pena, espalhando com seu bico (ADAMRROL, 2008).

Os guaras voam em bandos, com 0 seu pesco¢o mantitioha reta juntamente com
seu bico para frente, formando um grande “V”, o gptIz a resisténcia do vento e 0s tornam
capazes de percorrer distancias mais longas (KUSHLAR77). Vivem cerca de 16 anos em
vida livre, podendo chegar a 20 anos em cativéi®NCOCK; KUSHLAN; KAHL, 1992;
RICKLEFS, 2000; NOVAES, 2009).

Seus hébitos alimentares e comportamentos deaaigifo sdo muito influenciados
pela qualidade do habitat, o que, consequentemeatabou rotulando-os como
bioindicadores das condi¢des de habitat (POWELIMEQL, 1986).

3.3.DISTRIBUICAO GEOGRAFICA

O guara pode ser encontrado na Coldombia, VenezGel@na, Guiana Francesa,
Suriname, Brasil, Argentina, Trinidade e TobagoRBLIFE INTERNATIONAL, 2012;
Figura 2). A espécie ocorre principalmente na faigateira dos paises, com excecao da
Venezuela, onde é encontrada no interior do pdiM@s; SILVA, 2003).

Segundo Antas, Roth e Morrison (1990), até o sé¥iXg o Brasil abrigava grupos
populacionais de guar&spalhados por uma grande extensdo do litorallérasidesde o
Amapa ao Ceara e do Rio de Janeiro a Sdo Pauln&arSanta Catarina. A populacéo do
sudeste ao sul sofreu um grande declinio, estass® fato relacionado a alteracdo de seu
habitat pelo homem (SANTOS et al., 2006). Atualragas populacées de guaras no Brasil
estdo quase que exclusivamente restritas as rdgi@@mneas dos estados do Amapa, Para e

Maranh&o, tendo dois grupos em Sao Paulo, no npmicie Cubatdo e Ilha Comprida
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(SANTOS et al., 2006SEMA, 2009; EBIRD, 2015), um grupo na Baia ParaaawuParana
e outro no Parque Natural Municipal da Caieira emt& Catarina (EBIRD, 2015; Figura 2).

Em 2013, foram observados 112 individuos da especigaia Paranagua e 50 individuos no

Parque Natural Municipal da Caieira em 2015 (EBIRQOL5).
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Figura 2 - Distribuicdo geografica do guaré e féswua de individuos
nas regides (adaptado EBIRD, 2015).

Habitam areas pantanosas, manguezais, lagos aeiasrso lento, vivendo em
bandos que procuram vegetacao densa para dorndifiean, como os mangudrfiizophora
sp.), aturizais @repanocarpussp.) e siriubais Avicenniasp.) (HANCOCK; KUSHLAN;
KAHL, 1992; RICKLEFS, 2000; NOVAES, 2009).

3.4.ESTADO DE CONSERVACAO

O guara é protegido oficialmente pela legislacaasilegira como uma espécie
ameacada de extingdo (IBAMA, 1989). Além dissocaénias de nidificacdo de todas as
espécies de aves também séo protegidas por lei$BRA967).

A espécie é considerada extinta em diversas regifégs antes era avistada, como
por exemplo, do Piaui ao Rio de Janeiro (SICK, 1#8BIRD, 2015), em perigo no Estado de
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Sao Paulo (SEMA, 2009), criticamente ameacado nan@gIAP, 2009) e em Santa Catarina
(CONSEMA, 2011), sendo essas as Ultimas avaliad@despécie nas regides citadas.

No entanto, de acordo com a Lista Vermelha de Espésmeacadas da Unido
Internacional para Conservacdo da Natureza (IUGN)yspécie € listada como pouco
preocupante e com a populacdo em declinio (BIRDUNFEERNATIONAL, 2012).

3.5.ALIMENTACAO

Constatou-se através de exames de conteudos eatspwtados por Sick (1997),
gue 0s guards sdo carnivoros alimentando-se ealeeonte de peixes como o “muré”
(Gobius oceanicus Pallasde camardes, de pequenos caranguejos tais coohama-maré”
(Ucasp.) e “aratu” Aratus pisoni), e de insetod)ysticidag. Hass, Matos e Machado (1999)
citaram ainda a ingestdo de aranhas, gastrOpodestéria vegetal. Apds avaliacdo de
conteudos estomacais de filhotes encontrados mdrmms como de regurgitados produzidos
por filhotes durante a temporada reprodutiva, O|nSilwa e Prado (2001) constataram que
todas as amostras apresentaram caranguejos, amdesplo a mais de 95,5% das presas
consumidas. Entre os caranguejos mais predadas Estgthium limosun(39,52%) e varias
espécies déJca sp. (27,6%). Nas amostras foram também identifisachmardes (1,5%),
gastropodes (2,6%), peixe (0,1%), mutucas (0,3%ermes poliquetos (0,1%).

A ingestdo do caranguejo tem uma ligacdo importaote a cor dos guaras. O
vermelho das penas se deve a um pigmento chamaabcacana, que € um derivado do
caroteno (SICK, 1997; OLMOS; SILVA, 2003). O caraieé o responsavel pela cor da
cenoura e da casca dos caranguejos e camardesn@aoth quando sédo cozidos (OLMOS;
SILVA, 2003). Hass (1996), por meio de analisegjbimicas, mostrou que 0s carotenos nas
penas dos guaras sao 0s mesmos dagueles encomimradiipimas presas, como 0 caranguejo
chama-maré. Os guaras tém a capacidade de sequestcarotenoides acidogénicos do
alimento e manufaturar cataxantirgc@roteno neutro), através de facilitagdo biogquamic
e/ou por acdo da microflora intestinal (HASS; MATOBACHADO, 1999). Em cativeiro
com a deficiéncia de carotenoides, os guaras tendeficar mais cor-de-rosa do que
vermelhos, mas essa coloracdo pode ser recupadami@nando-se cataxantinas ou cenoura
no alimento que Ihes é oferecido (SICK, 1997).

Atualmente ja existem no mercado racdes comeresqscificas para aves, como 0s

flamingos, que necessitam de uma suplementacé@rdédides quando em cativeiro. A
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racdo comercial proporciona maior facilidade no e@ralimentar em cativeiro, de forma
mais higiénica e mantendo sua integridade fisicguBmica por mais tempo, quando
comparada aos alimentos naturais (MEGAZOO, 2014). edtanto, a racdo comercial
extrusada possui em sua composicéo alimentos de origem alegeé ndo fazem parte da
dieta dos Flamingas situ, conforme descrito por Tobar et al.(2014).

Os guaras procuram comida apenas no inicio da mambgo antes do pdr do sol,
ficando geralmente escondidos, descansando ompando durante o calor do dia e a noite.
Com o uso de seu bico longo e curvo eles sondatodagais e aguas rasas em busca de
comida. N&o precisam se esconder de sua comidayemgue seu bico longo é guiado pelo
toque, e sO sdo vistos por suas presas no momentpe elas sdo subitamente retiradas da
agua pela ponta do bico e atiradas para o0 esofMQOLCHAN, 2011). O bico possui muitas
enervacdes mecanorreceptoras, sendo muito seaeigehtato com a presa. Os guaras quase
nunca forrageiam fora da agua, o que sugere qigpanibilidade de presas no solo pode ser
limitada em estacdo seca (FREDERICK; BILDSTEIN, 2)99

Forrageiam juntamente com outras espécies commbagp colhereiros, garcas e
patos. Esse relacionamento mutuo entre espécipsrprona aos guaras uma melhor chance
de se esconder dos predadores entre essas avesdidkd, ter um grupo de aves pernaltas
perto para perturbar e agitar aguas rasas faz cemnagjpresas se tornem mais faceis de serem
capturadas (HANCOCK; KUSHLAN; KAHL, 1992).

3.6.REPRODUCAO
3.6.1. Periodo de reproducéo

O periodo reprodutivo dos guaras ainda € poucadaldc na literatura, sendo ainda
controverso entre os autores. No Brasil, foram emmados grupos em periodo de reproducéo
ativa em maio, na llha Buzina, Maranhdao (MORRIS@NTAS; ROSS, 1987), junho e
setembro na costa do Amapa (TEIXEIRA; BEST, 1980.Para, na ilha dos Passaros, um

ninhal foi encontrado reprodutivamente ativo no nus agosto (ANTAS; ROTH;

! Ragédo FL 32 (Megazoo Betim, MG) - Niveis de gaearit10g/kg de umidade (méx.), 320g/kg de proteina
bruta (min.), 60g/kg de extrato etéreo (min.), k§gle matéria fibrosa (max.), 110g/kg de matériaenail
(max.), 22g/kg de célcio (max.), 18g/kg de calaioir(), 3.000mg/kg de sédio (min.), 9.000mg/kg de
fosforo (min.), 2.200mg/kg de 6mega 3 (min.), 40kggle mananoligossacarideos (min.), 440mg/kg de
beta-glucanas (min.), 1.95mg/kg de extrato de eardano (min.), 7.000 mg/kg de DL-metionina (min.)
19g/kg de L-lisina (min.), 3.000mg/kg de aditivalsarventes de toxinas (min.).
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MORRISON, 1990; RODRIGUES; FERNANDES, 1994). Sick947) corrobora esses
autores, afirmando que o periodo reprodutivo comexanicio da seca, indo de julho a
setembro (na regido do Estado do Para), emborardlajas de reproducéo durante periodo
chuvoso nas Guianas. Olmos e Silva (2001) observamae as aves, no municipio de
Cubatéo, Sao Paulo, comecaram a se congregar esnmaaiero no local da coldnia a partir
de meados de setembro e em novembro estavam d¢odstns ninhos e fazendo postura de
0VOS.

Hass, Matos e Machado (1999), na ilha do Cajuakakf#io, observaram que os
guards iniciaram a temporada reprodutiva no indas chuvas, selecionando os sitios de
reproducdo em janeiro e estabelecendo colonia eerdieo. Na regidao dos Lhanos da
Venezuela, a estacdo reprodutiva dos guaras tarmbiécide com as primeiras chuvas, sendo
este fato relacionado com a maior abundancia deeatbs como peixes, crustaceos e insetos
(BROUWER; VAN WIERINGEN, 1990).

No entanto, os ultimos estudos de reproducdo décesmo Norte, Nordeste e
Sudeste do Brasil foram em 1994, 1999 e 2001, c@spmente, e ndo existem
levantamentos mais atuais sobre a reproducao éaiespendo uma limitacao para avaliacéo

do estado de conservagao.

3.6.2. Caracteristicas e comportamento

Quando estdo em época de reproducédo, o bico doontacta-se negro brilhante, e
suas pernas continuam vermelho-claras, enquant@a déeea apresenta o bico (que é mais
fino) pardacento com a ponta enegrecida e suasapdrcam vermelho-esbranquicadas.
Algumas fémeas, durante a estacdo reprodutiva, npoaleresentar edema na garganta,
descrito por Sick (1997) como um “saquinho” de palm, cor-de-rosa, de cada lado da
garganta.

Nos ninhais, grandes bandos de guaras vivem juptgsnizados em pares. No
comportamento reprodutivo, 0 macho adota certaglutas para atrair a fémea. Algumas
taticas de exibicdo comuns sao tentadas, como lliogra frequéncia a plumagem e sacudir,
bater o bico, esfregar a cabeca, quebrar galhosos altos (HANCOCK; KUSHLAN;
KAHL, 1992; OLMOS; SILVA, 2003). Cabe a fémea aciativa de se aproximar de um
macho selecionado, adotando uma postura submissppuco agachada (OLMOS; SILVA,

2003). Os machos tornam-se agressivos com outrohamajue entrarem no seu local de
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nidificagcdo, usando seu bico, pernas e asas cowndtia, de modo a defender-se e a defender
sua prole e companheira (HANCOCK; KUSHLAN; KAHL,93.

3.6.3. Ninho

O casal copula frequentemente enquanto o ninhonsétraddo. A fémea cuida da
construcdo do ninho, enquanto o macho realiza unéwatrazendo o material para a mesma
(OLMOS; SILVA, 2003). Os ninhos sdo normalmentestaridos em estreita proximidade
um do outro, tendo por vezes, mais do que um npanaarvore. Isso é feito provavelmente
para diminuir o risco de predacao, por ser mais d&cenviar sinais de alerta para os outros.
Grandes felinos e aves de rapina sao seus priagypadadores. (HANCOCK; KUSHLAN;
KAHL, 1992; MOOCHAN, 2011). Os ninhos sao platafasnirregulares, geralmente
cbncavas, sendo construidos sobre ramificagdesodongo dos galhos, com ramos finos
entrelagados frouxamente. Os materiais utilizadolsase dos ninhos sado geralmente gravetos
secos, podendo ser substituidos por ramos verdes$otioas, retirados das arvores de mangue
ao redor (HASS; MATOS; MACHADO, 1999).

3.6.4. Ovos

A fémea pde de 1 a 3 ovos, sendo que o primeircéquasto 5 a 6 dias apds o coito
(HANCOCK; KUSHLAN; KAHL, 1992; SICK, 1997). Em nirdis na ilha do Cajual
(Maranh&o), Hass, Matos e Machado (1999) observarsa nimero de ovos encontrados
nos ninhos variou entre um (31,37%), dois (66,68%)és ovos (1,96%). No entanto, em
Cubatédo, Sao Paulo, Olmos e Silva (2001) observauanno primeiro ciclo de nidificacéo,
ninhos (99 ninhos) com um ovo corresponderam a H@%, dois ovos a 35%, com trés ovos
a 53% e com quatro ovos a 1%. No segundo cicladicacdo (100 ninhos) a porcentagem
de ninhos com um ovo foi 25%, dois ovos 50%, tMass®2%, quatro ovos 2% e seis ovos
1%. Segundo Olmos e Silva (2001), essa diferengestara de trés ovos, durante o primeiro
e segundo ciclos de nidificacdo, sugere que algasais poderiam estar realizando posturas
de reposicdo apOs perderem suas ninhadas no primielo, pois as aves que realizam
multiplas posturas consecutivas tendem a produmimamero decrescente de ovos. J& os
ninhos com posturas maiores que trés ovos repeBerdos, em que uma ou mais fémeas

pdem ovos em ninhos alheios.
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Os ovos de guard possuem coloragdo verde-claro GO0OK; KUSHLAN; KAHL,
1992; SICK, 2001), creme (HASS, 1996) ou azul-clé@.MOS; SILVA, 2001) com
manchas marrons. O comprimento, largura e pes@vus de guaras variam de 54,6 a 57,9
mm, 37,2 a 38 mm e 37,9 a 44 g, respectivament&SGA996; OLMOS; SILVA, 2001).

3.6.5. Periodo de incubacgéo

Varios autores descrevem diferentes periodos déagéo: 25,8 + 2,3 dias (HASS,
1996), aproximadamente 23 dias (BROUWER; VAN WIERBEN, 1990), entre 21 e 24 dias
(SICK, 1997; OLMOS; SILVA, 2001), por volta de tréemanas (HEATH et al., 2003) e
entre 19 a 23 dias (MOOCHAN, 2011).

3.7.FILHOTES

Os recém-nascidos sédo cobertos por uma plumagem, pge muda gradualmente
para cinza fosca e seu bico € mais retilineo, deragio clara com a ponta enegrecida
(HANCOCK; KUSHLAN; KAHL, 1992). Com 29 a 31 dias d&la apresentam o bico escuro
(OLMOS; SILVA, 2001). Emplumam totalmente a pad# 35 dias (MOOCHAN, 2011). Os
imaturos séo pardo-escuros, apresentam a regidaigo-dorso e coberteiras superiores da
cauda brancas, e as penas de seu abdémen branateaas (SICK, 1997). A mudanca de
coloracdo das penas tem inicio quando os animaie@a@m a voar. A cor escarlate aparece
pela primeira vez levemente em seu dorso e sehesgehdualmente ao longo do pescoco,
laterais e asas (FREDERICK; BILDSTEIN, 1992, OLMG8L.VA, 2003) (Figura 3). Entre
22 e 24 meses de idades ficam totalmente verm@idgdOS; SILVA, 2003).

poenn s e e s 1 : 5
Figura 3 - Mudanca na coloracdo das penas dosgu@jlmaturo, com as penas de
coloracdo pardo-escura. (B) Animal em processo uldamca gradual da coloracdo das
penas (Arquivo pessoal).
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Apds o nascimento os filhotes séo incapazes de famfas simples, como levantar
suas proprias cabecas (HANCOCK; KUSHLAN; KAHL, 1998egundo Olmos e Silva
(2001), a partir de observacdes realizadas no nipmide Cubatdo, Sado Paulo, os filhotes de
guaras entre um e trés dias de vida séo praticemma#pazes de se mover, erguem a cabeca,
mas ndo o corpo. Com cinco a sete dias erguempm,coras a capacidade de locomocgéao é
limitada restringindo-se ao interior do ninho. Enftl e 13 dias de vida s&o capazes de
mover-se pelos ramos ao redor do ninho e escalaangahos proximos, mas somente com
20 dias tornam-se independentes dos ninhos. Ar meti29 dias fazem voos curtos entre
arvores proximas e entre 41 e 43 dias voam bemsegeindo adultos para pedir comida.
Entre 74 e 78 dias, os juvenis forrageiam sozinhttgncando a independéncia alimentar.
Moochan (2011) também descreveu que com 75 diegldes guaras sao independentes.

Tanto o macho quanto a fémea de guara incubamass amentam os filhotes e os
protegem contra predadores (HANCOCK; KUSHLAN; KAHL992; SICK, 1997; OLMOS;
SILVA, 2001). Os pais demoram apenas o0 minimo ageeno ninho quando trazem comida
para as crias, alimentando-as por regurgitacadindeatacdo do recém-nascido exige que o
adulto segure seu bico, fazendo com que o filnmtarte a cabeca, para que o adulto possa
regurgitar em seu bico (STANEK, 2009). Os recéntidas tendem a emitir um grito
estridente para indicar quando estao com fome (HAQK; KUSHLAN; KAHL, 1992).
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4. CAPITULO I

EVALUATION OF SCARLET IBIS ( Eudocimusruber) CHICKS BRED WITH
DIFFERENT DIETS AT THE MANGAL DAS GARCAS PARK
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ABSTRACT

The objective of this study was to evaluate thréiernt diets fed to scarlet ibis chicks and
the effects of these diets on chick performancee [Ehicks were fed Diet C (commercial
feed); 10 received Diet S (commercial feed andnghyiand 10 chicks received Diet F
(commercial feed and fish). The chicks were weiglaedl the lengths of each chick’s right
radius, tibia, tarsus and the unpigmented portioth® right side of the beak were measured.
The mortality rate under Diet C was 100%, and tlogtatfity rate was 0% under Diets S and
F. The mean body weight and radius, tibia and salsngths were higher for chicks fed Diet
F (P<0.05). The mean length of the unpigmented ponicine beak did not differ among the
diets P<0.05). Diet F had higher crude protein, etherasttand crude energy contents. Beak
pigmentation was not influenced by diet. Diet F wherefore found to be best for the

artificial rearing of scarlet ibis chicks.

Keywords: Body condition; Chick biometry; Chick theg; Chick growth; Chick weight;
Wild birds.
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INTRODUCTION

The currently decreasing population sizes of st#re (Eudocimus rubgr(Birdlife
International, 2012; Ebird, 2015) are affected byesal factors such as excessive hunting,
illegal trade, egg collection, commercializationfedthers for ornaments, habitat loss and the
destruction of nesting and feeding areas (Sick719%a, 2009). Therefore, captive breeding
techniques are complementary tools used for theazwation of species (Fontenelle, 2007).

Scarlet ibis are seen in various zoos in Brazil amdind the world. However, during
the few times that these animals reproduce ini@eifenvironments, the chicks depend
exclusively on parental care, as a specific dietsfrarlet ibis adults and young has not yet
been developed. This represents a limitation tolefcéis breeding under human care. At
present, commercial feeds are available that ageifepfor certain birds, such as flamingos,
which have feeding habits similar to those of ttarlet ibis (Tobar et al., 2014).

In the wild, scarlet ibis feed mainly on fish, shg, small crabs and insects (Sick,
1997). Hass et al. (1999) also report incidencescaflet ibis consuming spiders, shails and
plant material. After evaluating the stomach cotger chicks found dead, as well as stomach
contents regurgitated by chicks during the repradeceason, Olmos et al. (2001) found that
all samples analyzed contained crabs, correspontingnore than 95.4% of the prey
identified. Shrimp (1.5%), snails (2.6%), fish (@&}, horseflies (0.3%) and polychaete worms
(0.1%) were also identified in the samples, indngatthat the scarlet ibis is a carnivorous
bird.

An evaluation of the body condition and developmehtscarlet ibis chicks fed
different types of food will aid in the selectiohadiet that promotes the best performance in
individuals during early growth, contributing toetlsuccess of artificial breeding. In this
sense, diets composed of commercial feed develtgretamingos, shrimp or fish may be
used for the captive breeding of scarlet ibis chigkder human care.

The objective of this study was to evaluate thrger@nt diets fed to scarlet ibis
chicks and their effects on chick performance tglobody condition, weight and biometry of

the radius, tibia, tarsus and the unpigmented qouf the beak.
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MATERIALS AND METHODS

Study site

This study was conducted at the Mangal das Gareals, Bbcated in the city of
Belém, Para State, Brazil 1°27'48.9"S 48°30'17.§FMure 1). There are 111 scarlet ibis
adults inhabiting the park, distributed among thaeeas: Aningas Aviary (11 males and 8
females), Cavername Lake (34 males and 17 femates)he Extra Sector of the park (41
unsexed individuals). In all areas water is avédaldl libitumand extruded commercial féed
is provided from 7:00am to 4:00pm. The Mangal das¢@s Park has an Authorization from
the Management of Native Wildlife, no. 1501.8612/24PA, for rearingeudocimus ruber

All animals receive technical assistance daily fweterinarian and a biologist.

Figure 1- Mangal das Garcas Park.

' Feed FL 32 (Megazoo Betim, Minas Gerais, Brazilpuaranteed analysis:110 g/kg moisture (max.), 320
g/kg crude protein (min.), 60 g/kg ether extracin(in 45 g/kg fiber (max.), 110 g/kg mineral corttémax.), 22
g/kg calcium (max.), 18 g/kg calcium (min.), 3,00@/kg sodium (min.), 9,000 mg/kg phosphorus (mi2,200
mg/kg omega 3 (min.), 400 mg/kg mannooligosaccleari@nin.), 440 mg/kg beta-glucans (min.), 1.95 mg/k
milk thistle extract (min.), 7,000 mg/kg DL-methioe (min.), 19 g/kg L-lysine (min.), 3,000 mg/kgxio
adsorbent additives (min.)ngredients: ground whole corn, fish meal, poultry offal mesdybean meal, dry
beer yeast, crude soybean oil, limestone, vitamimeral premix, sodium chloride (table salt), nataanatto
dye, prebiotic (mannooligosaccharide), fungistaticlitive (propionic acid), DL-methionine, adsorbadditive
(esterified glucomannan yeast), antioxidant (BHA).
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Egg management

Nests were inspected two times per day (morning a&tetnoon), and eggs were
collected whenever they were encountered. Eggs mareially collected and transported to
the nursery in a plastic egg container. Each cateegg was sanitized with gauze and
moistened with saline solution. After evaluatiompken, cracked or punctured eggs were
discarded. The date and site of collection werendsd with a graphite pencil on each egg.

Eggs were incubated in a digital incubator, witihoanatic egg turning programmed
at two-hour intervals (IP 130 PS, Premium Ecoloditda, Belo Horizonte, Minas Gerais,
Brazil). The temperature and humidity in the indobavere 37.4 °C and 60%, respectively.
Eggs in the incubator were inspected two timesdagr (morning and afternoon), and when
the hole made by the hatchling hours before hatciais observed, the egg was transferred to
a bird treatment unit (UTA, TD, Premium Ecoldgic&dé, Belo Horizonte, Minas Gerais,
Brazil) and kept under the same temperature anddityntonditions as the incubator until

the end of hatching.
Chick selection and management

Twenty-five clinically healthy scarlet ibis chicksere selected. All animals were
kept under the same artificial environmental caodg. Chicks were identified by bands
made from adhesive bandage tape numbered fronodnenty-five.

After hatching, chicks were kept in artificial ne@shade of straw baskets and hay.
The chicks remained in the bird treatment unitiuh®ir second day of life. During the third
day, the nest with the chick inside was transfeteed fiberglass brooder (1.18 x 0.59 x 0.50
m) containing clay heaters with 25-watt lamps. Téperature and humidity of the nests
were kept at approximately 32 °C and 58%, respegtiAfter the chicks had left the nest,
they were kept in brooders with hay and a heatcsour

From the third day of life until the chicks leftetmursery, they were exposed to
direct sunlight for one hour before 9:00am and vggven a mineral vitamin suppleméatt a

dose of two drops per chick once per day.

? Avitrin Célcio Plus (Coveli, Duque de Caxias, Rie daneiro, Brazil) — guaranteed analysis (kg): Q&% ,|U
vitamin A (min.), 800,000 IU vitamin D3 (min.), 0 mg magnesium (min.), 5,865 mg calcium (min.}68,
mg calcium (max.), 2,000 mcg vitamin B12 (min.).
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After leaving the nursery, the chicks were transféto an 18 fhenclosure equipped
with two clay heaters with 60-watts bulbs, hay beddl5 cm diameter wooden perches and
a skylight providing ventilation and natural lighithe animals were kept in groups of up to 10
chicks (1.8 chicks/A).

Feeding management

The twenty-five chicks selected were divided intoups to receive three different
diets with a paste-like consistency (puree):

Diet C — Five animals were fed a mixture of 50 gcaished commercial feed for
flamingos (Feed FL32 and 150 ml of water. The mortality rate for chided Diet C was
100%, and the supply of this diet was stopped.

Diet S — Ten animals were fed a mixture of 15 gcafshed commercial fed for
flamingos (Feed FL32 mixed with 100 ml of shrimp broth. The shrimp ttrovas prepared
by blending 100 g of whole Amazon River pravivtacrobrachium amazonicumvith 150 ml
of water, and then the mixture was filtered throagieve.

Diet F — Ten animals were fed a mixture of 15 gcafshed commercial feed for
flamingos (Feed FL32 mixed with 100 ml of fish broth. The fish brothass prepared by
blending 100 g of mulletMugil spp.) fillet with 300 ml of water, and then thextaore was
filtered through a sieve.

The selection of fish and shrimp as diet ingrediemés based on Sick (1997) and
Olmos et al. (2001). The feed was chosen becawsasitoriginally developed for flamingos,
which have feeding habits similar to those of tbarlket ibis (Tobar et al., 2014). In addition,
scarlet ibis adults from the park have adaptedci® diet and responded positively to it, as
evaluated by their reproduction and feather coiomnait was necessary to add a large volume
of water to Diet F during broth preparation becafisk have a lower water content than
shrimp.

To evaluate the diets, the crude protein conterg eetermined using the Kjedahl
method (Detmann et al., 2012). The ether extractertt was determined by an AnkBXT
10 extractor (AnkonTechnology, Macedon, New York, United States) dreldrude energy
level was determined using an IRACalorimeter System C200 (IKA, Guangzhou,

Guangdong, China).
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The fish and shrimp broths were prepared twicedagr (morning and afternoon).
The puree was prepared before each meal and heagedicrowave oven to 40 °C. Chick
feeding began 12 hours after hatching, as befaeetittne, the animals consume the yolk
reserve.

The puree was orally administered directly intoéh&ance of esophagus using a no.
10 gastric tube cut to 5 cm in lengihd attached to a disposable syringe. The anirhakbsl
was maintained at a 90° angle during feeding, Arsdposition was maintained for at least 10
seconds after feeding to avoid reflux and choking.

The total number of meals per day, intervals, va@wadministered at each meal and
total daily volume were chosen according to chigk,aas described in Table Ghicks were
stimulated to begin feeding alone after leavingrikst by offering the extruded commercial
feed (Feed FL32) in the bird feeder and watexd libitum After each paste feeding, a
technician encouraged the chick to eat the foodhén feeder.Beginning on day 20, the
feeding intervals of paste supply were increaseeryevour days until only the extruded
commercial feed (Feed FL32in a feeder was offered (Table 1). At this staife, chicks
were transferred to the nursery and housed wikkast one independently feeding older chick

to stimulate them to consume the feed.
Body condition, weight and biometry

To evaluate the effects of the different diets ba thicks, body condition, body
weight and the lengths of the radius, tibia, andus and of the unpigmented portion of the
beak were monitored. Body condition was evaluataitly dy inspecting and palpating the
chest muscles and sternum, giving a score fromt@tieree (Harrison and Ritchie, 1994), as
follows: 1 — reduced pectoral musculature and starrprominent, indicating poor body
condition; 2 — rounded pectoral musculature witklight depression on both sides of the
sternum, indicating good body condition; 3 — pealtonuscles covering the entire sternum,

indicating excess weight.
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Table 1 — Feeding protocol developed to provideitt to 25 scarlet ibis chicks raised

under artificial conditions on their 1st throught3@ays of life.

Age (days) Total feedings/day Interval (hr) Volumdgéeding (ml) Volume/day (ml)

1-2 13 1/1 0.5 6.5

3 13 11 1 13
4-7 13 1/1 2 26
8-11 13 11 3 39
12-15 13 11 4 52
16-19 13 11 5 65
*20-23 7 2/2 6 42
24-27 5 3/3 7 35
28-31 3 6/6 8 24
32-35 2 12/12 9 18
36-39 1 24/24 10 10

*Reductions in total feedings per day and in volyme day. Increase in feeding intervals and volperefeeding.

The chicks were weighed daily using a digital sq@letlife Superinox-5, Balmak
Industria e Comércio Ltda, Cidade Industrial Sddabara d’'Oeste, Sdo Paulo, Brazil), and
measurements were taken every seven days by the tamnician. During biometry, the
lengths of the right radius, tibia and tarsus ahthe unpigmented portion of the right side of
the beak were measured using a 150 mm plasticecglparberg Limited, Toronto, Ontario,
Canada).

Weight and body measurements are parameters ofdmalopment. Measurements
of the radius, tibia and tarsus were chosen bectuese are long bones easily measured in
live animals, and because these bones undergoogevehtal pressure due to flight (Sick,
1997), making them good growth markers. Chicks vassessed beginning on the first day of

life, shortly after hatching, and on all subsequaangs, always in the morning. All data were

recorded in an individual case report form.
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Statistical analysis

The mortality and survival rates are presentedessgmtages. Data are presented as
the mean * standard error. Exponential regressmaysis was used to test the relationship
between age and bone lendmlynomial regression analysis was used to testeflaionship
between age and the length of the unpigmentedopodi the beakStudent’s t test was used
to compare weights, bone lengths and the lengtth@funpigmented portion of the beak
among diets. All analyses were performed in StatvieO (SAS Institute Inc., Cary, North
Carolina, United States), and results were consdlsignificant whe<0.05.

RESULTS AND DISCUSSION

Although OImos et al. (2001) found that crabs csponded to more than 95.4% of
the prey identified in the stomach contents andungitate samples of scarlet ibis chicks,
shrimp and fish are cheaper and easier to storepeewhre and are available for purchase
throughout the entire year. Moreover, fish andreprare purchased on a weekly basis to feed
other bird species at the park.

The contents of crude protein, ether extract andeenergy of each diet are shown
in Table 2. Diet F, prepared with fish, containé@ thighest percentages of all of these
components, and Diet C, prepared only with comrakréeed, contained the lowest

percentage. Diet S, prepared with shrimp, had trartal values similar to those of Diet F.

Table 2 — Dry matter, crude protein, ether exteanct crude energy contents in the three diets
supplied to scarlet ibis chicks from the 1st to38¢h day of life.

Dry Matter Crude Protein Ether Extract Crude Energy
(%) DM (%) FM (%) DM (%) FM (%) DM (Kcallg) FM (Kca l/g)
Diet C 92.50 33.45 7.70 3.31 0.76 4.119 0.47
Diet S 18.84 42.38 7.98 8.08 1.52 4.614 868.35
Diet F 18.16 44.33 8.05 10.49 1.91 4.713 855.40

Diet C: commercial feed. Diet S: commercial feed ahrimp. Diet F: commercial feed and fish.

DM: dry matter. FM: fresh matter
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Chicks who received Diet C died in their first weaklife, making it impossible to
collect data for statistical analysiét necropsy, no macroscopic changes were observed,
suggesting that nutritional factors were respoesifr the mortality. The unsatisfactory
results (100% mortality) found in animals fed D@&tmay be related to the quality of the
nutrients present in feed developed for adult flagos, which was not suitable fecarlet ibis
chicks in the early stages of development. Thekshibat received Diets S and F had 100%
survival and body scores of two, indicating goodritional status. It is possible that the
higher crude protein content in these diets wasonapt for chicks in the early stages of
development. Therefore, the nutritional composgiohfish and shrimp are more suitable for
the development of birds in the early stages ef lif

In quails at the early stage of life, nutritionalide protein requirements are higher
from the 1st to the 21st day of life (25%) and lo\{#2%) from the 22nd to the 42nd day of
life (Silva and Costa, 2009). However, this findicgnnot be extrapolated to teearlet ibis
because the nutritional requirements of quail andrlet ibisare likely distinct, as these
species have distinct feeding habits. Scarlet rhisst likely have higher crude protein
requirements because they are carnivorous, feedaigly on crustaceans in the wil@Imos
et al., 2001).

Figure 2 shows the relationship between age andhvén scarlet ibischicks. The
curve was best fit using an exponential model, aaluated by the coefficient of
determination (R Figure 2), intercept values? (<0.0001) and regression coefficier® (
<0.0001). Chicks that received Diets S and F gaimeidjht from the 1st to the 36th day of
life (Figure 2). By comparing the daily weights s¢arlet ibischicks fed Diets S and F,
differences from the 7th to the 36th day were ol <0.05), indicating that the weights
of chicks fed Diet F were higher (Figure 2). Thakjcks receiving Diet F gained weight
faster than the chicks fed Diet S after the 7th afdife.
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Figure 2 — Exponential regression analysis indngathe relationship between age and the
daily weights of 20 scarlet ibis chicks fed Die{shrimp) and Diet F (fish) from the 1st to
the 36th day of life.

Diet S: Weight = 28.8 x e”(0.068 x Age)* R 0.95.

Diet F: Weight = 29.718 x e"(0.084 x Age)* R0.96.

* Indicates the day when differences in the meansrg diets began to appe&&(.05).

Figure 3 shows the relationship between age andketigths of the radius, tibia and
tarsus of thescarlet ibischicks. The curve was best fit using an exponenmhadel, as
evaluated by the coefficient of determinatiorf;(Rigure 3), intercept value® 0.0001) and
regression coefficient?(<0.0001). The coefficients of determination alsdi¢ated that the
lengths of the measured bones were highly corgelaith age and that no growth restriction
occurred. The lengths of the radius, tibia andussd chicks fed Diets S and F increased from
the 1st to the 35th day of life (Figurg. 3Vhen comparing the weekly measurements of the
chicks fed Diets S and F, differences were fourd.05) from the 14th to the 35th day,
indicating that the measured bones were longehicks fed Diet F (Figure 3). Therefore, the
chicks fed Diet F grew faster than the chicks feelt 3, starting at the 14th day of life.
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Diet S: Tarsus = 19.473 x e*(0.0337 x Age3:=R0.94.
Diet F: Tarsus =17.976 x e"(0.0404 x Age¥;=R0.97.

Figure 3 — Exponential regression analysis indiagathe relationship between age and the
lengths of the radius, tibia and tarsus of 20 stabis chicks fed Diet S (Shrimp) and Diet F
(fish) from the 1st to 35th day of life.

* Indicates the day when differences in the meansray diets began to appe&(.05).

Figure 4 shows the relationship between age andethgth of the unpigmented
portion of the beaks of scarlet ibis chicks. Theveuwas best fit using a second-order
polynomial model, as evaluated by the coefficiehtietermination (R Figure 4), intercept
values P <0.0001) and regression coefficieft €0.0001). The length of the unpigmented
portion of the beaks of chicks fed Diets S and &resed from theS1to the 38' day of life,
when the beak was completely pigmented (FiguréBgre was no significant difference in
the weekly measurements of the unpigmented bedlopavhen comparing chicks fed Diets
S and F (Figure 4). Therefore, beak pigmentatiophenotypic characteristic of scarlet ibis
chicks, is likely not influenced by the type of tbsupplied, in contrast to body weight and

bone lengths.
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Figure 4 — Second-order polynomial regression amalndicating the relationship between
age and the length of the unpigmented portion efdaks of 20 scarlet ibis chicks fed Diet S
(shrimp) and Diet F (fish) from the 1st to the 38#y of life.

Diet S: Beak = 12.094 - 0.567 x Age + 0.006 x AgeR2= 0.96.

Diet F: Beak = 12.588 - 0.587 x Age + 0.006 x AgeR2=0.97.

Despite the similar nutritional compositions of BieS and F, chicks fed Diet F
exhibited faster growth, reaching higher body wtsgind bone lengths at the end of rearing
than chicks fed Diet S. The differences in the geenfance of the chicks may be related to the
amino acid profiles and digestibility of the dieTie amino acid profiles may differ among
the protein sources used (shrimp and fish). Moreast@cks in early developmental stages
may not have the enzymes necessary to aid in festibn of crustaceans because in the wild
they receive food regurgitated by an adult (Sta@0K9). Further studies assessing the amino
acid profiles and digestibility of these foods aeeded.

Beginning on the 7th day of life, the diets prowddiely affected the development
of the chicks. Before this period, the chicks ekkitb no differences in growth between diets,
as their physical conditions were most likely sdilnilar to when they were in the egg. The
selection of a suitable diet is very importantdatificial breeding because it reduces mortality
rates, provides animals with more resistance teadiss, accelerates growth and decreases the

time required to reach adulthood, rendering animesdsly to breed earlier.
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Considering the cost-benefit relationship of figid ashrimp, mullets are cheaper,
corresponding to 75.7% of the price of local shrinmpaddition, with the same amount (g) of
shrimp and fish, and consequently similar percesdayf crude protein, twice as much Diet F
was produced because of the addition of a largeuatrof water needed in the preparation of
the fish broth. Therefore, among the treatmentedediet F was considered more suitable
for scarlet ibis chicks in the early stages of diepment and bred under human care.

This study may contribute to the artificial breegliof scarlet ibis in captivity, which
can be a tool for the conservation of the speaigsyell as for the breeding of chicks seized or
rescued from the wild and can also form a basi®feeding protocols for other species in the

family Threskiornithidae.

CONCLUSION

Commercial feed should not be the exclusive soafdeod in the diet oscarlet ibis
in the early stages of development and must belsognted with animal ingredients such as
shrimp and fish. Diets S and F, including shrimd &sh, respectively, had similar nutritional
compositions, ensuring the growth of chicks. Howeveupplementation with fish is
recommended because chicks that received Diet bitedh faster growth and good body

condition, as well as higher weights and longerugsdibia and tarsus bones.
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ABSTRACT

The objectives of this study were to develop an iantbenvironment and feeding
protocol for rearing scarlet ibis young under &idfl conditions; intensify reproduction in
captivity and increase the number of ibises indbleny; evaluate the protocol by monitoring
the development of the artificially reared youngdavaluate the efficiency of artificial and
natural rearing. Rearing was artificial during yéand natural during year Il at one of the
areas of Mangal das Gargas Park to test the nuafly@ung obtained, the survival rate, and
the mortality rate. The ambient environment andlifeg protocol was evaluated based on the
clinical observations, body condition, and weightng of 20 young. The mortality rate was
lower and the number of births and survival rateengher during artificial rearing. All of
the young exhibited increased weight and weight @@<0.05) and good nutritional status,
and no dystrophies were observed during artificgglring. The artificial rearing protocol
provided an adequate ambient environment and fgedirategy, resulting in intensified
reproduction, an increased number of scarlet ibisethe park, and normal growth of the
young. Artificial rearing was more efficient thamtaral rearing in the number of young

obtained, the survival rate, and the mortality.rate
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INTRODUCTION

Although the conservation status of the scarlet ibi'Least Concern’, its population
is declining (Birdlife International, 2012). Theastet ibis is considered extirpated in various
regions where it was once sighted (Sick, 1997; &®015) and is officially protected by
Brazilian legislation as an endangered speciesn@d)d989). Captive breeding techniques are
complementary tools for species conservation becananaged colonies in fragmented
habitats and those in captivity can representgelgroup for preservation and reduce losses
of the species (Fontenelle, 2007).

Scarlet ibises are found in zoos in Brazil and otwintries. However, there is no
efficient reproductive management strategy for sipiscies in captivity, and the few times that
the animals have reproduced in zoos, the young havained exclusively dependent on
parental care. In the wild, the young can be lestaise of predation by other animals, falling
from nests, and parental desertion (Olmos and SR@81). At Mangal das Garcas Park,
chicks that fall from nests made by the parents@seued and artificially reared in a nursery.
Additionally, at-risk young with unknown ages seizéy environmental agencies are
constantly received at the park.

There is no protocol in the scientific literatuor the artificial rearing of scarlet ibis
young, and very little of their developmental bgyjohas been described. These factors
represent a limitation for rearing young under homare and for maintaining and breeding
the species in captivity.

Olmos and Silva (2001) found that some wild scabest pairs laid replacement eggs
after losing their young during the first nestingcle. Thus, collecting eggs for artificial
incubation in captivity may also stimulate the fémsato lay replacement eggs, thereby
intensifying reproduction in captivity and increagi the birth rate. Additionally, the
development of an adequate ambient environmentesating protocol would enable artificial
rearing of young and thereby increase the numbardofiduals in captivity.

Thus, the objective of this study was to |- develop ambient environment and
feeding protocol for the rearing of scarlet ibisugg under artificial conditions; Il- intensify

reproduction in captivity and increase the numbescarlet ibises in the colony; llI- evaluate
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the protocol by monitoring the development of ai@#ly reared young via daily clinical
observations and weighings; and 1V- evaluate theiefcy of artificial and natural rearing.

MATERIALS AND METHODS
Study site

The study was conducted at Mangal das Garcas Beaked in Belém, Para State,
Brazil (1°27'48.9"S 48°30'17.8"W) (Figure 1). Aabof 111 ibis adults inhabit the park and
are distributed among three areas: the Aningasrm\iEL males and 8 females), Cavername
Lake (34 males and 17 females), and the park'saBSéctor (41 unsexed individuals). Water
and commercial extruded feedre providedad libitumfrom 7 am to 4 pm at all of the areas.
Mangal das Garcas Park has Authorization for thenddament of Native Wildlife (no.
1501.8612/2014-PA) for rearirfudocimus rube(scarlet ibis). All of the birds receive daily

technical assistance from a veterinarian and agist.

Figure 1 - Aerial view of Mangal das Garcas Padur§e: http://www.mangalpa.com.br

' Feed FL 32 (Megazoo Betim, Minas Gerais, Brazilpuaranteed analysis:110 g/kg moisture (max.), 320
g/kg crude protein (min.), 60 g/kg ether extracin(in 45 g/kg fiber (max.), 110 g/kg mineral corttémax.), 22
g/kg calcium (max.), 18 g/kg calcium (min.), 3,00@/kg sodium (min.), 9,000 mg/kg phosphorus (mi2,200
mg/kg omega 3 (min.), 400 mg/kg mannooligosaccleari@nin.), 440 mg/kg beta-glucans (min.), 1.95 mg/k
milk thistle extract (min.), 7,000 mg/kg DL-methioe (min.), 19 g/kg L-lysine (min.), 3,000 mg/kgxio
adsorbent additives (min.)agredients: ground whole corn, fish meal, poultry offal mesdybean meal, dry
beer yeast, crude soybean oil, limestone, vitamimeral premix, sodium chloride (table salt), natlaanatto
dye, prebiotic (mannooligosaccharide), fungistaticlitive (propionic acid), DL-methionine, adsorbadditive
(esterified glucomannan yeast), antioxidant (BHA).
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Evaluating the efficiency of the artificial rearing

The study was divided into the following steps walaate whether artificial rearing
intensified reproduction in captivity and increasbd number of ibises in the colony: Year |
(2012) — the egg-laying period began in June asidauntil May 2013. Eggs from the three
park areas were collected and artificially incubdatand Year 1l (2013) — the egg-laying
period began in August and ended in January 20hH; €ygs from the Aningas Aviary were
not collected; these eggs were naturally incubadad,the young were reared under parental
care. It was not possible to record the numberggseunder natural rearing because it was
impossible to access the nests. The number of atedbeggs and hatching rates, number of
young hatched, number of survivors and survivasahumber of dead young, and mortality

rates were recorded.

Egg management

Nests were inspected two times per day (morning atetnoon), and eggs were
collected whenever they were encountered. Eggs mareially collected and transported to
the nursery in a plastic egg container. Each cateegg was sanitized with gauze and
moistened with saline solution. After evaluatiompken, cracked or punctured eggs were
discarded. The date and site of collection werendsd with a graphite pencil on each egg.

Eggs were incubated in a digital incubator, witihoanatic egg turning programmed
at two-hour intervals (IP 130 PS, Premium Ecoloditda, Belo Horizonte, Minas Gerais,
Brazil). The temperature and humidity in the indobavere 37.4 °C and 60%, respectively.
Eggs in the incubator were inspected two timesdagr (morning and afternoon), and when
the hole made by the hatchling hours before hatciais observed, the egg was transferred to
a bird treatment unit (UTA, TD, Premium Ecoldgic&dé, Belo Horizonte, Minas Gerais,
Brazil) and kept under the same temperature anddityntonditions as the incubator until

the end of hatching.

Selecting and managing the young

Twenty clinically healthy scarlet ibis young werelected to develop the artificial

rearing protocol. All of the animals were housedlemthe same artificial environmental
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conditions. The young were identified by adhesigadage tape bands numbered from one to
twenty.

After hatching, the young were housed in artificiabts made of straw baskets lined
with hay (Figure 2A). These baskets were used twige better environmental comfort for
the young because they mimicked the natural nesitgosed of dry twigs or green branches
with leaves made by adult scarlet ibises (Hasd.e1999). The young remained at the bird
treatment unit until they were 2 days old. At 3 slajd, the nest containing the young was
transferred to a fiberglass brooder (1.18 x 0.8950 m) containing clay heaters with 25-watt
light bulbs (Figure 2B). The heat source was usegdrovide environmental comfort for the
young because in nature, the parents take turnsirige¢he chicks warm (Hancock et al.,
1992; Sick, 1997; Olmos and Silva, 2001). The temamjpee and humidity in the nests were
maintained at approximately 32°C and 58%, respelgtilypon leaving the nests, the young

were housed only in the brooders containing haythadheat source (Figure 2C).

Figure 2 — Six-day-old scarlet ibis young (A) in artificial nest constructed with a straw
basket and hay bedding. (B) Individual nests witirlet ibis young heated by clay pots with
25-watt light bulbs. (C) Twenty-day-old scarletsés with no nest kept on hay bedding and
heated. (D) Group of scarlet ibises in the nurseith hay bedding, heating, perch, and
natural lighting.
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Starting on day 3 of life and continuing until thigft the nursery, the young were
exposed to direct sunlight daily for one hour bef@ram and received a daily mineral vitamin
supplement &ta dose of two drops per young.

After leaving the nursery, the young were transfério an 18 fenclosure equipped
with two clay heaters with 60-watt light bulbs, hiagdding, 15-cm diameter wood perches,
and a skylight that provided ventilation and ndtdmght. Perches were installed in the
enclosure because Olmos and Silva (2003) demoedttiaat in nature, the young walk about
branches and gather in groups at the tops of #es t@fter becoming independent from their
nests. In the enclosure, the animals were housgbirps of up to ten young (1.8 young/m
Figure 2D).

Feeding protocol

A paste comprising a mixture of 15 g of ground flago commercial feed (Feed
FL32" and 100 ml of fish broth was prepared to feedhings. The fish broth was obtained
by blending 100 g of mulletMugil spp.) fillets with 300 ml of water in a blenderdatnen
filtering it through a sieve. The fish broth wasssbn as an ingredient based on Sick (1997)
and Olmos et al. (2001). The feed was selectedulsec& was originally developed for
flamingos, which are birds with feeding habits $amio the scarlet ibis (Tobar et al., 2014).
Additionally, adult scarlet ibises within the pdrve adapted to this feed and exhibit positive
responses in terms of reproduction and featheraidm.

The fish broth was prepared twice daily (morningl a&fternoon). The paste was
prepared prior to each feeding and heated in aomave oven until it reached 40°C. The
young were first fed 12 hours after hatching, eéter the depletion of the yolk reserves.

The paste was administered orally directly intoeh&rance to the esophagus using a
no. 10 gastric tube cut to 5 cm in length and cedipb a disposable syringe (Figure 3A). The
head of the animal was kept elevated at 90° ddaading, and this position was maintained
for at least ten seconds after administering tletepg@rigure 3B) to avoid reflux and choking.
According to Stanek (2009), in nature, an adulpsus the chick's bill, causing it to raise its
head so that the adult can regurgitate into thetmou

? Avitrin Célcio Plus (Coveli, Duque de Caxias, Rie Janeiro, Brazil) — guaranteed analysis (kg);0d2%
IU vitamin A (min.), 800,000 IU vitamin D3 (min.2,000 mg magnesium (min.), 5,865 mg calcium (min.),
7,168 mg calcium (max.), 2,000 mcg vitamin B12 (min
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Figure 3 - Feeding the scarlet ibis young. (A) A B0 gastric tube was cut to a 5 cm length
and coupled to a disposable syringe. (B) The paatedirectly administered into the entrance
of the esophagus. (C) A 20-day-old ibis being enaged to feed itself.

The total number of meals per day, intervals, vawadministered at each meal, and
the total daily volume were defined according te thick’'s age as described in Table 1. The
young were encouraged to feed alone after theyHefhest. Commercial extruded f¢Eded
FL32") was provided in a feeder and water was proviagdibitum (Figure 3C). After each
paste supply, the maintenance technician encourtégedird to eat the commercial feed in
the feeder. On day 20 and onwards, the feedingviadeof paste supply were increased every
four days until only commercial feed in the feedlexs offered (Table 1). At this stage, to
encourage younger chicks to eat the feed, the yowarg transferred to the enclosure and
housed together with at least one older chickzs already feeding alone.
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Table 1 — Feeding protocol developed to provideitit to 20 scarlet ibis chicks raised
under artificial conditions on their 1st throughit3@ays of life.

Age (days) Total feedings/day Interval (hr) Volumdgéeding (ml) Volume/day (ml)

1-2 13 1/1 0.5 6.5

3 13 11 1 13
4-7 13 1/1 2 26
8-11 13 11 3 39
12-15 13 11 4 52
16-19 13 11 5 65
*20-23 7 2/2 6 42
24-27 5 3/3 7 35
28-31 3 6/6 8 24
32-35 2 12/12 9 18
36-39 1 24/24 10 10

*Reductions in total feedings per day and in volupgg day. Increase in feeding intervals and volyree
feeding.

Evaluating the artificially reared young

To evaluate the scarlet ibis young during artifictearing, individual clinical
examinations were performed to monitor the follagviimb development, body condition,
and weight. The limbs were inspected daily to olsgrossible developmental abnormalities
such as bone dystrophies.

The body condition was evaluated daily by inspectamd palpating the pectoral
muscles and sternum and was scored from one te {hfarrison and Ritchie, 1994): 1 —
reduced pectoral musculature and prominent stermugincating poor body condition; 2 —
rounded pectoral musculature with a mild depreseioiboth sides of the sternum, indicating

good body condition; and 3 — pectoral musculatureedng the entire sternum, indicating
excess weight.
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The weight of each young bird was monitored eveve days. The birds were
weighed with a digital balance (Actlife SuperinoxBalmak Industria and Comércio Ltd.,
Cidade Industrial Santa Barbara d’Oeste, Sdo PBuézjl) starting on 1 day of life soon after
birth and always in the morning thereafter. Allalatere recorded in an individual case report

form.

Statistical analysis

The egg hatching rates, survival rates, and mortadies of the young are expressed
as percentages. Weight and weight gain are exgressthe mean + standard error. Analysis
of variance was used to assess the effect of agee@ht. The differences between the mean
weights were determined using Fisher’s post test. Exponential regression analysis was
used to test the relationship between the age amghtvof the young. All analyses were
performed in Statview 5.0 (SAS Institute Inc., Gaxprth Carolina, United States), and the

results were considered significant whs0.05.

RESULTS AND DISCUSSION

The egg hatching rates, number of eggs incubatadpar of births, survival rates,
number of survivors, mortality rates, and numbede#&d young are shown in Table 2. The
high hatching rates of the artificially incubateghe in years | and 1l (Table 2) suggested that
the temperature and humidity conditions were misty efficient for artificial incubation. In
nature, Olmos and Silva (2001) reported hatchingsrbetween 20 and 28% (0.20 to 0.28
young/egg) and Martinez and Rodrigues (1999) foandhatching rate of 32% (0.32
young/egg).

The incubation periods had mean durations of 230326 days in year | and 22.46 +
0.14 days in year I, which were similar to theipés cited by other authors in observations
in the wild: 25.8 + 2.3 days (Hass 1996), approxetya23 days (Brouwer and Van
Wieringen, 1990), between 21 and 24 days (Sick,7199Imos and Silva, 2001),
approximately three weeks (Heath et al., 2003)letdieen 19 and 23 days (Moochan, 2011).
Thus, the proposed egg management strategy wasiadefpr artificially rearing scarlet
ibises based on the high egg hatching rates olotawer two years and the incubation periods

that were similar to those described in naturetiheiostudies.
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Table 2 — Egg hatching rates and number of eggspeu of young hatched, survival rate,
number of survivors, mortality rate, and numberdeaths recorded in artificial and natural

reared scarlet ibises in Mangal das Gargas Park.

Park Area Artificial Rearing (n) Natural Rearing ( n)
Aningas Aviary Hatching rate 77.77% (9) *
Number of young 7 3
Survival rate 100% (7) 66.67% (2)
Mortality rate 0% (0) 33.33% (1)
Artificial Rearing (n) Natural Rearing (n)
Cavername Lake and  Hatching rate 87.75% (49) 85.10% (47)
Extra Sector
Number of young 43 40
Survival rate 88.38% (38) 77.50% (31)
Mortality rate 11.62% (5) 22.5% (9)

* |t was not possible to record the number of eggs.

The number of scarlet ibis births obtained by @itif rearing was higher (Table 2),
suggesting that natural rearing demanded the maremie to hatch the eggs and then take
care of the young. By removing the eggs for argfiencubation, the parents most likely
returned to mating, and the females laid replaceéreggs, as described in nature by Olmos
and Silva (2001). Additionally, when the births we&ompared with the total number of adult
scarlet ibises in Mangal das Garcas Park (111 hiftld5 young were obtained per adult
individual in year | and 0.43 young were obtained pdult individual in year II. In nature,
this ratio was 0.17 young per adult individual dgrthe first laying cycle and 0.09 young per
adult individual during the second laying cycletlid same year (Olmos and Silva, 2001).

The survival and mortality rates indicate that liteses of young in artificial rearing
were lower than those in natural rearing (TableAz)ditionally, artificial rearing may have
prevented the young from falling from the nestsjolwhrepresents 19% to 49% of the scarlet
ibis young losses in nature (Martinez and Rodrigd€99; Olmos and Silva, 2001). There
was one fall from a nest and one young death imttaral rearing (Table 2). Because the
birds were reared in a semi-free environment at @nthe Mangal das Garcas Park areas,
artificial rearing most likely prevented losses dagredation. Predation represents the cause
of 31% to 75% of the losses of scarlet ibis youmghe wild (Martinez and Rodrigues, 1999;
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Olmos and Silva, 2001). Therefore, the artificedning protocol was efficient for maintaining
the survival of the young.

Thus, the hatching rates of the artificially inctdzh eggs, survival rates, young
mortality rates, and number of births confirmed thgpothesis that artificial rearing
intensified reproduction and was more effectiventhatural rearing in increasing the number
of individuals in captivity.

The young left the nest at a mean age of 14.66+da34. According to Olmos and
Silva (2001), young between 11 and 13 days olchinne are able to move about the branches
around the nest and climb to nearby nests but babpome independent of the nests when
they reach 20 days of age. At a mean age of 41282days, the young fed only on the feed
offered in the feedein nature, the young become self-reliant betweeart#t 78 days of age
when they are able to forage alone (Olmos and S@1; Moochan 2011). Thus, the
artificially reared young became independent eadienpared to the captive young reared by
their parents, which could also enhance reprodndiecause the earlier chicks would most
likely be able to reproduce at an earlier age.

The 20 young selected to evaluate artificial repraxhibited 100% survival and
normal limb development, with no bone dystrophibsesved. This result demonstrated that
the artificial ambient environment most likely prded environmental comfort and promoted
correct hindlimb development, thereby avoiding dyshies. Thus, the environment was
efficient for rearing scarlet ibis young under humtare.

All of the artificially reared young exhibited bodscores of 2 when they were
between 1 and 36 days old, indicating good nunt#iostatus. Table 3 shows the mean
weights and weight gains of the artificially reagging in years | and Il. There was no effect
of the year on the chick weightBX0.05). The mean weights increased from 6 to 36 ddy
age P<0.05), suggesting that a weight gain occurrednduitnis period (Table 3).
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Table 3 — Means + standard errors of the weightsvegight gains of 20 scarlet ibis young

artificially reared and monitored every five daysm 1 to 36 days of life.

Age (days) Weight (g) Weight gain (g)

1 28.50 + 1.2% -

6 4312 +1.6% 14.62 +1.102
11 76.87 +5.06 33.75 + 4.622
16 100.75 + 6.82 33.75 + 4.622
21 159.87 + 16.02 23.87 +3.992
26 224.12 +22.63 66.28 + 11.37
31 300.14 + 24.83 64.25 + 10.27
36 378.28 + 17.99 74.62 + 1078

#JLetters indicate the difference in means among @2y6.05).

Figure 4 shows the relationship between the agevaight of the 20 artificially

reared scarlet ibis young. The curve was bestfiitgng an exponential model in terms of its

coefficient of determination @#R0.95), intercept valuesP€0.0001), and regression
coefficient P£<0.0001). The coefficient of determination indichtéhat weight had a high

correlation with age and that there was most likedygrowth restriction.
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Figure 4 — Exponential regression analysis showliegrelationship between age and weight

of 20 scarlet ibis young atrtificially reared fromid.36 days of life.
Equation: Weight = 29.188 x e(0.077 x Age)
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Starting at 21 days of age, a higher variation gigiwt was demonstrated by the
increased standard error (Table 3 and Figure 4% Vdriation most likely occurred as a result
of the onset of independent feeding because sonteedfirds started to consume feed early
compared to the other young and thus gained moightvd herefore, the gradual reduction in
the paste supply frequency was efficient in prong® significant increase in weight, even
with the reduced total volume of paste provideddsgy. In this sense, the developed diet and
the meal supply protocol appeared to have met igtarg needs of the young from 1 to 36
days of age.

Hancock et al. (1992), Frederick and Bildstein @9%ick (1997), Olmos and Silva
(2001; 2003), Stanek (2009), and Moochan (2011¢rde=d several characteristics of scarlet
ibis young based on observations in the wild. Havero study on chick development based
on weight has been published, most likely becatfisleeodifficulty in accessing the nests and
the risks of losing the chicks as a result of hiamgdin nature. According to Olmos and Silva
(2003), the chicks quickly climbed through the lotags towards the top of the tree when the
nests were approached in the wild. Thus, artificéaring facilitates chick handling, reduces
the risk of loss, and enables better study of pleeigs.

The artificial rearing protocol may contribute teetmaintenance &udocimus ruber
in the wild and may also serve as a tool for corst@n studies in captivity (e.g.,
reintroducing groups born in captivity to sites wehéhe species is extirpated or endangered).
Additionally, this study will most likely contribetto rearing scarlet ibis young seized or
rescued from nature and serve as the basis teegoeatiocols for other species of the family

Threskiornithidae.

CONCLUSION

The atrtificial rearing protocol for scarlet ibis ywg provided an adequate ambient
environment and feeding strategy, which resulteantensified reproduction, an increased
number of scarlet ibises in the park, and normalmgn of the young. Moreover, artificial
rearing was more efficient than natural rearinghiea number of young obtained, the survival

rate, and the mortality rate.
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ABSTRACT

The objective of this study was to develop growstineation equations to evaluate the
development of artificially reared scarlet ibis pguusing individual weights and biometrics,
as well as to describe their feather colorationakb@igmentation and the timing of
developmental stages such as eye opening, locomatml nest-leaving under artificial
conditions. Specific measurements were recordeigleach chick’s development, including
its weight and the biometry of its radius, tibiarsus and the unpigmented portions of its
beak. The chicks opened their eyes at 4.73+0.18 dayge, began moving in the nest at
6.31+0.18 days of age and left the nest at 15.8+0a&/s of age. The mean body weight and
radius, tibia and tarsus lengths increased oveg, tiile the mean length of the unpigmented
portion of the beak decreased over tirRg(.05). On the 7th day of life, the beaks began to
gain pigmentation, and by the 35th day, the bea#seviully pigmented. The chicks’ age,
body weight and biometrics were strongly correlatadl the coefficients of determination for
the regression equations were found to be high.hé&fein describe our resulting growth
estimation equations as well as the developmetagles of scarlet ibis young raised under

artificial conditions.

Keywords: Artificial Rearing; Beak Pigmentation;dBietrics; Bird; Development; Weight.
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INTRODUCTION

The speciegudocimus rube(scarlet ibis) can be found in various zoos thhmug
Brazil and around the world. However, the effectigproductive management of scarlet ibis
in captivity has not been established. In the carses in which they were successfully bred in
zoos, the chicks were exclusively dependent onnpalreare. At Mangal das Gargas Park, it
is common for chicks that have fallen from theirgrdal nests to be rescued and artificially
raised in the nursery. It is also common for thekpa receive at-risk chicks of unknown age
that were seized by environmental agencies.

The ability to determine the age of scarlet ibisiygp and establish parameters to
assess their growth is important for the raisinghese animals under artificial conditions and
is also a useful tool for the conservation of thpecses. Despite its “Least Concern”
conservation status, the scarlet ibis populatioouisently in decline (Birdlife International,
2012), and the species is considered to be extirsgveral regions (Sick, 1997; Ebird, 2015).

Olmos and Silva (2001) described specific phenatygbiaracteristics of scarlet ibis
offspring in the wild, such as molting and beakocat hatching, as well as the behavioral
aspects of their development, such as their timingcomotion, nest-leaving, progression of
flight ability and food independence. However, gig/sical parameters of scarlet ibis young
obtained at regular intervals, such as body weaghtother age-associated measurements, are
unavailable. This limits the determination of theige, feeding protocol development,
developmental evaluation and the diagnosis of drampairment under artificial conditions.
Furthermore, certain parameters, such as the ageieh scarlet ibis chicks open their eyes
and the timing of beak pigmentation, have nevenloscribed.

Thus, weighing scarlet ibis chicks and measurirgy riddius, tibia, tarsus and the
unpigmented portion of the beak at regular interwabuld help to determine the age of
scarlet ibis young and evaluate their developmBms information would likely contribute to
the improvement of artificial rearing in captivityVith daily monitoring, it is possible to
describe the specific stages of chick developmanth as the opening of the eyes and the
progression of beak pigmentation, and to obsereweral and phenotypic changes that
have been described in the wild, such as the fimtiaof locomotion, nest-leaving and feather
coloration, under artificial conditions.

The objectives of this study were to develop groestimation equations to assess

the development of scarlet ibis young reared aidiy by weighing individuals and taking
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biometric measurements of the radius, tibia, taesus the unpigmented portion of the beak
and to describe the feather coloration, pigmentatibthe beak and stages of development,
such as eye opening, the initiation of locomotiod éhe age of nest-leaving, under artificial

conditions.

MATERIAL AND METHODS

Study site

The study was conducted at Mangal das Garcas Padted in the city of Belém,
State of Para, Brazil 1°27'48.9"S 48°30'17.8"W (iFeyl). A total of 111 scarlet ibis adults
live in three areas of the park: Aningas Aviary (fidles and 8 females), Cavername Lake (34
males and 17 females) and the Extra Sector (41xedsedividuals). In all three areas, water
is providedad libitum and commercial extruded feeid available from 7:00am to 4:00pm.
The Mangal das Garcas Park possesses AuthoriZatidhe Management of Native Wildlife
no. 1501.8612/2014-PA for rearirigudocimus rubeKscarlet ibis). All the animals receive
daily technical assistance from a veterinarian@otbgist.

Egg handling

The nests were inspected twice daily (morning dtetraoon), and all the discovered
eggs were collected. The eggs were manually celfeand transported to the nursery in a
plastic egg carton. The collected eggs were sauiitvzith gauze moistened in saline solution.
Any broken, cracked or punctured eggs were discartiee date and place of collection were

written onto each egg with a graphite pencil.

' Feed FL 32 (Megazoo Betim, Minas Gerais, Brazilpuaranteed analysis:110 g/kg moisture (max.), 320
g/kg crude protein (min.), 60 g/kg ether extracin(in 45 g/kg fiber (max.), 110 g/kg mineral corttémax.), 22
g/kg calcium (max.), 18 g/kg calcium (min.), 3,00@/kg sodium (min.), 9,000 mg/kg phosphorus (mi2,200
mg/kg omega 3 (min.), 400 mg/kg mannooligosaccleari@nin.), 440 mg/kg beta-glucans (min.), 1.95 mg/k
milk thistle extract (min.), 7,000 mg/kg DL-methioe (min.), 19 g/kg L-lysine (min.), 3,000 mg/kgxio
adsorbent additives (min.)ngredients: ground whole corn, fish meal, poultry offal mesdybean meal, dry
beer yeast, crude soybean oil, limestone, vitamimeral premix, sodium chloride (table salt), nataanatto
dye, prebiotic (mannooligosaccharide), fungistaticlitive (propionic acid), DL-methionine, adsorbadditive
(esterified glucomannan yeast), antioxidant (BHA).
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Figure 1- Aerial view of Mangal das Garcas ParlurSe: http://www.mangalpa.com.br

The eggs were incubated in a digital incubator veithomatic egg turning at two
hour intervals (IP 130 PS, Premium Ecoldgica L#lelo Horizonte, Minas Gerais, Brazil).
The temperature and humidity in the incubator werpt at 37.4°C and 60%, respectively.
The eggs in the incubator were inspected twiceydailorning and afternoon), and when the
hole created by the chick was observed hours béfatehing, the egg was transferred to a
bird treatment unit (UTA, TD, Premium Ecoldgica &tdBelo Horizonte, Minas Gerais,
Brazil) and kept at the same temperature and hiyradi the incubator for the completion of

hatching.

Selection and management of the chicks

Fifteen clinically healthy scarlet ibis chicks weselected for the study. The animals
were kept under identical artificial environmentahditions. The chicks were identified with
bands made with adhesive bandage tape.

After hatching, the chicks were kept in artificrests made of straw baskets and hay.
The chicks remained in the bird treatment unitluhir second day of life, and on the third
day of life, the nest holding the chick was transfé to a fiberglass brooder (1.18 x 0.59 x
0.50 m) containing clay heaters with 25-watt bullise temperature and humidity in the nests
were kept at approximately 32°C and 58%, respdygtiVE€hen the chicks left the nests, they

were kept in brooders containing hay and a heatngce.
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From their third day of life until they left the raery, the chicks were placed under
direct sunlight for one hour per day before 9:00and received a daily two-drop vitamin and
mineral supplemeft

After leaving the nursery, the chicks were transféto an 18 fmenclosure equipped
with two clay heaters with 60-watt bulbs, hay bedgil5 cm diameter wooden perches and a
skylight providing ventilation and natural lighth& animals were kept in groups of up to ten
chicks (1.8 chicks/A).

Chick feeding

To feed the animals, a paste consisting of 15 grafind commercial flamingo feed
(Feed FL32) and 100 ml of fish broth was made. The fish brets made by blending 100 g
of mullet Mugil spp.) fillet with 300 ml of water and strainingirit a sieve. The selection of
mullet as a dietary ingredient was based on thernmétion provided in Sick (1997) and
Olmos, Silva and Prado (2001). The commercial fsad selected because it was developed
for flamingos, whose eating habits are similariose of the scarlet ibis (Tobar et al., 2014).
In addition, scarlet ibis adults from the park lpadviously adapted to this diet, displaying a
positive response in terms of reproduction andhiatoloration.

The fish broth was prepared twice daily (morningl a&fternoon). The paste was
prepared before each feeding and heated in a mas®wven to 40°C. The chicks were
started on the feed 12 hours after hatching, poievhich they lived off yolk reserves.

The paste was directly administered orally intog¢h&rance of the esophagus, with a
no. 10 gastric tube cut to 5 cm and coupled tospadiable syringe. The animals were kept
with their heads elevated at 90° during feedingg plosition was maintained for at least ten
seconds after the paste was administered to pres#umt and choking.

The total number of feedings per day, intervaldume administered at each feeding
and the total daily volume were based on the ageeothick, as described in Table 1. After
leaving the nest, the chicks were provided witheded commercial feed (Feed FLBt a
feeder and watead libitumand encouraged to begin feeding on their own.rAdech paste

feeding, a technician encouraged the chick toleafdod in the feeder. Beginning on day 20,

? Avitrin Célcio Plus (Coveli, Duque de Caxias, Rie daneiro, Brazil) — guaranteed analysis (kg): Q&% ,|U
vitamin A (min.), 800,000 IU vitamin D3 (min.), 0 mg magnesium (min.), 5,865 mg calcium (min.},68,
mg calcium (max.), 2,000 mcg vitamin B12 (min.).
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the frequency of paste feeding was reduced evewy ftays until only the extruded
commercial feed (Feed FL32in a feeder was offered (Table 1). At this statie, chicks
were transferred to the nursery and housed wikkast one independently feeding older chick

to stimulate them to consume the feed.

Table 1 — Feeding protocol developed to provideitht to 15 scarlet ibis chicks raised
under artificial conditions on their 1st throught3@ays of life.

Age (days) Total feedings/day Interval (hr) Volumégéeding (ml) Volume/day (ml)
1-2 13 1/1 0.5 6.5
3 13 1/1 1 13
4-7 13 1/1 2 26
8-11 13 1/1 3 39
12-15 13 1/1 4 52
16-19 13 1/1 5 65
*20-23 7 2/2 6 42
24-27 5 3/3 7 35
28-31 3 6/6 8 24
32-35 2 12/12 9 18
36-39 1 24/24 10 10

*Reductions in total feedings per day and in volyme day. Increase in feeding intervals and volperefeeding.

Chick development

To describe the development of the scarlet ibiskshitheir feather coloration, beak
pigmentation, time of eye opening, initiation ofdonotion, and the age at which they left the
nest were monitored daily. The beak photographs;iwlvere taken every seven days, were
cataloged and scored to estimate the age of tineadsi

The chicks were weighed daily using a digital sq@letlife Superinox-5, Balmak
Industry and Commerce Ltda, Santa Barbara d’'O&3&@ Paulo, Brazil), and biometric
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measurements were obtained every seven days, almaybe same technician. For the
biometric evaluation, measurements were takenefitht radius, tibia and tarsus, as well as
the unpigmented portion of the right side of thealheusing a 150 mm plastic caliper
(Marberg Limited, Toronto, Ontario, Canada), asvahan Figure 2.

Weight and body biometrics are parameters of baslyeldpment. The radius, tibia
and tarsus, long bones under developmental pregsumeds due to flight (Sick, 1997), are
easily measured in live animals, making them usegfawth markers. The chicks were
evaluated on their 1st day of life, soon after hiag, and every day thereafter, always in the

morning.

Figure 2 — Biometry of the scarlet ibis young. Bipmetry of the radius. (B) Biometry of
the tarsus. (C) Biometry of the tibia. (D) Biometrfythe unpigmented portion of the beak.
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Statistical analysis

The survival rate of the scarlet ibis young wagespnted as a percentage. The data
were rendered as the mean = the standard erronnexgial regression analysis was used to
show the relationship between the age of the chackktheir body weight and bone lengths.
Polynomial regression analysis was used to showelationship between chick age and the
length of the unpigmented beak portion. Analysivafiance was used to show the effect of
chick age on the weight and body measurementser@iites in mean body weight and the
biometric measurements over time were determin@tyuUssher’s post hoc test. A Pearson
correlation was calculated using chick age, bodigite and the lengths of the radius, tibia,
tarsus and unpigmented portion of the beak. Allahalyses were performed using Statview
5.0 (SAS Institute Inc., Cary, North Carolina, WwmitStates), and the results were considered

significant atP<0.05.

RESULTS AND DISCUSSION

All of the selected chicks reached adulthood (108%ival). The chicks hatched
with black plumage, corroborating the findings @rtdock et al. (1992).

The beak of a newly hatched bird was rectilinead bghtly colored with a small
black distal portion (Figure 3A), also as describgdHancock et al. (1992). On the 7th day of
life, the proximal portion of the beak became pigted (Figure 3B), extending into the distal
portion (Figure 3C, 3D and 3E) until it became ctetgly pigmented at day 35 (Figure 3F).
Olmos and Silva (2001) found that scarlet ibis kbim the wild had completely dark beaks at
only 29-31 days of life. Beak pigmentation has get been described in detail in these
animals, and it has not yet been related to agéhtodevelopment of a scoring system. Thus,
the beak images obtained at regular intervals is $tudy enable the estimation of age in
scarlet ibis young in captivityn addition, the beak images can be used to estiotack age
in the wild via a scoring system without the needapproach the nest and manipulate the

chicks.
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Figure 3 — Images of scarlet ibis chick beaks. fA)-day-old scarlet ibis exhibiting a light beakthvi
black pigmentation in the distal portion only. (8)7-day-old scarlet ibis exhibiting the initatiof ldack
pigmentation in the proximal region of the beak) £C14-day-old scarlet ibis. (D) A 21-day-old serl
ibis. (E) A 28-day-old scarlet ibis. (F) A 35-dalgdecarlet ibis exhibiting a fully pigmented beak. 63



For the first time, it was determined that the kbiopened their eyes at 4.73+0.12
days of life. The chicks left the nest, on averaae15.3+0.68 days of life. According to
Olmos and Silva (2001), scarlet ibis chicks in Wikl are able to move through the branches
surrounding the nest and climb to nearby nestslat3ldays of life; however, they only
become independent of the nest at 20 days of Tilerefore, artificially reared scarlet ibis
chicks become nest-independent earlier than wildkshthat were raised by their parents.
These parametersthe time of eye opening and behavioare important for estimating the
age of scarlet ibis chicks and evaluating any patkewision or mobility abnormalities during
their development.

The scarlet ibis young were weighed daily from hatg until their 42nd day of life,
after which the chicks become very active, makindifficult to weigh them. Their mean
body weight increased from the 4th to 42nd daybfef with significant weight differences
found between days, confirming their weight gaialfle 2). Prior to the 4th day of life, it was
likely that the chicks did not gain weight becatiseir physical conditions were still similar
to those in the egg, and only after the 4th dayifef did food begin to influence their
development. A decrease in mean body weight wag abderved on the 2nd day of life, but

this decrease was not significant and may have t@ated to yolk absorption.

Table 2 - Means * standard error of the weight$5o$carlet ibis chicks monitored from their

1st to 42nd days of life.

Age (days) Weight (g) Age (days) Weight (g) Age (days) Weight (g)

1 28.23 +0.88 15 105.40 + 4.53 29 338.25 + 10.19
2 26.93 + 0.82 16 111.40 +4.78 30 349.69 + 8.74

3 27.33+0.7% 17 123.20 + 6.01 31 366.08 +9.1%

4 32.73+0.99 18 142.00 +5.80 32 383.66 +9.34

5 38.42 +1.5% 19 152.69 + 7.9 33 393.27 +10.88
6 44.07 +1.53 20 170.38 + 8.06 34 407.00 +11.15
7 50.53 +1.89 21 190.81 + 8.67 35 409.63 + 10.60
8 55.86 + 1.91 22 208.00 + 10.4% 36 436.00 + 18.79
9 64.66 + 2.4 23 227.53+9.78 37 447.11 +12.30
10 73.20 £ 2.48 24 252.38 + 9.8% 38 456.16 + 18.70
11 80.00 + 2.5¥ 25 265.07 £9.79 39 456.83 + 14.6%
12 85.73 +2.61 26 285.30 +9.95 40 478.60 + 16.89
13 95.80 + 3.16 27 310.75+9.7% 41 480.60 +11.18
14 100.60 + 4.51 28 313.46 +11.12 42 485.57 + 19.87

#'Different letters indicate differences among theanse(P<0.05).
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In addition to weight gain, the mean radius, tiarad tarsus lengths also increased
significantly and were used to characterize thekdhidevelopment (Table 3). The mean
unpigmented beak portion decreasd@<(.05) during chick development, and beak

pigmentation was complete at day 35 (Table 3).

Table 3 - Means + standard error of length of #ius, tibia, tarsus and unpigmented portion
of the beak of 15 scarlet ibis chicks monitoredrfrimeir 1st to 42nd days of life.

Age (days) Radius (mm) Tibia (mm) Tarsus (mm) Beak (mm)

18.92 + 0.172 25.76 + 0.232 15.50 + 0.202 1100332
27.08+0.39  37.53+0.52 22.25+0.37 8.80 +0.72

14 41.07 095 5358+0.72 31.83+0.79 3.85+0.49
21 50.76 +1.28  70.60+1.03  43.58+0.68  2.40+0.47
28 8557 +1.63 89.16+1.085 57.72+0.97 0.80+0.24
35 103.00+1.06 104.25+1.32 69.50 +1.13 o
42 107.62+ 1.0 115.00+1.2¥ 80.66 + 1.38 -

“IDifferent letters indicate differences among theanse(P<0.05).

Table 4 shows the equations that relate chick adetly weight, the lengths of the
radius, tibia, tarsus and unpigmented portion ef lbeak. The curves for body weight and
bone length were best expressed by the exponentiad model, and the curve for the length
of the unpigmented beak portion was best exprebyed second-order polynomial model
using the coefficients of determination, interceplues and regression coefficieR<(Q.05).
The relationship between these parameters was ftmubd significant and highly correlated

with age, as indicated by the coefficients of deiaation (Table 4).
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Table 4 — Regression analysis showing the relatipnbetween the age of 15 scarlet ibis
chicks and body weight, and the lengths of theusdibia, tarsus and unpigmented portion of
the beak obtained from their 1st to 42nd daysfef li

Regression analysis Equation R

Exponential Age = 5.66 x e”(0.005 x Weight) 0.94
Age = 1.887 x e”"(0.031 x Radius) 0.95
Age =1.113 x e7(0.035 x Tibia) 0.95
Age = 1.424 x e~(0.049 x Tarsus) 0.96

Polynomial gg:k/\:z 33.219 - 4.216 x Beak + 0.134 x 0.94

R?= coefficient of determination.

P<0.05 was used for all the analyses.

The age, body weight and length of the radiusatibarsus and unpigmented beak
portion exhibited a high, positive and significaotrelation (Table 5), i.e., all the parameters
increased with age and thus can be used to estthagege of scarlet ibis young and evaluate
their growth. The unpigmented beak portion is apanant parameter for estimating age,
particularly if the feeding history of the animal unknown, as food does not affect beak
pigmentation, which is a phenotypic characteristichicks.

The high coefficients of determination of the resgien analyses (Table 4) and the
high correlations found between age, body weighd, @dius, tibia, tarsus and unpigmented
beak length (Table 5) indicate that these parametan be used to assess the growth of
scarlet ibis chicks and diagnose clinical abnorneslisuch as growth restriction. Because
birds are required to fly as soon as possible ethesies are suitable markers of growth due to

the developmental pressure that is exerted on thamflight (Sick, 1997).
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Table 5 — Pearson correlation between age, weightlee lengths of the radius, tibia, tarsus
and the unpigmented portion of the beak of 15 st#rls chicks monitored from their 1st to
42nd days of life.

Correlation p
Age, Weight 0.95 <0.0001
Age, Radius 0.98 <0.0001
Age, Tibia 0.99 <0.0001
Age, Tarsus 0.99 <0.0001
Age, Beak 0.96 <0.0001
Weight, Radius 0.97 <0.0001
Weight, Tibia 0.96 <0.0001
Weight, Tarsus 0.97 <0.0001
Weight, Beak 0.85 <0.0001
Radius, Tibia 0.99 <0.0001
Radius, Tarsus 0.99 <0.0001
Radius, Beak 0.93 <0.0001
Tibia, Tarsus 0.99 <0.0001
Tibia, Beak 0.95 <0.0001
Tarsus, Beak 0.93 <0.0001

Hancock et al. (1992), Frederick and Bildstein @9%ick (1997), Olmos and Silva
(2001; 2003), Stanek (2009) and Moochan (2011) riesst several phenotypic and
behavioral characteristics of scarlet ibis younghia wild. However, previous studies have
not described the body weight and biometric measents of scarlet ibis chicks nor the
relationship of these parameters to age, likely tdutne difficulty of accessing nests and the
risk of chick loss due to handling chicks in thédwin this sense, artificial rearing facilitated
the manipulation of the chicks and reduced the aisghick loss, which allowed for enhanced
study of the species. The results of the presenlysinake it possible to evaluate the growth
of artificially raised chicks and estimate the agescarlet ibis young that have fallen from

nests or been rescued by environmental agencies.
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CONCLUSIONS

Growth estimation equations were developed to agsbesdevelopment of artificially
reared scarlet ibis chicks by relating chick agebtaly weight and measurements of the
radius, tibia, tarsus and unpigmented portion eflikak. Currently, these are the only such
equations available in the literature. Moreover,hage described the feather coloration, beak
pigmentation and developmental stages, such aspsming, initiation of locomotion within
the nest and nest-leaving, of scarlet ibis chiaksen artificial conditions. Beak pigmentation
was found to be a useful parameter for estimativey dge of scarlet ibis young from a
distance, which has the benefit of not requiring plerturbation of the nest.
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7. CONCLUSAO GERAL

As dietas com peixe e camarao apresentaram condpsgigitricionais semelhantes e
em maior concentracdo, garantindo o crescimentdfithmtées. Contudo, os individuos que
receberam a dieta com peixe atingiram peso e camptos dos 0ssos maiores ao final do
trabalho, sendo considerada a dieta mais adeqaadapacao artificial de filhotes de guaras.
A pigmentacado do bico revelou-se um parametro nffweinciado pela alimentacéo, diferente
do peso e 0ssos.

Os filhotes de guaras foram criados em condic@dg@is e o protocolo mostrou-se
eficiente proporcionando ambientacéo e dieta adigia que resultou na intensificacdo da
reproducéo, no aumento do niumero de guaras dogyarga crescimento normal dos filhotes.

A coloracao das penas, a pigmentacdo do bico s fselesenvolvimento como a
abertura dos olhos, a capacidade de locomocado ada slo ninho foram descritas em
condigOes artificiais. A pigmentagdo do bico mastse um parametro de grande utilidade
para estimar a idade de filhotes de guara a distan&o sendo necessaria a interferéncia no
ninho. Além disso, foi possivel elaborar equac@ea pstimar a idade e avaliar o crescimento
de filhotes de guaras criados artificialmente p@ionda relacdo da idade com o peso e as

medidas do radio, da tibia, do tarso e da porcépigimentada do bico.
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